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MULTIVARIATE FUNCTIONAL PRINCIPAL COMPONENT 

ANALYSIS AS A STATISTICAL TOOL FOR ASSESSMENT 

OF TWO VARIETIES OF WHEAT STRAW 

MINERALIZATION EFFECT ON SOIL PROPERTIES 

IMPROVEMENT 
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Recycling of crop residues is essential to sustain soil fertility 

and crop production. Despite of positive effect of straw incorporation, 

the slow decomposition of that organic substances is underline. The 

aim of study was to assess the inuence of winter wheat straws with 

different degree of stem solidness on the rate of decomposition and soil 

properties. Therefore an incubation experiment lasting 425 days was 

carried out in controlled conditions. To perform analyses, soil samples 

were collected after 7, 14, 21, 28, 35, 49, 63, 77, 91, 119, 147, 175, 203, 

231, 259, 313, 341, 369, 397, 425 days of incubation. The results demon- 

strate that straw mineralization was relatively slow process and did not 

dependent on degree of filling of stem by pith. The addition of two 

types of winter wheat straw into the sandy soil differentiated experiment 

treatments. Multivariate functional principal component analysis gave 

proof of signiffcant diversity between soil control and soil incubated with 

the straws. The first functional principal component describes 48.53% 

of the variability, whereas the second functional principal component 

describes 18.55% of the variability of soil properties. Organic carbon, 

mineral nitrogen and sum of bases impact on the first functional prin- 

cipal component, whereas, magnesium, sum of bases and total nitrogen 

impact on the second functional principal component. 

 
2.2 

Modelling longitudinal accelerometer measurements using additive mixed-effects quantile regression 

Marco Geraci  

Arnold School of Public Health, Department of Epidemiology and Biostatistics, University of South Carolina, 
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In this study, we are concerned with nonparametric quantile regression functions of continuous response variables 

when data arise from cluster designs. Our research is motivated by a study on daily and weekly physical activity 

patterns in school-aged children using high-frequency accelerometer data from the UK Millennium Cohort Study 

(MCS). In general, temporal (diurnal) trajectories of physical activity are characterized by strongly nonlinear 

patterns that require some degree of smoothing. On the other hand, some predictors of interest may simply have 

linear effects. If, in addition, data are collected longitudinally to examine weekly patterns, then the correlation at the 

individual level must be taken into account. 

We propose novel additive quantile models that include linear terms, nonlinear terms, as well as random-effects 

terms which account for the clustering. Further, nonlinear terms are modeled nonparametrically using penalized 

splines and fitted via automatic scatterplot smoothing within a mixed model framework. The resulting objective 

function is that of a three-level linear quantile mixed model (Geraci and Bottai, Statistics and Computing, 2014) and 

is maximized using a second order Laplacian approximation. 

The analysis of the MCS data shows that the temporal trajectories of the accelerometer counts at different quantile 



levels are not simply vertical shifts of one another. Indeed, the scale and the shape of the accelerometer counts 

distribution change with time of the day. For example, the skewness of the distribution in the weekend is small early 

in the morning, and steadily increases during the day. 

 
2.3 

Functional data analysis methods for predicting the progression of scleroderma disease using patient's 

historical data 

Haiyan Liu1, Francesco Del Galdo3, Jeanine Houwing-Duistermaat2  
1Department of Statistics, University of Leeds, Leeds, United Kingdom, 2Department of Statistics, University of 
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Development of methods for prediction of disease progress is an important research topic, especially when data from 

electronic health records (EHR) are becoming available for research. Our work is based on EHR from scleroderma 

patients. Scleroderma is a rare, clinically heterogeneous multisystem disorder which greatly affects patients’ 

physical and psychological functioning. Since only 15% of the patients show progress of the disease, prediction of 

progression is important for clinicians to decide on follow up and treatment strategies. One of the outcomes of 

progression of the disease is drop DLCO which is an index of lung function capacity. In our datasets, we have 

DLCO measurements for 152 patients with 2 to 7 visits over 60 months. DLCOs change continually over time, 

hence they are (sparse) functional data. In addition to the historical DLCO measurements, we have access to 4 

biomarkers. This study aims at predicting scleroderma disease based on patient’s historical data together with the 

information of all other patients, and biomarkers. The methodology challenges are sparsity and irregularity of the 

data, independent measurement errors, and the assessment of the predictive value of the biomarkers. 

 

To address these challenges, we propose a functional principal component analysis method and scalar-on-function 

regression method. The restricted maximum likelihood method is employed to estimate the eigenelements of 

underlying covariance function and scores are estimated through conditional expectation method. Then the DLCO 

trajectories are recovered by using the truncated Karhunen-Loeve decomposition based on the estimated 

eigenelements and scores. Similar FPCA procedure is also applied to predict a patient’s last visit DLCO value by 

borrowing the information of all the other patients and its own history (with the last visit DLCO value being 

removed). The performance in prediction is studied by extensive simulations. 

 

We will present our methods, simulation results and the application. Our methods showed that the biomarkers are of 

limited value to predict the outcome. For patients with sufficient historical information, our method is able to predict 

the last visit DLCO values accurately if the time lag is not too large. 

 
2.4 

Identification of early respondents based on EEG signals 

Mariana R. Motta1, Nancy Lopes Garcia1, Eva Petkova2, 3, Thaddeus Tarpey4, R. Todd Ogden5  
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We propose to model the probability of belonging to a latent subgroup as a function of a set of scalar and correlated 

functions covariates. We work with a data set that resulted from a randomized placebo-controlled trial which has 

been studied by Jiang et al. [The annals of applied statistics, 11.3, 1513–1536 (2017)]. Based on these data, the goal 

is to identify a subgroup of subjects who experience symptoms improvement early on during antidepressant 

treatment, which is considered to be an indication of a placebo instead of a true pharmacological response. These 

subjects are named early responders. Jiang, Bei, et al. (2017) related the likelihood of a patient to belonging to the 

subgroup of early responders to the base-line electroencephalography (EEG) measurements in a matrix covariate 

form. However, they do not account for correlation among EGG functions. Estimating the way these curves are 

correlated is a manner of acquiring how different parts of the brain behave in relation to depression phenotype. We 

extend upon the results of Jiang, Bei, et al. (2017) to accommodate the correlation among EEG measurements. The 

EEG data contains the current source density (CSD) amplitude spectrum values (μV/m2) at a total of 14 electrodes 

located in brain’s posterior (occipital and parietal) regions, crossed with 45 frequency ranges. As proposed by James 

[Journal of the Royal Statistical Society: Series B (Statistical Methodology), 64.3, 411–432 (2002)], for subject i we 



relate scalar and functional predictors to the likelihood of subject i be an early responder. We assume the functional 

predictors can be modeled as a smooth curve from splines, and impose the vector of splines coefficients to be a 

random vector with a normal normal distribution of dimension q. Further, we assume that the 14 trajectories of 

subject i commute a measurement error following a zero-mean Gaussian process, which induces correlation among 

different trajectories of the same subject. James (2002) uses the EM algorithm to optimize the observed likelihood. 

In this study we adopt a Bayesian hierarchical modeling approach in the estimation process, being able to 

incorporate prior knowledge about the unknown quantities. 

 
2.5 

Hybrid Principal Components Analysis For Region-Referenced Longitudinal Functional EEG Data 

Aaron W. Scheffler1, Donatello Telesca1, Qian Li1, Catherine Sugar1, 2, Charlotte DiStefano2, Shafali Jeste2, Damla 

Senturk1  
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Electroencephalography (EEG) data possess a complex structure that includes regional, functional, and longitudinal 

dimensions. Our motivating example is a word segmentation paradigm in which typically developing (TD) children 

and children with Autism Spectrum Disorder (ASD) were exposed to a continuous speech stream. For each subject, 

continuous EEG signals recorded at each electrode were divided into one-second segments and projected into the 

frequency domain via Fast Fourier Transform. Following a spectral principal components analysis for dimension 

reduction, the resulting data consist of region-referenced principal power indexed regionally by scalp location, 

functionally across frequencies and longitudinally by one-second segments. Standard EEG power analyses often 

collapse information across the longitudinal and functional dimensions by averaging power across segments and 

concentrating on specific frequency bands. We propose a hybrid principal components analysis (HPCA) for region-

referenced longitudinal functional EEG data which utilizes both vector and functional principal components 

analyses and does not collapse information along any of the three dimensions of the data. The proposed 

decomposition only assumes weak separability of the higher-dimensional covariance process and utilizes a product 

of one dimensional eigenvectors and eigenfunctions, obtained from the regional, functional, and longitudinal 

marginal covariances, to represent the observed data, providing a computationally feasible nonparametric approach. 

A mixed effects framework is proposed to estimate the model components coupled with a bootstrap test for group 

level inference, both geared towards sparse data applications. Analysis of the data from the word segmentation 

paradigm leads to valuable insights about group-region differences among the TD and verbal and minimally verbal 

children with ASD. Finite sample properties of the proposed estimation framework and bootstrap inference 

procedure are further studied via extensive simulations. 

 
3.1 

Regularization based on wavelet and spline representations of signals: modelling of the greyscale from CT-

scan images of rooted soil 

Mario Martínez A, Karl Ritz, Sacha Mooney, Malcolm Bennet, Sonja Schmidt, Stephanie Ellis, Jonathan Atkinson, 

Murray Lark 
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In recent years, X-ray Computed Tomography (CT) has proved valuable for studying roots in their natural 

undisturbed state within soil. The structural organisation of the soil is fundamental to how it functions, and hence of 

paramount interest is understanding the spatio-temporal dynamics of how roots and associated soil interact. Thus far, 

from CT scans the study of the rhizosphere has mainly focused on generating visualizations of its different 

components using computational methods which rely on a segmentation of the greyscale signal based on 

thresholding parameters defined by the operator. Therefore, such segmentation adds an additional source of 

variation to the results. As an alternative, we analyse greyscale signals from tomographic images directly without 

making use of a segmentation step. However, some methodological challenges arise. First, the data generated are 

high-dimensional and studying the spatial variation using stationary parametric covariances seems unfeasible. 

Second, pixels over the regions of study are not necessarily in a regular lattice array. To address these challenges, 

we used two representations of the greyscale signal: wavelets and splines. Among others, wavelet methods have 

been extensively used in the analysis of images and time series, whilst splines have been used for smoothing of 

curves and surfaces. Both representations allow us to obtain smooth approximations to the greyscale signal (or mean 



of the signal). Nevertheless, some differences arise at studying the spatial or temporal variation. In contrast to 

splines, wavelets bases provide us with some rough information about the spatial scale of the variation that is not 

explained by the smooth approximation to the mean. In this work, we used B-splines bases for spline representations 

and Haar, Daubechies and Symmlet bases for wavelets. Estimation was performed via regularization of the Least 

Squares criterion. Alternatively, we evaluated mixed model representations of splines and wavelets and performed 

estimation using Residual Maximum Likelihood (REML). We present real data analysis of CT-scan images of 

rooted soil from a controlled experiment with barley, and discuss the advantages and disadvantages of splines and 

wavelets for modelling the greyscale signal. 

 
3.2 

Discrimination Power of Human Body Parts for Person Re-Identification Using Dynamic Time Warping and 

Histogram-Based Features 
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Dynamic time warping (DTW) is an approximate method for aligning two functions and has several applications in 

statistics and computational science. For example, it is a flexible and easily interpretable similarity measure for time 

series classification. In computational intelligence, the DTW has been used in word matching, speech recognition 

and human activity recognition. Recently, biometric recognition has been at the core of statistical pattern recognition 

applications. This study applies the DTW to a relatively new problem in biometric research called person re-

identification (re-ID). In video surveillance, when being presented with a person of interest, person re-ID tells 

whether this person has been observed in a different instance by a camera mounted in another place. In doing so, re-

ID can help to ensure greater public safety in areas where widespread large camera networks are available such as 

airports and shopping malls. 

 

A big challenge in re-ID is viewpoint variation among multiple cameras. The usual approach is to use non-linear 

mapping and consider the body as a whole. However, not all parts of the body may be equally important in re-ID. 

By knowing the relative discriminative power of body parts, fusion-based metric learning in re-ID can provide more 

accurate results by applying appropriate weights to different parts of the body. The objective of this study is to learn 

the discriminative power of body parts in re-ID. This is achieved by segmenting the body into head, torso and leg 

after which the DTW is performed to achieve the non-linear mapping that captures the transformation between 

cameras. The transformation is applied to the histogram of image features as opposed to time series data of 

traditional DTW. In particular, the transformation is conducted in a warp function space that consists of positive cost 

for same pair of targets and negative cost for different pairs of targets. The support vector machine classifier is used 

to discriminate between these two types of costs and the results are evaluated in terms of correct recognition for a 

given false alarm rate. Experiments are conducted on two publicly available databases, namely, CAVIER4ReID and 

CUHK01. The results conclude that torso is the most important body part as compared to head and leg in the 

problem of re-ID. 

 
3.3 

Inter-modal Coupling Analysis for Structure-Function Neuroimaging Studies 

Russell Shinohara  

University of Pennsylvania, Philadelphia, Pennsylvania, United States 

 
While a great deal of emphasis has been placed on the analysis of multimodal and multisequence neuroimaging data, 

the many multimodal modeling strategies involve separate analysis of each modality followed by an integrative 

model. Furthermore, those models that truly integrate images across modalities for studying clinical outcomes or 

development focus on the mean structure in each image, and aim to quantify information in the images by 

integrating this information across modalities. In intermodal coupling analysis (IMCo), we aim to study the local 

covariance structure across modalities at the subject level, and we show that there is complementary population-

level information in IMCo maps across space. We illustrate this in a large developmental cohort as well as a study of 

white matter pathology in multiple sclerosis. 
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With the increasing availability of large open source neuroimaging data sets, integrating information across research 

studies and modalities has become a critical issue. In particular, understanding whether functional and anatomical 

characteristics of the human brain are spatially associated is important to formulating comprehensive models that 

can be used to understand disease. Many studies have used ad hoc methods to assess the spatial relationship between 

brain measures, however little theoretical work has been done to understand the assumptions of these procedures. 

The spatial permutation test (SPT) was proposed in a previous report (Vandekar et al. 2015) in order to test the 

association between two brain measures. The SPT was based on a testing procedure used in microscopy (Dunn et al. 

2011), however its theoretical properties are not known. Here, we investigate the theoretical properties of the SPT in 

the case that the two brain measurements are treated as nonrandom functions and as stochastic processes. In each 

case we establish the appropriate null hypothesis, and assess the SPT type 1 error rate. We demonstrate the 

procedure by testing the association of meta-analytic activation patterns from the Neurosynth database 

(http://www.neurosynth.org/). Realistic imaging simulations are performed by resampling data from the Neurosynth 

database to support the theoretical results. 

 
3.5 

A Mixed Modeling Framework for Analyzing Multitask Whole-Brain Network Data 
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The emerging area of brain network analysis considers the brain as a system, providing profound clinical insight into 

links between system-level properties and behavioral and health outcomes. Network science has facilitated these 

analyses and our understanding of how the brain is structurally and functionally organized. While network science 

has catalyzed a paradigmatic shift in neuroscience, methods for statistically modeling and comparing groups of 

networks have lagged behind. To address this knowledge gap for cross-sectional network data, we developed a 

mixed modeling framework that enables quantifying the relationship between phenotype and connectivity patterns in 

the brain, predicting connectivity structure based on phenotype, simulating networks to gain a better understanding 

of normal ranges of topological variability, and thresholding individual networks leveraging group information. 

Here we extend this comprehensive approach to enable studying system-level brain properties across multiple tasks. 

We focus on rest-to-task network changes, but this extension is equally applicable to the assessment of network 

changes for any repeated task paradigm, including interrelated task designs employed in multisensory studies. Our 

approach allows: 1) assessing the relationships between population state changes and health outcomes; 2) assessing 

the relationships between individual variability in state changes and health outcomes; and 3) deriving more accurate 

and precise estimates of the relationships between phenotype and health outcomes within a given task state by 

leveraging information from other states. 

 
3.6 

ADAPT: A Dynamic Approach to Probability Thresholding Based on Healthy Controls 
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Magnetic resonance imaging is crucial for in vivo detection and characterization of structural changes in the brain 

associated with neurological and psychiatric disease. Such phenotypes have been studied for over two decades using 

MRI technology in conjunction with segmentation approaches, manual and automatic, for delineating structures of 



interest in the brain. Numerous automatic approaches result in location-specific maps of the probability of a 

structure of interest lying in each voxel, and a threshold is then applied to generate binary segmentation masks. 

Automatic approaches typically involve an expert manually defining a threshold for abnormality which is used 

across the image to optimize sensitivity and specificity. However, this does not allow for differential thresholding by 

location which can result in improved global segmentation performance. We propose a general dynamic approach, 

ADAPT, for data-driven spatially adaptive thresholding. The method utilizes healthy controls to generate an 

empirical null distribution that any voxel does not belong to the tissue class of interest. We believe the proposed 

methods will easily extend to thresholding of probability maps in many segmentation and abnormality detection 

image analysis settings. 
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Flexible Accelerated Failure Time Model in Survival Analysis 
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Background: The accelerated failure time (AFT) model has been suggested as an interesting alternative to the Cox 

proportional hazards model. However, a parametric AFT model requires the specification of an appropriate 

distribution for the event time, which is often difficult to identify in real-life studies and, thus, may limit 

applications. Methods that are more robust with respect to event time distribution specification are desirable. 

Recently, a semiparametric AFT model was developed by Komarek et al. based on smoothed error distribution. This 

method allows for estimating covariates effects and predicting the hazard and survival probabilities for a given 

covariate pattern while leaving the distribution unspecified. 

Methods: We develop a new flexible AFT model that also does not need the specification of the parametric family 

of event time distribution. The baseline hazard function is modeled by regression B-splines and thus allows for the 

estimation of arbitrary shapes. In comprehensive simulations, we validate the performance of our approach in terms 

of effect estimates, baseline hazard and survival probabilities, and compare with the results from parametric AFT 

models and the approach of Komarek. Goodness of fit of the alternative methods is compared using AIC. 

Results: The survival probabilities estimated by parametric AFT models with mis-specified event time distribution 

deviated from the truth. Both the proposed flexible AFT model and the approach of Komarek provided unbiased 

effects estimates and unbiased survival curves for a variety of scenarios in which the event time follow different 

distributions, including conventional parametric models and more complex mixture distributions. However, the 

proposed flexible AFT model always yielded more stable estimates of the hazard function. 

Conclusion: Our flexible AFT model provides a useful approach to analyze survival data, and can provide insights 

regarding how a prognostic factor affects survival. 

 
4.2 

Nonidentifiability in the presence of factorization for truncated data 
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Truncation is a structured form of selection bias that arises often in cohort studies. A time to event, X, is left 

truncated by T if X can be observed only if T < X. This often results in over sampling of large values of X, and 

necessitates adjustment of estimation procedures to avoid bias. Simple risk-set adjustments can be made to standard 

risk-set based estimators to accommodate left truncation as long as T and X are “quasi-independent,” i.e., 

independent in the observable region. Through examination of the likelihood function, we derive a weaker 

factorization condition for the conditional distribution of T given X in the observable region that likewise permits 

risk-set adjustment for estimation of the distribution of X (but not T). Quasi-independence results when the 

analogous factorization condition for X given T holds, as well, in which case both distributions of X and T are easily 

estimated. While we can test for factorization, if the test does not reject, we cannot identify which factorization 

condition holds, or whether both (i.e., quasi-independence) hold. Importantly, this means that we must ultimately 



make an unidentifiable assumption in order to estimate the distribution of X based on truncated data. This contrasts 

with common understanding that truncation is distinct from censoring in that it does not require any unidentifiable 

assumptions. We illustrate these concepts through examples and a simulation study. 

 
4.3 

Application of advanced statistical methods to clinical administrative databases for analyzing patients’ 

survival adjusting for pharmacological treatments. 

Marta Spreafico, Francesca Gasperoni, Francesca Ieva 
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Heart Failure (HF) is a complex syndrome and is associated with a high morbidity load and a high risk of 

rehospitalization and mortality. For HF treatment, common guidelines recommend the following drug classes: ACE-

Inhibitors, Beta-Blocking agents, Aldosterone Antagonists, Angiotestin Receptor Blockers and Diuretics. Positive 

impact of these pharmacological treatments both on morbidity and mortality is proved in clinical HF literature. 

 

Pharmacological treatment is usually included in survival studies in term of adherence or consumption. This 

consideration, led us to discuss the adequacy of modelling pharmacological treatments as time-fixed covariates. 

Indeed, it is inappropriate mainly for the following reason: the prescribed dose and therapy can change over time. 

According to this, it is necessary to explore advanced statistical techniques to include pharmacological treatment as 

time-varying covariates in survival models. 

 

In this work, we investigate and compare two different statistical models which allow us to adjust the survival risk 

with respect to time-varying covariates: joint models and functional Cox models. In joint models, time dependent 

covariates are considered as parallel stochastic processes with respect to the main process of interest and are treated 

as internal covariates, i.e., generated by the survival process itself. In functional Cox models, time dependent 

covariates are considered as external covariates, i.e., unaffected by the process. In other words, their effects on the 

process are known at the baseline. 

 

These two models are applied to a datawarehouse arising from the linkage of a clinical registry and an 

administrative database related to Heart Failure (HF) patients in the Northern part of Italy. Several information about 

patients are collected (i.e., age, gender, comorbidities, procedures, date of death), together with information related 

to pharmacological treatments (i.e., type of treatment, type of purchased box and date of purchase). 

 

Through the application of these two models to such data, the description of treatments’effect on patients’survival 

outcome is more realistic. Moreover, this study has a clear impact both on patient’s side and on hospital 

management’s side. 

 
4.4 

CompARE: Sample Size Calculation for Time-To-Event Composite Endpoints 

Jordi Cortés1, Marta Bofill Roig2, Guadalupe Gomez Melis1  
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The appropriate selection of the primary endpoint is crucial in the design of a clinical trial, the reason for this being 

that the sample size (SS) and corresponding results will be conditioned by this choice. Sometimes it is necessary to 

decide on the inclusion of more than one endpoint in order to assess an intervention effect. 

The number of studies based on composite endpoints (CE) has increased markedly in the last years and it is essential 

to provide clinicians with tools that help them manage their designs by first choosing the outcomes that define the 

CE and then setting the SS, and with this goal in mind we have developed CompARE. 

CompARE1 is a free web-based tool generated by the R library shiny. The user can interact with CompARE without 

technical knowledge of R. This platform provides an exhaustive description of the behavior of the different 

parameters (event rates, hazard ratios, etc.) for several combinations of endpoints allowing trialists to make a more 

informed choice for the primary endpoint. CompARE can be very helpful even in cases where the use of a CE is not 

explicitly specified, for instance in progression-free survival studies. 

CompARE incorporates two new methods to calculate the SS of a CE. The first method2 is based on the Asymptotic 



Relative Efficiency, method developed by Gómez and Lagakos3 to evaluate whether a CE or one of its components 

allows for the more efficient trial design. The second is a simulation method. We explore which method to choose 

for different scenarios. 

Furthermore, CompARE provides not only a single value for the SS but also the uncertainty involved in the 

calculations due to the high variability of the anticipated parameters and robustness measures with respect to 

deviations from the premises. 

CompARE wants to change the paradigm about the issues that must be taken into account when designing a study 

because both the choice of the appropriate primary endpoint as well as the SS calculation are of paramount 

importance for cost-efficient and human-level ethical research. 

 

1.Gómez-Mateu M, Bofill M and Gómez G. cinna.upc.edu/compare 

2.Gómez G, and Gómez-Mateu M. (2014). The Asymptotic Relative Efficiency and the 

ratio of sample sizes when testing two different null hypotheses. SORT, 38, 73-88 

3.Gómez G and Lagakos SW. (2013). Statistical considerations when using a composite endpoint for comparing 

treatment groups. Statistics in Medicine, 32, 19-738 
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Composite endpoints are increasingly used as primary endpoints in clinical trials. The use of a composite endpoint is 

mainly motivated by an increase of the incidence rate of observing the composite event, and, hopefully, a larger 

expected effect size and an increase in statistical power1. 

 

When sizing a trial using a composite binary endpoint, one needs to specify the event rates and the effect sizes of the 

composite components as well as the correlation between them. In practice, the marginal parameters of the 

components can be obtained from previous studies or pilot trials, however, the correlation is often not previously 

reported and thus usually unknown. Nevertheless, since the marginal parameters are often anticipated through 

studies with a limited number of patients and whose patient populations or concomitant drugs could differ from the 

current ones, the resulting values on which to size the trial could be highly variable2. 

 

We show that the sample size for composite binary endpoints is strongly dependent on the correlation and that slight 

deviations of the prior information on the marginal parameters may result in underpowered trials for achieving the 

study objectives at pre-specified significance level. 

 

We approach this problem with two goals in mind. First, based on a set of plausible values for the marginal 

parameters, we construct bands in which the appropriate sample size lies in as a function of the correlation. Second, 

we propose a general method for sizing trials when the correlation is unknown. The method, based on the sample 

size bands, calculates the minimum sample size to guarantee the planned power accounting for uncertainty of the 

marginal parameter values. 

 

We have implemented the procedure in a web-platform called CompARE (https://cinna.upc.edu/compare) that offers 

a tool to study composite events built from different combinations of event rates and effect sizes. CompARE 

provides plots that help to understand the role played by the marginal parameters as well as their consequences on 

the sample size. We illustrate the new formulations for the sample size and check how sensitive is from the 

departure of the anticipated parameter values with a cardiovascular trial using the platform CompARE. 

 

1. FDA. Multiple Endpoints in Clinical Trials. Guidance for Industry, 2017. 

2. ICH E9 Guideline. Statistical principles for clinical trials, 1998. 
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In this paper we propose a defective model induced by a frailty term for survival data with cure fraction. Defective 

models have the advantage of modeling the proportion of cured without adding any extra parameters 

in the model, in opposite to the most models from the literature. Models with frailty term incorporate an unobserved 

heterogeneity among individuals and this incorporation brings advantages for the estimated model, 

because it incorporates the influence of unobserved covariates in a proportional hazard model. We assume 

the frailty term follows gamma distribution, with the Gompertz defective or the inverse Gaussian defective 

distributions as baseline and, thus, propose and discuss the defective gamma-Gompertz and gamma-inverse 

Gaussian regression models. Simulation studies are performed to verify the asymptotic properties of the 

maximum likelihood estimator. Finally, we apply the proposed models to three real data sets in order to 

illustrate the proposed methodology, in which one of them is newly added to the literature. 

 
5.1 

SEMI-PARAMETRIC MIXED BETA REGRESSION MODELS FOR DISEASE SEVERITY IN PLANTS 

Pedro A. Torres-Saavedra1, Liz Teran1, Raúl E. Macchiavelli2, José A. Chavarría-Carvajal2  
1Mathematical Sciences, University of Puerto Rico, Mayaguez, Puerto Rico, United States, 2Crops and 
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Severity progress curves are used in plant disease epidemiology to describe temporal changes in the proportion of 

plant material compromised by the disease. For diseases with leaf symptoms, typically the damage of several leaves 

is measured on a particular scale and then averaged to a severity index (SI). The SI is often expressed in a 0-1 scale, 

which naturally leads to a beta distribution. In this paper we propose a Bayesian semiparametric beta regression to 

model the progress of disease severity. The model incorporates splines to estimate the population-average and plant-

specific curves; additional terms related to the experiment design can be also included. One of the advantages of the 

proposed model is that it facilitates the comparison of curves between treatments across time. We applied the 

proposed model to Black Sigatoka disease on banana crop data from Isabela, Puerto Rico. The MCMC scheme of 

the proposed model was implemented in JAGS via the R2jags package. The interpretation of the analyses and the 

implications for the management of this disease are presented and discussed. 

 
5.2 

Modelling interactions from multi species data with Gaussian copulas 

Gordana Popovic1, David Warton1, Francis Hui2  
1School of Mathematics and Statistics, University of New South Wales, Sydney, New South Wales, Australia, 
2Australian National University, Canberra, Australian Capital Territory, Australia 

 
Data for a community of species often arise as discrete correlated responses representing abundance or presence of 

individuals of each species. Interest is often in understanding species interactions, co-occurrence and inter-species 

dynamics. Multispecies models allow us to study species interactions and make inferences about shared responses to 

environment variables. 

 

We propose to build models for multivariate abundance data by combining discrete marginal distributions with 

covariance modelling techniques, using Gaussian copulas. These models respect key properties of abundance data, 

like overdispersion, and covariance modelling techniques enable estimation even when there are a large number of 

species relative to sample size. 

 

We use these to carry out inference on environmental and experimental variables as well as to investigate species 

interactions. Our algorithm makes use of standard covariance modelling algorithms developed for Gaussian data, but 

extends them via an iteratively reweighted scheme for maximum likelihood estimation of discrete models with 



Gaussian copulas.  

 

We illustrate our approach with overdispsered count data, using factor analysis models and graphical models to 

parsimoniously model species co-dependence patterns. 

 
5.3 

Order selection of factor analytic models for genotype x environment interaction 

Emi Tanaka1, Francis Hui2  
1School of Mathematics and Statistics, University of Sydney, Sydney, New South Wales, Australia, 2Mathematical 

Sciences Institute, Australian National University , Canberra, Australian Capital Territory, Australia 

 
Factor analytic (FA) models are widely used across many disciplines, owing to both the statistical and computational 

advantages from dimension reduction and the possible ability to interpret the factors. In plant breeding specifically, 

FA models provide a natural framework for parsimoniously modelling genotype x environment interactions, as often 

the number of environments can be relatively large compared to the number of genotypes and the elements of the 

FA model, e.g. specific factors, may have meaningful interpretation for the aim of the experiment, e.g. 

environmental specific genotype effects are not replicable in other environments and thus may not be of interest in 

the aim for selection. 

 

An FA model is dictated to a large extent by the number of factors (the order of the model). A higher order leads to 

more parameters in the model, which necessitates that order selection be used to achieve parsimony while also 

ensuring that a sufficient number of factors is selected to flexibly model between-environment interactions. We 

introduce a new method for order selection in FA models known as the Ordered FActor Lasso (OFAL), which 

induces both element-wise and group-wise sparsity in the loadings. By exploiting both the grouped and hierarchical 

nature of the loadings, the OFAL penalty provides a natural approach to order selection, while also circumventing 

the issue of identifiability without use of an arbitrary constraint and offering the potential for easier interpretability 

of the factor loadings. We compare its performance based on a simulation motivated from a real wheat yield multi-

environmental trial. 

 
5.4 

STATISTICAL SAFETY ASSESSMENT OF WATER SUPPLY IN OYO STATE, NIGERIA: 

APPLICATION OF GOODNESS OF FIT 

Saheed A. Afolabi1, 2  
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Water is considered polluted when unwanted materials with potentials to threaten human and other natural systems 

find their ways into water sources (Rivers, lakes, well, boreholes) or reserved fresh water in homes or industries. In 

this work, an attempt is made to use different statistical techniques such as preliminary study, data visualization, 

trend analysis, hypothesis testing with respect to the standards by the World Health Organization and the Standards 

Organization of Nigeria through standard normal test statistic, distribution modeling and goodness of fit to 13 

pollutants of two different rivers in Oyo state to assess its safety and it was examined that not all the pollutants were 

right skewed. The pairwise correlation showed that few of the pollutants were highly correlated and they exhibit 

trend which claimed further corresponding testing which established the concentration of Pollutants to be higher in 

Eleyele than Asejire for almost all Pollutants. Lognormal distribution described the pattern of the various pollutants 

better than weibull distribution through the goodness of fit application. 

Keywords: Exploratory Data Analysis, Lognormal Distribution, Weibull Distribution, Goodness of fit 
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Understanding and reducing the incidence of accidental bycatch, particularly for vulnerable species such as sharks, 

is a major challenge for contemporary fisheries management worldwide. Bycatch data, most often collected by at-

sea observers during fishing trips, are clustered by trip and/or vessel and typically involve a large number of zero 

counts and very few positive counts. Though hurdle models are very popular for count data with excess zeros, 

models for clustered forms have received far less attention. We introduce a novel random-effects hurdle model for 

bycatch data that makes available accurate estimates of bycatch probabilities as well as other cluster-specific targets. 

These are essential for informing conservation and management decisions as well as for identifying bycatch 

hotspots, often considered the first step in attempting to protect endangered marine species. We validate our 

methodology through simulation and use it to analyse bycatch data on critically endangered hammerhead sharks 

from the U.S. National Marine Fisheries Service Pelagic Observer Program. 

 

Reference: E. Cantoni, J. Millls Flemming, A. H. Welsh (2017) "A random-effects hurdle model for predicting 

bycatch of endangered marine species", Annals of Applied Statistics, in press. 
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Systems biology aims at modeling complex biological systems such as gene regulation networks (GRN). In this 

context, the correlation and causal relationships between gene expression is inferred from high-throughput 

transcriptome data (ex: RNA-seq) using various computational models. For inferring causality, a classical approach 

is based on directed acyclic graphs (DAGs). The typical output of a DAG inference algorithm is a (possibly 

weighted) sample of DAGs which represent the posterior distribution of the DAG structure conditionally on the 

available data. Due to the high complexity of this full posterior distribution of DAGs, it is common practice to 

derive from this distribution easy to grasp quantities like the marginal edge distribution or a so-called consensus 

graph (ex: keeping only edges with high marginal probabilities). In this work, we want to suggest an alternative 

approach which takes advantage of the full DAG distribution. Our idea is to perform unsupervised clustering 

directly on the (weighted) sample of DAGs using a simple mixture model (with edge probabilities). The likelihood 

is maximized through a classical Expectation-Maximization algorithm and the number of mixture components is 

selected using classical criteria like the Bayesian information criterion (BIC) or the enhanced BIC (EBIC). Our 

method is illustrated both on simulated and real datasets using a causal Gaussian Bayesian network inference model, 

and the interest of the proposed approach compared to classical ones is discussed. 

 
6.2 

Estimating metabolite networks using a multi-step network approach that integrates information from lower 

levelled omic graphical structures. 
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In systems biology, an organism is viewed as a network of interacting molecular entities (genes, metabolites, etc.), 

and graphical structures are used for representing them. SNPs, genes, metabolites, or traits are depicted as nodes in a 

graph, and their associations by edges connecting them. Current methods recovering the graphical structure of 

multiple omic sources usually treat them independently and are limited in not using information from the structure 

of one to recover the other. 

We develop a multi-step approach for reconstructing metabolite networks that borrows information from lower 

levelled omic sources (DNA or Gene level) that might have a graphical structure of their own. This multi-omic 

approach works from the lower (X) to the higher level (Y), e.g. from SNPs or Genes to metabolites in 3 main steps: 

i) recovers the graphical structure of X, ii) for every variable in Y utilises a regularised linear model using a network-

constrained penalty accounting for the known data structure of X; the total variation of Y is separated into parts 

related to X and noise, and iii) reconstructs networks of Y using the part related to X variation. The main advantage 



is that the two omic sources are not treated independently and the graphical structure of the lower levelled source is 

explicitly modelled. This provides an additional level of information for guiding network estimation of Y on top of 

the integrated analysis. 

We demonstrate our multi-step network approach in an Arabidopsis variant population (Bay-0 x Sha RIL), known to 

contain genetic variation related to gene expression, primary, and secondary metabolite levels. In a first application, 

we work from DNA to metabolic level to find plant metabolites with similar genetic basis. In a second application, 

we move from DNA to gene level for estimating gene networks; then use the gene structure as input to estimate 

metabolite networks. Our results show that in many cases, metabolites are recovered more accurately due to using an 

extra level of information coming from the graphical structure of X (gene or DNA level). 

 
6.3 

Modeling agreement for binary intensive longitudinal data 
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We enter in the era of e-Health. Emerging technological innovations, like wearable devices and smartphones, permit 

to measure our physical, medical and mental condition in real time, in our natural environment and at high temporal 

frequency. Such devices offer the possibility to predict future medical events and can guide us towards a healthier 

live. It is therefore important to establish that such devices record our behavior in a reliable manner and measure 

what we believe they measure (i.e. are valid). 

 

In practice, validity is determined by the degree of agreement between the measurements obtained by the new 

device and a reference one while reliability is determined by the correlation between measurements obtained on 

repeated experiments. When the measurement scale is binary, Cohen’s kappa and the intraclass kappa coefficients 

are appropriate agreement and reliability measures, respectively. These coefficients were extended to account for 

predictors under longitudinal settings. However, the e-Health devices generate intensive longitudinal data (ILD). 

Studies with ILD are generally characterized by a large amount of observations (e.g. thousands), often very close in 

time (e.g. every second) on a small sample of subjects. This leads to computational problems and instability in the 

parameter estimates with all existing methods. 

 

We therefore developed a new partial-Bayesian methodology, extending Cohen’s kappa and the intraclass kappa 

coefficients to measure real-time agreement and reliability on IDL. Using sequential kappa statistics, the models 

developed permit a direct evaluation of the impact of predictors (e.g. the body place where a device is held, time) on 

the real-time agreement and reliability levels. 

 

Our novel approach is illustrated on a validity study for a new activity monitor, the MOX®, in patient with chronic 

organ failure. During one hour of unconstrained activity in a revalidation center, 10 patients were videotaped while 

their body activity (non-weight bearing or weight bearing) was continuously recorded with the MOX®, worn 

simultaneously on the leg and on the trunk for comparative purposes. We determined (1) the real-time agreement 

level between body activity recorded by the MOX® and human videotape assessments made every second and (2) 

the influence of the body location where the device was held on the real-time validity levels. 

 
6.4 

INFERENCE OF THE ASSOCIATION BETWEEN TWO DISEASES WITH IMPERFECT DIAGNOSTIC 

TESTS 

Jeno Reiczigel  
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In the simplest case, the interdependence between two diseases or infections is presented in the form of a two-by-

two table. Tools of analysis include the chi-squared test or Fisher's exact test for testing the association between 

them, and the risk ratio (RR) or the odds ratio (OR) to quantify the increase or decrease of risk of one disease given 

the other one is present. However, if the diagnostic procedures are imperfect, false negatives and positives on both 



sides of the two-by-two table may bias the estimates of RR and OR, and also the p-values from the tests. 

Here an adjustment of confidence intervals for RR and OR is presented, from which the corresponding adjusted tests 

can also be derived. The proposed CIs are based on profile likelihood. The method assumes that sensitivities and 

specificities are known and may be different for the two diseases. False diagnoses of the two diseases are assumed to 

occur independently of each other. According to our simulation results, the new confidence intervals maintain fairly 

well the confidence level in a wide range of scenarios. A real application illustrates how much the proposed 

adjustment may affect the results. 

This research was supported by the Hungarian National Research Fund (grant number OTKA K108571). 
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Assessing the diagnostic accuracy has always been an important topic in medical research. The Receiver Operating 

Characteristic (ROC) curve and the Area Under the ROC Curve (AUC) are two important summary measures of 

accuracy of a diagnostic test. Several approaches have been proposed in the literature to estimate the ROC curve; 

some of those are based on parametric techniques while others on non-parametric or semiparametric ones. 

Moreover, in the last twenty years the notion of high dimensional ROC has been developed to deal with biomedical 

classification problems related with more than two classes. Therefore, the ROC curve has been extended to ROC 

surface (or manifold) and the AUC extended to the Volume Under the Surface (VUS, or more generally, 

Hypervolume Under the Manifold, HUM). 

Combining different multiple biomarkers for multiple-category classification can improve the accuracy of 

classification, in the last decades many statistical methods have been proposed to find the best combination of 

multiple markers, however, the idea of choosing the optimal combination of markers to optimize the diagnostic 

accuracy is relatively recent (Pepe and Thompson, 2000). The authors developed a method that optimizes the AUC 

of the combined biomarkers in genetic studies adapting the maximum rank correlation estimator. More recently, 

Zhang and Li (2011) extended the same approach to the more general case of more than two classes. 

Our aim is twofold: firstly, we compare different estimators of the VUS (a parametric, a non-parametric and the one 

obtained from the Lehmann family ROC surfaces as in Nze Ossima et al., 2015) by means of simulated data and, 

secondly, we provide a different approach to estimate the coefficients of the best combination of markers optimizing 

the accuracy. In particular, concerning this latter point, the measure of accuracy we want to use is the VUS obtained 

with the Lehmann family approach. Finally, this new approach will be compared with the existing one proposed by 

Zhang and Li (2011). 
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Using synthetic data to incorporate external information into regression model estimation 
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We consider the situation where there is a known established regression model that can be used to predict an 

important outcome, Y, from a set of commonly available predictor variables X. There are many examples of this in 

the medical and epidemiologic literature. A new variable B is thought to be important and would enhance the 

prediction of Y. A modest sized dataset of size n containing Y, X and B is available, and the challenge is to build a 

good model for [Y|X,B] that uses both the available dataset and the known model for [Y|X]. Proposals in the 

literature to achieve this include Bayesian approaches and constrained and empirical likelihood based methods (Grill 

et al 2015 J Clin Epi, Chatterjee et al 2016 JASA, Cheng et al 2018 Stat in Med). The constrained approach is to 

maximize the likelihood for [Y|X,B] subject to the constraints on the parameters from the known model for [Y|X]. 

We propose a synthetic data approach. The approach consists of creating m additional synthetic data observations, 

and then analyzing the combined dataset of size n+m to estimate the parameters of the model [Y|X,B]. The synthetic 

data is created by replicating X then generating a synthetic value of Y from the known [Y|X] distribution. This 

combined dataset has missing values of B for m of the observations, and is analyzed using methods that can handle 

missing data. One such analysis approach is multiple imputation, or in special cases exact methods can be used. In 

the special case is when [Y,X,B] is trivariate normal and [Y|X,B] is a linear model we show that the synthetic data 

approach with very large m gives identical asymptotic variance for the parameters of the [Y|X,B] model as the 



constrained maximum likelihood estimation approach. This provides some theoretical justification for the synthetic 

data approach and given its broad applicability makes the approach very appealing. 
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Severely ill patients in intensive-care are at high risk of acquiring nosocomial infections (NIs). 

The population-benefit from the extinction of NIs is expressed by the population-attributable fraction (PAF). It 

relates the overall risk of an outcome (e.g. death) to the risk of the outcome among unexposed patients. 

Difficulties in the estimation of the PAF arise due to the fact that the occurrence of NIs is a time- 

dynamic process. Moreover, adjustment for time-dependent confounders is essential to obtain an 

unbiased estimator. 

Literature accommodating an estimation of the PAF in a data setting where both exposure and outcome are time-

dependent is not consistent. Various definitions of the PAF are available, but the different estimands lead to different 

interpretations. 

 

We study the available estimands and estimators in a simulation study. To overcome apparent limitations, we 

propose dynamic prediction by landmarking to estimate a PAF in this data situation. At each landmark the setting is 

reduced to a time-independent situation. Then, estimation is simply performed by using a generalized-linear model 

accounting for the current exposure state and further covariates. 

The method is explored in a simulation study and applied to a large French database of intensive-care unit patients to 

estimate the population-benefit of an intervention that could prevent ventilator-associated pneumonia. 

 
7.2 

Integrating population mortality into multi-state models 
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When long-term outcomes of patients are analyzed, information about the mortality of the general population can be 

integrated to study excess mortality of the patient population and the risk factors associated with it. This is especially 

relevant for an older patient population. We studied a large multi-national cohort of patients who had received an 

allogeneic haematopoietic stem cell transplantation for myelodysplastic syndrome and whose data had been 

collected by the European Society for Blood and Marrow Transplantation (n=6434). Allogeneic transplantation is 

the only curative treatment for these patients, yet it is also associated with high mortality, due to the underlying 

disease, previous treatment or the transplantation itself. 

The two major causes of failure after transplantation, relapse of the disease and non-relapse mortality (NRM), were 

analyzed in a competing risks model. Population hazards of mortality were estimated by matching each patient to an 

artificial control from the general population with the same sex, age and nationality in the year of transplantation. 

We integrated the population hazards into a Markovian multi-state model with intermediate event relapse to separate 

excess and population NRM, and excess and population death after relapse. 

Transition probabilities could then be calculated by means of the Aalen-Johansen estimator, and the associated 

standard errors by bootstrapping. This approach was followed both in a non-parametric and in a semi-parametric 

framework. In the latter, Cox-type models for excess hazards were used for cause-specific hazards. All analyses 

were performed by means of the ‘survival’, ‘mstate’ and ‘relsurv’ packages in R. 



The presentation will show how combining relative survival and multi-state models helps to understand the different 

components of mortality and the impact of risk factors on them better. This approach is also relevant for long-term 

outcomes of other diseases. In particular, our interpretation of excess NRM as a good approximation of treatment-

related mortality is an improvement of the current practice to interpret total NRM as treatment-related mortality, 

especially in studies with older patients. 

 
7.3 

Multi-state models with splines for disease progression 

Robson Machado, Ardo van den Hout, Giampiero Marra 
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Continuous-time multi-state models can be used to describe transitions over time between a set of discrete states. 

Models are specified through hazard functions. A common assumption in multi-state models is that all hazards are 

constant over time. For interval-censored data, Kalbfleisch & Lawless (1985) developed an efficient scoring 

algorithm to maximise the log-likelihood of the model. It uses the first derivatives of the log-likelihood function and 

the expectation of the second derivatives. For many applications, time-dependent hazards specifications are more 

suitable. Various parametric functional forms can be used. However, they may induce models which are too 

restrictive. We focus on the non-parametric hazards specifications with splines. Estimation can be undertaken using 

penalised maximum likelihood. Selecting the optimal amount of smoothing is challenging as the problem involves 

multiple penalties. We propose an automatic and efficient method to estimate multi-state models with splines in the 

presence of interval censoring. The fitted multi-state model with splines can be used to describe nonlinear trends 

underlying the data and to check parametric specifications. 

 

The method is applied to data for cardiac allograft vasculopathy (CAV) which is a narrowing of the arterial walls. 

This is the main cause of death in heart transplantation patients. The data are a series of approximately yearly 

angiographic examinations of heart transplant recipients. The state at each time is a grade of CAV which can be 

normal, moderate or severe. Dead is the absorbing state and time of death is known within one day. The process is 

biologically irreversible and of particular interest is the onset of CAV. In order to investigate this, a three-state 

progressive model with splines is fitted. The states are classified as normal (1) if the patient has not developed the 

disease, ill (2) if the patient has developed moderate or severe CAV, and dead (3) if the patient has died. The fitted 

model gives insightful information about the nonlinearity of the hazards over time. 

 
7.4 

A multi-state model for the prognosis of non-mild acute pancreatitis 
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Acute pancreatitis (AP) is an inflammatory condition of the pancreas with low mortality in its mild forms. 

Nevertheless, the most severe forms, and consequently patients with AP admitted to Intensive Care Units (ICU), 

showed high mortality. In addition, prediction of AP mortality is not straightforward due to the low incidence of the 

most severe forms and because its fluctuating clinical course. Although several prediction score systems had been 

developed, all of them are complex and cumbersome to achieve and, moreover, present a high rate of false positive 

results. It is, consequently, of paramount importance to determine risk factors for AP [1,2] so that an adequate 

prognosis of the disease can be established. 

Motivated by data from an observational, prospective study of 286 patients with non-mild AP who entered the ICU 

of the Donostia University Hospital between 2001 and mid-2017, we propose a multi-state modeling approach [3,4] 

to describe the evolution of patients with AP and at least one organ failure or local complications. The so-called 

illness-death model [3,4] is used allowing to take into account the disease-related events of interest, that is, entry to 

ICU, discharge from ICU and death due to AP. 

The main goal of this joint project between the Donostia University Hospital and the Universitat Politècnica de 

Catalunya is the subject-specific management of the patients according to the observed progression of the disease. 

To this end the purposes of the present study are to describe the course of AP patients, to evaluate the relationship 



between surgery and mortality, and to develop a predictive process [5] that allows the risk of a patient to be updated 

whenever new information of his or her evolution is available. 

 
7.5 
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An epidemic of congenital microcephaly, with a distinctive syndrome of neurological complications, which started 

in Brazil in 2015, was declared a Public Health Emergency of International Concern by the World Health 

Organization. Maternal infection with the Zika virus was determined to be the cause. We use multiple data sources, 

linked with a compartmental mathematical model, to estimate the risk of microcephaly given Zika infection in 

pregnancy, in the state of Pernambuco in northeast Brazil. Between 1 August 2015 and 16 August 2016, 1,767 live 

births were recorded as potential microcephaly cases, of which 652 had head circumference below the 3rd percentile 

of the Intergrowth standard curve. Denominators, in terms of numbers of live births, were estimated from the official 

registry. The occurrence of microcephaly shows a symmetric peak in November 2015 followed by a slow tailing off. 

In order to estimate, over time, the proportion of women who were infected at difference stages of pregnancy, we 

use a SEIR (Susceptible, Exposed, Infectious, Recovered) model, fitted with the deSolve package in R. This model 

can capture the main peak but not the tailing off. We assume 4 days’ duration of the latency (‘E’) stage, and 1.5 for 

the basic reproduction number R0, based on seroprevalence estimates after the peak of the epidemic. Initially we 

assume constant biting rate of the Aedes mosquito vector. The data can be fitted by different combinations of a) the 

duration of the infectious (‘I’) stage and b) the time window, in terms of gestational age either side of the middle of 

the first trimester, during which an incident maternal Zika infection may induce foetal abnormalities. For a 6-week 

window, an infectious duration of 4 days fits the main peak and implies that, at the time of greatest force of 

infection, approximately 30% of pregnant women became infected in that 6-week window, and that in 

approximately 5% of such pregnancies the neonate was born with microcephaly. Likewise, a 2-week window fits the 

data with an infectious period of 6 days, and implies a peak of 12% of women becoming infected during that 

window, and 12.5% risk of microcephaly among such pregnancies. We will also present results with a model which 

allows vector biting to vary in accordance with data from the LIRAa public health system for Aedes surveillance and 

control. 
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Cost-effectiveness analysis of lung cancer prevention strategies 
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Background 
 

Lung cancer (LC) is by far the leading cause of cancer death in Europe. LC risk is largely a function of older age 

combined with extensive cigarette smoking history. Implementation of smoking cessation and early detection 

through low-dose computed tomography (LDCT) screening can reduce mortality related to LC. 

 

Objective 
 

To assess the cost-effectiveness of combined smoking cessation and LDCT screening by populations with different 

levels of risk and to identify which intervention provide the most efficient use of health care resources. 

 

Methods 



 

We developed a multi-state Markov model of LC represented as a sequence of monthly transitions between health 

states. The model was calibrated to LC incidence and mortality from Spain. Base case strategies considered: 1) brief 

smoking cessation intervention combined with LDCT screening in high-risk population of LC (smokers aged 50-75 

with smoking history ≥30 pack-year) 2) intensive smoking cessation treatment combined with LDCT screening in 

high-risk population of LC 3) intensive smoking cessation treatment in population at potential risk (smokers aged 

<55 who would be at risk at 55) and at high-risk of LC combined with LDCT screening in high-risk population. 

Incremental cost-effectiveness ratios (ICERs) defined as additional costs per QALY gained were used to assess 

alternative strategies. Parameter uncertainty was evaluated using deterministic and probabilistic sensitivity analyses. 

 

Results 
 

Both brief smoking cessation intervention and intensive cessation treatment reduce the lifetime risk of LC depending 

on differential coverage rates and target ages. Screening with LDCT shows appreciable reductions in LC mortality. 

Compared with no screening, LDCT screening appears to be cost-effective depending on the frequency. The 

integration of smoking cessation intervention to LDCT screening decreased the cost-effectiveness ratio in most 

scenarios. 

 

Conclusion 
 

The integration of a smoking cessation program into any LDCT screening program can be an effective and cost-

effective strategy in Spain, resulting in diminished burden of LC in the population. Our model indicates that the 

cost-effectiveness of this combination is highly dependent on coverage rates, target ages and frequency of screening. 

 
8.1 

Penalised competing risks regression with high-dimensional covariates 

Federico Ambrogi1, Thomas Scheike2  
1Department of Clinical Sciences and Community Health, University of Milan, Milano, Italy, 2Biostatistics, 

University of Copenhagen, Copenhagen, Denmark 

 
High dimensional data analysis is an important topic in many research fields. For example, biomedical research 

generates increasing amount of data to characterise patients bio-profiles (e.g. from genomic high-throughput assay, 

imaging, physiological measurements, laboratory tests, patient monitoring, etc.). 

Variable selection is a long-established problem in statistical research and is every day more and more important. In 

the last decades many forms of penalised regression have been developed, as a modern form of variable selection, to 

cope with high and ultra-high dimensional settings. 

The increasing complexity in the characterisation of patients bio-profiles, is added to the complexity related to the 

prolonged follow-up of patients with the registration of the occurrence of possible adverse events, that may offer 

useful insight in disease dynamic and in identifying subset of patients with worse prognosis and better response to 

the therapy. 

Although in the last years the number of contributions for coping with high and ultra-high dimensional data in 

standard survival analysis have increased, the research regarding competing risks is less developed. 

The aim of this work is to consider how to do penalized regression when considering the crude cumulative 

incidence. 

The direct binomial regression model developed by Scheike, Zhang and Gerds (Biometrika, 2008) is reformulated in 

a penalised framework to possibly fit a sparse regression model. The proposed approach is easily implementable 

using existing high performance software to do either ridge, or lasso or elastic net penalization. 

Results from simulation studies are presented together with an application to genomic data when the endpoint is 

progression free survival. 

 
8.2 

Statistical Method for Modelling Glycomics Data from Different Platforms 

Angga M. Fuady1, Lucija Klarić4, Hae-Won Uh3, Jeanine Houwing-Duistermaat2  
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Advance in the development of omics measurement techniques brings a situation where measurements in different 

studies come from different platforms. For instance, in our motivating example, glycomics data were generated 

using two technologies, i.e. LCMS and UPLC, in two cohorts, namely Vis and Korcula. Specifically, Vis (n=651) 

has both LCMS (p=50) and UPLC (p=23), while Korcula (n=905) has only LCMS and total-area (TA) normalized 

(percentage) UPLC data but no raw UPLC data. It is however wished to have raw data from both platforms to apply 

multiple omics analysis. 

We aim to estimate the raw UPLC from LCMS. Two methods will be considered: a measurement error model where 

we use biological mapping information, and two-way orthogonal partial least squares (O2PLS). In the measurement 

error model, we apply linear regression model with UPLC as a function of LCMS measurement. The mapping 

between UPLC and LCMS is not a one-to-one. Regression coefficients and residual variances are computed. UPLC 

measurement in Korcula is constructed using all regression coefficient from Vis by assuming that UPLC is 

measured by LCMS with some error. In O2PLS, UPLC and LCMS measurements of Vis data set are decomposed 

into three parts, namely joint-, specific- and noise-part. Based on the joint-part, we obtain a machine learning 

mapping from LCMS to UPLC. Both methods are trained on Vis and applied to Korcula data set. We compare the 

two mappings in terms of the contribution of LCMS to UPLC glycans. We validate the quality of the estimated 

UPLC abundances by applying the TA transformation and comparing results with the measured TA data. 

We conclude that for relatively large data sets, the performance of the two methods is similar, but for the smaller 

data set estimation of UPLC abundances using biological information might be better. 

 
8.3 

Group-regularized logistic elastic net regression: improved omics-based classification 

Magnus Münch1, 2, Carel F. Peeters2, Aad van der Vaart1, Mark van de Wiel2, 3  
1Mathematical Institute, Leiden University, Leiden, Netherlands, 2Epidemiology & Biostatistics, VUMC, 
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Classification problems are common in omics research. Such problems arise, for example, in the design of 

diagnostic tests, and the prediction of treatment response. Often external information on the omics features is 

available. Examples of such information sources are: (a) results on the same genes obtained in a previous study (e.g., 

p-values), (b) information from a publicly available database that summarizes the prior information on the molecular 

features involved (e.g., the Cancer Gene Census), (c) omic annotation (e.g., the location of a gene on the 

chromosome) and (d) previously shown importance of features in related problems. Although such information can 

rarely be directly included in the statistical analysis, it is often useful and thus has the potential to enhance 

classification performance. 

 

We propose to include external information by a group-regularized (logistic) elastic net regression algorithm. The 

groups of features are based on the external information, such that each group of features receives its own penalty 

parameter. The method makes use of the Bayesian formulation of logistic elastic net regression to estimate both the 

model and penalty parameters in an approximate empirical-variational Bayes framework. By estimating the group-

specific penalty parameters from the data, we avoid a priori (i.e., subjective) specification of feature importance. 

 

Simulation results show that in settings where the grouping of the features is informative, group-specific 

penalization of the features does indeed enhance classification performance. These findings are confirmed in an 

application of the method in a cancer omics study. 

 
8.4 

Statistical Modeling of Whole Genome 3D Structure of Chromatins 

Shili Lin  

Ohio State University, Columbus, Ohio, United States 

 
The expression of a gene is usually controlled by the regulatory elements in its promoter region. However, it has 

long been hypothesized that, in complex genomes such as that of the human, a gene may also be controlled by distal 



enhancers and repressors. Globally, the chromatin structure is closely linked to the biological function of the 

genome and has great implications in human health and disease. A recently developed molecular technique is able to 

detect physical contacts between distant genomic loci, validating the theory that communications between such 

elements are achieved through spatial organization of chromosomes to bring genes and their regulatory elements 

into close proximity. Such a molecular technique, coupled with the Next Generation Sequencing (NGS) technology, 

enables genome-wide detection of physical contacts. The availability of these data makes it possible to reconstruct 

the underlying three-dimensional (3D) spatial chromatin structure of a genome and to study spatial gene regulation 

in genomics. However, several special features of the NGS-based high-throughput data have posed challenges for 

statistical modeling and inference. I will discuss a random effect modeling strategy for addressing such features, 

including dependency, sparsity, and over-dispersion. Compounded with the sheer size of the data, the problem is 

even more challenging when the whole genome structure is considered. The question of how to tackle the sparse 

nature of single-cell Hi-C data will also be touched upon, but a viable solution remains elusive. 

 
8.5 

Metagenomic Classification Using an Abstraction Augmented Markov Model 

Xiujun S. Zhu2, Monnie McGee1  
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The Abstraction Augmented Markov Model (AAMM) is an extension of a Markov model which can be used for the 

analysis of genetic sequences. The AAMM is a computationally effcient method that does not require alignment of 

query sequences to a target sequence database. As a result, the method is not affected by minor sequencing errors or 

multiple sequence alignment errors. AAMMs effectively reduce the number of numeric parameters of a standard 

Markov model through abstraction, or the grouping of strings of length p into hierarchical clusters. This talk will 

present the AAMM as a method of determining structure in metagenomic data in order to classify sequences into 

phylogenetic taxa. The method carries the theoretical properties of Markov models while retaining the efficiency of 

alignment-free methods. An application to data from the Sequence Read Archive is shown, where we show that 

AAMMs are able to classify correctly approximately 95% of sequences to their appropriate taxa, even at the genus 

level. 

 
8.6 

A Random Effects Model for the Identification of Differential Splicing (REIDS) Using Exon and HTA Arrays 

Marijke Van Moerbeke1, Kasim Adetayo2, Ziv Shkedy1  
1Interuniversity institute for biostatistics and statistical bioinformatics, Hasselt University, Hasselt, Belgium, 
2Anthropology, Wolfson Research Institute for Health and Wellbeing, Durham, United Kingdom 

 
Alternative splicing is a mechanism in which a single gene gives rise to multiple transcript isoforms. It was first 

believed to be an uncommon phenomenon. Recently, however, high-throughput sequencing technology has found 

indications that it affects more than 90% of human genes [1,2]. 

 

It has been shown that about 15% of the single nucleotide mutations in the exon recognition sites are associated with 

a human genetic disease. Many straying splice variants have been linked to cancers like mammary tumour genesis. 

Therefore, understanding the mechanism of alternative splicing and identifying the difference between splicing 

events in diseased and normal tissues is key in cancer research [3]. We propose a hierarchical Bayesian model for 

alternative splicing detection, the Random Effects for Identification of Differential Splicing (REIDS) [4]. The model 

identifies a splicing event based on two sets of scores; the array score which is used to identify samples that express 

an alternatively spliced exon and the exon score which is used to prioritize spliced probe sets. 

 

Array and exon scores are calculated using the parameter estimates for the variance components of the model. 

Furthermore, the REIDS model allows to summarize the exon data into gene data in order to perform inference 

between the experimental conditions. The proposed model is applied to a variety of data sets which include exon 

arrays and HTA arrays. In the latter, the potential of exon-exon junctions for the identification of alternative splicing 

was investigated as well. We concluded that exons which are supported by their junctions are reliable alternative 

splicing candidates. An R package (REIDS) is implemented is publically available in R-Forge. 
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Bayesian approaches to subgroup identification in dose-finding trials 
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An important task in early-phase drug development is to identify patients, which respond better or worse to an 

experimental treatment. Many methods for subgroup identification have been proposed for two-arm clinical trials, 

which study an experimental treatment and a control (Lipkovich et al., 2017). However much less work has been 

done for settings, where patients are randomized to different dose groups, as for example in Phase II dose-finding 

trials. In these trials non-linear models are often used to model the relationship between dose and the response. A 

possible approach to subgroup identification in this setting is to model covariate effects on the parameters of a dose-

response model to identify covariates, which interact with the treatment (Thomas et al., 2018). Since the number of 

possible covariates is often large and sample sizes are generally small, a main challenge is to separate strong signals 

and noise efficiently. In a Bayesian setting this can be achieved through shrinkage priors, as for example the 

Horseshoe and recently proposed extensions. 

We consider hierarchical dose-response models for subgroup identification and discuss several possible shrinkage 

priors, which we compare via simulations. We show how these approaches can be used in practice to estimate 

patient-specific dose-response curves and identify promising subgroups. 
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9.3 

A unified framework for dose-response analysis using nonlinear mixed-effects models 

Daniel Gerhard  
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Clustered data showing nonlinear trends have recently become the routine output of experiments in 

agriculture, biology, and toxicology, for example when screening chemicals for neurotoxic or cytotoxic effects. 

The assessment of such a dose-response relationship usually involves one or more quantities derived from 

parameters of a nonlinear model, e.g. effective doses that correspond to a 10%, 20%, and 50% 

increase/reduction in toxicity.  

We will discuss different estimation procedures for these parameters in hierarchical nonlinear models, like 

two-stage estimation and first-order approximations, and compare them with regard to the application of 

typical dose-response experiments. 

For the special case of mixed-effects nonlinear sigmoidal models, a method for the estimation of effective 

doses or benchmark doses with a marginal interpretation is proposed, using a combination of numerical 



quadrature and the delta method, integrating over the random effect distribution conditional on the 

estimated variance components. 

A software implementation of the presented dose-response methodology is available in the R packages drc 

and medrc (https://github.com/DoseResponse/medrc). 

 
9.5 

Fitting pharmacokinetics data with a Population-based Kalman filters 
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Various methods have been used in statistics to estimate parameters in dynamical models based on ordinary 

differential equations with nonlinear mixed effects models on parameters (ODE-NLME). First-order conditional 

(FOCE), full Bayesian Monte-Carlo Markov chains (MCMC), Stochastic Approximation Expectation Maximization 

(SAEM) and maximum a posteriori for penalized maximum likelihood (MAP) estimations are successful for simple 

models but can turn to be inaccurate, time-consuming or intractable when ODE-NLME complexity increases. We 

propose to consider Kalman filters to estimate the model unknowns and the parameters using a dataset composed of 

longitudinal observations of biomarkers for multiple patients. The uncertainties on the system trajectory are 

controlled as well as the parameter uncertainties. We use an Unscented Kalman Filter (UKF) that we extend to 

overcome the curse of dimensionality when gathering the whole population and defining individual uncertainties 

combined with population uncertainties. The coupling between the patients appears as a constrained optimization. 

Statistical properties, consistency and efficacy, of this population UKF estimator have been derived for linear 

systems and extended for non-linear systems as required by our application. Using simulated pharmacokinetics data 

for one and two compartments models, the theophylline toy-data and data from the ANRS 104 puzzle clinical for 

dosage of Amprenavir antiretroviral treatments in HIV infected patients, we compare the proposed approach with 

literature methods. We show that using population UKF increases the information and improves the efficacy of the 

estimation by shrinking the variances compared to the classical UKF. This alternative method has similar properties 

to existing methods such as FOCE, MCMC, SAEM or MAP in simpler examples but is less time-consuming when 

the ODE-NLME gets more complicated. 
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Regulatory Assessment of Drug Dissolutions Profiles Comparability via Maximum Deviation 
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The comparison of dissolution profiles of two different formulations is one of the main issues in drug development 

and usually assessed using the similarity factor f2. In practice, the drug dissolution profiles are deemed similar if the 

f2 exceeds 50, which occurs when a 10% maximum difference in the mean percentage of the dissolved drug at each 

time point between test and reference formulation is obtained. According to the Guideline on the Investigation of 

Bioequivalence use of the f2 is however restricted by a set of validity conditions. If some of these conditions are not 

satisfied, the f2 is not considered suitable and alternative statistical methods are needed. Therefore we propose a new 

approach, a proper inferential framework with a test statistic and a p-value, based on the maximum deviation 

between curves to test the comparability of drug dissolution profiles. 

This methodology is applicable regardless whether the validity criteria of the f2 are met or not and integrates the 

variability of the measurements over time and not only their average. We validated our method by simulations 

informed by three real case-studies provided by the European Medicines Agency and extracted from dossiers 

submitted to the Centralised Procedure for Marketing Authorisation Application. 

We could show that this test controls its type I error rate and we demonstrated a reasonable high power, exceeding 

80% for small values of the maximum deviation. Furthermore the approach is very robust to sampling variations and 

can be considered as a valid alternative to the f2, especially when its validity criteria of the latter are not met. 

 



9.2 

SOME RECENT DEVELOPMENTS IN DOSE-RESPONSE METHODOLOGY 
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In recent years dose-response experiments have become more complex. Typically, they are replicated in time as 

independent runs and at each time point they may involve factorial and often even hierarchical experimental designs, 

which would nowadays commonly be analysed by means of linear mixed models if the response were continuous 

and the dose-response relationship linear. 

 

For instance, in order to characterize germination in response to time elapsed, specific parametric event-time models 

are needed but the suitable mixed model extensions of these models are not readily available, neither in theory nor in 

practice. Likewise, to our knowledge, flexible models for analysis of hierarchical dose-response experiments 

resulting in binomial or count responses are lacking. 

 

As a practical workaround we propose a two-step approach that combines and weighs together results from dose-

response models fitted separately to data from each run. We adapt a meta-analytic random effects model approach 

that has recently been used in the context of nonlinear mixed-effects models (Jiang & Kopp-Schneider, 2014). 

 

We show that this approach provides a more appropriate appreciation of the sources of variation in hierarchically 

structured designs, exemplified by means of the analysis of a germination experiment where both between- and 

within-experiment variation is recovered from the data (Jensen & Ritz, 2017). 
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There is an urgent need to refine strategies for testing the safety of chemical compounds. This need arises both from 

the financial and ethical costs of animal tests, but also from the opportunities presented by new in-vitro and in-silico 

alternatives. Here we explore the mathematical theory underpinning the formulation of optimal testing strategies in 

toxicology. We show how the costs and imprecisions of the various tests, and the variability in exposures and 

responses of individuals, can be assembled rationally to form a Markov Decision Problem. We compute the 

corresponding optimal policies using well developed theory based on Dynamic Programming, thereby identifying 

and overcoming some methodological and logical inconsistencies which may exist in the current toxicological 

testing. By illustrating our methods for two simple but readily generalizable examples we show how so-called 

integrated testing strategies, where information of different precisions from different sources is combined and where 

different initial test outcomes lead to different sets of future tests, can arise naturally as optimal policies 

 
10.1 

Predicting Mood Using Multivariate Mobile Sensor Data Streams for Medical Interns 
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There is a critical need to understand the temporal relationship between stress and depression with real-time, 

objective measures. To date, mobile technology studies conducted to predict the onset of stress and depression have 



focused on patients already experiencing psychiatric symptoms. The Intern Health Study (IHS) seeks to identify 

predictors of depressive symptoms by following a large cohort of medical interns. These interns tend to work long 

hours, face difficult decisions, and have inconsistent sleep. For the entire medical internship year, the IHS uses a 

phone app to collect the interns’ daily self-reported mood scores (1-10). In addition, the IHS collects objective 

measurements such as minute level activity data, nightly sleep time and duration, heart rate data, and geolocations 

via a smartphone or wristband. Every three months, the interns also complete a brief survey and Personal Health 

Questionnaire (PHQ-9). 

 

We set out to address two scientific questions: (1) Can we use sensor data to develop an online prediction of the 

interns’ self-reported mood? These mood predictions will eventually be used to inform real-time personalized 

interventions to improve interns’ mood and depression. (2) Which and what aspects of these data streams are most 

valuable for predicting patient mood? Determining the most valuable data streams can help inform data collection 

for future study cohorts. 

 

We introduce a flexible time series model to analyze multiple sensor data streams collected at distinct time scales 

(minute, daily, and quarterly) with occasional missingness (due to failure to wear wristbands or carry smartphones). 

We illustrate our methods using data from the 2015-16 IHS cohort recruited at University of Michigan. Lastly, we 

discuss computational issues and the practical implications of our results. 

 
10.2 

Non-stationary high dimensional time series methods with application to brain imaging 

Ivor Cribben  
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We develop original statistical methodology on the evolving interdependencies between high-dimensional 

multivariate time series. In particular, we focus on estimating network change points in a very high-dimensional 

(e.g., thousands of nodes or time series) setting. We take two approaches. Firstly, we introduce a novel method that 

finds community network changes in very high-dimensional time series. The method first finds an extra low-rank 

structure for the covariance matrix that represents the network between the high-dimensional time series. Then using 

a novel change point algorithm, called shutter window segmentation (SWS), the method detects multiple change 

points in the data. SWS works well even for short distances between change points, unlike binary segmentation. In 

addition, SWS does not lead to a significant increase in computational complexity. To find the change points, we 

propose a new criterion based on the principal angles between subspaces that is robust to a changing number of 

communities in the network. This new method allows for situations where the number of time series is much greater 

than the number of time points (n<<p). Secondly, we consider finding change points in the network summary 

statistics. Specifically, in order to understand very high-dimensional graphs, we can summarize them in an efficient 

manner through the use of descriptive summary network statistics such as small-worldness, modularity, path lengths 

and network centrality measures. We introduce a new statistical method that estimates change points (at the local or 

node level) in very high-dimensional network descriptive statistics. The changes are based on an original criterion. 

We also propose a new multiple change point algorithm that begins by splitting the data into partitions and then 

looks for changes locally. We show the improvement of our method over binary segmentation. We apply our 

methods to resting state functional magnetic resonance imaging (fMRI) in order to understand the large scale 

characterizations of the dynamics of the brain. 
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According to World Health Organization, under-reporting is a common issue in epidemiological data collection, 

being its correction especially difficult since its scope is unknown and strongly variable. Many cases of people 

suffering contagious diseases such as Dengue, Zika or sexually transmitted diseases are not properly registered in 

many countries [1]. One of the main consequences of this phenomenon is the under-estimation of the impact of the 

problem in the population, leading to the application of unsatisfactory policies which can result, in the worst case, in 

public health emergencies. This problem has been detected in the time series of monthly cases of Flavivirus 

infection in Australia between 2001 and 2017. Flavivirus is a genus of viruses containing the West Nile, Dengue and 

Zika viruses, among others. Most of them are transmitted by the bite from an infected mosquito, especially common 

in tropical areas.The diagnosis of Flavivirus infections can be difficult since symptoms resulting from those viruses 

are very similar to the symptoms of other diseases, and not all people who are infected with Flavivirus present clear 

symptoms. 

Authors in [2] proposed a model based on count time series for modelling under-reporting in data in a variety of 

diseases, and also quantifying the frequency and intensity of this phenomenon. The observed count time series can 

have undercounting at some time points. The true count time series is assumed to be an INAR(1) process. The 

unobserved latent state of whether there is undercounting is considered as a two-state Markov chain. This last 

extends the model in [2] by assuming serial dependence in the latent state. Properties of the new model are provided. 

A moments-based method, and maximum likelihood are considered for parameter estimation, and a way for 

validating the model is also presented. The new model is illustrated with the time series of monthly cases of 

Flavivirus infection in Australia. Important consequences are derived, including the reconstruction of the latent 

process, an estimation of the actual number of infected individuals. 
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This paper introduces sparse dynamic chain graph models for network inference in high dimensional non-Gaussian 

time series data. The proposed method is parametrized by a precision matrix that encodes intra time-slice conditional 

independences among variables at a fixed time point, and an autoregressive coefficient that contains dynamic 

conditional independence interactions among time series components across consecutive time steps. The proposed 

model is a Gaussian copula vector autoregressive model, which is used to model sparse interactions in a high-

dimensional setting. Estimation is achieved via a penalized EM algorithm. In this paper we use an efficient 

coordinate descent algorithm to optimize the penalized log-likelihood with the smoothly clipped absolute deviation 

penalty. We demonstrate our approach on simulated, biological and psychological datasets. Our method is 

implemented in an R package tsnetwork, which will become available soon. 

 

Key words: Chain graph models; time-series data; Latent variable; Gaussian copula; Vector autoregressive model. 
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Modelling the heavy tailed and skewed animal movement metrics of the GPS telemetry time series data 

Robert M. Mutwiri  

Mathematics, computing and information Technology, University of Embu, Embu, Kenya 

 
Many time series models in movement ecology are often based on the assumption that the random variables follow a 

Gaussian distribution. It is well known that empirical data sets have infrequently occurring rare events and cannot be 

modelled with the Gaussian distribution. In this study we compare four ARMA-GARCH models as potential 

candidates for modelling heavy tailed and skewed time series data of animal movement step lengths. Estimation 

difficulties have however hindered the use of stable Paretian distributions among practitioners in fields such as 

movement ecology. Four distributional hypotheses are tested: the Gaussian, Student’s t, skewed Student’s t and the 



Stable Paretian distributions and fitted to time series step lengths of single female elephant herd. We found that the 

stable Paretian distributed ARMA-GARCH model performs better than the Gaussian and student’s t distribution 

ARMA-GARCH models. 

 
11.2 

Integrated Population Modelling incorporating Spatial Information 

Marina Jimenez Munoz1, Diana Cole1, Eleni Matechou1, Takis Besbeas1, Stephen Baillie2, Robert Robinson2  
1School of Mathematics, Statistics and Actuarial Science, University of Kent, Canterbury, United Kingdom, 2British 

Trust for Ornithology, Thetford, United Kingdom 

 
To reverse biodiversity loss we need to understand the environmental and demographic causes of changes in 

distributions and abundances. Several independent studies and models exist that allows us to estimate 

demographic parameters, such as survival rates. However, the results of these separate analyses may be 

sometimes inaccurate, misleading or incomplete. 
 

Since the introduction of integrated population models by Besbeas et al. (2002, 2005), their popularity has 

rapidly increased. There are now many implementations and advancements, see for example (Besbeas and 

Morgan 2012, 2017, Besbeas et al. 2009). However spatial information has been considered only at large 

population scales (Robinson et al, 2014). 
 

Through the use of integrated population models incorporating detailed spatial information, such as 

geographical coordinates and/or habitat type data, we can cover wider areas of a country, and obtain robust 

spatial results that can explain demographic changes in populations. 
 

We incorporate spatial information in integrated population models involving mark-recovery, and census 

data. We address the problems of sparse and missing data, as well as, the differences in scales of the data, that 

arise with the addition of spatial information. We illustrate our models using Starling data collected by the 

British Trust for Ornithology.  
 

Besbeas P. and Morgan B.J.T. (2017) Variance estimation for integrated population models. Advances in 

Statistical Analysis, 101, 439-460. 

Besbeas P. and Morgan B.J.T. (2012) Kalman Filter initialization for integrated population modelling. 

Journal of the Royal Statistical Society. Series C, 61, 151-162. 

Besbeas P., Borysiewicz, R.S. and Morgan B.J.T. (2009) Completing the ecological jigsaw. In: Thomson, D.L., 

Cooch, E.G. and Conroy, M.J. eds. Modelling Demographic Processes in Marked Populations. Springer, US, 

541-561. 

Besbeas P., Freeman S.N. and Morgan B.J.T. (2005) The potential of integrated population modelling. 

Australian and New Zealand Journal of Statistics, 47, 35-48. 

Besbeas P., Freeman S.N., Morgan B.J.T. and Catchpole E.A. (2002) Integrated mark-recapture-recovery 

and census data to estimate animal abundance and demographic parameters. Biometrics, 58, 540-547. 

Robinson R.A., Morrison C. and Baillie S.R. (2014) Integrating demographic data: towards a framework for 

monitoring wildlife populations at large spatial scales. Methods in Ecology and Evolution, 5, 1361-1372. 

 
11.3 

Stochastic geometry in forest remote sensing 

Lauri Mehtätalo, Kasper Kansanen 

University of Eastern Finland, Joensuu, Finland 

 
Forest inventories are used to monitor the standing volume, biomass and biodiversity of an area. The inventories 

have traditionally been based on field sampling. However, remote sensing has become a standard additional source 

of information in last decades. Especially, airborne laser scanning (ALS), has shown a large potential within the last 

ten years.To put it simply, ALS provides direct measurements of the height of the forest canopy at the locations of 

laser returns. These measurements are taken from a rather dense grid of locations, typically resulting to data 

including one return per m^2 or more. Especially, the data are dense enough to recognize individual detectable trees 



from the ALS point cloud by using an individual tree detection (ITD) algorithm. Term detectable refers to trees that 

are not too badly hidden below the canopies of larger trees. The probability to detect a tree, detectability, can be 

used as the inclusion probability in a Horvitz-Thompson type estimator. 

 

Stochastic geometry analyzes such random sets, which are formed as union of primary random sets (grains) 

distributed locations (germs) according to a spatial point process. The main question in many applications is to 

estimate the intensity of the point process and size distribution of the grains. Stochastic geometry provides a natural 

starting point for the analysis of remotely sensed forest data. Especially, tree canopies can be seen as 3-dimensional 

random sets, and the forest canopy of a certain area is the union of these. Airborne laser scanners provide 

measurements of the forest canopy. The parameters of interest for forest managers are the individual trees that form 

this union. 

 

This talk summarizes recent works on the use of stochastic geometry in estimating forest characteristic of interest 

using airborne laser scanning data. We have outlined two different approaches for the question at hand: 1) given the 

detectable trees found by an ITD algorithm, estimate the size distribution and density of the hidden trees using 

methods based on stochastic geometry and 2) using only the marginal distribution of canopy height over an area, 

estimate the size distribution and density of trees. Our results suggest that stochastic geometry leads to promising 

methods to estimate the properties of hidden trees at least in boreal conifer forests. 

 
11.4 

Space and Space-Time Cluster Detection Using the LASSO 

Maria Kamenetsky, Ronald Gangnon  

University of Wisconsin-Madison, Madison, Wisconsin, United States 

 
Space and space-time cluster detection is an important tool in public health and many other areas of application. 

Cluster detection is most frequently approached as a large scale multiple testing problem, typically using the 

SaTScan (space and time scan statistic) or its many variants. In this paper, we conceptualize the space and space-

time cluster detection problem as a high-dimensional variable selection problem in Poisson (or quasi-Poisson) 

regression. We perform variable selection using the LASSO (least absolute shrinkage and selection operator) 

penalty. Fast and efficient computation is made possible by exploiting representation of the effects of potential 

clusters using sparse matrices. Final models are selected based on (quasi-)information criteria. Operating 

characteristics of the proposed cluster detection procedure (false detection rate, true detection rate and accuracy of 

estimation) are evaluated in a comprehensive simulation study. Application of the method is illustrated using breast 

cancer incidence data from three prefectures in Japan. Extensions of the more natural negative binomial model for 

overdispersed counts will be discussed as will alternatives to quasi-information criteria such as cross-validation or 

the bootstrap. 

 
11.5 

A Spatially Discrete Approximation to Log-Gaussian Cox Processes for Modelling Aggregated Disease 

Counts Data 

Olatunji O. Johnson, Emanuele Giorgi, Peter J. Diggle 

Lancaster Medical School, Lancaster University, Lancaster, United Kingdom 

 
In this paper, we develop a computationally efficient discrete approximation to log-Gaussian Cox processes 

(LGCPs) to model spatially aggregated data of disease counts and predict incidence on a spatially continuous scale. 

Our approach overcomes several of the limitations inherent to spatial models based on Markov structures that are 

tied to an arbitrary partition of the region of interest. We compare the predictive performance of our modelling 

approach with exact LGCP and conditional autoregressive (CAR) models through a simulation study and an 

application to primary biliary cirrhosis incidence data in Newcastle-Upon-Tyne. Our results suggest that, when 

disease risk is assumed to behave as a spatially continuous process, the proposed discrete approximation provides 

more accurate predictions and more reliable measures of uncertainty in estimates of incidence than CAR models. 

 
11.6 

DETECTING MULTIPLE SPATIAL-CLUSTERS BY SCAN STATISTICS 

Kunihiko Takahashi1, Hideyasu Shimadzu2  



1Department of Biostatistics, Nagoya University Graduate School of Medicine, Nagoya, Aichi, Japan, 
2Mathematical Sciences, Loughborough University, Loughborough, Leicestershire, United Kingdom 

 
A number of statistical tests have been proposed and are widely used in spatial epidemiology to investigate a 

regional or temporal tendency in the presence of certain diseases, whether the disease risk is relatively high to other 

surrounding regions or subsequent time periods. The cluster detection test (CDT) has the flexibility to accommodate 

spatial, temporal, or spatio-temporal data, and enables the determination of whether a disease pattern is completely 

random over the space of study without prior information while indicating regions or time periods with high disease 

prevalence. 

The scan statistic is one of the most powerful elements of the CDT since it adopts the maximum likelihood ratio test, 

scanning various windows; examples include, Kulldorff’s circular scan statistic and Tango and Takahashi’s flexibly 

shaped scan statistic. However, the standard CDT framework using the scan statistic has been developed focusing 

mainly on 'single cluster' detection, whereas more than one cluster is expected if the study space increases. To detect 

more than one cluster, the ordinal scan statistic procedure is iteratively applied after identification of the primary 

cluster; additional, mutually exclusive 'secondary clusters' are then sequentially detected by the likelihood ratio 

statistic. The ordinal procedure can only evaluate these clusters one by one and each corresponding P value is 

calculated as if the cluster were the primary one, which does not provide an accurate assessment of the selected 

multiple clusters. 

Recently, Takahashi and Shimadzu proposed a new test procedure that simultaneously detects multiple temporal-

clusters, encompassing the conventional 'secondary cluster' procedure as a special case. The new procedure 

combines generalized linear models (GLMs) and an information criterion approach that selects an appropriate 

number of the clusters. 

In this talk, we extend the framework for the simultaneous detection of multiple spatial-clusters, developing an 

information criterion that choses an appropriate number of clusters. We present practical examples applying the 

proposed procedure and compare the results with ones by conventional procedures. 

 
12.1 

Modelling errors in the construction of genetic linkage maps using high-throughput sequencing data 

Timothy P. Bilton1, 2, Matthew Schofield1, Ken G. Dodds2, Michael A. Black3  
1Department of Mathematics and Statistics, University of Otago, Dunedin, New Zealand, 2Invermay Agricultural 

Centre, AgResearch, Mosgiel, New Zealand, 3Department of Biochemistry, University of Otago, Dunedin, New 
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A genetic linkage map shows the relative position of, and genetic distance between, genetic markers (positions on 

the genome where variation is detected), and underpins the study of species' genomes in a number of scientific 

applications. Genetic maps are constructed by tracking the transmission of genetic information from individuals to 

their offspring, which is frequently modelled using a hidden Markov model (HMM), since only the expression and 

not the transmission of genetic information is observed. Data required for building these maps can be obtained using 

high-throughput sequencing technology (e.g., genotyping-by-sequencing, exome capture), which are time- and cost-

efficient genotyping methods that provide opportunities for building high density linkage maps. However, data 

generated via these sequencing methods often contain errors in the form of missing parental alleles (e.g., allelic 

dropout) resulting from low sequencing depth and incorrectly called bases. Most approaches to deal with these 

errors revolve around reconstructing the true genotypic data using ad-hoc methods. We have extended an HMM-

based approach to account for these errors by introducing an additional layer of latent variables into the model. 

Results show that our extended model is able to (1) greatly reduce the bias in map distances that is caused by errors, 

and (2) produce accurate maps, even in situations when there are many errors present in the data (e.g., at low 

coverage). In addition, we have investigated approaches for quantifying uncertainty in genetic map distances and 

model parameters obtained from the extended HMM. An implementation of this methodology is available in the R 

package GUSMap. 

 
12.2 

Construction of gene regulatory network using RNA-Seq data based on similarity measures 

Cristian A. González Prieto1, Liliana López-Kleine2  
1Statistics, Universidad Nacional de Colombia, Bogotá D.C., Cundinamarca, Colombia, 2Statistics, Universidad 

Nacional de Colombia, Bogotá D.C., Colombia 



 
The technological advances of recent years have allowed a large amount of data to be available for the 

understanding of biological systems. Such is the case of high depth sequencing that has given certain advantages 

over other genomic data types. The sequencing of mRNA has also brought challenges in the statistical field for the 

analysis of this type of data since these are counts, that is, they are not measured on a continuous scale as the 

microarrays are, therefore, the methodologies used for the analysis of this type of data should be reconsidered. 

 

Gene expression data, the result of RNA sequencing experiments (and also of microarrays), answer some biological 

questions that arise from the detection of differential expression and gene regulation. For the latter, networks are 

created that illustrate the interaction between genes and give a better understanding of biological processes at the 

molecular level. Also, networks are used for the functional prediction of genes. 

 

The aim of this work was to develop a methodology for the construction of gene regulation networks using RNA 

sequencing data based on gene similarity measures, that is, without taking into account the joint distribution of this 

type of data, but using the topological properties of networks. The proposal was tested with simulated data and real 

data. 

 

The Bayesian correlation is not adequate for the construction of gene regulation networks because, although it is a 

measure of similarity constructed to work with reads count data in RNA sequencing, it is measuring the association 

that exists in the probability that a read belongs to a gene with respect to the probability that it belongs to another, 

the approach is different and it seems that regulatory properties that could describe the RNA-Seq data are not 

maintained. 

 

The Spearman correlation, although constructed for data that come from continuous random variables, seems to 

behave very well to establish gene regulation relationships, at least linearly. Mutual information is a novel proposal 

that allows the detection of non-linear regulatory relationships between genes and seems to work very well 

complemented by the Spearman correlation and detecting potentially connected genes in a non-linear way. 

 
12.3 

Integrative analysis of gene lists based on equivalence testing on functional profiles 

Alex Sánchez-Pla1, 2, Miquel Salicrú1, Jordi Ocaña1  
1Genetics, Microbiology and Statistics, University of Barcelona, Barcelona, Barcelona, Spain, 2Statistics and 

Bioinformatics Unit, Vall d'Hebron, Institut de Recerca, Barcelona, Barcelona, Spain 

 
The analysis of features lists (genes, proteins, etc..) has been a very active field since the beginning of omics data 

analysis [1]. One topic that has received little attention is their comparison from the point of view of their biological 

meaning. This seems a very relevant problem in the post-genomics age, where multiple datasets are available for 

study. This can be used for example to decide if some datasets may be merged or in a meta-analysis context where 

several studies can be compared through the lists they have produced. 

Although a few comparison methods have been developed, the goProfiles approach [2] is, to our knowledge, one of 

the few that are being used for that purpose. It consists of projecting lists of genes into predefined levels or more 

generally slices of the Gene Ontology (www.geneontology.org), in such a way that a multinomial model can be used 

for estimation and testing. Our main interest here is establishing the similarity between two lists, instead of proving 

differences between them i.e. rejecting the null hypothesis of equality. With this aim, we derived an equivalence 

method which uses a distance-based approach and the confidence interval inclusion principle. Equivalence is 

declared if a one-sided confidence interval for the distance between two profiles is below a pre-established 

equivalence limit. 

We show how this method is extended to establish the equivalence of any number of gene lists. A graphical 

visualization of equivalences is obtained by an iterative approach that combines a bottom-up approach to determine 

the most to least equivalent gene lists while adjusting for multiple testing. The applicability of the method will be 

demonstrated on two typical situations for this approach. By one side it will be applied to the comparison of two 

groups of gene lists, one made by Cancer-related gene lists (http://www.bushmanlab.org/links/genelists) and the 

other by pathogenesis-based transcripts sets (http://atagc.med.ualberta.ca/Research/GeneLists/Pages/default.aspx). 

The methods developed are available in the last version of the goProfiles package 



(http://bioconductor.org/packages/goProfiles). 

 

[1] Khatri, Purvesh, Marina Sirota, and Atul J. Butte. PLOS Computational Biology 8(2): e1002375. 

[2] Salicrú, Miquel, Jordi Ocaña, and Alex Sánchez-Pla 2011. BMC Bioinformatics 12: 401 (1-13) 
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A heuristic algorithm to select genes potentially regulated by methylation 
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Methylation of CpG dinucleotides in the promoter of genes involved in the oncogenic process is considered a key 

process contributing to tumor initiation and/or progression. Methylation often acts by inhibiting the expression of 

the gene, that is the more methylated is the gene the less it is expressed, but if methylation is absent or low then any 

values of expression, high or low, can be found. This suggests that a way to select genes regulated by methylation 

may be looking for patterns in the scatterplot depicting the relation between gene expression and methylation 

consistent with this form of regulation, such as L-shapes. In a previous work [1] we compared several methods ((i) 

Negative Correlation (ii) Selection Based on Conditional Mutual information and (iii) Clustering based on Splines 

Regression) to select L-shaped genes and tested them on an ongoing study on colon cancer. The CMI method proved 

to be a good approach but it has two main drawbacks: it works well mainly when the sample size is big (with 

hundreds of samples better than with dozens), and (ii) It selects well-defined patterns but fails when these are less 

clear. In this work, we propose a heuristic algorithm that mimics the process of visually selecting an L-shape. The 

algorithm works by decomposing the scatterplot region on a 3x3 grid and assigning a minimum and maximum 

percentage of points and a weight to each sub-region, allowing for a flexible selection on a variety of shapes. For 

each scatterplot, a score can be computed in such a way that, when it is positive it indicates a possible L-Shape, a 

zero suggests non-L due to lack of one of the branches and a negative value indicates that a relation inconsistent 

with L-shape is observed. We have tested the method against CMI and naïve correlation on several public and 

private datasets and, despite not being able to quantify its accuracy -because no dataset with “TRUE” L-shaped 

genes is available- its performance seems to be very good especially due to its flexibility. The method is available as 

an R package and as a Shiny application both available from github (http://github.com/alexsanchezpla). 

 

1. Integrative analysis to select genes regulated by methylation in a cancer colon study Trends in Mathematics. 

2017. DOI:10.1007/978-3-319-55639-0_9. 
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Examination of Methods for Gene Expression Normalization in EQTL Studies 
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In expression quantitative trait loci (eQTL) studies, researchers are interested in identifying associations between 

genetic variants and gene expression across individuals, in an effort to determine the extent to which genetic 

diversity underlies diversity in phenotypes. It is common practice in eQTL analyses to attempt to control for 

technical sources of variation in gene expression measurements. Without accounting for these extra sources of 

variation, the true effect of the genetic variants on expression of genes can be diminished. Existing methods, 

including statistical models PEER/VBQTL and EMMAX, as well as more heuristic procedures based on principal 

components, attempt to identify and remove large-scale structure in gene expression measurements that represents 

technical variation. However, there is little discussion or consensus as to the procedures for determining optimal 

normalization or how much variation should be removed, in terms of the number of latent factors or principal 

components. We analyze several eQTL datasets and simulated data using existing methods to determine how 

varying the number of factors removed affects sensitivity and error rate control. 

 
13.1 

Generalized mixture models 

Shirley Pledger  



Victoria University of Wellington, Wellington, New Zealand 

 
Finite mixtures provide unified models for overdispersion, clustering and heterogeneity of parameters. By contrast, 

the opposite phenomena of underdispersion and of spatial distributions which are more regular than random have 

various ad hoc models available. 

 

We show how a simple but little-known generalization of finite mixtures to allow some components to have 

negative weight provides a unified modelling framework for underdispersion, truncated distributions, zero-depleted 

distributions, regular spatial spacing, thinned stochastic processes and weighted distributions. The removal of a 

boundary in the parameter space facilitates deciding the number of components. 

 

A similar extension may also be applied to uncountably infinite mixtures such as the compound distributions. 

 

In both finite and infinite mixtures, the mixing distribution has been replaced with a mixing function. For model 

fitting, a version of the EM algorithm will be given, and for simulation the use of rejection sampling will be 

outlined. We will show examples in ecology, although the scope for applications is much wider. 

 

 
13.2 

A Model for Zero Inflated Biomass Data from Fisheries in the Lower Amazon River 

Julio C. Pereira1, Giovani L. Silva2, Victoria Isaac3  
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In commercial fisheries, catch and fishing effort data are usually the most common data available for stock 

assessment. This study has been motivated by the difficulty facing researchers in analysing data for catch per unit of 

effort, from fisheries in the Lower Amazon River due to zero inflation phenomenon. We aimed to develop a 

statistical model that was able to accommodate the zero inflation on catches allowing a better understanding of 

variations of catch in weight related to variations in effort and other covariates available. In order to analyse this 

type of data, we proposed a Bayesian three-stage hierarchical model. At the first stage, we described the number of 

fishing trips per location (N) according to a Poisson distribution, whereas at the second stage, given N>0, we 

defined a Bernoulli variable X with probability q of success, where X assumes 1 if catches occurred for a fishing 

species, and 0 if naught is caught for that species. Eventually at the third stage, we modelled the fishing weight, 

denoted by Y, which assumes zero when N=0 or X=0 and N>0. So, when X=1 and N>0, we described Y according 

to a gamma distribution, where the mean was proportional to the number of trips N. This approach provided a useful 

tool to deal with the variation on catch per unit of effort as function of namely covariates, when the data were 

inflated by zeros coming from both sources: abstinence of fishing activity and absence of catch in the presence of 

fishing activity. 

 
13.4 

ESTIMATING MIXTURE CURE MODELS USING R-INLA  

Elena Lázaro1, Carmen Armero1, Virgilio Gómez-Rubio2  
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Survival mixture cure models deal with survival data in which a proportion of the target population is not 

susceptible of experiencing the event of interest. The main objective of these models is simultaneously estimate the 

proportion of the “non-susceptible” or “cured” individuals and the distribution of the survival time for the 

“susceptible” subpopulation (Ibrahim et al., 2001). 

Bayesian methodology in survival models has recently received an increasing attention due to its intuitive appeal, 

great flexibility and straightforward application to non-standard problems. Markov Chain Monte Carlo (MCMC) 

methods are the most standard computational techniques within the Bayesian framework. Integrated Nested Laplace 

Approximation (INLA) is becoming an alternative to MCMC because of its reduced computational costs (Martino et 

al., 2011). INLA has been implemented in many survival regression models but this is not the case with mixture 



cure models.  

We propose a feasible INLA extension for mixture standard cure models. It is based on a general proposal for 

mixture models by Gómez-Rubio (2018) which separately uses INLA for estimating the process of interest in each 

of the subpopulations in the study. The Bayesian learning process is completed computing the posterior distribution 

of the latent indicator variable which identifies the “cured” and the “susceptible” subpopulations by means of an 

approximation to the Gibbs sampling algorithm. 

We illustrate our proposal with the analysis of a paradigmatic dataset. It provides good estimates of the posterior 

distribution of the latent variable as well as the remainder of the parameters with regard to MCMC approach. 

Furthermore, it shows faster fitting and provides in an easy way the computation of the marginal likelihood, which 

can be used as a measure of model selection. 
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Modelling collinear survival data: profile regression for censored survival data with an application to sleep 
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We extend profile regression, a Dirichlet process mixture model, to model survival data with censoring. Profile 

regression is useful when the predictors are highly correlated and therefore we cannot implement the usual 

regression models, which would be unstable due to multicollinearity. Profile regression links a response vector to 

covariate data through cluster membership. In this paper, we extend the model for mixtures of Weibull distributions. 

These mixtures can be used to model survival times and also allow for censoring. We propose two models, one with 

a global shape parameter for the Weibull distributions and one with a cluster-specific shape parameter. The first 

satisfies the proportional hazard assumption, while the latter is very flexible, as it has the advantage of allowing 

estimation of the survival curve whether or not the proportional hazards assumption is satisfied. We present an 

extensive simulation study and, to demonstrate the applicability of the method in practice, a real application to sleep 

surveys in older persons from The Australian Longitudinal Study on Women's Health. The method developed in the 

paper is available in the R package PReMiuM. 

 
13.6 

Joint Mixture Modelling of Longitudinal Data: Application to the Human-Gut Microbiome Composition and 

the Immune System  
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Research in biomedical studies typically collect several outcomes from a subject to model their association with 

covariates. Modelling these outcomes jointly has several advantages, namely taking into account the randomness of 

the outcomes, obtaining more insight into the underlying biological mechanisms and improving the efficiency in 

parameter estimates since the possible correlation between outcomes is incorporated. However, there are still limited 

number of joint modelling methods for the analysis of outcomes following different distributions in a repeated-

measurement setting. Here, the major challenge is to incorporate the correlational structure within a subject in the 



model, i.e. the correlation between specific outcome at different timepoints and the correlation between different 

outcomes. 

 

Our work is motivated by a longitudinal study in a helminth endemic area which aims to assess the effect of 

anthelminthic treatment on the interplay between human-gut microbiome and human immunomodulatory activity. 

The outcomes of interest in this study are a mixture of multinomial counts and continuous outcomes, whereby data 

on both responses are available at two timepoints. The microbiome data per subject is characterised by the 

abundance of 3 bacterial categories and the immunomodulatory system is identified by the concentration of cytokine 

responses to certain antigen. The ad-hoc method which models the effect of the microbiome composition on the 

cytokine response indicates that the presence of helminth changes the relationship between microbiome composition 

and the cytokine response. However, this model does not take into account the randomness of the microbiome 

composition. Further, the question of interest is whether deworming alters the human-gut microbiome composition 

and the immune system jointly. We propose a mixed model for both responses. The response-specific random 

effects are introduced to take into account the correlation between repeated–measurements and are assumed to be 

normally distributed and independent of each other. Additional random effects will be included to represent shared 

factors between the outcomes. Model parameters are estimated using maximum likelihood approach and a 

simulation study is carried out to evaluate the performance of the method in comparison to ad-hoc methods. 
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Microarray Meta-Analysis to Explore Synergy and Specificity of Gene Modules 
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This study aims to perform the meta analysis on public-available microarray data. To efficiently decipher the 

underline mechanisms of the biological processes, we will develop two analytic modules, the study of synergy and 

the study of specificity of the gene sets. The genes will be first clustered into different gene sets according to the 

Gene Ontology, the unweighted gene regulatory network, or the weighted gene regulatory network. The study of the 

synergy about the gene sets is to measure the magnitudes of association between the expression levels of two gene 

sets. The highly associated gene sets might be collaborated in different scenarios to manage the ongoing of certain 

biological processes. The study of the specificity about the gene incorporates the singular value decomposition with 

the biplot to illustrate the differential expressions of the gene sets in different scenarios. This study will demonstrate 

the capability of statistical methods as efficient means to investigate the massive biological datasets in respect to 

biological hypotheses. Facing the challenge of climate change, raising crop production to feed enough people 

indicates to increase the tolerance of plants to severe environments. The results of the illustrative data in this study 

may elucidate stress-specific mechanisms in plants, which have the potential to accelerate the development of crop 

production strategies for coping with climate change in the future. 
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Many chronic diseases exhibit an “assessment gap” between the moment a patient’s treatment-response is 

biologically determined and when a response can actually be determined clinically. Following treatment, many 

chronic diseases require several-months before clinical success can be assessed. This assessment gap leads to longer 

more costly clinical trials, especially problematic in proof of concept studies looking for early response signal. 

However, with extensive use of high-throughput data, diseases can be measured in the organ of interest and thus 

response can be followed over time at the molecular level. We have developed a general and robust strategy to 

measure disease profiles and treatment response at the gene expression level. This multilayer strategy includes gene-

level estimates of the treatment effect using empirical Bayes estimators and combining those effects across genes 

that define disease at the molecular level, obtaining an overall disease improvement score. We then use 

bootstrapping techniques to provide confidence intervals for the molecular treatment effect. To illustrate this idea, 

we present the case of psoriasis and atopic dermatitis, the go too immune-mediated skin diseases for assessing 

immune targeting drugs. Clinical trial outcomes for those skin conditions are scored based on visual observations by 



healthcare practitioners thus having moderate reliability. Since, skin is the primary organ damaged, immune 

activation can be measured directly in skin biopsies and be assayed through molecular techniques. We show that 

treatment effect estimated based on gene expression can be seen much earlier, and with lower variability than those 

based on clinical endpoints. We also show that using the skin gene expression profiles to test the differences 

between treatment and placebo arms, the gold standard of clinical trials, is more efficient (in the statistical sense) 

than using the clinical endpoints, thus reducing the clinical trial sample size. Effect of different drugs/doses can be 

compared with data from different clinical trials. This is illustrated by comparing the molecular efficacy of biologics 

targeting different immune pathways, in psoriasis treatment. The methodology can be easily extended to estimate 

drug effect on specific immune pathways, providing valuable insights into disease pathogenesis and the mechanism 

of action of each drug. 
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Latent variable data integration with Probabilistic Partial Least Squares 
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Recent development of measurement techniques in life sciences have led to large amounts of data at several 

biological levels. As a result, multiple datasets are available for the same set of subjects. In our motivating dataset, 

we have IgG1 and IgG2 glycan measurements from two cohorts. Data integration methods, which simultaneously 

analyse these data to estimate the overlap between the datasets, can provide better insight in the relationship between 

IgG1 and IgG2. To compare and combine results across the two studies, the parameters of these methods need to be 

identifiable. Additionally, in epidemiological studies, to account for outcome-dependent study designs, a 

probabilistic framework is necessary. Moreover, such a framework allows for calculation of standard errors. 

 

For integrating two datasets, several dimension reduction techniques have been proposed. Within chemometrics, 

Partial Least Squares (PLS) is a popular method for estimating joint parts between two datasets. However, PLS lacks 

identifiability and is not based on a probabilistic framework. Recently, a probabilistic methods for low-dimensional 

data was proposed, namely Probabilistic Canonical Correlation Analysis (PCCA). However, also PCCA is not 

identifiable. 

 

We propose the Probabilistic PLS (PPLS) model to estimate joint parts between two datasets. The parameters of the 

PPLS model are shown to be identifiable. The PPLS likelihood is optimised with EM, in which the complete-data 

likelihood can be partitioned in factors with distinct parameters. The identifiability constraints are incorporated in 

the maximisation step. By calculating the Fisher information matrix, asymptotic standard errors can be obtained. 

 

An extensive simulation study is conducted to investigate the performance of PPLS. Here, we consider combinations 

of low and high data dimensionality, small and large signal-to-noise ratios and sample sizes, and several 

distributions. For the low-dimensional case, PPLS always outperforms PCCA, and is often better than PLS. 

Moreover, the theoretical standard errors coincide with simulation-based standard errors if the number of samples is 

large enough. 

 

In each cohort, the PPLS model is applied to the IgG1 and IgG2 datasets. The resulting PPLS joint parts reflected 

glycan patterns likely to be involved in inflammatory pathways. Moreover, these patterns were very similar between 

the two cohorts. 
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Compositional observations are mutivariate and they are characterised by a sum-constraint, i.e. the sum of the vector 

elements equals a constant. For example, in geochemical studies the chemical composition of a soil sample is 

represented by a vector with the weights of the individual chemical compounds, but the sum of these weights must 

equal the weight of the soil sample. Hence, only ratios of the weights are informative. This compositional structure 

is also present in massive parallel sequencing experiments (e.g. RNASeq or microbiome): read counts of targets 

(e.g. genes or taxa) sum up to the library size, which is often not informative for the research question (e.g. detection 

of differentially expressed genes or differentially abundant taxa). Many data analysis methods developed for 

compositional data make use of log ratios of the components of the observation vector. However, in sequencing data 

many data entries are zero, which causes problems when ratios and logarithms need to be computed. A typical ad 

hoc solution exists in adding an arbitrary constant to the observations before computing the log ratios. 

 

In this talk we focus on a two-sample problem, i.e. comparing two groups of samples (assessing differentially 

expressed genes or differentially abundant taxa). We have developed a semiparametric method in the spirit of the 

probabilistic index models (Thas et al., 2012, JRSS-B, 74, 623-671). In particular, we consider a semiparamtetric 

model for the probability that the outcome of component i is smaller than the outcome of component j. The 

estimation of this probability only requires information about the ordering of the vector elements corresponding to 

components i and j, and hence zero observations cause no problems. Testing for differential abundance then reduces 

to testing that the probabilistic indexes are the same in the two treatment groups. We have constructed the 

semiparametric efficient estimator of the effect size parameter in the model, and a hypothesis test based on this 

estimator. In sequencing studies the observation vectors are high-dimensional (hundreds to thousands of 

components) and hence a multiple testing procedure is needed to control the false discovery rate at its nominal level. 

Both permutation and asymptotic procedures are studied. 

 

The method is evalauted in a simulation study and applied to a microbiome case study. 
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Improving prediction by using co-data: an Empirical Bayes approach to generalised ridge regression 
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Developments in biomedical studies have resulted in many repositories publicly available, such as genomics data 

repositories. Predicting binary or continuous responses in newly conducted high dimensional data studies can 

potentially benefit by exploiting information of these repositories, referred to as co-data. We present an Empirical 

Bayes approach to generalised (logistic) ridge regression, extending and newly combining ideas from [1] using the 

generalised ridge model. This model includes an arbitrary pxp penalty matrix (or equivalently a multivariate normal 

prior). Hence, it allows us to use co-data to impose a structure on the covariates, e.g. by grouping genes that are 

expected to contribute similarly to the prediction or by imposing a fused-type correlation between covariates. The 

challenge lies mostly in stably estimating the potentially large number of hyperparameters. We use moment 

estimation in combination with shrinkage to derive analytical and stable estimates for hyperparameters, leading to 

fast computations. Our method allows post-hoc variable selection by augmenting the ridge penalty with an L1-

penalty. Besides including information from co-data, adopting an Empirical Bayes approach enables us to take 

advantage of the high dimensionality of the data, borrowing information across covariates. 

 

Simulation studies show promising results in terms of better prediction performance relative to regular ridge 

regression when a reasonable structure is imposed. We demonstrate the method on an application in cancer 

genomics and compare predictive performance with commonly used methods such as ridge regression and lasso. 
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Multi-omics measurements represent the same underlying mechanisms at various biological levels, and it is 

beneficial to integrate these data for identifying and interpreting new multilevel molecular profiles. While meta-

analysis of the effects of a single omic variable on an outcome has been applied to construct molecular profiles, 

multi-omic approaches are needed to fully benefit from multi-omic measurements present in multiple cohorts. An 

example case study where such approach can improve on current findings is the IBD-BIOM project. Here the aim is 

to discover new, more reliable biomarkers for inflammatory bowel disease (IBD) to allow for early diagnose of the 

disease and increase understanding of molecular mechanisms underlying IBD. IBD affects 2.5 million Europeans 

from which more and more are children, making it a very urgent problem to address. Therefore, we aim to develop 

methods that combine molecular profiles representing the same mechanism based on different omics variables 

across cohorts, while taking into account population heterogeneity, named Super-Meta-Analysis (SMA). 

Typically not all omics datasets are available in each cohort, for example due to switching to newer measurement 

techniques, hampering the use of single-omic techniques for meta-analysis. Therefore, we construct new molecular 

profiles based on the overlap of omics data available in a cohort by applying the Probabilistic Partial Least Squares 

(PPLS) model. The obtained training rules are then used to establish profiles in cohorts with missing omics data. 

The multilevel profiles are computed in each cohort to obtain predictions for the disease outcome. Associations 

between the outcome and the predicted outcome are meta-analysed to obtain a final estimate for the association 

parameters. Hence, Super-Meta-Analysis (SMA) takes into account all available datasets and borrows information 

from studies for which more data are available. Moreover, we address two important issues: model-based dimension 

selection and pooled covariance estimation of heterogeneous populations via eigenvector heterogeneity. This 

provides new and more reliable biomarkers for complex diseases and obtain multilevel profiles that can be applied 

to multiple cohorts. 

We demonstrate the working of SMA using glycan measurements from three cohorts using different platforms 

(UPLC and LCMS) aiming to identify a glycomic profile for age. 

 
15.1 

Pseudo-replication in Canola Chemistry Trials 

Daniel J. Tolhurst1, Ky Mathews1, Alison Smith1, Brian Cullis2  
1University of Wollongong , Wollongong, New South Wales, Australia, 2University of Wollongong, Wollongong, 

New South Wales, Australia 

 
The Australian National Variety Trials (NVT) system evaluates current and potential crop varieties in order to 

provide information for growers. NVT covers a range of crops and for most it involves a series of standard 

replicated variety trials. Testing for canola differs because the varieties are classified according to their tolerance to 

several widely used herbicides (chemistries). The current design protocol for canola trials allocates these chemistry 

treatments to field blocks (ChemBlocks) in a one-to-one fashion. Randomisation is then restricted so varieties in the 

same ChemBlock are tolerant to the applied spray. However, as the number of chemistries and ChemBlocks are 

equal, every class in chemistry is also a class in ChemBlock, and both are strictly aliased. This is referred to as 

pseudo-replication of the treatments and has important implications on the statistical analysis that must be addressed 

at the single-site level. 

 

The canola trial at 2013 Diggora will be presented as a motivating example. This environment comprises 96 

varieties with specific tolerance to four chemistries and three with dual tolerance. Adjacent ChemBlocks are 

separated by six buffer rows that minimise spray drift and the trial has 27 filler plots; both of which contain material 

not relevant to NVT. The treatment structure is a combination of Chemistry and Variety (for single tolerant 

varieties) and Chemistry crossed with Variety (for dual tolerant varieties). Clearly formulation of the linear mixed 

model (LMM) is non-trivial and must accommodate the non-orthogonality of the design and respect the aliasing of 

treatments. This is achieved via Design Tableau, which is a simple but general approach to LMM specification of 

comparative experiments. Design Tableau also ensures the modelling of buffer and filler plots respect the integrity 

of the contiguous spatial array while fitting a single residual and genetic variance that is commensurate with the plot 

and treatment structures. The Design Tableau formulated here is then easily extended to the multi-environment trial 

(MET) analysis and a sensible model for the variety by environment interaction (VEI) in NVT canola. 



 

Finally, new experimental designs are presented that eliminate any aliasing with minimal increases in field size and 

spray effort. Unfortunately, however, these are yet to be adopted in NVT canola so growers are limited to comparing 

varieties with the same tolerance only. 

 
15.2 

Methods for constructing multi-stratum experiments 

Luzia A. Trinca1, Steven Gilmour2  
1Biostatistic, Unesp, IBB, Botucatu, SP, Brazil, 2King's College London, London, United Kingdom 

 
Multi-stratum experiments are frequently performed in many areas as, for example, laboratory biology, agriculture 

and engineering. Data analysis from such experiments are performed by fitting appropriated mixed models. In multi-

stratum experiments the relationship among the units within each strata can be of nesting, crossing, or both. Often 

experimental cost does not allow the use of orthogonal layouts and it is important to have general methods to 

construct efficent designs for the practical problems. The stratum-by-stratum approach is quite flexible and can be 

used to design multi-stratum experiments in general. Any design criteria including compound criteria can be used to 

construct the designs. For several types of relationships among the units we stablish the steps to be followed in order 

to obtain the whole design. We use examples from biotechnological area to illustrate the methods. 
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Limiting the impact of foliar diseases is a challenge faced by the Australian grains industry. Foliar diseases infect 

the leaf tissue of plants, adversely affecting the function of photosynthesis, grain fill and ultimately grain yield. 

Disease infection typically initiates on the lower leaf layers early in the growing season and progresses towards the 

topmost leaf layers over time. 

Modelling the complicated dynamics of disease progression in field crops requires the assessment of the proportion 

of leaf area diseased (LAD) on successive leaf layers at multiple times throughout the season. Previously, the Area 

Under the Disease Progress Curve (AUDPC) has been used to provide a simple measure of LAD and disease 

duration on a given leaf layer, where the AUDPC is formed by applying the trapezoid rule to LAD assessments over 

time. Using a two stage approach, the AUDPC, often averaged over leaf layers, is correlated to yield at either a 

treatment or experimental unit level to derive relationships describing yield losses to foliar disease. A limitation of 

the AUDPC is that it weights the LAD measured on each leaf layer, at each time of assessment equally; there is no 

allowance for the differential contribution of different leaf layers to grain fill across the growing season. 

A fully efficient one stage approach to model the response variable of yield against disease progression across leaf 

layers and time is proposed. Using a linear mixed model framework, the LAD measurements on each leaf layer at 

each time of assessment are included as random covariates in the analysis of grain yield. The flexibility of the linear 

mixed model is explored to capture the structure implicit between the covariates across time and leaf layers. This 

modelling approach provides reliable estimates of the impact of disease on yield. Additionally, it models disease 

development over time and how this loss of leaf area across different leaf layers impacts upon yield. 
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Air quality in horse stables is an important factor in maintaining animal health. Ammonia gas produced in the 

process of excrement/bedding mixture is one of the most noxious gases present in stable air. At high concentrations 

it can damage the respiratory tract of animals and health of handlers. An experiment was carried out in Lavras, 



Brazil, to evaluate the efficacy of a commercial biological product in reducing NH3 particles in horse stalls. Ten 

animals were randomly assigned to stalls having the same conditions (except for the treatment application) and 

concentration of ammonia was measured over a 23 days period. Daily measurements were taken at four different 

times (8am, 11am, 2pm and 5pm). The response of interest is NH3, in ppm, assessed by a device fixed to the stalls 

and limited to reporting measures between 0 and 99, that is, data are censored due to the measuring instrument. 

Ammonia gas was detected from the 3rd day; from the 5th day concentrations above the maximum acceptable for 

human and animal health (25 ppm) were observed; and the 99s frequency increased over the period. This work 

presents several modeling strategies for these complex longitudinal data using the GAMLSS R package. In addition 

to the classical approach (Tobit model), asymmetric distributions (censored gamma) and smoothers were considered. 

We conclude that concentration of ammonia was significantly affected by period and treatment use. 
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Modeling effect of climate variability on malaria in Ethiopia 

Girma T. Aweke  

Preventive Medicine, Addis Ababa University, Addis Ababa, Ethiopia 

 
Temperature in Ethiopia has increased at about 0.2°C per decade. This coupled with global evidences on 

relationship between weather and disease outcome suggest that climate variability facilitates and exacerbates 

transmission of several infectious diseases. Despite wide recognition of impact of climate variability on health, there 

is scanty information on climate variability and its implication on specific disease outcome in Ethiopia. Statistical 

methods for studying relationship of climate variability and disease outcome has not been widely considered in 

Ethiopia. 

 

This study models climate variability and its impact on burden of malaria. 

Twenty one year weather data from National Metrology Agency of Ethiopia and 11 years Malaria prevalence data, 

from Federal Ministry of Health (FMoH) was used in the analysis. Box plot, time series plot, time series based 

models (ARIMA with different parameters and smoothing methods) and poison regression were employed to 

identify pattern of climate variability over a period of 21 years; determine vulnerability of disease to climate change 

and forecast future burden of the disease 

 

The result shows that average maximum and minimum temperatures and total annual rainfall are characterized by 

high inter-annual variability for all regions during the last 21 years. Minimum temperature was associated with high 

malaria prevalence in Tigray (p=0.01), Gambella (p=0.01), Dire Dawa (p=0.025) and Afar regions (p=0.03). 

Conversely maximum temperature was associated with high malaria prevalence in SNNP (p=0.05), Oromia 

(p=0.01), Benishangul-Gumuz (p=0.01), Amhara (p=0.01), and Afar regions (p=0.01). Malaria prevalence, projected 

until 2020, showed increasing trend over years for all regions indicating that climate change exacerbate malaria 

cases if no intervention is in place. 

 

Effect of climate variability is felt on malaria cases through changing magnitude and seasonality of rainfall and 

temperature. Forecasts of standardized malaria cases showed wide confidence interval and increasing trend in the 

coming five years for all regions and require intervention in the years to come Poison regression is useful to study 

relationship between weather and disease prevalence, while selection of appropriate time series model is important 

to forecast future disease burden. In view of this, it is recommended to choose appropriate model parameters to 

obtain accurate disease burden forecasts. 
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Inferring the underlying causal relationships between genes from expression data is a task of critical importance in 

systems biology. In the particular case where a mixture of observational and intervention experiments (ex: single or 

multiple knock-out or knock-down experiments) are available, only a few methods are currently available. The first, 

called Intervention calculus when the Directed graph is Absent (IDA; Maathuis et al., 2009), provides causal bounds 

for direct and indirect effects once a skeleton graph has been estimated using the PC algorithm (pcalg R package). 

The second approach instead relies on the notion of a causal ordering of genes, whose posterior distribution is 

inferred from the data using a probabilistic generative model which allows for single and multiple interventions. 

This can be conveniently done within an MCMC simulation (Rau et al., 2013), in particular for the case where the 

posterior distribution is efficiently approximated (Hartmann and Nuel, 2017). In the present work, we extend this 

second approach by introducing two novelties: 1) we use a Laplace approximation to obtain a fast approximation of 

the integrated likelihood of the model; and 2) we use parallel tempering combined with the classic MC3 algorithm 

(Barker et al., 2010) to efficiently explore the directed acyclic graph (DAG) space. This new approach proves to be 

both faster and more reliable than the previous causal approach based on causal node orderings. It also has the 

advantage of providing a collection of DAG structures that can be aggregated to provide robust estimates for each 

dataset. We also introduce a simple mixture model over the DAG space to help represent this posterior distribution. 

Finally, we illustrate the method on both simulated and real datasets, where it shows promising results. 
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Count data are generally analyzed with either a Poisson or a negative binomial regression model. When data are 

hierarchically structured (e.g., repeated observations in time, clustering of observations, ...), these models can be 

extended through the use of random-effects terms. The combined model is an extension of the exponential family 

model by the inclusion of two types of random effects: normal random effects in the linear predictor to take into 

account the hierarchical structure in the data and some overdispersion, and conjugate random effects to 

accommodate additional overdispersion. Initially, inferences for the combined model were done within the 

likelihood framework by the use of partial integration, in which the conjugate random effect is integrated out 

analytically while the normal random effect is integrated out numerically, or within the Bayesian framework, via 

Markov chain Monte Carlo (MCMC). Although the Bayesian framework is attractive in several applications, such as 

in multi-hierarchical or spatial designs, the computation can be time-consuming. Integrated nested Laplace 

approximations (INLA) has been proposed as an alternative estimation method for Bayesian computing to overcome 

the computational burden of MCMC. In addition, it is claimed to be more robust than MCMC. Since INLA is an 

approximation method, it is of interest to investigate if the method is useful for estimation of the combined model in 

terms of (1) shortened computation time and (2) precision of the parameter estimates, in comparison with MCMC. 

 

Different data scenarios have been investigated: a clinical trial to investigate the effects of anti-epileptic treatments 

in a longitudinal setting, the occurrence of kidney cancer in a spatial context and a social contact behavior study 

resulting in multi-hierarchical data. In addition, a simulation study has been undertaken, with different settings in 

terms of sample sizes and the amount of overdispersion. The results show that INLA provides a very good 

alternative to MCMC, with computation times that are shortened up to 60 times and parameter estimates that are as 

precise as those given by the more conventional methods. INLA does not only provide a fast yet accurate estimation 

technique, it also circumvents convergence issues that are often seen in MCMC when using highly non-informative 

prior information. 
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N-mixture models describe count data replicated in time and across sites in terms of abundance N and detectability 

p. They are popular because they allow inference about N while controlling for factors that influence p without the 

need for marking animals.  

Using a capture-recapture perspective we show that the loss of information that results from not marking animals is 

critical, making reliable statistical modeling of N and p problematic using just count data. We are unable to fit a 

model in which the detection probabilities are distinct among repeat visits as this model is overspecified. This makes 

uncontrolled variation in p problematic.  

By counter example we show that even if p is constant after adjusting for covariate effects (the `constant p' 

assumption) scientifically plausible alternative models in which N (or its expectation) is non-identifiable or does not 

even exist as a parameter, lead to data that are practically indistinguishable from data generated under an N-mixture 

model. This is particularly the case for sparse data as is commonly seen in applications. We conclude that under the 

constant p assumption reliable inference is only possible for relative abundance in the absence of questionable 

and/or untestable assumptions or with better quality data than seen in typical applications. Relative abundance 

models for counts can be readily fitted using Poisson regression in standard software such as R and are sufficiently 

flexible to allow controlling for p through the use covariates while simultaneously modeling variation in relative 

abundance. If users require estimates of absolute abundance they should collect auxiliary data that help with 

estimation of p. 
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The ultraviolet radiation (UV-B) component of sunlight reduces efficacy of entomopathogenic fungi in the 

field. In order to identify resistant fungus isolates, an experiment was carried out in the Department of Entomology 

and Acarology of ESALQ-USP, where the proportions of germinated conidia were observed for 14 isolates of the 

fungus - Isaria fumosorosea. Proportion data from dose-response experiments are often overdispersed, characterized 

by a larger variance than assumed by the 

standard binomial model. This paper has the purpose to study several models proposed in the literature that 

incorporate overdispersion, select the best one to describe the data and ensure the choice of the most efficient isolate 

in the field. We fitted binomial, quasi-binomial, beta-binomial and binomial-normal models and 

assessed goodness-of-test for each of those models using half-normal plots (HNP) with simulation envelopes. 

A binomial-normal model, which is a generalized linear mixed model (GLMM), was selected to analyze the 

data. Among the isolates, Isaria 1296 was the one with greater efficacy and three main groups with different 

efficacies were formed. 
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Usually, a multinomial regression model is considered for the analysis of multinomial count data. Frequently, such 

data exhibits overdispersion especially if the data is acquired in clusters. For example, the collection of data in cell 

cultures, litters, members of a family or classroom will lead to observations that are more similar within clusters 

than observations from different clusters. Therefore, it has to be expected that some sources of variation may differ 

between clusters and overdispersion is present. In addition, multiple treatments are often of interest for such data. 

While for normally distributed data multiple comparison procedures proposed by Tukey and Dunnett are standard 

since decades, multiple treatment comparisons between several overdispersed multinomial samples have been rarely 

investigated. 

 

We extend the work of Schaarschmidt et al. (Computational Statistics & Data Analysis, 2017) and develop a method 

to obtain simultaneous confidence intervals for the comparison of multiple polytomous vectors that lack 



independence among experimental units due to a collection of data in clusters. Our proposed method allows for 

multiple comparisons of odds ratios between multiple multinomial samples taking overdispersion into account. To 

assess validity, we use a simulation approach to determine the simultaneous coverage probability of confidence 

intervals for different magnitudes of overdispersion. 

 

Our simulation study indicates that the proposed method provides control of the familywise error rate in a strong 

sense. The familywise error rate is retained in case of high event counts for all magnitudes of overdispersion. If the 

number of clusters and its sample size is low, the method tends to be conservative. Finally, we offer a user-friendly 

implementation in R that allows standard multiple comparisons such as multiple comparisons to control and all 

pairwise comparisons as well as user-defined contrasts for multiple odds ratios. 
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Multinomial N-mixture models for repeated observations of counts over a number of classes are used extensively in 

statistical ecology, particularly in the context of removal sampling, multiple observer protocols and capture-

recapture studies. In essence, counts taken at a given site over a number of occasions follow a multinomial 

distribution but the total number of counts is unknown. The multinomial N-mixture model is thus formulated by 

placing a discrete distribution on the total count and the attendant integrated likelihood is obtained by summing over 

all count totals from the observed minimum through to infinity. If the mixing distribution is taken to be Poisson, it is 

well known that the counts follow independent Poisson distributions. However, if the mixing distribution is taken to 

be negative binomial, the resultant mixture distribution does not appear to have been formally identified in the 

literature and the infinite sum embedded in the integrated likelihood is evaluated in practice by imposing an upper 

bound on that sum. 

 

In this presentation, the multinomial with a negative binomial mixing distribution on the total number of counts is 

shown, without technical details, to be a member of the family of multivariate negative binomial or negative 

multinomial distributions. Some key features of this multivariate distribution within the context of statistical ecology 

are introduced. For example, from a theoretical perspective, the likelihood can be expressed in closed form and the 

marginal distributions of the counts are negative binomial. But, in contrast to the setting with a Poisson mixing 

distribution, the counts are not independent and in fact are positively correlated. From a computational perspective, 

the log-likelihood can be readily calculated without the need to test a range of upper bounds on an infinite sum. The 

findings are illustrated throughout by means of an example comprising counts for a removal sampling protocol and 

the attendant implications relating to modelling and inference are highlighted. A short paper discussing the results is 

currently being prepared. 

 
17.1 

Share component models as a tool to predict cancer incidence when mortality is known 

Jaione Etxeberria1, 2, 3, Tomas Goicoa1, 2, 4, Maria Dolores Ugarte1, 2, 5  
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For a proper allocation of health resources in cancer, different indicators such as incidence and mortality rates (or 

counts) are taken into account. In most of the countries, cancer mortality figures are routinely recorded by Statistical 

Offices. Incidence figures are also systematically recorded by regional cancer registries but they usually cover a part 

of the population. In that context national cancer incidence figures can be only obtained through estimation methods. 

Different approaches have been developed in different countries to estimate these rates. In most of the approaches, 

an Incidence/Mortality (I/M) ratio is computed considering only the data provided by the registries and then, this 

ratio is applied to the national mortality obtaining the estimation for the national incidence. The underlying 

assumption of this approach is that the I/M ratio observed in the pooled-registry area is a good estimate of the 

national I/M ratio. 



In this work the ability of the well-known shared component model is assessed to estimate cancer incidence in 

regions where incidence is not registered. More precisely, different gender and age-specific shared component 

models are defined for this aim. These models are very useful as they take into account the correlation between the 

spatial incidence and mortality patterns together with the possible heterogeneity of incidence and mortality rates by 

age-groups and gender. The models performance will be analyzed using brain cancer incidence and mortality data 

by gender and age-groups in 27 health units from Navarre and Basque Country during the period 1990-2008. A fully 

Bayesian approach based on integrated nested Laplace approximations will be considered for model fitting and 

inference. 

 
17.2 

Bayesian spatial partitioning by sampling and pruning spanning trees 

Renato Assuncao1, Leonardo Vilela2, Rosangela Loschi3  
1Computer Science, UFMG, Belo Horizonte, Minas Gerais, Brazil, 2Computer Science, Purdue University, 
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A typical problem in spatial data analysis is regionalization or spatially constrained clustering, which consists of 

aggregating small geographical areas into larger regions. A major challenge when partitioning a map is the huge 

number of possible partitions that compose the search space. This is compounded if we are partitioning spatial-

temporal data rather than purely spatial data. We introduce a spatial-temporal product partition model that deals with 

the regionalization problem in a probabilistic way. Random spanning trees are used as a tool to tackle the problem of 

searching the space of possible partitions making feasible this exploration. Based on this framework, we propose an 

efficient Gibbs sampler algorithm to sample from the posterior distribution of the parameters, especially the random 

partition. The proposed Gibbs sampler scheme carries out a random walk on the space of the spanning trees and the 

partitions induced by deleting tree edges. We compare our proposed model with other regionalization techniques 

available on the literature to partition maps using simulated and real 

cancer mortality data. The analysis shows that our proposed model is better than state-of-art alternatives. Another 

appealing feature of the method is that the prior distribution for the partition is interpretable with a trivial coin 

flipping mechanism allowing its easy elicitation. 

 
17.3 

A Comparative Valuation and Validation of Disease Mapping Methods for Generating Cardiovascular 

Prevalence Estimates for Subnational Level Planning in South Africa. 

Samuel Manda  
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Sustained and effective public health measures have largely contained incidence of many infectious diseases in low 

and middle-income countries (LMICs). However, in recent years, these countries are experiencing 

disproportionately higher rates of non-communicable diseases (NCDs) that are adversely affecting on their 

population health status and a serious public health threat. In South Africa, cardiovascular diseases (CVDs) are a 

major contributor to the growing public health epidemic in NCDs. The South African National Department of 

Health strategies and actions aimed at reducing Non-communicable diseases (NCDs) morbidity, mortality and 

associated risk factors prioritise CVDs. There is growing evidence pointing to substantial overlaps in the CVDs 

epidemiology that varies greatly across the country. Most CVD data in the country are available at lower spatial 

resolution, which may hinder optimal local planning and decisions regarding CVD burden at higher spatial 

resolution, for example at municipality level. This study uses a set of spatial analysis methods and data sources to 

generate maps and subnational estimates of CVDs prevalence at higher spatial resolutions. We assessed prediction 

accuracy of the studied models using both internal and external validation techniques. 

 
17.4 

Bayesian analysis of multivariate point patterns in spatial epidemiology 

Francisco Palmí-Perales1, Virgilio Gómez-Rubio1, Gonzalo L. Ortega2, Rebeca R. Prieto2, Pablo N. Fernández2  
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In this work, a Bayesian point pattern analysis of different diseases is carried out. This analysis is applied to a 

dataset composed by georeferenced cases of different types of cancer (lung, stomach and kidney) and a group of 

controls. All of this data is located in Alcalá de Henares, Madrid. Cases included people aged 39 or higher 

diagnosed with that type of cancer from January of 2012 to June of 2014. 

 

Each disease distribution is considered as a log-Gaussian Cox process (Möller et. al. 1998) and the logarthim of the 

intensity is modelled as a sum of an intercept, an spatial effect and a group of covariates. Covariate data is formed 

by the location of thirdteen air polluting industries, also two of them work with heavy metals. Using the integrated 

nested Laplace aproximation (INLA, Rue et. al. 2009) and the stochastic partial differential equation aproximation 

(SPDE, Lingren et. al. 2011) an estimate of the spatial effects have been computed. Results of each disease have 

been compared with the control group following the ideas proposed in Diggle et. al. (2007) and Gomez-Rubio et. al. 

(2015). The main goal of this work is to build a joint model with the three diseases and the control cases. 

 
17.5 

Effects of geographic genetic structure and spatial autocorrelation on models of distribution range shifts in 
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Global climate change (GCC) is seriously affecting the distribution of many organisms. At present, multiple efforts 

are focused on the development of models to predict changes in distribution ranges due to GCC. In this study, we 

consider two important biological aspects that need to be considered when modelling GCC-induced organism range 

shifts. 

First of all, extinction/colonisation dynamics and adaptation to local environmental conditions eventually determine 

the extent of population stratification at different spatial scales. This paradigm has steadily gained ground in studies 

estimating future distribution range shifts due to GCC by means of SDM (species distribution models). Often, 

working with intra-specific patterns of genetic diversity implies the combination of presence-only data with genetic 

data, which are mostly expressed as genetic cluster membership proportions that inform on the degree of admixture 

among all genetic clusters detected. The second aspect that is worth considering when modelling distribution range 

shifts due to GCC is the presence of SAC (spatial autocorrelation) in data. SAC is relevant because hints of eco-

evolutionary processes may lie hidden in residual SAC, unable to be captured by the environmental predictors used 

in correlation studies. 

Here, we analyse the effect of GCC on the distribution range of the plant Arabidopsis thaliana by considering the 

two aspects mentioned above. We use a collection of 301 natural A. thaliana populations occurring in the Iberian 

Peninsula, the region of the species distribution range with the highest genomic diversity. To predict the effects of 

GCC on distribution ranges of each genetic cluster detected in this study, we compare three approaches: SDM 

excluding SAC based on binary presence-only data from thresholded genetic cluster membership proportions, non-

spatial hierarchical Bayesian Beta regression models excluding SAC based on continuous genetic cluster 

membership proportions data, and spatially-explicit hierarchical Bayesian Beta regression models including SAC 

based on continuous genetic cluster membership proportions data. 

We conclude by stressing the need to keep developing better models where there is no loss of information due to the 

transformation of a continuous variable into a binary variable and where the SAC is taken into account. 
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Spatio-temporal modelling of MFS measurements using Gaussian processes with derivative information 

Gabriel Riutort-Mayol1, Michael R. Andersen2, Aki Vehtari2  
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Prehistoric rock art paintings are exposed to environmental elements, which can accelerate their degradation, 

increasing the risk of losing such a valuable information of past societies. Among many other factors, exposure to 

sunlight can have adverse effects on these systems due to thermal and photochemical degradation of the historic 

materials, and changes in the spectral propeties of the materials is one of 

its effects. The knowledge and documentation of the degree of color fading over time are crucial for the 

conservation of these systems. 

The microfading spectrometry (MFS) technique provides measurements of the surface under study. Each point of 

the surface gives rise to a time-series that represent potential color-fading due to sunlight exposition over time. Thus, 

MFS measurements can be seen as observations of an underlying spatiotemporal stochastic process. The MFS 

measurements are contaminated by large fluctuations, which can cause non-desirable features on both fitted and 

predicted time series, such as neither being non-decreasing nor reaching stabilization over time. Those properties 

can be expressed in terms of the partial derivatives of the functions. In this work, we propose a spatio-temporal 

model that takes this information into account by jointly modelling the spatio-temporal process and its derivative 

process using Gaussian processes. 

Gaussian process (GP) is a natural and flexible non-parametric prior model for N-dimensional functions with 

multivariate predictors. As differentation is a linear operator, the derivative of a Gaussian process is also a Gaussian 

process. This makes it possible to include derivative observations in a GP model, by extending the covariance 

function accordingly to include the covariances between the process and its partial derivatives. 

We fitted the proposed model to MFS data collected from the surface of rock art paintings. The spatiotemporal 

model allowed modelling trichromatic image colour variables jointly with spatial distances and time points variables 

as inputs. We demonstrated that the colorimetric variables are useful for predicting the color-fading curves for new 

non-observed spatial locations. Furthermore, constraining the data using derivative observations and derivative sign 

observations for monotonicity, was shown to be beneficial in terms of predictive performance and application-

specific interpretability. 

 
18.1 

Variance components models for analysis of big family data in Lifelines study 
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Large multigenerational cohort studies are powerful ways to study the hereditary effects on various health outcomes. 

However, for studying the effect of lifestyle and other determinants, the familial structure is actually a complicating 

factor. Accounting for complex kinship relations in big data structures can be methodologically challenging and 

sometimes impossible. 

 

The primary goal of this study is to investigate the impact of family relatedness on the association between body 

mass index (BMI) and health related quality of life (HRQoL) scores. A secondary goal is to identify computationally 

feasible alternatives to more complex kinship models. We propose a model which employs fractional relatedness of 

family members through a series of founding members. 

 

Lifelines is a three generation cohort study investigating the biological, behavioral and environmental determinants 

of healthy ageing. We focus on a subsample of 89,353 participants from 32,452 reconstructed families. Our primary 

conclusion is that the association between BMI and both, mental and physical components of HRQoL scores (along 

with standard errors) do not change when accounting for family relatedness: physical health score is badly affected 

by a larger BMI, whereas the mental health score is much less so. However, accounting for family structure through 

fractional relatedness allows for estimating environmental and hereditary intraclass correlation coefficients of both 

health outcomes in computationally efficient way. Our secondary conclusion is that based on simulation studies the 

proposed fractional relatedness model beats the standard kinship model not only in terms of computational time, but 

also in terms of bias of heritability estimates and coverage of confidence intervals of heritability. 

 
18.2 



Multivariate marginal models for twin data 

Wagner H. Bonat1, Jacob v. B. Hjelmborg2  
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Multivariate twin studies are one of the most important tools to assess diseases inheritance as well as to study their 

genetic and environmental interrelationship. The multivariate analysis of twin data is in general based on structural 

equation modelling or linear mixed models. Both approaches model the covariance matrix of a multivariate 

Gaussian distribution to take into account the genetic and environmental covariance induced by the twin design. In 

spite of flexible for Gaussian data, such approaches are unsuitable for analysing binary, binomial, count and 

asymmetric continuous traits. In this paper, we propose a flexible statistical modelling framework for analysing 

multivariate Gaussian and non-Gaussian twin data. The non-normality is taken into account by modelling the mean 

and variance relationship, while the covariance structure is modelled by means of a linear covariance model. The 

proposed model class can deal with binary, binomial, count, symmetric and asymmetric continuous traits as well as 

combination of them in a unified framework. Furthermore, from the marginal specification of our models emerge 

natural extensions of popular indices such as the bivariate heritability, genetic, environmental and phenotypic 

correlations to non-Gaussian data. The models are fitted by using the efficient two steps \textit{chaser} algorithm 

based on quasi-likelihood and Pearson estimating functions, using only second-moment assumptions. We illustrate 

the flexibility of the proposed models through simulation studies and data analysis. The models are easily 

implemented in R. 
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Background: Analysis of gene co-expression networks became a powerful approach for understanding complex 

biological systems. Such networks are build based on transcription data with nodes representing genes and links 

likely interactions of its products. Links can be weighted and signed, suggesting an up or downregulation of genes. 

Depending on the biological context, (e.g. a particular tissue, disease, etc) it is expected co-expression networks to 

be different. A common biological question is how the interactions differ. 

Differences include presence or absence of links and nodes. To identify similarities and differences for multiple 

networks we propose here a method called CoDiNA (Co-expression Differential Network Analysis). 

Method Description: In a set of independent networks constructed using a correlation method and containing only 

statistically significant links, we classify each link into categories called Φ: If a link is common to all networks, we 

call it α. If a link exists in all networks but has different weight-sign, we call it γ. And if a link does not exist in all 

networks, we call it β. For each Φ category, we further distinguish links based on their sign, which is important for 

the β and γ links. Additionally, we define a group based on the absence and presence in each network and a link’s 

strength based on a penalized Euclidian distance. 

To also assign a Φ category to each node we test if the links of a node are equally distributed in all three categories. 

We applied our new method to transcriptome data from three different types of gliomas and identified links and 

nodes that are common to all cancer types but different from the healthy controls, as well as links and nodes that are 

different between the cancer types or specific to each cancer. 

Conclusion: CoDiNA is able to categorize both links and nodes into “common”, “specific” or “different”, which 

allows for a better understanding of the behaviour of networks. Potential applications of our method are numerous 

and of relevance to various fields from medical to evolutionary biology. 

To facilitate studies including network comparisons, CoDiNA is open source and freely available from CRAN and 

equipped with an interactive visualization tool. 

 
18.4 

Correlated frailty model for analysis of genetic association in family studies. 
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Family-based study designs allow the investigation of gene mutation effects on a disease risk by considering related 

family members. Some methods have been developed for testing sets of genetic variants in family studies but only 

very few can handle right-censored time-to-event data. We propose here a correlated frailty model for the analysis of 

cancer-related survival data in the presence of familial correlations. These familial correlations are explained by a 

residual familial component specified by a kinship matrix and/or a region- or gene-specific correlation structure 

modeled via identical-by-descent (IBD) probability matrix. The ascertainment bias due to the sampling of families 

through affected probands is corrected using a penalized conditional likelihood. The proposed approach is used for 

testing association between a set of common single nucleotide polymorphisms or rare variants (or both) from the 

same genomic region and a survival outcome, e.g. time to disease onset. We have evaluated the method by 

simulations under various scenarios where we varied the family size, the strength of genetic associations from 

multiple rare variants and the presence or not of residual familial correlation. The model was applied to a study of 

sister pairs diagnosed with early-onset breast cancer and recruited through the Ontario Breast Cancer Family 

Registry. Region-specific IBD probabilities were estimated from whole-exome sequencing data obtained on 42 

women from 21 families. We identified several genomic regions significantly associated with the time to breast 

cancer onset. We also stress the importance of accounting for residual familial correlation when performing the 

region-based test. Our approach has been implemented in the R package frailtypack. 

 
18.5 

Zero Is More than Nothing: Sparse Regression with Paired Covariates 

Armin Rauschenberger1, Mark van de Wiel1, 2  
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Background 
 

We adapt lasso regression to paired covariates in high-dimensional settings. Paired covariates occur in many 

applications, for example when two meaningful transformations of the same data are available. For RNA-Seq data 

one could pair the (transformed) count data with a binarised data representation, as recently proposed for isoforms of 

microRNAs [1]. We aim at optimal predictions given a restricted number of predictors. 

 

Methods 
 

We conjecture covariates with strong marginal effects tend to be conditionally more important than those with weak 

marginal effects. Accounting for the marginal effects, we let the data choose among excluding one of the groups, 

treating the groups equally, weighting between the groups, and weighting within the pairs. This leads to covariate-

specific penalty factors, giving more weight to presumably important covariates. 

 

Results 
 

Isoform expression data typically contain many zeros. After removing low-abundant isoforms, we transform the raw 

counts to X by normalising and Anscombe transforming, and to Z by indicating the presence or absence of isoforms. 

Then we transform all covariates to mean zero and unit variance. Analysing around 11 000 samples from 33 cancer 

types, we have 528 binary classification problems for evaluating the paired lasso. On average, the paired lasso 

improves the classification performance compared to the standard and the adaptive lasso based on X and/or Z. 

 

Conclusions 
 

The paired lasso can improve the predictive performance of the standard and the adaptive lasso. Further research is 

needed for understanding the effect of the maximum number of nonzero coefficients, and for evaluating whether the 



paired lasso not only improves cancer classification but also cancer detection. The R package palasso is available 

from GitHub. 
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Realized genome sharing in heritability estimation using random effects models 
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Genes inherited from the same ancestral copy by related individuals are said to be identical by descent (IBD). In 

quantitative genetics, correlation of trait values between relatives has often been modeled as a function of the 

kinship coefficient, a parameter that summarizes pairwise IBD sharing either at a locus or at the genome level. 

Pedigree kinship, the expectation of locus/genome-wide kinship over realizations of descent in the pedigree, is a 

deterministic function of the pedigree relationship. However, realized (actual) genome-wide kinship varies widely 

around this expected value, and even more so for locus level kinship. Advances in genetic marker data technology 

and statistical methodology have enabled us to estimate both local and genome-wide IBD sharing very accurately. It 

is important to understand how differences in modeling genetic correlation between individuals affect outcome of 

statistical analyses. 

 

We investigate the problem of heritability estimation using a random effects model of two components, where the 

normally distributed trait value is the sum of an additive genetic random effect and an unique environmental random 

effect. Statistical properties of such a model have been studied by others under the assumption of correct model 

specification, primarily in the case when pedigree kinship is used to capture genetic correlation between individuals. 

We extend the analyses to consider general choices of genetic correlation structure, and look at the effect of model 

mis-specification, where the wrong genetic correlation structure is used for model fitting. We provide formulas that 

help quantify asymptotic behavior of heritability estimates under model mis-specification. Finally, we verify our 

analytical results in a simulation study. 
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Rice is one of the most important crops in terms of harvested area and food security both globally and for Colombia. 

Improving technical efficiency levels to close yield gaps in the context of increasing rice demand, depleting natural 

resources, and the potential impacts of both climate and trade changes is the most important challenge farmers face 

today. Here, we assess, across different environments and for both upland and irrigated direct seeding systems, the 

main management factors limiting rice crop productivity, and hence likely drivers of non-optimal technical 

efficiency levels (a proxy for yield gaps). We use stochastic frontier models as a relevant method that integrates 

microeconomic theory and empirical regression analysis in conjunction with a large commercial rice production 

database, developed by the Colombian rice growers’ federation. We found large variation in technical efficiency 

levels for both upland and irrigated systems, and notable differences in the limiting factors between the two systems, 

suggesting both substantial and varied opportunities for improvements in current technical efficiency levels. Across 

systems we identified the correct choice of variety as a common key factor for maximizing yield per environment. 

Additionally, our numerical analysis suggests that in order to improve technical efficiency by nitrogen fertilization 

and seed quantity, this factors need to change in such and such way, for such and such systems and environments. 

As our analysis is based on commercial production data and our analyses tailored to the farm scale, we argue that, 

once our results are brought to consensus with local extension agents, management recommendations for closing 

yield gaps can be used to improve rice productivity. 
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BACKGROUND: Clinical data mining refers to the application of data mining methods to clinical data. While many 

computational techniques focus on univariate relationships between a specific clinical outcome and a few predictive 

variables, there is a lack of data integration and visualization tools that can improve our understanding of an entire 

dataset. Examining clinical data with a focus on a single outcome in isolation from other factors may lead to an 

incomplete, or even misleading, view of the increasingly complex data. 

 

METHODS: In this paper, we describe a novel topology-based clinical data mining (TCDM) methodology to 

discover multivariate patterns in clinical trial outcomes. Our approach leverages the benefits of three independent 

tools — multiple outcomes analysis, nonparametric statistics, and topological data analysis. TCDM allows to 

construct comprehensive topological maps of complex data without first having to develop a model or hypothesis. A 

topological map provides a compressed, visual representation of a multidimensional set of interrelated clinical 

outcomes. Topological maps help identify and explore subgroups of patients with similar responses within each 

subgroup from a diverse study population. The well-established techniques of nonparametric statistical analysis are 

used to find the predictive variables, e.g. patients' demographic characteristics or medical history, associated with 

the subgroups. 

 

RESULTS: The TCDM methodology was adopted to develop a prototype of a software platform that provides a 

computational environment in which researchers can perform data mining experiments on clinical datasets. We 

successfully applied the TCDM approach to several publicly available clinical studies. The results of one of the 

experiments are presented herein. 

 

CONCLUSIONS: Standard statistical tools are typically used to confirm (or refute) the hypotheses generated by an 

investigator and, hence, rely on the researcher’s ability to develop solid hypotheses. However, in the case of clinical 

trial datasets, the number of possible hypotheses to explore is very large, and it can be very difficult to select the 

most valuable. TCDM provides an integrated approach to data analysis and visualisation which facilitates the 

extraction of new knowledge from clinical datasets. 
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Analysing big data from electronic health record (EHR) systems for early real-time detection of patient 
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As information technology continues to make inroads into health care at all levels, huge volumes of dynamic data 

are available from EHRs. EHRs provide real-time, patient-centred records that make information available instantly 

and securely to authorized users. EHRs contain information such as a patient's medical history, diagnoses, 

medications, allergies, radiology images, and laboratory test results. These huge datasets are fundamentally different 

from existing administrative summary datasets where much data are collected routinely after patient discharge from 

hospitals. These new data are sequential and time-stamped to record health care delivery activities. EHR data 

present new opportunities to develop statistical models and methodologies. Statistical real-time models can be built 

into EHRs to support clinical decision-making to improve patient safety and outcomes. However, producing 

meaningful and actionable analysis and interpretation from these new datasets are challenging. This paper will 

discuss these challenges and opportunities, drawing on two case studies. The first case study reports on the use of 

EHR data for the development of predictive models for the early detection of patients at risk of sepsis, which is a 

life-threatening condition. Early recognition and intervention are essential to optimise septic patient outcomes. Ten 

million records of patient vital signs (e.g. heart rate) and laboratory test results were extracted and analysed for more 

than 130,000 patient admissions from 34 hospitals. The second case study involves the design of models for the 



early detection of hospital inpatients who are at risk of harm due to adverse drug events (ADEs) in order to improve 

patient outcomes. ADEs involve injury or harm resulting from the use of a drug and may be due to a medication 

error or an adverse drug reaction. ADEs occur frequently in hospitals, cause high morbidity and are costly. In this 

second case study approximately 5.6 million laboratory test results and 2.7 million medication records for 46,000 

admissions were analysed. Both case studies provide insights into how sophisticated statistical models using EHR 

data may make substantial improvements to the care and outcomes of patients in hospitals. 
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On the influence of bias in machine learning 
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Recent advances in mobile technology, especially sensors in smartphones and watches, offer new approaches to the 

study of health conditions. Not only do they allow to record physical activity data in short time intervals, but also to 

conduct surveys and e.g. vision tests. Large amounts of data are already being generated this way. These data could 

provide insight, for example, into the role of assessments interpreting health conditions, such as into the benefit from 

adding a contrast sensitivity test to a visual acuity test. Here, it would be of considerable interest to identify patterns 

in visual acuity and in contrast sensitivity data, and to investigate their association with the ocular status. 

Classification algorithms such as K-means and hierarchical clustering are often used to achieve this kind of goal. 

Data collected via mobile devices may be subject to various sources of bias. The user might, for example, self-

administer vision tests under less standardized conditions as compared to vision tests conducted by a physician. He 

may display a tendency to draw the smart-phone slightly closer for the more difficult to read letters or optotypes. 

Taking machine learning bias and variance into account, this raises questions about the test set error. We use the 

concept of classifier bias and variance published by Breiman (1998) for the test error assessment. 

It will be demonstrated for the ocular example that it would be desirable to avoid the described bias, as conclusions 

about test relevance can change due to cluster artefacts. 

 
19.5 

High dimensional surrogacy in drug discovery studies 

Ziv Shkedy1, Nolen J. Perualila1, Rudradev Sengupta1, Adetayo Kasim2  
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The pharmaceutical industry is faced with steadily declining discovery efficiency which results in fewer drugs 

reaching the market despite increased investment. A major cause for this low efficiency is the failure of drug 

candidates in late-stage development owing to safety issues or previously undiscovered side-effects. In this talk we 

focus on early detection of biological processes related to bioactive compounds in the drug discovery stage. 

 

Understanding protein target and off-target effects of bioactive compounds is a critical challenge in the field of drug 

discovery. These effects are of great importance as bioactive compounds that indicate a certain therapeutic effect 

could cause inadvertent phenotypic effects by binding to unexpected protein targets. Thus, influence the compound 

efficacy. The mechanism of action (MoA) of compounds could give insights into inadvertent phenotypic effects. 

Although many attempts have been made to understand the MoA, it still remains a challenge in the field. 

 

The aim of the data analysis framework which will be discussed in the meeting is to link between three different 

data sources in drug discovery experiments. For a given set of compounds, the goal is to link between (1) the 

chemical structure of the compounds, (2) the biological activity and (3) the transcriptomics profiles of the 

compounds. This modeling framework is called QSTAR ( Quantitative Structure Transcriptional Activity 

Relationships). Such an analysis allows us (1) to construct transcriptomics biomarkers for the bioactivity variable(s) 

and (2) to identify biological pathways related to a subset of compounds and therefore to better understand the 

mechanism of action of the compounds subset. 

 

In the talk, we discuss a joint modeling approach for integrated data analysis for the multi-source data within the 

QSTAR modeling framework. The joint model is developed for transcriptomics and bioactivity data controlling for 

the chemical structure of the compounds and can be used the construction of genetic biomarkers for bioactivity data 



(i.e., the “true” endpoint) conditioned upon the chemical structure of the compounds. All methods are illustrated 

using real life drug discovery data. 

 
19.6 

The Delaunay Triangulation Learner 

Guosheng Yin  
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We propose a new piecewise linear learner, called the Delaunay triangulation learner (DTL), which is a smoother 

duality of the 1-nearest neighbor (1-NN) leaner. Based on the data samples in a p-dimensional feature space, the 

Delaunay triangulation algorithm provides a unique triangulation of the space, which yields a dual graph of the 1-

NN Voronoi diagram. The triangulation separates the convex hull of the samples into a series of disjoint p-simplices, 

where the samples are the vertices of the p-simplices. The DTL is constructed by fitting the responses through linear 

interpolation functions on each of the Delaunay simplices, and thus it approximates the whole functional by a 

piecewise linear function. We study the theoretical properties of the DTL and compare its performances with the 1-

NN learner on multi-dimensional random smooth functionals. Furthermore, we propose two appropriate 

regularization functions to penalize the roughness of the DTL and improve its predictability on the testing data. In 

ensemble learning approaches, we propose the bagging DTLs, random crystal and the boosting DTL, where the 

DTLs are constructed on the subspaces of the features, and the feature interactions are captured by Delaunay triangle 

meshes. Extensive numerical studies are conducted to compare the proposed DTL and its ensembles with 1-NN and 

tree-based counterparts. The DTL methods show competitive performances in various settings, and particularly for 

smooth functionals the DTL demonstrates its superiority over other methods. 

 
20.1 

Closed-form estimator based on split-sample methodology for multivariate hierarchical data 

Alvaro J. Flórez2, Geert Molenberghs2, 1, Geert Verbeke1, 2, Ariel Alonso Abad1  
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Joint modeling of multivariate clustered data by full REML/ML can be computationally problematic. The 

maximization process is more intensive, or even prohibitive, as the number of outcomes increases. This is mostly 

due to the dimensionality of the vector of random effects increasing with the number of outcomes. Furthermore, 

divergence, or convergence to a spurious solution, occurs more frequently with few and highly unbalanced clusters.  

 

To remove these computational difficulties, an unbiased two-stage closed-form estimator for the multivariate linear 

mixed model is proposed. It is based on Hermans et al. (2016) finding on complete sufficient statistics and the 

pseudo-likelihood based split-sample methodology (Molenberghs et al., 2011, 2014, 2017). Here, the sample is 

conveniently divided into sub-samples, and the parameters are estimated in each one. Thereafter, the resulting 

estimates are weighted-averaged to obtain an overall estimator. In our case, each sub-sample contains balanced 

clusters, that is clusters with equal mean and variance structure. 

 

In some cases, grouping highly unbalanced clusters becomes very difficult. In the extreme case, each sub-sample 

contains a single cluster. Nevertheless, we still can apply the split-sample methodology, leading to the so-called 

cluster-by-cluster estimator. 

 

To assess its statistical and computational performance, and compare it with already existing iterative methods, a 

simulation study is performed. We considered a joint linear mixed model with a different number of outcomes under 

various scenarios, regarding the number of clusters, members per clusters and level of imbalance. For the cluster-by-

cluster estimator, the simulation model is based on the meta-analytic framework to evaluate surrogacy with normally 

distributed endpoints. 

 

Based on the simulation study, our estimators showed good statistical properties. They are asymptotically as 

efficient as the iterative full REML. The efficiency loss is low for a small number of clusters and depends on the 

parameter of interest. Furthermore, the estimator is computationally fast in large data settings. Therefore, it is an 



excellent alternative to its iterative counterpart. Mainly, we suggest to implement it in cases where the latter does not 

converge correctly, or when it is computationally too intensive or prohibitive. 

 
20.2 

A marginalized random effects model with probit link function for bivariate longitudinal binary data 

Gul Inan, Ozlem Ilk  

Department of Statistics, Middle East Technical University, Ankara, Turkey 

 
In this study, we propose a marginalized multilevel model for analysis of bivariate longitudinal data with binary 

responses. The proposed multilevel model consists of two levels such that the first level associates the marginal 

mean of responses with covariates through a logistic regression model, and the second level includes subject/time 

specific random intercepts within a probit regression model. The covariance matrix of multiple correlated time-

specific random intercepts for each subject is assumed to represent the within-subject association. The subject-

specific random effects covariance matrix is further decomposed into its dependence and variance components 

through modified Cholesky decomposition method and then the unconstrained version of resulting parameters are 

modelled in terms of covariates with low-dimensional regression parameters. This provides better explanations 

related to dependence and variance parameters and a reduction in the number of parameters to be estimated in 

random effects covariance matrix to avoid possible identifiability problems. Marginal correlations between 

responses of subjects and within the responses of a subject are derived through a Taylor series-based approximation. 

Data cloning computational algorithm is used to compute the maximum likelihood estimates and standard errors of 

the parameters in the proposed model. The proposed model is illustrated through a real-life data set on Mother’s 

Stress and Children’s Morbidity. To illustrate, results indicate that the odds of being stressed is 2.18 times higher for 

unemployed mothers than employed mothers. Interestingly, the odds of child’s being ill is 2.44 times higher for 

married mothers than unmarried mothers. Futhermore, the heterogeneity within the responses of a subject and the 

heterogeneity between the responses of subjects are related with the child’s health status at baseline. An AUROC 

value of 0.949 is achieved by our proposed model for this data set. 

 

This work is accepted to be published in Statistical Papers. 

 

Keywords: Covariance matrix decomposition, Data cloning, Multiple correlated random effects 
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One step validation method of surrogate endpoints in multiple randomized cancer clinical trials with failure 

time endpoints 
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Surrogate endpoint is an endpoint which could be use instead of the most relevant clinical endpoint to access the 

efficacy of new treatment. Before being used, surrogate endpoint must be validated based on appropriate methods. 

Numerous validation methods have been proposed with the most popular used in a context of clinical trial, based on 

a two-step analysis strategy. For two failure time endpoints, two association measurements are usually used, the 

kendall's τ at the individual level and the adjusted R2 (adjR2) at the trial level. However, adjR2 is not always 

available mainly due to the convergence problem or models estimation in clinical trials. We propose a one-step 

validation approach based on a joint frailties model, including a shared random effect at the individual level, two 

correlated treatment-by-trial interaction random effects and a shared random effect at trial level accounting for 

heterogeneity on baseline risks. In this model, we applied a power term on the shared random effects associated to 

surrogate to assess the strength and sense of the association between the surrogate and the true endpoints. We 

estimated parameters and hazard function using a semi-parametric penalized marginal likelihood method (maximum 

penalized likelihood estimators). This approach gives smoothed estimates of the hazard function, which represents 

incidence in epidemiology. In oder to estimate the integrals over the random effects present in the marginal 

likelihood, we considered various numerical integration methods, given that the analytical form of these integrals 

were not available. Both individual and trial-level surrogacy were evaluated using a new definition of Kendall's τ 

and the coefficient of determination based on the variances parameters of the proposed joint surrogate frailty model. 

The performance of the estimators were evaluated using simulation studies. The model was motivated by two 



individual patient data meta-analyses in gastric cancer, in the advanced setting and in the adjuvant setting, in which 

the benefit of adding experimental agents to standards chemotherapy regimens in term of PFS and OS, and the 

benefit of adjuvant chemotherapy as compared with no adjuvant treatment in term of DFS and OS were investigated. 

 
20.4 

Personalised surveillance intervals to monitor continuous biomarker disease progression 

Michael Sweeting1, 2, Jessica Barrett3, Keith Abrams1  
1Health Sciences, University of Leicester, Leicester, United Kingdom, 2Public Health and Primary Care, University 

of Cambridge, Cambridge, United Kingdom, 3MRC Biostatistics Unit, University of Cambridge, Cambridge, United 
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Many screening programmes of preventative chronic diseases adopt a `waitful watching’ approach whereby 

treatment is only offered if the risk of an event becomes too great. The frequency at which individuals are invited 

back has implications for patient safety but also cost efficiency and learning about disease progression. Thus, an 

optimal surveillance schedule is one that appropriately trades-off the length of time for which disease progression 

goes undetected (the undetected time) with the number of visits and measurements taken. In particular, it may be 

efficient for patients who show signs of slow disease progression to be invited back less frequently, whilst those 

with fast progression to receive more regular follow-up. 

Recently, Bebu and Lachin1 showed that, based on a Markov model for disease progression, the expected number of 

visits before initiation of treatment and the expected undetected time can be calculated. Given weights for each (for 

example based on costs or net benefit), an optimal schedule for an individual can then be obtained thus enabling 

personalised screening planning. 

We extend this theory to the situation where treatment decisions are based on a continuous biomarker crossing a 

threshold. A linear mixed model is developed to allow heterogeneity in progression rates and to fully utilise current 

and previous biomarker measurements. Within a Bayesian framework, we show that the predicted time to crossing 

the treatment threshold can be easily obtained within an MCMC simulation approach2. This then facilitates the 

calculation of the expected number of visits and the full distribution of the undetected time for any individual. 

We illustrate these ideas using repeated measures of abdominal aortic aneurysm (AAA) diameters, taken from 

patients under surveillance in a national screening programme. We use the metrics of the expected number of visits 

and undetected time to propose appropriate surveillance intervals for individuals with small or large diameters and 

slow or fast AAA growth. 

 

References 

1. Bebu I, Lachin JM. Optimal screening schedules for disease progression with application to diabetic retinopathy. 

Biostatistics 2018;19(1):1-13. 

2. Sweeting MJ, Thompson SG. Making predictions from complex longitudinal data, with application to planning 
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Analysing sickness absence data using semi-Markov models 
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Sickness absence is a major economic and social issue. To reduce the magnitude of its impact, relevant predictive 

tools should be developed to identify its determinants. However, the statistical analysis of sickness absence data 

presents a real challenge owing to the complex structure of these data. Thus, the absence episodes are recurrent, time 

dependent, over-dispersed and highly skewed with mode at zero. Furthermore, sickness absence events are 

characterized both by their prevalence, measured as the frequency of absent employees, and their severity, measured 

by the duration of absences. Thus, an appropriate statistical inference framework to identify sickness absence 

predictors should consider simultaneously the event frequency and duration, which so far have been analysed 

separately in the literature. These specific features of the sickness absence data structure and the large quantity of 

data involved should help guide the models choice. 

We used 469 317 individual trajectories of sickness leave and workplace presence over a 3-year observation period, 

from January 1st, 2014 until December 31st, 2016 in a representative sample of a French insurance company 



employees. To adjust for the multiple individual, organizational and environmental factors, these data were linked to 

a cross-sectional survey conducted in 2016 on occupational health and wellbeing using a suitable matching method. 

We first tested zero-inflated Poisson and negative binomial models to predict sick leave counts, Gamma and Weibull 

models to predict sick leave duration. We considered these two outcomes jointly in a semi-Markov model with 

different scenarios including the absence profile states. In addition, we considered a random forest approach and 

compared the predictive performances of the two approaches. 

These approaches could be helpful for decision makers to reduce the sickness absence levels by providing a better 

understanding of the factors underpinning these two absence characteristics. 

 
20.6 

Personalized Schedules for Surveillance of Low Risk Prostate Cancer Patients 
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Patients diagnosed with low grade prostate cancer are advised to enroll in active surveillance (AS) programs. In AS, 

progression is tracked via prostate specific antigen (PSA) levels and biopsies. When biopsy Gleason score 

reclassifies (GR) from 6 to >=7, active treatment is advised. However, biopsies are painful and have risk of 

complications, resulting in high non-compliance rates, reducing the efficacy of AS. Currently, AS programs use 

fixed and frequent schedules (e.g., annual biopsies). This results in performing unnecessary biopsies in patients who 

progress slowly. Using data from the world’s largest AS study, Prostate Cancer Research International Active 

Surveillance (PRIAS), we propose personalized schedules for biopsies. Our aim is to reduce the burden of biopsies 

while simultaneously avoiding late detection of progression. 

To this end, we employ joint models (JM) for time to event and longitudinal data that have an inherent patient-

specific nature. Using JMs, we first obtain a full specification of the joint distribution of PSA measurements and the 

time-to-GR. From this model we obtain a patient-specific posterior predictive distribution (PPD) that dynamically 

updates over time as extra PSA measurements become available. Using the general framework of Bayesian decision 

theory, we propose a set of loss functions which are minimized with respect to the PPD to find the optimal future 

time for a biopsy. This results into personalized schedules based on expected time of GR and dynamic risk of GR 

(biopsy when risk is above a certain threshold). Instead of fixed risk thresholds, we propose binary classification 

accuracy measures discriminating between patients obtaining GR and others, which are maximized to obtain 

checkup time dependent thresholds. When sufficient information is available before progression, as in the case of 

slowly progressing patients, expected time of GR is more useful. For faster progressing patients, wherein the PPD 

may have high variance, risk of GR based schedules provide a robust alternative. For scenarios where it is not 

known if a patient will progress fast or slow, we developed a hybrid schedule combining the two aforementioned 

schedules. We discuss metrics of performance of schedules and provide methodology to choose a suitable schedule. 

We illustrate the benefits of our approach in real data and simulations. 

 
21.1 

Comparison between Mixed Non-Linear Models and Support Vector Regression in growth curves of pears 
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Horticulture precision is a new requirement to discover about the behaviour of the fruits in different climate 

conditions, variety and size during the development of the fruit, especially in harvest. Non-linear and non-linear 

mixed models (NLMM) have been satisfactorily adjusted, based on the logistic model of the third parameterization, 

which describes the growth of the fruit in diameter from the days after full flowering to harvest. A computational 

techniques like Support Vector Machine (SVM) has shown great performance as a classification tool and presents a 

version that could be implemented in regression (SVMr), capable of capturing relationships in data patterns with 

lower computational intensity. This work compares the techniques of NLMM between SVMr, and know if it is 

possible to use the SVMr as an alternative technique in the construction of fruit growth patterns taking advantages of 

the computational benefits. Data from cultivar Beurre D'Anjou five pears growing cycles were studied: 2005-2006; 

2011-2012; 2012-2013; 2013-2014 and 2014-2015, in each cycle 5 trees were selected, taken into account 15 fruits 



with the following criteria: 5 small fruits, 5 medium fruits and 5 large fruits, each of them were measured in 

millimeters from flowering to harvest. A mixed non-linear model was fitted from the non-linear equation of the 

logistic family, considering the random effects of season, plant, fruit size and the fruit itself. At the same time we 

modelated the correlation of the measurements and the heteroskedasticity found between the seasons. In the SVM, 

the hyperparameters cost and epsilon were tunning using a grid of possible values for both of them. The calibration 

was achieved simulating 375 growth curves, just as the original conditions of the data, considering the estimations 

that were acquired in the MNLM. For both techniques, the validation was carried out by adjusting 4 seasons and the 

cycle 2012-2013 as a test. The mean squared error (CME) was applied as a statistical prediction, we calculated the 

measurement using predicted curve of the fruit size with each fruit. The curves obtained by the SVMr had a CME of 

6.79 meanwhile the MNLM reached a value of 8.01, were used statistical language R. In conclusion the SVM could 

be a useful tool to predict and build the growth curves with a high precision and could be use it in many large 

databases. 

 
21.2 

A NONLINEAR GROWTH MODELS WITH HYPERBOLIC RESTRICTIONS FOR TREE GROWTH 

MODELING 
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This study was designed to develop alternative growth models flexible to enhance internal prediction of biological 

processes based on hyperbolic sine function with bound. The intrinsic rate of increase in the MGE and its variants 

were modified by considering a growth equation, which produces flexible asymmetric curves through nonlinear 

ordinary differential equations of the form; since majority of the growth models emanated from the Malthusian 

Growth Equation (MGE), which is limited to growing without bounds. Top Height (NTH) from a Norwegian 

thinning experiment, sample plot 3661, Gmelina arborea Roxb. (GH), Pine (Pinus caribaea Morelet) (PH) and the 

diameter at breast height of Pine (Pinus caribaea Morelet) (PDBH) from organisations were used to test the validity 

of the new models in terms of general fitness and internal predictive status as well as robustness. Mean Square Error 

(MSE), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and Residual Standard Error 

(RSE) were used to determine the best models among the proposed and existing models. The developed hyperbolic 

growth models captured boundedness in Malthusian Growth Equation, improved general fitness and robustness over 

exponential, monomolecular, Gompertz, Richards and von Bertallanffy growth models. 

 
21.3 

Marginal variance covariance structures for nonlinear growth curves 

Ikuko Funatogawa1, Takashi Funatogawa2  
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For longitudinal data analysis of a continuous response variable, there are three major approaches: marginal models, 

mixed effects models, and transition models. In some fields, marginal models are preferred and the mean structures 

are of primary interests. When missingness in responses occures, correct specification of the variance covariance 

structure is important for inference of the mean structures. However, variance covariance structures for marginal 

models are limited. Because linear mixed effects models, including linear time trends models with random intercepts 

and random slopes, can be transformed to marginal models, marginal variance covariance structures are known. 

However, when responses change from some baseline levels to other steady levels after an intervention, the 

marginal variance covariance structures are unclear. In this study, we propose a class of marginal variance 

covariance structures derived from linear random effects in nonlinear growth curves. Previously we proposed an 

autoregressive linear mixed effects model (Funatogawa et al. 2007, Funatogawa et al. 2008). This model is a mixed 

effects model and also a transition model in which current responses are regressed on previous responses. This 

model can be transformed to a marginal model and provides a unique marginal variance covariance matrix. This 

model also corresponds to a monomolecular growth curve with random baselines and random asymptotes. We 

extend this model to other common nonlinear growth curves such as Gompertz, Logistic, and von Bertalanffy. 

 

References: Funatogawa et al. An autoregressive linear mixed effects model for the analysis of longitudinal data 



which show profiles approaching asymptotes. Statistics in medicine, 2007, 26, 2113–2130; 

Funatogawa et al. An autoregressive linear mixed effects model for the analysis of longitudinal data which include 

dropouts and show profiles approaching asymptotes. Statistics in medicine, 2008, 27, 6351–6366. 

 
21.4 
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Predictive models for mushroom yield allow for forecasting fungal production for different guilds and species and 

further understanding their dynamics. We studied the relationships between forest growth by means of tree ring 

features (e.g. latewood –LW hereafter– width), climate conditions and mushroom yield across Europe in order to 

contribute to disentangling those relationships and shed further light on forest ecosystem functioning. We used a 

database of 100 (14,800 m2) permanent sample plots representing pure and mixed stands, across a European 

latitudinal gradient from Finland through Switzerland to Spain. This database is composed of longitudinal data, 

encompassing repeated measurements of annual mushroom production for each plot over time, the length of the 

sampled period varying between 8 and 32 years. We computed Spearman correlations to analyse the response of 

mean annual mushroom production of mycorrhizal (MFY) and saprobic (SFY) fungi to the seasonal climate and tree 

growth variables. Likewise, we used Spearman partial correlations to assess the relationships between MFY and 

SFY with LW (as the main tree growth variable), controlling for the main climatic variables affecting sporocarp 

production. Finally, the associations between mushroom yield, climate variables and LW (considering also lagged 

effects from previous years) were analysed with linear mixed effects models, including: i) all ecosystems and, ii) 

only those sites dominated by Scots pine. When analysing all sites, we considered the id for each site x species 

combination as the random effect, since there were differences among these sites (e.g. soil). An autoregressive 

correlation structure of first order was included to account for the repeated measures on the same site x species id, 

while a variance structure was included to account for different variances between site x species ids. The 

appropriateness of the random, correlation and variance structures was analysed comparing nested models by REML 

procedure. Models are in accordance with both Spearman correlations (standard and partial), taking into account LW 

width and fall precipitation as the principal predictors of MFY and SFY, in all sites as well as in Scots pine sites. In 

short, MFY seems to be linked to climatic conditions and forest growth (LW ring) only under Mediterranean areas, 

characterized by drought periods. 
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Statistical inference in a growth curve quantile regression model for longitudinal data 
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This paper describes a polynomial growth curve quantile regression model that provides a comprehensive 

assessment about the treatment effects on the changes of the distribution of outcomes over time. The proposed 

model has the flexibility, as it allows the degree of a polynomial to vary across quantiles. A high degree polynomial 

model fits the data adequately, yet it is not desirable due to the complexity of the model. We propose the model 

selection criterion based on an empirical loglikelihood that consistently identifies the optimal degree of a polynomial 

at each quantile. After the parsimonious model is fitted to the data, the hypothesis test is further developed to 

evaluate the treatment effects by comparing the growth curves. It is shown that the proposed empirical loglikelihood 



ratio test statistic follows a chi-square distribution asymptotically under the null hypothesis. Various simulation 

studies confirm that the proposed test successfully detects the difference between the curves across quantiles. When 

the empirical loglikelihood is employed, we incorporate the within-subject correlation commonly existing in 

longitudinal data and gain estimation efficiency of the quantile regression parameters in the growth curve model. 

The proposed process is illustrated through the analysis of randomized controlled longitudinal depression data. 
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A pseudo-values approach to model covariates effects on dementia health indicators 
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The aim of this work is to study the effects of covariates on three health indicators: the probability of becoming 

demented, the probability of staying alive and non-demented and the restricted survival time in good health. Pseudo-

values approach developed by Andersen et al. (2003) allows direct modelling of the covariates effects on these 

probabilities in competing risks and right censored data framework. In elderly cohort, dementia is only observed at 

discrete times (the diagnosis is only made at visits) but the disease appears on a continuous time scale. This interval 

censoring makes uncertain both the exact date of the onset and the individual trajectories. Indeed, subjects who died 

without diagnosis of dementia will not be observed as demented. The pseudo-values are computed from non-

parametric estimators in the literature. This work focuses precisely on expanding the pseudo values approach to 

interval-censored data in order to apply them to cohort data. The health indicators are estimated through penalized 

likelihood estimators of an illness-death model for which the transition intensities are approximated by splines 

(Touraine et al. 2016). The method is applied to the French cohort PAQUID which included more than 3,000 non-

demented subjects, aged 65 years or older and followed for dementia over more than 25 years. 
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The Broadbalk Wheat Experiment was first sown in the autumn of 1843 at Rothamsted to test the effects of mineral 

fertilisers (N, P, K, Na & Mg) and organic manures on wheat yields. Since 1968, semi-dwarf wheat varieties have 

been sown annually with the application of 0, 48, 96, 144 and 196kg of N/ha, and the addition of 240 and 288kg 

N/ha since 1985. 

This study aims to investigate how weather contributes to variability in annual crop yield through the functional 

response of wheat to applied N, allowing for differences between cultivars, from 1968 to 2016. The approach was 

first to understand how grain yield is influenced by applied N, modelling the response using a linear-by-exponential 

(LEXP) function, and then to determine the annual variation in the shape of the response. This was achieved using a 

stepwise modelling procedure, comparing a common model for all years with models allowing different subsets of 

the parameters to vary between years. It was concluded that the annual variation in response could be successfully 

modelled while fixing the non-linear parameter at a common value. 

A further analysis then assessed how the year-to-year variation in the linear parameters of these N response curves 

could be explained by variation in weather and changes in cultivar. Monthly summarised mean temperatures and 

total rainfall were considered, together with a cultivar factor, to develop a maximal model allowing all linear 

parameters of the LEXP function to vary with weather and cultivar, and with a fixed value of the non-linear 

parameter. A backwards elimination variable selection procedure, minimising the AIC, was used to form a 

parsimonious model. 



Having identified an appropriate form of functional response for the relationship between crop yield and applied N 

year-to-year variability in the response was shown to be influenced by both annual variability in rainfall and 

underlying long-term changes in temperature. The overall impact of variation in weather and differences between 

cultivars is visualised using a 3-dimensional surface plot for yield in terms of applied N and selected weather 

variables. The study demonstrates the potential for using long-term datasets, such as that collected for the Broadbalk 

Wheat Experiment, to explore and separate agronomic and environmental influences on crop yield. 

 
22.2 

Innovation and Climate Induced Yield Volatility in Agriculture 

Alan Ker1, Tor Tolhurst2  
1university of guelph, Guelph, Ontario, Canada, 2UC-Davis, Davis, California, United States 

 
Volatility is inherent to agricultural production because the scope of economic behavior is bounded. Producers 

choose when, where, and what to plant however, outputs, prices and incomes are ultimately determined by the 

vagaries of weather. With only one draw per year, farm income is thus notoriously fickle. To this end, developed 

countries funnel billions of dollars every year to help producers manage low production outcomes. Production 

volatility is more imperative in developing countries: subsistence farming is prevalent, agriculture tends to be 

responsible for a greater share of the national economy, and heavily-subsided risk management schemes are not 

feasible. In this manuscript we examine long-run trends in production volatility and specifically downside risk for 

corn and soybeans in the U.S. Corn Belt. In order to consider the mechanisms behind these patterns, we use cross-

sectional variation in climate trends to decompose the effects of climate and innovation on volatility changes. Our 

findings are consistent with the view that volatility is increasing through time but challenge the view that volatility is 

increasing symmetrically through time. Using a number of different measures to capture changes in downside risk, 

we find downside risk is increasing at a greater rate than upside risk, particularly so for corn. The magnitude of the 

increase in downside risk is unambiguously large: in aggregate, the length of the lower tail more than doubled 

relative to the length of the upper tail for both crops. Our findings challenge the view that climate is the only force in 

driving volatility and downside risk; in most instances innovation has driven volatility to a greater extent than 

changing climate and sometimes has reduced volatility. Our findings challenge the view that the innovation effect is 

spatially uniform. While the stock of technology is spatially uniform, the innovation effect is not because of 

differential interaction effects by soil type. Our findings challenge the view that climate and innovation have 

consistent effects across the yield quantiles. For corn, we find that changes in climate have much greater effects at 

the lower tails than in the middle and higher tails of the yield distribution. This result is consistent across all three 

regions. Conversely, we find that the effects of climate do not systematically change across the soybean distribution. 

 
22.3 

Reparametrization of COM-Poisson Regression Models with Applications in the Analysis of Experimental 

Data 

Clarice G. Demétrio1, Eduardo E. Ribeiro3, Walmes M. Zeviani2, Wagner H. Bonat2, John Hinde4  
1Exact Sciences, ESALQ/USP, Piracicaba, SP, Brazil, 2Department of Statistics, Paraná State University, Curitiba, 

PR, Brazil, 3Exact Sciences, University of São Paulo, Piracicaba, São Paulo, Brazil, 4Statistics, NUI Galway, 

Galway, Ireland 

 
In the analysis of count data often the equidispersion assumption is not suitable, hence the Poisson regression model 

is inappropriate. As a generalization of the Poisson distribution the COM-Poisson distribution can deal with under-, 

equi- and overdispersed count data. It is a member of the exponential family of distributions and has the Poisson and 

geometric distributions as special cases as well as the Bernoulli distribution as a limiting case. In spite of the nice 

properties of the COM-Poisson distribution, its location parameter does not correspond to the expectation, which in 

turn becomes challenging the interpretation of the regression models specified using such a distribution. In this 

paper, we propose a straightforward reparametrization of the COM-Poisson distribution based on an approximation 

to the expectation of this distribution. The main advantage of our new parametrization is the straightforward 

interpretation of the regression coefficients in terms of the expectation of the count response variable, as usual in the 

context of generalized linear models. Furthermore, the estimation and inference for the new COM-Poisson 

regression model can be done based on the likelihood paradigm. We carried out simulation studies to verify the 

finite sample properties of the maximum likelihood estimators. The results from our simulation study show that the 



maximum likelihood estimators are unbiased and consistent for both regression and dispersion parameters. We 

observed that the empirical correlation between the regression and dispersion parameter estimators is close to zero, 

which suggests that these parameters are orthogonal. We illustrate the application of the proposed model through the 

analysis of three data sets with over-, under- and equidispersed count data. The study of distribution properties 

through a consideration of dispersion, zero-inflated and heavy tail indices, and the results of data analysis show the 

flexibility over standard approaches. Therefore, we encourage the application of the new parametrization for the 

analysis of count data in the context of COM-Poisson regression models. The computational routines for fitting the 

original and new version of the COMPoisson regression model and the analyzed data sets are available in the 

supplementary material. 

 
22.5 

Constrained Partial Proportional Odds Models for Ordinal Data  

Mark Brewer1, Altea Lorenzo Arribas1, Antony Overstall2  
1Biomathematics and Statistics Scotland, Aberdeen, United Kingdom, 2University of Southampton, Southampton, 

United Kingdom 

 
 

Partial Proportional Odds Models (PPOMs) have been proposed as a generalisation of Proportional Odds Models 

(POMs) where the Proportional Odds assumption can be relaxed on one or more of the covariates, corresponding to 

relaxing the POM assumption of parallel regression lines. However, PPOMS are highly parameterised and this can 

cause problems. One problem is with convergence, and the full PPOM may not be even be identifiable. Another 

problem is just as serious; the PPOM can produce negative predicted class probabilities, since as McCullagh and 

Nelder (1989) noted, non-parallel lines "must eventually intersect". 

 

We propose solutions to these two problems. For convergence problems caused by overparameterisation, we use a 

LASSO estimation method to determine which covariates do satisfy the Proportional Odds assumption, and those 

which don't; and secondly, for the problem of negative class probabilities, we propose a geometric reformulation of 

the model which guarantees class probabilities will be non-negative. 

 

We illustrate our new methods by application to a data set arising from a survey into environmental attitudes.<div> 

</div> 

 
22.6 

Modeling carbon stored in leaf litter of Tectona grandis 

Funmilayo s. Eguakun, Bariagara Abraham 

Forestry and Wildlife Management, University of Port Harcourt, Port Harcourt, Rivers, Nigeria 

 
Forests play a significant role in climate change mitigation by sequestering carbon from the atmosphere which is 

released by anthropogenic causes. Litter in a forest ecosystem is important because of its role in nutrient cycling and 

carbon store. This study was conducted to develop models for carbon stored in leaf litter of Tectona grandis 

plantation in the Department of Forestry and Wildlife Management Arboretum, University of Port Harcourt, Nigeria. 

Data was collected from four 20 m x 20 m randomly selected sample plots. In each sample plot, four litter traps were 

set to collect leaf litter on a weekly basis which was further subjected to carbon analysis in the laboratory. Tree 

growth variables measured in the plots were processed into suitable form for statistical analyses using descriptive 

and inferential statistics. Different models were developed and tried with different tree growth characteristics with a 

view to select the best equation among the simulated models. The five model with the highest coefficient of 

determination (R2) and lowest standard error of estimate (SEE) was selected as the best fit. The average leaf litters 

produced per day ranged from 2.26g/m2 to 7.67g/m2, the maximum and minimum values of carbon stored in the 

studied species was 63%, 59% respectively. All the tried models were significant and fit the data set well. The result 

showed that the logarithm model has the highest R2 and lowest SEE values and was therefore selected as the best 

model. The exponential model showed a significant difference between the observed and expected values, which 

therefore means that the model is not fit for leaf litter carbon prediction. Result from the five validated models 

showed that all except the exponential model were good for prediction. Conclusively, the ability of the forest to 

sequester carbon is a function of the biomass production which is linked to the litter fall produced by the system. 

Since litter fall represent a major flux for the transfer of carbon and other nutrients between the vegetation and soil, 



it should therefore not be altered in order not to have an effect on below ground processes. Even though the scope of 

this study only covers a very small area and sample of the Nigeria forest, it is still very important for prediction of 

leaf litter carbon and hence, served as a tool for sustainable forest management. 

 
23.1 

Statistical Models for Healthcare Intervention Assessment 

ATINUKE O. ADEBANJI  

DEPARTMENT OF MATHEMATICS, KWAME NKRUMAH UNIVERSITY OF SCIENCE AND 

TECHNOLOGY, KUMASI, ASHANTI, Ghana 

 
Assessing the efficiency and effectiveness of health intervention policies is often complex and content dependent 

especially when there are a myriad of policies simultaneously introduced to address the same health care problems. 

This is further compounded when evaluating the performance of nationwide health policies in the absence of a 

contemporaneous unexposed comparison group coupled with the availability of a variety of other health improving 

measures used at the same time. This renders the before/after estimator approach not inappropriate. Misleading 

conclusions could also arise by simply comparing points in a time series for policy monitoring without taking into 

consideration the effect of past occurrences and quantifying the uncertainties associated with the estimates. This 

study proposes Dynamic Linear Models to assess the effectiveness of neonatal health care policies in Ghana. A 

national performance evaluation is carried out for the years 2012 to 2016 and results suggest no significant 

improvement in neonatal survival between pre and post policy periods. 

 
23.2 

Bayesian nonparametric inference for the covariate-adjusted ROC curve 

Vanda Inácio de Carvalho1, María Xosé Rodríguez-Álvarez2  
1School of Mathematics, University of Edinburgh, Edinburgh, Midlothian, United Kingdom, 2BCAM-Basque Center 

for Applied Mathematics, Bilbao, Spain 

 
Accurate diagnosis of disease is of fundamental importance in clinical practice and medical research. Before a 

medical diagnostic test is routinely used in practice, its ability to distinguish between diseased and nondiseased 

states must be rigorously assessed through statistical analysis. The receiver operating characteristic (ROC) curve is 

the most popular used tool for evaluating the discriminatory ability of continuous-outcome diagnostic tests. 

Recently, it has been acknowledged that several factors (e.g., subject-specific characteristics, such as age and/or 

gender) can affect the test’s accuracy beyond disease status. In this work, we develop Bayesian nonparametric 

inference, based on a combination of dependent Dirichlet process mixture models and the Bayesian bootstrap, for 

the covariate-adjusted ROC curve (Janes and Pepe, 2009, Biometrika), a measure of covariate-adjusted diagnostic 

accuracy. Applications to simulated and real data are provided. 

 
23.3 

Optimizing and Evaluating Biomarker Combinations as Trial Level General Surrogates 

Erin E. Gabriel1, Michael Sachs1, Michael Daniels2, M. Elizabeth Halloran3, 4, 5  
1Unit of Biostatistics, Karolinska Institutet, Stockholm, Sweden, 2Department of Statistics , University of Florida , 

Gainesville, Florida, United States, 3Department of Biostatistics, University of Washington , Seattle, Washington, 

United States, 4Vaccine and Infectious Diseases Division, Fred Hutchinson Cancer Research Center, Fred 

Hutchinson Cancer Research Center, Seattle, Washington, United States, 5Center for Inference and Dynamics of 

Infectious Diseases, Fred Hutchinson Cancer Research Center, Seattle, Washington, United States 

 
Numerous papers have investigated the evaluation of biomarkers as trial level general surrogates, including Daniels 

& Hughes 97, Gail et al. 00 and Dai & Hughes 12. Gabriel et al. 16 extended Daniels & Hughes 97 to allow for a 

more flexible evaluation of trial level general surrogates using out-of-sample estimated absolute prediction error 

based on absolute prediction error. However, the flexible method proposed in Gabriel et al. 2016 does not extend 

well to larger combinations of biomarkers, nor does it provide a procedure for finding the `best' combination. We 

propose an algorithm for selecting a subset of available biomarkers based on the estimated out-of-sample absolute 

prediction error, while maintaining adequate prediction interval coverage, which in the context of our motivating 

example can be considered the ‘best’ subset. In other contexts, the optimal subset may have different desired 



characteristics. However, regardless of context, both our proposed modeling procedure and the absolute prediction 

error remain useful for subset selection, the algorithm for selection may simply change. We propose a non-

parametric Bayesian model that allows us to evaluate a subset of biomarkers without having to consider a large 

number of explicit model specifications for that subset. This dramatically reduces the number of model comparisons 

needed. Given the model's flexibility, complex non-linear relationships can be fit when enough data are available. 

We evaluate the operating characteristics of our proposed modeling and subset selection in comparison to several 

other more standard variable selection procedures, finding in almost all cases that our procedure outperforms them. 

We use our method to compare and evaluate combinations of biomarkers as trial level general surrogates in our 

motivating example of the pentavalent rotavirus vaccine RotaTeq (RV5) (Merck & Co. Inc., Kenilworth, New 

Jersey, USA), finding that the same single biomarker identified in Gabriel et al. 2016 is likely the optimal subset. 

 
23.4 

Multivariate mixed membership: Application to malaria risk assessment 

Massimiliano Russo2, David Dunson1  
1Statistical Science, Duke University, Durham, North Carolina, United States, 2Statistical Science, University of 

Padova, Padova, Padova, Italy 

 
Diffusion of malaria is a complex phenomenon evolving over time and space, driven by biological, behavioral and 

environmental causes acting together. We focus on the lasts two aspects, considering as case study the Machadino 

settlement process in Brazil, with the aim of defining survey based environmental and behavioral malaria risk 

profiles and study their interaction. To achieve such a goal, we introduce a multivariate generalization of mixed 

membership models which allows identification of correlated risk profiles related to different domains encompassed 

by separate groups of variables. We show that the use of correlated multiple membership vectors lead to 

interpretable inference requiring a lower number of profiles compared to standard formulations, while inducing a 

more compact representation of the population level model. We propose a novel multivariate distribution for the 

membership vectors, which allows easy introduction of auxiliary information in the membership profiles leveraging 

a multivariate latent logistic regression. A Bayesian approach to inference, relying on polya gamma data 

augmentation, facilitates efficient posterior computation via Markov chain Monte Carlo. The proposed approach is 

shown to outperform the classical mixed membership model in simulations, and the malaria diffusion application. 

 
23.5 

Centering exchangeable partition models 

Sally Paganin1, Amy Herring2, David Dunson2  
1Department of Statistical Sciences, University of Padua, Padova, Italy, 2Department of Statistics, Duke University, 

Durham, North Carolina, United States 

 
There is a very rich literature proposing Bayesian approaches for clustering starting with a prior probability 

distribution on partitions. The majority of this literature operates under the assumption of exchangeability, under 

which an exchangeable partition probability function (EPPF) can be defined. The finite Dirichlet, Dirichlet process, 

Pitman-Yor process and generalizations, such as Gibbs-type processes, induce distinct forms of EPPF in 

marginalizing out parameters. There has been some consideration of relaxations of the exchangeability assumption 

to allow covariate-dependence and partial (within-group) exchangeability, but limited consideration of the problem 

of how to include concrete prior knowledge on the partition. For example, we are motivated by the problem of 

clustering birth defects into groups, and have prior knowledge of an initial clustering provided by experts. As a 

general approach, which can relax exchangeability to include such prior knowledge, we propose a CENtered 

EXchangeable (CENEX) process that modifies the EPPF to favor partitions close to an initial partition. Some basic 

properties of the CENEX prior are described, a general algorithm for posterior computation is developed, and will 

illustrate the methodology through simulation examples and an application to the motivating birth defects data. 

 
23.6 

Random projections for multivariate data for bayesian analysis 

Anjali Gupta1, James Curran1, Peter Vergeer2, Christopher Triggs1  
1Statistics, University of Auckland, Auckland, New Zealand, 2Netherlands Forensic Institute, The Hague, 

Netherlands 

 



Analysing multi-dimensional data where the number of observations are less than the number of dimensions (n < p) 

has been a problem of interest in statistics for many years now. Forensic scientists face a similar problem in 

computing likelihood ratios using the formula given by Aitken and Lucy in 2004. Although modern instruments 

generate data that consists of details about the elements that consitute the samples, the number of observations are 

usually limited. Due to this, it is a challenge to compute reliable estimates of within source and between sources 

variability. We propose using random projections for dimensionality reduction of the data. This is a method that is 

gaining popularity in high dimensional machine learning problems before performing clustering. In this talk, I will 

discuss how random projections affect the likelihood ratios. 

 
24.1 

Prediction of time to remission from a repeatedly measured ordinal marker of schizophrenia symptom 

severity 

Tarylee Reddy1, 2, Geert Molenberghs2, 3, Marc Aerts2  
1Biostatistics Unit, South African Medical Research Council, Overport, South Africa, 2I-Biostat, Universiteit 

Hasselt, Diepenbeek, Limburg, Belgium, 3I-Biostat, KU Leuven, Leuven, Flemish Brabant, Belgium 

 
In the field of psychiatry, ordinal scales are often used to categorize a patient's health status, and established cutoffs 

on these scales are used to define key outcomes such as remission or relapse. Building on previous work, we present 

a novel approach to estimate the time to remission from schizophrenia, where remission is defined as two 

consecutive Clinical Global Impressions-Severity (CGI-S) scores less than or equal to 3. We propose a two-stage 

approach: In the first stage, an ordinal logistic mixed-effects model is fitted to the longitudinal measurements, 

resulting in patient-specific predicted probabilities that are a function of the fixed-effects and empirical Bayes 

estimates. In the second stage, the probability of experiencing two consecutive measurements less than a relevant 

threshold k at each time point is computed and substituted into the derived expression for the expected time to 

threshold. Through identification of a recursive relationship of the continuation probabilities at each time point, we 

show that the computation of the expected times is simple, efficient, and can be implemented using existing software 

packages. We apply the methodology to data from a clinical trial that was conducted to evaluate the efficacy of the 

drug Risperidone in treating patients with chronic schizophrenia. The sensitivity of the estimated times to remission 

to deviation from the missing at random assumption is investigated using MNAR-based multiple imputation. 

 
24.2 

Optimal Weighted Estimation as Alternative to Cochran-Mantel-Haenszel 

Lisa Hermans1, Geert Molenberghs1, 2, Geert Verbeke2, 1, Michael G. Kenward3  
1I-BioStat, Universiteit Hasselt, Diepenbeek, Belgium, 2I-BioStat, KU Leuven, Leuven, Belgium, 3Department of 

Medical Statistics, London School of Hygiene and Tropical Medicine (Emeritus), London, United Kingdom 

 
The odds ratio is a frequently used measure to investigate the association between binary variables. Often these 

outcomes are measured across strata of different sizes. Mantel and Haenszel (JNCI, 1959) proposed an estimator for 

a common odds ratio, taking into account stratification. It serves a lot of recognition in epidemiology and even 

wider. 

Hermans et al. (COMMUN STAT B-SIMUL 2017, STAT SINICA 2018) explored estimation in hierarchical data 

settings with unequal cluster sizes. When dealing with unequal cluster sizes, computational issues can arise and 

useful statistical properties no longer exist. As a solutions the sample was divided in subsamples where the 

maximum likelihood estimators where again minimum variance unbiased, and subsample specific results were 

combined using the appropriate optimal weights. 

The determination of the optimal weights is extended to grouped data settings investigated earlier by Mantel and 

Haenszel. As the ideas are similar, there are computational differences. This statistical procedure is appropriate for 

data settings with binary responses, involving stratification, grouping or even matching based on confounding 

variables. The performance is illustrated using a simulation study and data analysis. 

 
24.3 

Secondhand Smoke Exposure and Mental Health Outcomes Among Adolescents, Young Adults, and Older 

Adults in the USA. 

Adriana Perez1, 2, Meagan Bluestein2, Cheryl L. Perry3, 2  
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Introduction: Previous research has shown that there is no safe level of secondhand smoke (SHS) exposure from 

cigarettes, and is linked to adverse physical and mental health outcomes. Tobacco use, including alternative tobacco 

products, has been linked to depression, anxiety, and substance use disorders in studies across the globe, but it is 

unknown whether SHS exposure is associated with mental health outcomes in population-based research on non-

users of tobacco products. 

 

Methods: Secondary data analysis of the 2013-2014 Population Assessment of Tobacco and Health (PATH) study 

in the USA among adolescents (ages 12-17), young adults (ages 18-24), and adults (ages 25- 75+) who have never 

used any tobacco product. Self-reported SHS exposure combined exposure at home (from cigarettes, smokeless 

tobacco, cigars/cigarillos/little filtered cigars, or any other tobacco product), at work (from “smokers”), and the total 

number of hours of self-reported SHS per week. The Global Appraisal of Individual Needs- Short Screener (GAIN-

SS) score measured symptoms of three outcomes: (i) internalizing, (ii) externalizing, or (iii) substance use disorders. 

To explore the association between SHS and these outcomes, weighted logistic regressions with 100 replicate 

weights were used. Covariates included age, sex, race, sexual orientation, poverty classification, region in the U.S., 

education, alcohol use, BMI, and number of chronic diseases. 

 

Results: Adolescents exposed to SHS reported higher adjusted odds of internalizing (AOR= 1.57; CI= 1.42- 1.73), 

externalizing (AOR= 1.50; CI= 1.38- 1.62), and substance use disorders (AOR= 2.60; CI= 1.51- 4.45). Young adults 

exposed to SHS reported higher adjusted odds of internalizing disorders (AOR= 1.71; CI= 1.36- 2.14). Adults (aged 

25-75+) who reported SHS reported higher adjusted odds of internalizing (AOR= 1.56; CI= 1.17- 2.07), 

externalizing (AOR= 1.43; CI= 1.05- 1.95), and substance use disorders (AOR= 3.24; CI= 1.64- 6.40). 

 

Conclusions: These findings indicate that SHS exposure is associated with increased odds of internalizing, 

externalizing, and substance use disorders in both adolescents and older adults who have never used a tobacco 

product compared to individuals who were not exposed to SHS, similar to other population-based studies of this 

association in countries including Japan, China, Scotland, and New Zealand. 

 
24.4 

A goodness-of-fit test for the ordered stereotype model 

Daniel Fernandez1, 2, Ivy Liu1  
1School of Mathematics and Statistics, Victoria University of Wellington, Wellington, Wellington, New Zealand, 
2Sant Joan de Deu Research Foundation, Barcelona, Barcelona, Spain 

 
This talk presents a new goodness-of-fit test for an ordered stereotype model used for an ordinal response variable. 

The proposed test is based on the well-known Hosmer-Lemeshow test and its version for the proportional odds 

regression model. The latter test statistic is calculated from a grouping scheme assuming that the levels of the 

ordinal response are equally spaced which might be not true. One of the main advantages of the ordered stereotype 

model is that it allows us to determine a new uneven spacing of the ordinal response categories, dictated by the data. 

The proposed test takes the use of this new adjusted spacing to partition data. A simulation study shows good 

performance of the proposed test under a variety of scenarios. Finally, the results of the application are presented. 

 
24.6 

Transition models for grouped longitudinal categorical data applied to Entomology 

Idemauro A. Rodrigues de Lara1, Rafael de Andrade Moral2, Cesar Taconeli3, Taciana M. A. Kuhn2, João Roberto 

Spotti Lopes2  
1Exact Sciences, University of São Paulo, Piracicaba, São Paulo, Brazil, 2University of São Paulo, Piracicaba, São 

Paulo, Brazil, 3Federal University of Paraná, Cutitiba, Brazil 

 
Transition models are an important framework that can be used to model longitudinal categorical data. These models 

are particularly useful when the primary interest is in prediction, although dependence can also be measured by a 



regression coefficient for the past event. The available methods for this class of models are suitable for the cases in 

which responses are recorded over time for each individual. However, in Entomology, it is common for categorical 

data to be recorded as groups, i.e., different categories with a number of individuals each, especially when 

conducting choice tests. 

 

Russelliana solanicola is a potato pest and a potential vector of bacteria that cause emerging diseases in crops. To 

assess whether this insect could feed on different crops, Kuhn (ongoing PhD) studied the preference of the species. 

Twenty cages with one plantlet of each of five different crop species (potato, tomato, bell pepper, chilli pepper and 

carrot) were set up in a greenhouse. Then, 80 R. solanicola adults were released in the centre of each cage and the 

number of insects on each plant was recorded after half an hour, one, three, six, 24, and 48 hours. Hence, the 

observed data consist of counts made on each of six different categories (each of the five plants or none of them) 

over time. 

 

We propose a new framework for considering the time dependence in the linear predictor of a generalized logits 

transition model using a quantitative response, i.e., the number of insects on each plant. We use maximum 

likelihood estimation and present the results of the fitted under stationarity and non-stationarity assumptions, and 

also use recently proposed tests to assess non-stationarity. Our modelling framework represents an easy alternative 

to analyse grouped longitudinal categorical data. 

For our motivational study, the process was considered non-stationary over time and the fitted model allowed to 

study the susceptibility of the cultures in relation to the pests. 

 
25.1 

Sequential Monte Carlo for Response Adaptive Randomized Trials 

Shirin Golchi1, 2, Kristian Thorlund3, 2  
1Statistics, Simon Fraser University , Burnaby, British Columbia, Canada, 2MTEK Sciences, Vancouver, British 

Columbia, Canada, 3McMaster University, Hamilton, Ontario, Canada 

 
Response adaptive randomized clinical trials have gained popularity due to their flexibility for adjusting the 

treatment assignment probabilities at any point in the trial according to the intermediate results. In the Bayesian 

framework, allocation probabilities to different treatment arms are commonly defined as functionals of the posterior 

distributions of the treatment effect sizes. Repeatedly updating the posterior distribution can be computationally 

intensive when the posterior is analytically intractable. In this paper we propose an adaptation of sequential Monte 

Carlo for efficiently updating the posterior distribution of effect sizes as new outcomes are observed. This efficient 

computational tool facilitates implementation of more flexible designs with more frequent interim looks that can, in 

turn, reduce the required sample size and expected number of failures in clinical trials. 

 
25.2 

ADAPTIVE PROTOCOLS BASED ON PREDICTIONS FROM A MECHANISTIC MODEL OF THE 

EFFECT OF IL7 ON CD4 COUNTS. 

Laura Villain1, 2, 3, Daniel Commenges4, 2, 3, Melanie Prague1, 2, 3, Chloé Pasin1, 2, 3, Rodolphe Thiébaut1, 2, 3  
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France, 2INRIA Bordeaux Sud Ouest, Bordeaux, France, 3Vaccine Research Institute, Créteil, France, 4U1219, 

INSERM, Bordeaux, Please Select, France 

 
In HIV infected patients, antiretroviral therapy suppresses the viral replication and this is followed in most patients 

by a restoration of the CD4 T cells pool. For patients who fail to do so, repeated injections of exogenous IL7 is 

considered, as IL7 is a cytokine involved in the T cell homeostasis. The INSPIRE study tested different doses of IL7 

and has shown that injections of IL7 induced an increase of the number of CD4, followed by a slow decrease. The 

aim is to maintain the patient above a limit of 500 CD4 per microLiter of Blood, as it was shown that in this case, 

the life expectancy is similar to the non-HIV infected. The phase I/II INSPIRE 2 and 3 studies evaluated a protocol 

in which a first cycle of three IL7 injections is followed by a new cycle at each visit where the patient has less than 

550 CD4 cells per microliter. Restoration of the CD4 levels has been demonstrated but the long-term best adaptive 

protocol is yet to determine. As patients have different CD4 dynamics, this fixed criterion is not always appropriate. 

We propose adaptive protocols that take into account this difference of dynamic between patients to decide whether 

or when it is necessaty to administer a new cycle of IL7. 



 

A mechanistic model of the evolution of CD4 after IL7 injections have been developed (Jarne et al. Annals of 

applied statistics, 2017), based on a system of ODE and includes random effects. The random effects allow taking 

into account the variability inter individuals. Based on this model, we use a Bayesian approach for learning the 

values of the random effects. We propose two approaches, one that forecast the risk to fall below 500 CD4 before 

the next visit, in order to decide to reinject or not, and one that predicts the time at which the patients will reach the 

500 CD4 limit to decide the next time of visit. We may or not adapt the number of injections per cycle, hence we 

propose four prediction-based adaptive protocols, in order to minimize the time spent under 500 CD4 cells per micro 

litter without increasing too much the number of injections. 

 

We show that our adaptive protocols significantly reduce the time spent under 500 CD4 over a period of two years, 

without increasing of the number of injections. Such protocols have the potentiality of increasing the efficiency of 

this therapy, the proposed adaptive protocols could soon be proposed to real patients. 

 
25.3 

Effects of simple and adaptive interventions in the stochastic system approach to causality 

Daniel Commenges  

U1219, INSERM, Bordeaux, Please Select, France 

 
We consider the problem of defining the effect of an intervention on a time-varying risk factor or treatment for a 

disease or a physiological marker; we take here the latter case. So, the system considered is (Y,A,C), where 

Y=(Y_t), is the marker process of interest, A=A_t the treatment (assumed to take values 0 or 1) and C a potential 

confounding factor. The marker process Y has a Doob-Meyer decomposition dY_t=lambda_t dt + dM_t, where 

lambda_t = lambda(F_{t-}) is a function of the past history F_{t-} of the three processes; the function lambda( . , . , 

.) is the ``physical law'' and cannot be changed. Y lives in continuous time but can be observed only at discrete times 

by: Z_{t_j}=Y_{t_j}+epsilon_j. A realistic case is that the treatment can be changed only at discrete times, 

according to a probability law: P(A_{t_j}=1|O_{t-}), where O_{t-} is the observed history. In an observation study 

the treatment attribution law is unknown; however, the physical law can be estimated without knowing the treatment 

attribution law, provided a well specified model is available. An intervention is specified by the treatment attribution 

law, which is thus known. Simple interventions will simply randomize the attribution of the treatment; interventions 

that take into account the past history will be called ``strategies''. The effect of interventions can be defined by risk 

functions R^{int}=E_{int}[L(F_{t_J}], where L(F_{t_J}) is a loss function, and contrasts between risk functions for 

different strategies can be formed. Simple contrasts between two strategies (int 0 and int 1) , like E_{int 

1}(Y_{t_J})-E_{int 0}(Y_{t_J}), are very particular cases of this approach. 

 
25.4 

Covariate-Adjusted Response-Adaptive Designs for Semi-Parametric Survival Responses 

Ayon Mukherjee  
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Covariate-adjusted response-adaptive (CARA) designs use the available responses to skew the treatment allocation 

in a clinical trial in favour of the treatment found at an interim stage to be best for a given patient's covariate profile. 

 

There has recently been extensive research on various aspects of CARA designs with the patient responses assumed 

to follow a parametric model. However, the range of application for such designs becomes limited in real-life 

clinical trials where the responses infrequently fit a certain parametric form. On the other hand, the parametric 

assumption yields robust estimates for the covariate-adjusted treatment effects. To balance these two requirements, 

designs are proposed without any distributional assumptions about the survival responses, relying only on the 

assumption of proportional hazards for the two treatment arms. 

 

The proposed designs are developed by deriving two variants of optimum allocation, and also by using an 

appropriate link function. The optimal designs are based on biased coin procedures, with a bias towards the better 

treatment arm. These are the doubly-adaptive biased coin design (DBCD) and the efficient randomised adaptive 

design (ERADE). The treatment allocation proportions for these designs converge to the expected target values, 

which are functions of the Cox regression coefficients that are estimated by sequentially. The design based on the 



link function is derived using the distribution function of a probit model whose parameters are adjusted based on the 

covariate profile of the new patient. 

 

Based on simulation studies, it is found that the ERADE is preferable to the DBCD when the main aim is to 

minimise the variance of the observed allocation proportion and to maximise the power of the Wald test for a 

treatment difference. However, the former procedure being discrete tends to be slower in converging towards the 

expected target allocation proportion. The link function based design achieves the highest skewness of patient 

allocation to the best treatment arm and thus is the ethically best design. Other comparative merits of the proposed 

designs have been highlighted and their preferred areas of application are discussed. It has been found that the 

proposed designs are a suitable alternative to balanced randomisation designs in terms of their power. An existing 

clinical trial has also been redesigned using these methods. 

 
25.5 

METHODS FOR THE VALIDATION OF A HIGHLY SKEWED CONTINUOUS SURROGATE 

ENDPOINT FOR A TIME TO EVENT ENDPOINT 

Giulia Capitoli1, Federico Rotolo2, 3, Maria Grazia Valsecchi1, Stefania Galimberti1  
1Dpt. of Medicine and Surgery, University of Milano-Bicocca, Monza, Italy, 2Biostatistics and Epidemiology 

Department , Gustave Roussy, Villejuif, France, 3Université Paris-Saclay, Villejuif, France 

 
A surrogate endpoint offers an early evaluation of the true endpoint in clinical trials that require a long follow-up. 

The meta-analytic approach for the validation of a surrogate endpoint proposed by Burzykowski (2005) is now 

recognized as standard. This method is essentially based on the estimation of the association at two levels: the 

association between the surrogate and the true endpoint (individual level) and the association between the effects of 

treatment on the surrogate and the true endpoint (trial level). Several procedures are available for the validation of 

surrogate endpoints and their choice depends on the nature of both the true and the surrogate endpoints. However, 

no specific approach deals with a continuous variable characterized by a spike in zero as surrogate for a time to 

event endpoint. The goal of our work is the development of new methods to deal with this non standard distributions 

for the surrogate. 

We explored different continuous (e.i. beta and gamma) and mixed (e.i hurdle gamma model) parametric forms for 

the distribution of the surrogate endpoint. We also evaluated the possibility of handling the zeros of the surrogate 

endpoint as small values below the limit of detection which are then treated as left censored observations. Thus, the 

problem can be referred to the standard validation setting for a survival surrogate and a survival true endpoint. In all 

these extensions the use of the copula models, which is one of the hallmark of the meta-analytic approach, allows 

the joint modelling of different types of endpoints to assess the two level associations. The adequacy of the proposed 

approaches is investigated through simulations. 

We illustrate the application of these methods using individual data from a phase III study performed in Italy 

(AIEOP-ALL2000 trial), with geographical areas considered as trial-units, to formally assess whether minimal 

residual disease (MRD) at the end of the induction treatment is a valid surrogate endpoint for event free survival 

(EFS) in childhood acute lymphoblastic leukemia (ALL). MRD, which quantifies the numbers of circulating 

leukemic cells, is a skewed marker with a high proportion of zero values and this has required the development of an 

appropriate statistical method for validation. 

 

Burzykowski T., Molenberghs G., Buyse M. (2005). The evaluation of surrogate endpoint. New York. Springer. 
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Nowcasting infectious disease outbreaks using constrained P-spline smoothing 

Jan van de Kassteele1, paul eilers2, Jacco Wallinga1  
1National Institute for Public Health and the Environment - RIVM, Bilthoven, Netherlands, 2Erasmus Medical 

Center, Rotterdam, Netherlands 

 
Background 
 

During an infectious disease outbreak it is crucial to have timely information on epidemic trends. However, the 

reporting of new cases is usually subject to delay. This results in an unrealistic drop of the epidemic curve to zero 

cases at the present day. The real-time assessment of the current situation based on partial information is called 



nowcasting (Höhle and An der Heiden, 2014). 

 

Methods 
 

We organize the reported cases in a two-dimensional contingency table with on one axis calendar time and on the 

other the delay until a predefined maximum delay. Because of the delay, the table is in fact a trapezium. Our aim is 

to predict the number of occurred-but-not-yet-reported cases outside the trapezium. 

 

We present a nowcasting model based on two-dimensional P-spline smoothing of the number of reported cases. We 

force the underlying two-dimensional reporting intensity surface to be smooth. We include additional constraints 

based on prior information of the reporting process: the smooth surface is unimodal in the delay direction, (near) 

zero at the predefined maximum delay and has a presumed shape at the beginning of the outbreak. Parameter 

estimation is done efficiently by penalized iterative weighted least squares. 

 

The nowcast is obtained by summing up the already reported cases and predicted number of cases by date. By 

conditioning the two-dimensional table on the total number of cases by date, we obtain an estimate for the time-

dependent reporting delay distribution. In retrospect, the predictions can be compared with the truly observed 

number of cases using proper scoring rules for count data. 

 

Results 
 

We illustrate our method on a large measles outbreak in the Netherlands. We present nowcasts on a daily basis and 

show how the reporting delay distribution varies slightly over time. Our model is able to predict occurred-but-not-

yet-reported cases very well. 

 

Conclusions 
 

Even with very limited information the model allows constructing reliable nowcasts for the present day and 

backwards up to the predefined maximum delay. Without the additional constraints, stable extrapolation outside the 

reporting triangle is almost impossible. The procedure can assist the RIVM in monitoring epidemic trends in real-

time. 
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A two-stage approach for estimating the parameters of an age-group epidemic model from incidence data 
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Age-dependent dynamics is an important characteristic of many infectious diseases. Age-group epidemic models 

describe the infection dynamics in different age-groups by allowing to set distinct parameter values for each. 

However, such models are highly nonlinear and may have a large number of unknown parameters. Thus, parameter 

estimation of age-group models, while becoming a fundamental issue for both the scienti�c study and policy 

making in infectious diseases, is not a trivial task in practice. In this talk, we examine the estimation of the so called 

next-generation matrix using incidence data of a single entire outbreak, and extend the approach to 

deal with recurring outbreaks. Unlike previous studies, we do not assume any constraints regarding the structure of 

the matrix. A novel two-stage approach is developed, which allows for efficient parameter estimation from both 

statistical and computational perspectives. Simulation studies corroborate the ability to estimate accurately the 

parameters of the model for several realistic scenarios. The model and estimation method are applied to real data of 



influenza-like-illness in Israel. The parameter estimates of the key relevant epidemiological parameters and the 

recovered structure of the estimated next-generation matrix are in line with results obtained in previous studies. 

 
26.2 

Diverse Classifiers Ensembe Based on GMDH Algorithm for Binary Classification in R 

Osman Dag, Erdem Karabulut, Reha Alpar 
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Group Method of Data Handling (GMDH) - type neural network algorithms are the heuristic self-organization 

methods for modelling the complex systems. GMDH based algorithms are used for the various objectives; examples 

include pattern recognition, classification, clustering, approximation of multidimensional processes, forecasting and 

so on. In this study, we mainly focus on binary classification. The most widely used algorithms for this purpose are 

logistic regressions, naive bayes, random forest, artificial neural network, and support vector machines. However, 

individual classifiers cannot usually procure accurate results. Therefore, we propose an algorithm for assembling 

these classifiers via GMDH-type neural network algorithm. In all neurons, k-fold cross validation is used for the 

selection of neurons. At base classifiers training stage, we use k-fold cross validation to find model performances. 

Also, the predicted probabilities are obtained from the classifiers at the base stage. With the predicted probabilities, 

the algorithm goes into GMDH - type neural network. Pairwise combination of these predicted probabilities enters 

in each neuron and is used to find updated predicted probabilities. According to a specified external criterion, such 

as mean square error, some neurons are selected to continue their pathway and the other neurons are eliminated from 

the network. This process ends when the external criterion increases at consecutive layers. At the last layer, the 

neuron yielding the smallest external criterion is selected and the predicted probabilities of this neuron are obtained 

as an output. Also, an R package is developed for the researhers to use this algorithm. Moreover, we demonstrate the 

usage of R package on a real life medical data set. 

 
26.3 

 

Challenges and advantages when using large registry based data- longitudinal analysis of associations 

between type of treatment and medication use in patients with severe obesity in Norway. 
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Background 

Bariatric surgery is associated with remission and prevention of obesity related comorbidities, however there is only 

a sparse evidence concerning long term effects of this treatment. Use of large registries and a possibility for a long 

term follow up of patients is necessary to answer these clinical questions. 

Objective: To compare remission and new-onset of drug treated selected comorbidities (hypertension, diabetes, 

depression, and opioid use) in a cohort of treatment seeking patients undergoing surgical or medical weight loss 

treatment. 

Materials and Methods 

Patients treated for severe obesity (N=1888) in a tertiary care centre were included from 2005 to 2010 (Jakobsen et 

al, 2018). Follow-up data from the Norwegian Prescription Registry (NorPD) were retrieved from 2005-2015. Each 

individual who lives in Norway is given a unique ID number. This makes it possible to link data from several 

registries. In NorPD, each collected prescription is registered, however information extraction requires high level of 

data management and a possibility to link data stored in several formats. Differences between treatment groups and 

possible differences between time trajectories (interaction between group and time and group and gender ) were 

analysed using mixed models for repeated measurements with binary outcomes (yearly collected prescription or 

not). All analyses were stratified by previous drug use and some also by gender. Mortality risk for both groups was 

modelled using Cox regression and the cumulative incidences depicted using competing risk analysis. 

Results 

Our data revealed large differences between treatment groups. NorPD is a useful tool that enables researchers to 

monitor use, changes and trends in use of drugs and can be used to analyse effects of treatments on comorbidities 



Conclusion: 

Large registries are a rich source of data,however a close collaboration between clinicians and statisticians is 

warranted to derive clinically meaningful estimates, combined with high level of computational skills. 

References 

Gunn Signe Jakobsen, MD; Milada Cvancarova Småstuen, et al. Association of Bariatric Surgery vs Medical 

Obesity Treatment With Long-term Medical Complications and Obesity-Related Comorbidities. JAMA. 2018; 

319(3):291-301. doi: 10.1001/jama.2017.21055 

 
26.4 

Novel Statistical approaches to evaluate heterogeneity in high throughput data in biological studies 

Clelia Di Serio1, Luca Del Core2, Eugenio Montini2, Andrea Calabria2  
1University Centre , Vita-Salute San Raffaele University, Milan, Italy, 2San Raffaele Telethon Institute for Gene 

Therapy, Milano, Italy 

 
Understanding and separating different sources of variability may represent a crucial task in high dimensional data 

in biomedical studies since unwanted source of variation in data may lead to high rates of false discoveries, high 

rates of missed discoveries, or both. Unwanted variation may be either technical or biological in nature or being 

related to missing data and unseen data. Nowadays, with the advent of big-data and high throughput technologies, 

we are facing with new statistical challenges related to the problem of “reproducibility” of data, experiments and 

conclusions. Many efforts are devoted at combining large heterogeneous datasets produced under different platforms 

, data sources and types. Statistical methods aimed at integrating these data over time represent a major challenge in 

modern biostatistics. In this contribution we refer to biomedical data, where the follow-up of a clinical cohort of 

patients under a new treatment may last over several decades and the monitoring of patient health-care must benefit 

by the biotechnological advances acquired in the meantime to better characterize the therapy evolution/outcome and 

supporting steering decisions on the personalized treatment. Beyond computer science approaches for large data 

integration, new statistical methods are required to harmonized time-course data, addressing the problems of 

representativeness of the underlying population which is supposed to be homogenous over time, and a wrong 

evaluation of variability in disease course. We propose and approach based on rarefaction algorithms , a sub-

sampling method to quantify unseen data. We evaluate the reliability of the observed samples using the Hurlbert-

Heck rarefaction curve calculated as an estimation of the associated data richness and a regression technique. In 

order to face with variance and ties, the model selection and inference are performed on randomized/simulated data. 

Our approach has been tested in a dedicated biological experimental condition of a controlled dataset. We apply the 

method on several biomedical data, from gene therapy samples to genomics data, and obtaining encouraging results. 

We also investigated alternatives based on unwanted variation (UV) approaches (see Bartsch and Speed, 2012), by 

identification of negative, using the same samples analyzed with different techniques, thus reducing biological 

variability. 

 
26.6 

Assessing significance in clustering through U-Statistics for high dimension small sample size problems 

Gabriela Cybis, Marcio Valk 
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Many problems in genetics and molecular biology fall into the high dimension low sample size scenario (HDLSS), 

which presents a challenge for many statistical methods. We address here the issue of clustering a sample into two 

subgroups and assessing statistical significance significance of such partition through the a U-statistics model free 

approach. We consider an objective function B_n that measures between and within group separation, and employ it 

to build a clustering algorithm. By exploring theoretical properties of this U-statistic, we build a statistical test that 

assesses whether partitions are statistically significant or whether the whole sample is homogeneous. By combining 

both approaches, we build a clustering algorithm that finds the statistically significant partition that best separates 

both groups, if such partition in fact exists. Simulation studies show that, for the HDLSS scenario, this method is 

better than competing alternatives both in terms of power and computational cost. Additionally, it does not reqire the 

common parametric assumptions about the data generating process, such as normality or independence. In order to 

showcase our method, we also present an application to a breast cancer microarray dataset. 
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Hyperparameters and Tuning Strategies for Random Forest 
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Random forest (RF) is a supervised learning algorithm that is widely used in many areas, for example in gene 

expression analysis, protein-protein interactions, identification of biological sequences and genome-wide association 

studies. It can handle a high number of predictors, has good predictive performance and provides the possibility of 

calculating the variable importance of each predictor. 

 

Several hyperparameters of RF have to be set by the user, e.g., the number of observations that are drawn randomly 

for each tree and whether they are drawn with or without replacement, the number of variables that are drawn 

randomly for each split, the splitting rule, the minimum number of samples that a node must contain and the number 

of trees. In this talk we first provide a literature review on the parameters’ influence on the prediction performance 

and on variable importance measures, also considering interactions between hyperparameters. 

 

It is well known that RF most of the times works reasonably well with the default values of the hyperparameters 

specified in software packages. Nevertheless, tuning the hyperparameters can improve the performance of RF. In the 

second part of this talk, after a brief overview of tuning strategies we demonstrate the application of one of the most 

established tuning strategies, model-based optimization (MBO). To make it easier to use, we provide the 

tuneRanger R package that tunes RF with MBO automatically. It is based on the R package ranger which is a very 

fast implementation of RF, especially for high dimensional datasets. 

 

A benchmark study on several datasets is conducted to compare the performance and computing time of 

tuneRanger with other tuning implementations in R and RF with default hyperparameters. 
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Inferring networks of gene regulation is one of the key elements in developing our biological understanding. For this 

purpose, high-throughput biotechnology detecting protein-DNA interactions and methodologies for reverse-

engineering networks of functional gene interactions have been developed. Because of the typically large number of 

genes and the often huge amount of observed data, the latter methodological approaches focus on speed and 

scalability and commonly detect correlation, mutual information or other simplistic relations between genes. In this 

talk, I will present our approach that differs from previous methods in that a biologically-driven mechanistic model 

is used to describe the dynamic regulation between genes. Unlike other mechanistic modelling approaches, the 

model is still simple enough to be identifiable for typical datasets. The method also simultaneously considers 

multiple experimental conditions to infer a consistent Bayesian network using a trans-dimensional MCMC 

algorithm. We compare our method to other approaches by simulation and use real data to infer networks of fairly 

complex interactions regulating the response of A. thaliana to multiple environmental stresses. This work is 

published in the article “Giorgos Minas, Dafyd J Jenkins, David A Rand, Bärbel Finkenstädt; Inferring 

transcriptional logic from multiple dynamic experiments, Bioinformatics, Volume 33, Issue 21, 1 November 2017, 

Pages 3437–3444, https://doi.org/10.1093/bioinformatics/btx407” 
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Random Forests are a statistical machine learning method which show good behaviors in high dimensional settings, 

such as genomic data analysis. However in many studies longitudinal data are available, i.e. measurements are done 

several times on the same individual-hence observations are not independent-, whereas random forests work on the 

assumption of i.i.d. samples. 

 

Hajjem et.al (2014) adapted random forests to longitudinal data by using a semi-parametric mixed-effects model and 

an ML-EM based algorithm. From this idea, we propose a stochastic extended model which allows the covariance 

structure to vary over time. Moreover, we have developed a new method which takes intra-individual covariance 

into consideration to build the forest. We show that when the number of individuals tends to infinity, the expectation 

of the fitted response variable converges to the non-parametric part of the considered model. 

 

Simulations demonstrated the superiority of our approach compare to existing ones (Hajjem 2014, Sela and 

Simonoff 2012). The method has been applied to a HIV vaccine trial dataset, (DALIA). In this trial, from 8 to 10 

measurements of approximately 20000 gene transcripts were available from 18 HIV infected patients. Results show 

that when the longitudinal aspect of data is taken into account, random forests managed to unravel complex 

mechanisms between a continuous outcome (the log HIV RNA viral load) and a very large number of variables (the 

transcriptome). 

Furthermore the proposed new methodology exhibits smaller prediction error than existing ones.. 
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More efficient treatment effect estimation in pre-specified subgroups displayed in forest plots for time-to-

event outcomes 
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In randomized controlled trials, the homogeneity of treatment effect estimates in pre-defined subgroups based on 

clinical, laboratory, genetic, or other baseline variables is frequently investigated using forest plots. However, the 

interpretation of naïve subgroup-specific treatment effect estimates requires great care because of the smaller sample 

size of subgroups (implying large variability of estimated effect sizes) and the frequently large number of 

investigated subgroups. Treatment effect estimates in subgroups with a lower mean-square error based on frequentist 

and Bayesian shrinkage, Bayesian model averaging, and the bootstrap have recently been investigated but focused 

on continuous outcomes. We propose two novel general strategies for treatment effect estimation in subgroups for 

survival outcomes. The first strategy is to build a flexible model based on all available observations including all 

relevant subgroups and subgroup-treatment interactions as covariates. This model is then marginalized to obtain 

subgroup-specific effect estimates. The non-collapsibility of the hazard ratio complicates marginalization and, to 

circumvent this, we propose to use the average hazard ratio corresponding to the odds of concordance instead. The 

second strategy is based on simple subgroup-specific models which are combined via (penalized) composite 

likelihood. We implement these strategies to obtain shrinkage estimators using lasso and ridge penalties, and 

Bayesian methods. We then present a simulation study which compares these methods for realistic clinical trial 

scenarios and demonstrates a pronounced improvement in mean squared error compared to the naïve method. 

Moreover, the methods are illustrated with data from a large randomized registration trial in follicular lymphoma. 

 
27.6 

Partial least squares to model the relationship between high dimensional proteomics data and multivariate 
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With the recent advancements in technology it is common to measure several predictors on a single patient. This 

development brings collinearity, noise, and high-dimensionality (p>n) making some regression techniques (such as 



ordinary least squares (OLS)) unfit for modelling. In this study, we are interested in identifying the proteins that are 

associates to Skin hardening (mRSS), and abnormal lung function (DLCO and FVC) in patients suffering from 

Scleroderma. This will lead to the measurement of fewer proteins in future patients and aid in predicting the status 

of subsequent patients. In this study, there are 198 proteins and 93 patients making OLS ill-equipped to solve the 

problem. 

Among the regularization methods used in regression, the least absolute shrinkage and selection operator (LASSO) 

is often used for variable selection and prediction. To estimate the value of the tuning parameter cross validation or 

double cross validation (DCV) can be used. But LASSO does not perform very well in the presence of collinearity 

because it may not select the significant predictors. 

Moreover, we are interested in multivariate (MV) modelling of the three outcomes. The following MV techniques 

will be considered: partial least squares (PLS2), probabilistic partial least squares (PPLS), and the envelope model 

(EnM). PLS2 uses an algorithm to find the estimate of the regression vector, while PPLS and EnM are maximum 

likelihood based methods. The EnM however assumes n>p and estimates more parameters than PPLS. We propose 

to first select biomarkers using LASSO for the three outcomes individually and then carry out MV modelling to gain 

insight into the relationship between the three outcomes and the by-LASSO selected proteins. 

We selected 50 proteins, by using LASSO and DCV on the three outcomes individually. Results of the MV methods 

applied to these 50 proteins will be presented. A comparison of the three MV methods will be made based on 

number of components needed, efficiency in parameter estimation, and prediction accuracy. Finally for evaluation in 

terms of prediction accuracy, we will have access to follow-up data on these patients. 
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Alternative splicing plays a fundamental role in the biodiversity of proteins as it allows a single gene to generate 

several transcripts and, hence, to code for multiple proteins. However, variations in splicing patterns can be involved 

in diseases. When comparing conditions, typically healthy vs disease, scientists are increasingly focusing on 

differential transcript usage (DTU), i.e. in changes in the proportion of transcripts. 

A big challenge in DTU analyses is that, unlike gene level studies, the counts at the transcript level, which are of 

primary interest, are not observed because most reads map to multiple transcripts. Tools such as Salmon or Kallisto 

allow, via expectation maximization (EM) like algorithms, to estimate the expected number of reads originating 

from each transcript. Most DTU methods follow a plug-in approach and take the estimated counts as input by 

treating them as real transcript counts, thus neglecting the uncertainty in the estimates. In order to overcome this 

issue, methods such as cjBitSeq and casper consider the actual position of each read to the genome; nevertheless, 

none of them allows for sample-specific proportions. 

We propose a Bayesian hierarchical methodology for DTU, based on RNA-seq data, that combines the key elements 

of the two approaches above. In particular, our method assumes a hierarchical Dirichlet-Multinomial structure on the 

transcript level counts and inputs the genomic location of each read. Inference is embedded in a Bayesian 

hierarchical framework where, using a data augmentation procedure, we sample both the model parameters and the 

allocation of reads to transcripts, which is treated as a latent variable. The hierarchical approach allows us to infer 

the sample specific transcript proportions and, via the hyper-parameters, the average proportion across samples. The 

parameters of the model are inferred via Markov chain Monte Carlo (MCMC) techniques. In order to test for DTU, 

we approximate the posterior densities of the parameters by a normal distribution and apply a multivariate Wald test 

on the approximated posteriors. 

Our method tests for DTU at both transcript and gene level, allowing scientists to investigate what specific 

transcripts are differentially used in selected genes. We will show how, in simulation studies across both Drosophila 

and human genomes, the proposed methodology outperforms existing methods. 
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First-in-man trials are typically preceded by a number of pre-clinical studies which characterise the toxicity profile 

of a new medicine in animals. The possibility of incorporating animal data into phase I clinical trials is intriguing 

but challenging. One concern is that the risk of toxicity could vary drastically across different animal species and 

humans given the same dose. This precludes the use of standard Bayesian meta-analytic models to translate 

information on the dose-toxicity relationship across species. 

 

We propose a Bayesian hierarchical model to synthesise animal and human toxicity data, using scaling factors to 

translate the doses administered to different animal species onto an equivalent human scale. Parameters of logistic 

models for the dose-toxicity relationship in any tested animal species and humans therefore can be interpreted on a 

common scale. Prior distributions are used to capture uncertainty about the magnitude of the translation factor 

appropriate for each species. Within an animal species, study-specific dose-toxicity model parameters are assumed 

to be exchangeable. Furthermore, species-specific population parameters on the common scale, say, the human-

equivalent scale, are assumed to be exchangeable and thus can be modelled with a “supra-species” random-effects 

distribution, allowing for increased borrowing of information across species. Robust borrowing of information from 

animals to humans is permitted by modelling the parameters of a future phase I first-in-man trial as exchangeable 

with those standardised study-specific animal parameters: for each animal species, a mixture weight is defined 

representing our prior scepticism about the plausibility of an exchangeability assumption, while the option of non-

exchangeability with animals is also considered. In this way, information is borrowed only from the most relevant 

animal species. The proposed methodology is illustrated using data examples and simulations. Simulation results 

suggest our model improves the precision of estimates of the toxicity rates in most cases and leads to reduction of 

ethical hazard. 

 
28.3 

Not all models are created equal: robustness in hierarchical modeling 
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Hierarchical models are increasingly used in applied statistics. Our ability to specify and fit hierarchical models has 

outpaced our capability for checking the robustness of the models, particularly as the hierarchical structure deepens. 

Hierarchical approaches are broad and include a wide range of models. At one extreme we have models that include 

structure to include partial pooling and regularization. At another extreme are models that include latent variables 

that cannot be without multi-level probability structure. Using examples, we will consider the aspects of the 

hierarchical models that are well supported by data, as well as the variables that are likely to be sensitive to 

modeling assumptions. This has implications for how we interpret model output and distinguish between different 

hierarchical specifications. 

 
28.4 

Improving the identification of extreme clusters using multilevel data 

John Neuhaus, Charles McCulloch 

Epidemiology and Biostatistics, University of California, San Francisco, USA, San Francisco, California, United 

States 

 
Predicted random effects are widely used to evaluate the performance of and rank clusters such as patients and 

hospitals using longitudinal and multilevel data. Previous work showed that predicted random effects generally 

perform better than simply using fixed effects and are optimal in the sense of minimum mean square error of 

prediction under certain assumptions. However, predicted random effects are often used to identify extreme values 

such as poorly performing hospitals and the performance of standard best predicted values has not been 

systematically evaluated in this setting. In this talk, we show that methods that assume distributions with heavier 

tails than the normal distribution can produce best predicted values with smaller mean square or absolute error of 

prediction than standard best predicted values when interest focuses on extreme clusters. We present several new 

methods to identify extreme clusters and evaluate their performance using theoretical calculations, simulation 



studies and example data. Data from a longitudinal study of lower extremity physical performance in older women 

motivate our work and illustrate the findings. 

 
28.5 

 

Analysis of longitudinal semi-continuous data: A marginalized multilevel model approach 

Gul Inan1, John Preisser2  
1Department of Statistics, Middle East Technical University, Ankara, Turkey, 2Department of Biostatistics, 

University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States 

 
Longitudinal semi-continuous data, consisting of a mixture of zeros and positive continuous values collected 

repeatedly over time, can be commonly encountered in many disciplines from dental studies to insurance claim 

studies. In this study, we propose a marginalized multilevel random effects model to analyze longitudinal semi-

continuous data. The proposed model consists of two-parts where the first and the second part associate marginal 

mean of zero responses and conditional mean of positive responses with covariates through a logistic regression 

model and a gamma regression model with random effects, respectively. A marginal mean model for the positive 

continuous part is further defined and the connection via the marginal mean and the conditional mean of the positive 

continuous part is enabled via integration over normally distributed random effects. The proposed model is based on 

a likelihood based inference and it provides both population-based and subject-specific interpretations on the mean 

of positive continuous part due to its marginalized mean structure. A Monte Carlo simulation study is designed to 

assess the performance of the proposed model. Furthermore, the proposed model is illustrated via using the oral 

health-related quality of life data. 

 
28.6 

Multilevel Discrete Time- To- Event Modelling of Family Formation Data in rural South Africa 

Jesca M. Batidzirai2, Samuel Manda1, 2, Henry Mwambi2, Frank Tanser3  
1Biostatistics Research Unit, South African Medical Research Council, Pretoria, Gauteng, South Africa, 2School of 

Mathematics, Statistics & Computer Science, University of kwaZulu- Natal, Pietermaritzburg, KwaZulu- Natal, 

South Africa, 3School of Nursing and Public Health, University of kwaZulu- Natal, Durban, KwaZulu- Natal, South 

Africa 

 
The Africa Health Research Institute (AHRI) in rural South Africa has been running a Health and Demographic 

Surveillance Systems site since 2000. The site collects longitudinal data on histories of marriage formations and 

marriage dissolutions at the subject level. These data are multiply complex to be analyzed using standard statistical 

methods. A subject may experience multiple and recurrent states over a period under observation; subjects are 

nested within households that are themselves nested in communities. Thus, at each level of the hierarchy, the data 

observed may not be assumed independent. This study models transitions between various states of family 

formations and dissolutions using discrete- time to event models, controlling for a number of possible time-varying 

covariates and the clustering nature of the data. We model transitions between states under multistate processes with 

competing risks construction using time non- homogeneous Markov model. Competing risk regression models based 

on Fine and Gray’s proportional sub- hazards are used and they are specially appropriate in advancing the 

understanding of the interrelations between transitions, durations and covariate dependencies for family formations 

and dissolutions studies. The study adds novel statistical application to highlight crucial insights to interrelations of 

various family formation and dissolution states and mediating factors using a very rich data set. 

 
29.1 

Assessing the Impact of a Matching Adjusted Indirect Comparison in a Bayesian Network Meta Analysis 

Joy Leahy1, Cathal Walsh2  
1Statistics, Trinity College Dublin, Cork, Ireland, 2Department of Mathematics and Statistics, University of 

Limerick, Limerick, Ireland 

 
Incorporating Individual Patient Data (IPD) into a Network Meta Analysis (NMA) is considered the gold standard of 

systematic review as it allows a more in-depth analysis of the data, and accounts for differences in covariates 

between trials. However, the situation can often arise where a researcher has IPD for trials concerning a particular 

treatment (for example from a sponsor), but none for other trials. In this case one can re-weight the IPD so that the 



covariate characteristics in the IPD trials match that of the aggregate data (AD) trials, using a method called 

Matching Adjusted Indirect Comparison (MAIC). This method has becoming increasingly popular in recent years, 

and is important when the effect of the covariate is dependent on the treatment that a patient is taking (i.e. covariate-

treatment interaction). 

 

We investigate the benefits of using this technique in a Bayesian setting applied to a time to event outcome. We 

carry out a simulation study with 3 separate IPD trials comparing treatments A and B, and another AD trial 

comparing treatments B and C. We find that it improves accuracy when using both a model based on hazard ratios 

and a model based on medians. We investigate two different options of weighting covariates: 1. all three studies are 

weighted separately to match the AD trial. 2. patients are weighted across all three IPD studies to match the AD 

trial, but the NMA still considers each trial separately. The effectiveness of each of these methods is dependent on 

the similarity of each IPD trial to the target AD trial population. We also investigate the effect that the covariate-

treatment interaction has on the overall accuracy of the models and the relative benefit of MAIC. We find that larger 

covariate-treatment interactions increase the benefits of using MAIC. Overall, we would recommend using an 

MAIC where possible, even if only as a sensitivity analysis to account for covariate differences. 

 
29.2 

Bayesian analysis linked to global sensitivity analysis to quantify uncertainty and characterize dynamical 

intracellular pathway models 

Alexandra Jauhiainen1, Olivia Eriksson2, 4, 3, Jeanette Hellgren Kotaleski2, 4, 3, Sara Maad Sasane5  
1Biometrics, Early Clinical Development, AstraZeneca, Molndal, Sweden, 2Science for Life Laboratory, KTH Royal 

Institute of Technology, Stockholm, Sweden, 3Swedish e-Science Research Centre (SeRC), Stockholm, Sweden, 
4Science for Life Laboratory, Stockholm University, Stockholm, Sweden, 5Centre for Mathematical Sciences, Lund 

University, Lund, Sweden 

 
Dynamical models describing intracellular phenomena, like the protein interactions of signalling pathways, are 

increasing in size and complexity as more information from experiments is incorporated. These models are often 

over-parameterized with respect to the quantitative data used for parameter estimation, resulting in uncertainty in the 

individual parameter estimates as well as in the predictions made from the model. We combine Bayesian analysis 

with global sensitivity analysis in order to give better informed predictions; to point out weaker parts of the model 

that are important targets for further experiments, as well as give guidance on parameters that are 

essential in distinguishing different qualitative output behaviours. 

 

We used approximate Bayesian computation (ABC) to estimate the model parameters from experimental data, as 

well as to quantify the uncertainty in this estimation (inverse uncertainty quantification), resulting in a posterior 

distribution for the parameters. This parameter uncertainty was next propagated to a corresponding uncertainty in 

the predictions (forward uncertainty propagation), and a global sensitivity analysis was performed on the prediction 

using the posterior distribution as the possible values for the parameters. This methodology was applied on a 

relatively large and complex model relevant for synaptic plasticity, using experimental data from several sources. 

Uncertainty analysis and global sensitivity analysis have often been performed as separate methods in different 

modelling studies, but here they are combined so that we can point out those parameters that by themselves have the 

largest contribution to the uncertainty of the prediction as well as identify parameters important to separate between 

qualitatively different predictions.This approach is useful both for experimental design as well as model building. 

 
29.3 

Time-varying rankings with the Bayesian Mallows model 

Derbachew A. Teni1, Valeria Vitelli2, Oystein Sorensen3, Arnoldo Frigessi2, Elja Arjas4  
1Statistics, Hawassa University, Hawassa, SNNPR, Ethiopia, 2Oslo Centre for Biostatistics and Epidemiology, 

Department of Biostatistics, University of Oslo, Norway, Oslo, Norway, 3Oslo Centre for Biostatistics and 
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We present new statistical methodology for analysing rank data, where the rankings are allowed to vary in time. 

Such data arise, for example, when the assessments are based on a performance measure of the items, which varies 



in time, or if the criteria, according to which the items are ranked, change in time. Items can also be absent when the 

assessments are made, because of delayed entry or early departure, or purely randomly. In such situations, also the 

dimension of the rank vectors varies in time. Rank data in a time-dependent setting thus lead to challenging 

statistical problems. These problems are further complicated, from the perspective of computation, by the large 

dimension of the sample space consisting of all permutations of the items. Here, we focus on introducing and 

developing a Bayesian version of the Mallows rank model, suitable for situations in which the ranks vary in time 

and the assessments can be incomplete. The consequent missing data problems are handled by applying Bayesian 

data augmentation within Markov chain Monte Carlo. Our method is also adapted to the task of future rank 

prediction. The method is illustrated by analysing some aspects of a data set describing the academic performance, 

measured by a series of tests, of a class of high school students over a period of 4 years. 

 
29.4 

Bayesian Knowledge Integration for an in Vitro–in Vivo Correlation (IVIVC) Model 

Elvira M. Erhardt1, Moreno Ursino2, Tom Jacobs3, Jeike Biewenga3, Mauro Gasparini1  
1Department of Mathematics, Politecnico di Torino, Turin, Italy, 2INSERM, UMRS1138, CRC, Paris, France, 
3Janssen Pharmaceutical Companies of Johnson & Johnson, Beerse, Belgium 

 
In vitro–in vivo correlation (IVIVC) methods play a key role in the drug development and optimization of 

formulations. An IVIVC is defined by the Food and Drug Administration as the mathematical relationship between 

the in vitro characteristics of a dosage form and its in vivo response. This tool can act as a surrogate for 

bioequivalence or bioavailability testing in human subjects, thus support biowaivers and thereby reduce cost and 

duration of the optimization process. However, most of the current IVIVC models entail complex and potentially 

unstable mathematical deconvolution operations and are assessed applying purely frequentist methods, such as 

linear regression, on averaged data. We propose a Bayesian convolution-based IVIVC approach compromising 

(a) a nonlinear mixed effects model for the in vitro release data; 

(b) a population pharmacokinetic compartment model for the in vivo immediate release data; 

(c) a system of ordinal differential equations containing the submodels (a) and (b), which approximates and predicts 

the in vivo blood concentration-time, using in vivo controlled release data. 

The innovation in this work consists of a shared parameter space merging the submodels (a) and (b) into (c). The 

uncertainty on these parameters is accounted for by making use of a hierarchical Bayesian framework. The 

frequentist estimates from the first two submodels serve subsequently as priors for the Bayesian third submodel, 

ensuring a natural integration of knowledge from one source of information into the other. We demonstrate the 

application of the method using study data of a transdermal patch, in (a) and (c), and of an intravenous infusion, in 

(b). 

 
29.5 

Challenges and opportunities for sequential knowledge integration within a Bayesian PK/PD modeling 

framework 

Fabiola La Gamba1, 2, Tom Jacobs1, Helena Geys1, 2, Christel Faes2  
1Janssen R&D, Beerse, Belgium, 2Hasselt University, Diepenbeek, Belgium 

 
Studies on pharmacodynamic (PD) drug-drug interactions are usually performed in an in-vitro setting, but are rarely 

undertaken in an in-vivo framework. In this work, the co-administration of a novel molecule with a marketed 

treatment is studied through in-vivo studies performed sequentially, where body temperature is assessed at 4 

different time points after oral administration of the two drugs. 

The temperature change over time is expressed through an indirect response model, where a virtual pharmacokinetic 

(PK) profile of the marketed treatment is assumed to drive the effect. A pharmacodynamic interaction is assumed at 

the EC50. 

The aim of the present work is to discuss the implications of performing the model in a Bayesian sequential manner, 

so that the posterior distributions resulting from a study are used to determine the hyperparameters of the prior 

distributions of the study which follows. 

The following modelling aspects are assessed: (1) Impact of prior elicitation; (2) Specification of random effect; (3) 

Impact of different Bayesian sequential integration methods. 

The model worked well with informative priors, random baseline and when a substantial dose range was 

investigated in each study. Weakly or non-informative priors led to an increase of parameter correlation, whereas 



allocating the random effect on a parameter which is part of the highly correlated parameter space led to an 

overcompensation among parameter estimates. The integration of studies where one or few dose combinations were 

assessed produced biased results. This highlights the importance of a careful design of experiment for a successful 

sequential integration. 

 
29.6 

PROPENSITY SCORE-BASED APPROACHES IN HIGH DIMENSION FOR PHARMACOVIGILANCE 

SIGNAL DETECTION 

Emeline Courtois1, 2, 3, Antoine Pariente4, 5, Francesco Salvo4, 5, Etienne Volatier1, 2, 3, Pascale Tubert-Bitter1, 2, 3, 

Ismaïl Ahmed1, 2, 3  
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Center, UMR 1219, INSERM (Institut National de la Santé et de la Recherche Médicale), Bordeaux, France, 
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Classical methods used for signal detection in pharmacovigilance rely on disproportionality analysis of spontaneous 

reports counts of a given adverse drug reaction. In recent years, alternative methods have been proposed to analyze 

individual spontaneous reports such as penalized multiple logistic regression approaches. These approaches could 

address some well-known biases resulting from disproportionality methods such as masking and co-prescription 

effects. However, while penalization accounts for computational constraints due to high-dimensional data, it raises 

the issue of determining the regularization parameter and eventually that of an error-controlling decision rule. 

 

We present a new automated signal detection strategy for pharmacovigilance systems, based on propensity scores 

(PS) in high dimension. PSs are increasingly used to assess a given association with high-dimensional observational 

healthcare databases in accounting for confusion bias. Our main aim was to develop a method having the same 

advantages as multiple regression approaches in dealing with bias, while relying on the statistical multiple 

comparison framework as regards decision thresholds, by considering false discovery rate (FDR)-based decision 

rules. 

 

We investigate four PS estimation methods in high dimension: a gradient tree boosting algorithm from machine-

learning and three variable selection algorithms. For each (drug, adverse event) pair, the PS is then applied as 

adjustment covariate or by using two kinds of weighting: inverse proportional treatment weighting and matching 

weights (MW). The different versions of the new approach were compared to an univariate approach and to two 

penalized multiple logistic regression approaches, directly applied on spontaneous reporting data. 

Performance was assessed through an empirical comparative study conducted in the French pharmacovigilance 

database (2000-2016) on a reference signal set that was recently proposed for drug-induced liver injuries. 

 

Multiple regression approaches performed better in detecting true positives and false positives. Nonetheless, the 

performances of the PS-based methods using MW were very similar to that of multiple regression and better than 

with the univariate approach. These results, in addition to being able to provide an FDR estimate, make the PS-based 

strategy an interesting alternative to multiple regression approaches. 

 
30.1 

Log-linear row-column interaction models improve the visualization of microbiome data 
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Explorative visualization is a key first step in analysing large microbiome count datasets. Because of their high 

dimensionality, a dimension reduction is required. Many dimension reduction methods have been developped, but 

most of them focus primarily on sample ordination, failing to elucidate the role of the bacterial species. Moreover, 

implicit but unrealistic assumptions underlying these methods ignore overdispersion and differences in sequencing 

depths encountered in microbiome sequencing data. We combine log-linear row-column interaction models with 

dispersion estimation algorithms and flexible response function modelling into a flexible framework for 

unconstrained and constrained ordination. As opposed to many existing ordination methods, the assumptions 

underlying our method are stated explicitly and can be verified using simple diagnostics. Our method provides an 

improved sample ordination, as well as accurate identification of species driving the sample differences. 

Additionally it allows the user to condition on confounding variables, such as sequencing center or technology, to 

filter out their effect. A constrained version of our method in the same log-linear framework uncovers the 

environmental variables with the strongest impact on sample ordination and species' abundances. Comparative 

studies of ordination methods are rare, and usually ignore the role of the taxa in the sample ordination. We propose 

parametric simulation as well as real data resampling methods to compare a wide range of ordination methods. 

These simulation results show a good performance of our method in most scenarios, while revealing flaws in 

existing methods. Finally our method is demonstrated to yield biologically meaningful results on several publicly 

available datasets. The algorithms for fitting and plotting are available in an R-package named \textit{RCM}. 

Because of their flexibility in incorporating covariates and choice of associated distributions, we expect that row-

column interaction models present a promising approach for other omics datasets as well. 

 
30.2 

A spatial network model of deer populations in Great Britain to inform surveillance and control strategies for 

Chronic Wasting Disease 

Theo Pepler1, Jason Matthiopoulos1, Simon Croft2, Graham C. Smith2, Rowland Kao3  
1University of Glasgow, Glasgow, United Kingdom, 2Animal & Plant Health Agency, London, United Kingdom, 
3University of Edinburgh, Edinburgh, United Kingdom 

 
The recent detection of chronic wasting disease (CWD) in Norwegian cervids prompted an investigation of disease 

spread scenarios in the event of this infectious disease being introduced to deer populations in Great Britain (GB). 

Although evidence suggests that CWD spread happens primarily through environmental contamination and indirect 

transmission, direct animal-to-animal contact can also play a role in the disease dynamics. 

 

Currently very little data are available on the precise locations, ranging behaviour, and sizes of wild deer herds in 

GB. Herd locations were therefore simulated based on estimated deer density data and expert opinion on typical 

herd sizes for the six deer species found in GB. Gaussian kernels were fitted at the herd centroids, with dispersion 

parameters dependent on the deer density estimates. Tracking data for a small number of deer were used to 

determine realistic values for the dispersion parameters. 

 

A spatial network representation of the simulated deer herds were then constructed. The fitted kernel density 

functions were used to quantify pairwise herd contact probabilities. This static network representation allowed the 

use of network analysis methods for community detection and the identification of choking points on the network. 

The results are potentially useful to inform strategies for targeted disease surveillance and disease control in the 

event of CWD incursion. 

 
30.3 

Application of Prediction and Classification Methods to Genomic Selection 

Ana Gabriela P. Vasconcelos1, Bruno M. Lima3, Bernardo B. Andrade1, Dario Grattapaglia2, Joanlise M. Andrade1  
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Tree improvement programs aim to economically increase forest productivity and quality through genetic 

manipulation. However, this task involves challenges such as lengthy breeding cycles and high costs of phenotyping 

large progeny trials for several traits. Thus, approaches that evaluate breeding values of trees early in life, without 



the need to phenotype, have the potential to help overcome these challenges. One of them is Genomic Selection 

(GS), which consists in using molecular genetic information to estimate marker effects simultaneously across the 

whole genome of the breeding population, based on a prediction model. The prediction model, developed in a 

training sample with both genotype and phenotype data, is then used to calculate Genomic Estimated Breeding 

Values(GEBV) of selection candidates (based only on genotypes in the testing sample), which can guide the 

breeders during the decision-making process. Therefore, developing GS models is an essential step to improve the 

genetic gain and the predictive ability. Several regression methods of prediction have been proposed and applied in 

animal and plant improvement programs. All are characterized by shrinking markers coefficient, such as Ridge 

Regression Best Linear Unbiased Prediction (RR-BLUP), Reproducing Kernels Hilbert Spaces Regression (RKHS) 

or Bayesian approaches (LASSO, Bayes A, Bayes B, Bayes C). Most metrics to evaluate regression accuracy are 

global measures that do not evaluate quality on the tails of the distribution. So, since the breeder makes the decision 

of the best individuals based on the highest (or lowest) GEBVs, Machine Learning Classification models became an 

alternative approach to solve this issue. In this study, Ridge Regression models and Machine Learning Classification 

algorithms were compared using data from 999 Eucalyptus trees sampled from a progeny trial in an elite breeding 

population. These models were utilized to predict 15 continuous complex growth and wood quality traits 

individually based on a dataset of 33,398 Single-Nucleotide Polymorphism (SNPs) markers. Both regression and 

classification model performances were compared under the same cross validation schemes using Cohen’s kappa 

coefficient and relative efficiency, an ad hoc measure. 

 
30.4 

Use of the Probit binding function and its limitations in the prediction of P50 in soybean seeds 
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The Probit binding function was suggested by Ellis & Roberts in the 1980s in order to obtain the viability of 50% of 

a seed lot. Since then, the model: v = Ki - αp, where v is the viability of the lot, Ki is the initial viability, α is the 

deterioration rate, and p the time period, obtained in days; has been used in order to predict the seed longevity 

phenomenon. The model is a rearrangement of the linearization equation obtained by the probit binding function 

which requires some assumptions, including that the sample data are normal. Considering that seed survival data 

tend to be non-normal, this paper has proposed to evaluate conditions of use of the Ellis & Roberts model that 

minimize possible errors in the prediction of P50. To do so, seven lots of seeds produced in different regions of 

Brazil, was submited a standard germination tests (TPG) and vigor tests. After the tests, the seeds were divided into 

three groups: high ( 2), medium (2) and low vigor (3), respectively. Curves obtained with seeds of lower 

physiological quality levels tend to present a softer sigmoidal behavior. To evaluate the survival, the samples were 

submitted to an artificial aging process in which the seeds were placed in gerbox boxes containing NaCl salt 

solution, which simulates a relative humidity (RH) of 75%. The seeds were placed on a metal screen inside the 

gerbox, and after being properly sealed, were placed in BOD chambers at a constant temperature of 35 degrees 

Celsius. Periodically, the samples were evaluated by test of TPG, and those that emitted protrusion of at least 2mm, 

was considered viable. The percentages of the viability of the seeds were transformed, considering values 1 equal to 

0.999 and 0 equal to 0.001; and the intermediate values were adjusted for this new interval, which is the condition 

for applying the adjustment. The P50 obtained by the linearization equation was compared with the P50 found 

experimentally, and the results showed that the probit model can generate errors in the prediction of up to 23%. One 

way to minimize the errors was to make cuts at the ends of the lines of the order of 5, 15 and 25%. However, only 

the cut of 25% of the values of the initial and final viability allowed to find P50 values close to those obtained 

experimentally, both in high and medium seeds and in low vigor seeds. 

 
30.6 

ALTERNATIVE MULTIVARIATE MODELS FOR PHENOTYPING AND CLASSIFICATION OF 
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Sugarcane and soybean play an important role as a bioenergy source. Worldwide researchers are developing new 

strategies and techniques for better growing these crops in the field and investing in breeding programs targeting 

new varieties, not only for human and animal consumption, but also for the bioenergy industry. To develop varieties 

that meet the current and the future needs, it is essential to find phenotyping methods that are fast, exact, consistent 

and easy to apply. Near-Infrared Spectroscopy (NIR) works as an important option. Because of the high dimension 

(p>>n) of NIR data, partial least squares (PLS) regression is historically applied in this case. However, other 

methods (for example, Ridge Regression BLUP - RRBLUP and Bayesian Lasso - BLASSO) that also circumvent 

this high dimension problem are usually applied in the genome wide selection data. The aim of this study was to 

compare alternative prediction models against the one traditionally used by practitioners of NIR-data analysis, and 

check their predictive and categorization quality. We built predictive models by PLS regression, RRBLUP and 

BLASSO using NIR data from cane stalk samples of 148 clones and from the powder obtained from seed samples of 

228 soybean accessions. For sugarcane, we aimed to predict the fiber (FIB %) and, for soybean, the response 

variable was the oil content. The proportion of calibration:prediction groups was approximately 90:10, or else, 

148:20 sugarcane clones, and 208:20 soybean accessions. FIB ranged from 8.37% to 19.52%, and oil content ranged 

from 13.41% to 24.78%. The RRBLUP and BLASSO showed correlation between observed and predicted y-values 

vectors, in the prediction groups, similar to the one obtained by PLS best calibration model after pre-treatment on 

the X-matrix of spectra. However, RMSE were much smaller for soybean oil content prediction. Models showed 

good performance when classifying the clones and accessions as “selected” or “non-selected” according to a 

categorization of the characters studied. Furthermore, the models presented high accuracy, small false positive rate 

and good accuracy. RRBLUP and BLASSO may overcome PLS models because they do not need to have parameter 

values, like the number of latent variables, subjectively defined by the researcher. (Acknowledgements: FAPEMIG, 

CAPES, CNPq, PMGCA-UFV) 
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Genome-wide association studies (GWAS) assess relationships between single nucleotide polymorphisms 

(SNPs) and diseases. They are popular problems in genetics in which the number of SNPs are large compared 

to the number of subjects in the study. Individuals might not be independent, especially in animal breeding 

studies or genetic diseases in isolated populations with highly inbred individuals. We propose a family-based 

GWAS model in a two-stage approach comprising a dimension reduction and a subsequent model selection. 

The first stage, in which the genetic relatedness between the subjects is taken into account, selects the 

promising SNPs. The second stage uses Bayes factors for comparing among all candidate models and a 

random search strategy for exploring the space of all the regression models in a fully Bayesian approach. 

We illustrate its performance and compare with existing methods in a simulated study and in a real study 

about Beta-thalassemia disorder in an isolated population from Sardinia. 

 
31.2 

Improved prediction and variable selection in joint modelling of longitudinal and time-to-event data, with 

application to a study of ageing population 

Jacob Cancino-Romero, Stuart Barber, Leonid V. Bogachev, Jeanine Houwing-Duistermaat 
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Jointly modelling longitudinal and time-to-event outcomes can improve the prediction accuracy of the Cox model. It 

requires the specification of a regression submodel for each outcome, a covariance structure for random effects, and 

functions to connect both submodels. 

 

The complicated structure of joint modelling conveys challenges for statistical modelling. In particular, variable 

selection is nontrivial and of paramount interest. This aspect has been addressed using penalized likelihood methods 

aiming to optimize the goodness of fit [Chen & Wang, Stat.Med. 36 (2017) 3820; He et al., Biometrics 71 (2015) 

178]. We use penalized likelihood methods and LASSO for variable selection with the goal of maximizing 



prediction accuracy. We use measures such as the Brier score, the C-statistic and the hazard discrimination summary 

[Liang & Heagerty, Biometrics, 73 (2017) 725], and compare the resulting models with those based on existing 

methods (e.g. maximizing the BIC), in both simulation studies and real data analysis. 

 

This work is motivated by the Yorkshire & Humber Community Ageing Research 75+ study (CARE75+) (n=282) 

conducted in Northern England. CARE75+ studies frailty in the elderly to understand why some people remain fit 

and resilient in older age while others experience sudden and dramatic health decline, and to determine what 

(treatable) problems have a major impact on mortality and frailty. 

 

The data to quantify frailty, summarized by the Edmonton Frail Scale, are collected intermittently on each 

participant at set times, hence frailty is susceptible for being measured only as long as the participants are alive. In a 

prediction model for mortality, frailty acts as an endogenous time-varying covariate subject to measurement error. 

Joint modelling of frailty and mortality allows us to avoid the assumption of the Cox model about time-varying 

covariates, to account for the measurement error of frailty, and to reduce the bias produced by ignoring the 

dependence between the two outcomes. Preliminary results indicate that high risk of mortality is associated with 

several highly correlated risk factors and frailty (p=0.036). Hence there is the need for penalized methods for 

variable selection in the joint modelling context to build a prediction model for mortality. 

 
31.3 

Variable Selection for AFT Models Using Generalized Linear Mixed Modeling Approach 

Md Hasinur Rahaman Khan, Sifat Sharfin 
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The generalized linear mixed model (GLMM) is a popular modeling approach applied in many contexts including 

the context that produces unobserved variability in the complete data due to the nature of nested or repeated 

observations. The unobservable variability can be seen in censored data where traditional methods --the Cox and 

AFT models are used. This study presents a modified GLMM technique for AFT models by using $\ell_1$ 

penalization to the Stute`s weighted least square objective function. This proposed approach performs the variable 

selection for high-dimensional censored data that are common in many fields including genomic, microarray, and 

system biology. The performance of the method is tested with several simulated examples under variety of settings 

including several correlation structures among the covariates, degree of censoring, and number of clusters and 

important covariates. The simulated examples demonstrate that the method produces very impressive results in the 

cases when lower level of censoring and small number of significant covariates is present in the model. The 

performances of the proposed method are found to be satisfactory and for some cases outperformed when the 

method is compared with some existing methods in literature. It is also found that the performance of the modified 

approach, as other existing methods, depends highly on the censoring rates and dimensionality of the variables. 

 
31.4 

Stability investigations after variable selection: subsampling or bootstrap? 

Christine Wallisch, Daniela Dunkler, Georg Heinze 
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Variable selection methods, e.g., backward elimination or Lasso, are commonly used to identify relevant 

explanatory variables and to reduce the number or explanatory variables in multivariable models. Applying variable 

selection methods may lead to false inclusion or exclusion of variables, and hence stability investigations are needed 

to assess the reliability of a model. They can also inform about a possible bias and the variance of regression 

coefficients after selection. 

Using resampling methods, variable inclusion frequencies, model selection frequencies, and distributions of 

regression coefficients in the selected models can be assessed. To compare the variance of these distributions with 

the variance of the regression coefficients in the global model, we proposed to compute the root mean squared 

difference ratio (RMSDR) (BiomJ, 2018). The RMSDR expresses the additional uncertainty induced by variable 

selection. Values greater than 1 are expected in small samples, where variable selection usually inflates the variance 

of coefficients. In large samples, RMSDR can be substantially smaller than 1, particularly for weak or noise 

predictors, suggesting an advantage of variable selection. 

We conducted a simulation study with different sample sizes to investigate whether bootstrap or subsampling, as 



recently proposed by De Bin et al (Biometrics, 2016) is better suited to estimate these quantities. To this end, we 

developed expected values of stability measures which serve as benchmarks in our simulations. 

First, we compared model and variable selection frequencies estimated by these resampling methods with their 

expected values. This investigation supports the findings of De Bin et al, showing better accuracy of subsampling-

based estimation for backward elimination. However, for the Lasso with tuning parameter optimized by cross-

validation, bootstrap performed better. 

Second, our simulations revealed that subsampling underestimates the RMSDR, while bootstrap tends to slight 

overestimation. 

Stability investigations supply important information for data analysts conducting data-driven variable selection. We 

propose that they should be included in routine software. Our results suggest subsampling as the better method for 

computing variable and model selection frequencies, while bootstrap may be preferable for assessing distributions of 

regression coefficients after variable selection. 

 
31.5 

A Regularized Variable Selection Procedure in Additive Hazards Model with Stratified 

Case-Cohort Design 

Jianwen Cai1, Ai Ni2  
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Case-cohort designs are commonly used in large epidemiological studies to reduce the cost associated with covariate 

measurement. In many such studies the number of covariates is very large. An efficient variable selection method is 

needed for case-cohort studies where the covariates are only observed in a subset of the sample. Current literature on 

this topic has been focused on the proportional hazards model. However, in many studies the additive hazards model 

is preferred over the proportional hazards model either because the proportional hazards assumption is violated or 

the additive hazards model provides more relevent information to the research question. Motivated by one such 

study, the Atherosclerosis Risk in Communities (ARIC) study, we investigate the properties of a regularized variable 

selection procedure in stratified case-cohort design under an additive hazards model with a diverging number of 

parameters. We establish the consistency and asymptotic normality of the penalized estimator and prove its oracle 

property. Simulation studies are conducted to assess the finite sample performance of the proposed method with a 

modified cross-validation tuning parameter selection methods. We apply the variable selection procedure to the 

ARIC study to demonstrate its practical use. 

 
31.6 

Guidance for the selection of variables and functional form for continuous variables – Why and for whom? 
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Guidance for the selection of variables and functional form for continuous variables – Why and for whom? 

Willi Sauerbrei1 and Aris Perperoglou2 for TG2 of the STRATOS initiative. 
1 Institute of Medical Biometry and Statistics, Medical Center – University of Freiburg, Freiburg Germany 
2 Department of Mathematical Sciences, University of Essex, Essex, UK 

 

During recent times, research questions have become more complex resulting in a tendency towards the 

development of new and even more complex statistical methods. Tremendous progress in methodology for clinical 

and epidemiological studies has been made, but has it reached researchers who analyze observational studies? Do 

experts (whoever they are) agree how to analyze a study and do they agree on potential advantages and 

disadvantages of competing approaches? 

Multivariable regression models are widely used in all areas of science in which empirical data are analyzed. A key 

issue is the selection of important variables and the determination of the functional form for continuous variables. 

More than twenty variable selection strategies (each with several variations) are proposed and at least four 

approaches (assuming linearity, step functions (based on categorization), various types of spline based approaches 

and fractional polynomials) are popular to determine a functional form. In practice, many analysts are required de 

facto to make important modelling decisions. Are decisions based on good reasons? Why was a specific strategy 



chosen? What would constitute a ‘state-of-the-art’ analysis? 

Considering such questions we will argue that guidance is needed for analysts with different levels of statistical 

knowledge, teachers and many other stakeholders in the research process. Guidance needs to be based on well 

designed and conducted studies comparing competing approaches. With the aim to provide accessible and accurate 

guidance for relevant topics in the design and analysis of observational studies the international STRengthening 

Analytical Thinking for Observational Studies (STRATOS) Initiative (http://stratos-initiative.org) was recently 

founded. 

 

More about issues mentioned is given in the short summary of topic group 2 ‘Selection of variables and functional 

forms in multivariable analysis’ in a paper introducing the initiative and its main aims (Sauerbrei et al (2014), Statist 

Med 33: 5413-5432).  
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Dynamic predictions of visual acuity in uveitis using latent class multivariate mixed models: a comparison 

between Bayesian shrinkage and Bayesian model averaging. 
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1Biostatistics, Erasmus MC, Rotterdam, Netherlands, 2Rotterdam Ophthalmic Institute, Rotterdam, Choose a State 
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Uveitis is the inflammation (INF) of the uveal tract, i.e. the inner eye, and leads to reduction of visual acuity (VA). 

In contrast to other eye diseases that affect mostly elderly patients, uveitis affects young patients. Therefore, it is the 

leading cause of legal blindness in the working age population in the western world. Physicians utilize different 

types of information to predict patient VA outcome. This includes longitudinal data, such as INF, complication 

(COM) and other patients characteristics. 

 

A popular framework to analyze outcomes measured over time is the multivariate mixed-effects model. We aim to 

obtain individualized dynamic predictions of VA using all available patient information and accounting for the 

special features of the data set. In particular, the first challenge is to take into account that patients can be 

categorized in sub-groups that exhibit different progression rates for high, blind and moderate VA. Furthermore, the 

longitudinal outcomes can be connected 1) via random effects and 2) via association parameters between them. A 

characteristic of longitudinal data, such as INF and COM, is that several features of these variables could be 

associated with VA (underlying value, slope, area under the curve). This could lead to a large number of parameters 

that need to be estimated. Therefore, the second challenge is to identify an appropriate set of predictors for the 

outcome of interest VA. 

 

We propose a latent class multivariate mixed-effects model to identify different sub-groups of patients and we 

compare two popular approaches that deal with variable/model selection: 1) a Bayesian shrinkage approach, where 

both INF and COM are included in the VA prediction model, and 2) Bayesian model averaging where INF and 

COM are included separately in the VA model. The two approaches are compared using a cross-validation 

procedure for model evaluation. Prediction accuracy is deemed acceptable when the difference between the 

predicted and the observed value is considered to have a non-detectable visual change for the patients. The 

motivation comes from a study of 365 uveitis patients with a mean age of 44. These patients visited the Rotterdam 

Eye Hospital in the period from 2000 to 2014. 

 
32.2 

Enhancing the evaluation of diagnostic tests from spatially clustered data 

Federica Cugnata1, Paola M. Rancoita2  
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Italy 

 
Standard methods for the computation of measures of diagnostic test performance commonly require independent 

observations, while many studies consider multiple observations per individual. In the latter case, data are clustered 



by subjects and the observations are thus dependent. Examples of such data can be found in several biomedical 

contexts, such as diagnostic medical imaging studies and dental research. In particular, as in these cases, the 

dependency among the observations from the same individual could be due to the spatial proximity. Often, in the 

studies on the evaluation of diagnostic tests from spatially clustered data, either this dependency is ignored or it is 

considered in a generic way (i.e. only as observations acquired from the same subject). No attention has been 

devoted to the spatial interdependence among observations, although ignoring such relationship can lead to biased 

estimates of the performance of a diagnostic test. 

To overcome this issue, we propose to estimate the measures of diagnostic test performance by applying generalized 

linear mixed effect models for binary outcomes, specifically modelling the spatial association. To account for this, 

different approaches are considered, for example, by defining appropriately the covariance matrix of the random 

effects. Using a simulation study, we compare several variants of the proposed approach as well as other standard 

methods. The simulated data are designed by varying the magnitude and type of the spatial dependence, in order to 

highlight strengths and limitations of the methods. A comparison on real data of myocardial scar detection is also 

shown. For each patient, data about the presence of the scar in all of the 17 left ventricle segments, is available for 

both cardiac computed tomography and electro-anatomic mapping, together with the data about the trans-catheter 

radio-frequency ablation. In the application of the proposed methodology in this context, the spatial dependence 

among the segments is modelled by defining in different ways the proximity among the segments, eventually also 

accounting for their distance to the implantable cardioverter-defibrillator. 

 
32.3 

Spatial survival models for analysis of Exocytosis events on human beta-cells, recorded by TIRF imaging. 

Huong T. Phan, Giuliana Cortese 
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All statistical units within each cluster have a common variance and are spatially correlated, while units from 

different clusters are considered independent. The spatial dependence is introduced via individual frailties in a 

proportional hazards survival model and, additionally, presence of clusters is accounted by estimating robust 

standard errors. In cell biology, exocytosis is a fundamental event observed in human beta-cells from high-resolution 

microscopy images. Studying the rate and spatial locations of exocytosis events, and predicting its survival 

probability, are of great interest in biomedical research as it helps to discover the cellular processes related to 

insulin-secretion dysfunctioning in diabetic patients. 

The main objective of the work was to investigate the relationship between the exocytosis rate and some intra-

cellular proteins observed during the experiments, while studying the possible spatial correlations within each cell. 

A Gaussian frailty survival model is proposed where individual spatial correlation is investigated through several 

different parametric families while independence clustering structure is preserved in the block pattern of frailty 

covariance matrix. Two different likelihood-based inferential procedures are used for estimation of model 

parameters: Monte-Carlo Expectation-Maximization (MCEM) approach and a Penalized Partial Likelihood (PPL) 

approach. Their drawbacks and advantages are discussed, and also related to more general frailty models where 

different correlated frailties are considered. 

The model is investigated by simulations of different frailty variances and cluster numbers. Finally, major results of 

the data application are presented, showing that exocytosis rates are spatially correlated and depend on their distance 

within each cell. 

 
32.4 

Multiple comparisons of areas under the ROC curve 

Jérémie Riou1, Paul Blanche2  
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Medical researchers routinely discover new biomarkers with the hope to improving clinical practice. A well-

established statistical method to evaluate the performance of new biomarkers is ROC curve analysis. Comparing 

areas under the ROC curve is therefore very common to compare the predictive accuracy of different biomarkers. 

In this work we present an efficient method to control the Family Wise Error Rate (FWER) when multiple 

comparisons are performed. The method can be directly applied to the common contexts of all-pairwise comparisons 

and of multiple comparisons with a reference (but not only). 



By contrast, currently two approaches are routinely used. The first is the use of the Bonferroni method, which can be 

very conservative. The second one is to overlook the multiple testing issue, which can lead to large increase of type-

I errors. 

An interesting alternative, is to use a max-test procedure (see e.g. Zou & Yue, 2013 or Blanche et al 2013). This 

approach is less conservative than Bonferroni but not optimal. We therefore to suggest to improve upon this 

approach via a closed-testing procedure. This leads to a procedure which is uniformly less conservative than both 

the (single-step) max-test and the Bonferroni-Holm (stepwise) procedures. The proposed approach works in 

common settings but also when comparing time-dependent ROC curves (with censored data), which is becoming 

increasingly common. 

Two applications to medical data are presented. They illustrate how the method works and provide us with 

comparisons with simpler alternatives. The results exemplify that the proposed approach can lead to substantially 

smaller p-values, without requiring any additional assumption. 

 
32.5 

Exact model comparisons in problems with small sample sizes 

Stefan Böhringer1, Dietmar Lohmann2  
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The plausibility framework (Martin 2016, JASA) is a generalization of Fisher's exact test to a wide class of 

parametric models and allows for goodness-of-fit testing for which test sizes are guaranteed for finite sample size. It 

is more difficult in this framework to compare different models for better fit. We propose to extend the plausibility 

framework by re-weighing the probability mass of observations. Weights are determined by a test statistic such as a 

likelihood-ratio to compare two models when plausibility is evaluated under the null-model. We show that the exact 

guarantees of the plausibility framework can be maintained under re-weighting. We also evaluate a parametric 

bootstrap scheme under which models can be compared. 

We illustrate our methods with a Retinoblastoma (RB) data set. In RB, different mutations in the RB1 gene lead to 

different severeness of RB which is quantified by the number of affected eyes in each individual. Additionally, 

parent-of-origin effects play a role. The data set is modeled using a binomial, ascertained likelihood and is analyzed 

in the plausibility framework. We show, that mutation type can explain some part of the variability of RB. We 

conduct simulations to verify the exactness of the procedure and to evaluate power under several scenarios. 

We conclude, that the plausibility framework can be used for goodness-of-fit testing and model comparisons as an 

alternative to bootstrapping or permutations when small sample sizes are involved. 

 
32.6 

How low can you go? Performance of factor analytic models when variety numbers are small 
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Crop breeding programs aim to breed and release varieties which outperform commercially available varieties. In 

order to do this effectively varieties are tested in field trials which span multiple years and locations, where this 

year-location combination is referred to as an environment. The statistical analysis of these trials aims to investigate 

the nature of the variety by environment (VxE) effects in order to determine which varieties perform well across a 

range of environments and those which excel in specific environments. 

Ideally the variance of the VxE effects would be estimated using an unstructured form, assumed to be full rank, 

however this estimation is computationally difficult and this form can be unstable. The factor analytic (FA) method 

(Smith et al., 2001) handles these difficulties, allowing variance matrices of reduced rank, and has been shown to be 

a good approximation to the unstructured matrix. Like the unstructured form, the FA model allows for heterogeneity 

of genetic variance for environments and heterogeneity of genetic covariance between pairs of environments. The 

FA model is currently considered best practice in the analysis of crop breeding data in Australia and has been shown 

to be a superior method for large numbers of varieties. However, this superiority has not been demonstrated for sets 

of trials which contain small numbers of varieties, despite being regularly used in such scenarios. 

This study investigated the accuracy of the variance components and VxE effects resulting from FA models when 



variety numbers are small. This was achieved using a simulation study in which different scenarios were created 

using five data sets with different underlying VxE patterns and numbers of trials, four numbers of varieties, and two 

levels of varietal concurrence. The comparisons were based on the mean square error of prediction of the VxE 

effects. 

This study showed that 15 varieties per trial were sufficient to accurately estimate the VxE effects and demonstrated 

the influence the rank of the underlying VxE variance matrix has on the accuracy with which components of the FA 

models are estimated. In addition, this study highlighted the tendency of the log-likelihood ratio test to select overly 

complicated models in its test for a significant model improvement. 
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In cancer epidemiology, the event of interest is usually death due to cancer. However, other events, so-called 

competing events, which can potentially impede the occurrence of the event of interest may be present. Relative 

survival is a commonly used measure in cancer studies that has the advantage of circumventing problems caused by 

the inaccuracy or non-availability of the cause of death information. 

 

This project extends causal inference methods to the relative survival framework. Causal inference is used to make 

decisions on whether an association between exposures and an outcome is causal. In some cases, it is also of interest 

to answer a question about a third variable (a mediator) that may be on the pathway between the exposure and the 

outcome. Mediation analysis methods can be used to address this. For example, when interested in the effect of 

socioeconomic status to time of death, we may want to consider if differences in the stage distribution are 

responsible for some of the observed socioeconomic variation. 

 

By applying the mediation analysis setting and using flexible parametric modelling, a methodology that has a 

number of advantages in terms of predictions and extrapolations in comparison with other commonly used survival 

models such as Cox and Poisson regression, we explore mechanisms that generate inequalities in the prognosis of 

colon cancer patients across different socioeconomic groups. There is a substantial variation in survival of colon 

cancer patients by socioeconomic status and patients from a high socioeconomic background have higher survival. 

Within socioeconomic groups, survival is strongly determined by the stage of the disease at diagnosis. We also 

estimate the number of deaths that could be postponed and the potential gain in life years by removing the 

modifiable differences seen across socioeconomic groups such as removing stage differences. Such measures are 

useful due to their simple interpretation and provide measures of absolute effects. We conclude that significant 

improvements would be observed in cancer survival if appropriate interventions were implemented to remove 

inequalities. 

 

Through a better understanding of the causal structure of the variables involved in the analysis we can make 

conclusions of how variables such as stage and socioeconomic status indirectly affect time to death and target 

certain population groups with policy interventions. 
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Background: Observational medical databases find increasing uses for comparative effectiveness and safety 

research. However, the lack of analytic methods that handle the issues of missing data and confounding bias jointly, 

and the onus of model specification limit the use of these data sources. 

Objectives: To evaluate causal estimation by model-free machine learning methods in data with incomplete 

observations. 



Methods: We derive ML, a multiply robust method using machine learning based on our early work on its 

parametric version (MR) to estimate the average treatment effect. We compare the bias, standard error and coverage 

probability (CP) of ML to MR, complete case analysis (CC) and regression analysis after multiple imputations (MI). 

We conduct a simulation study, with data generated from known models of exposure, outcome and missing 

mechanism and thus the true causal effect is known and used as the benchmark for evaluations. Two settings are 

studied: a baseline where 40% data are missing and variables relate linearly (on the appropriate scale) to exposure, 

outcome or missingness, and a challenge where 53% data are missing with non-linearity among variables. For each 

setting, we generate datasets with sample sizes 1000 and 5000. 

Results: Baseline: ML is comparable to MR in bias when all models used in MR are wrong. The CPs of the two 

methods are mostly comparable. MI is similar to ML and MR in bias and SE. CC is the worst in all three metrics 

with the wrong outcome model. 

Challenge: ML’s bias is 11% of the bias of MR, when MR’s models are all wrong, and MR’s CP is 0%. MI’s bias is 

3 times of MR’s bias even when the outcome model is correct for N=5000; its CP is close to 0% when the outcome 

regression model is wrong. CC is similar to MI, but with a larger SE. 

Conclusions: ML is a robust model-free approach for causal estimation with a minimal bias. This feature lends 

itself to applications in epidemiological research, when the true data structure is unknown. We recommend ML for 

large data where the precision is not a concern. When the sample size is moderate or small, we recommend that both 

MR and ML be performed, with ML used as a supporting tool, and MR for producing the causal estimates. If the 

two estimates are starkly different, more effort is needed in model selection in MR. 
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Mediation analysis allows decomposing a total effect into a direct effect of the exposure on the outcome and an 

indirect effect operating through a number of possible hypothesized pathways. Recently, we provided a novel 

decomposition of the total effect that unifies mediation and interaction when multiple mediators are present. We 

illustrated the properties of the proposed framework for multiple mediators and interactions, in a secondary analysis 

of a pragmatic trial for the treatment of schizophrenia. However, analyses conducted in individual trials are likely 

not sufficiently powered to yield strong conclusions. We develop novel statistical methods to (i) address the issue of 

missing data, (ii) capture the complex underlying mechanisms of change, and (iii) integrate information from several 

efficacy trials to produce more powerful causal mediation and interaction analyses. We considered and compared 

hierarchical linear modeling and multivariate meta-analysis approaches to estimate the causal contrasts that arise 

from the novel decomposition. We apply the proposed approaches to quantify the role of psychiatric symptoms 

trajectories in explaining the effect of antipsychotics on social functioning in schizophrenia patients. 
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In a randomised study with longitudinal data on the mediator and outcome, the direct effect of the treatment on the 

outcome at a particular time includes all pathways that avoid earlier instances of the mediator. Estimation of the 

direct effect thus requires adjusting for confounders between the outcome and earlier instances of the mediator. But 

when the set of confounders are themselves affected by treatment, standard regression adjustment is prone to 

possibly severe bias. Under a certain class of linear models, traditional path analysis methods provide unbiased 

estimates of the controlled direct effect, which are obtained by combining the estimated path coefficients for the 

constituent paths. We describe how the path analysis approach can be embedded within the structural equation 

modelling framework, and propose extensions to settings with latent mediator and outcome. However, when time-

varying exposure-confounder and mediator-confounder interactions are present, the path analysis approach can 

produce biased estimates. We propose a G-estimation approach that can incorporate nonlinearities and interactions 



in the presence of post-treatment confounding, and yields unbiased estimates of the controlled direct effects. The G-

estimation approach adapts existing methods for time-varying treatments, and generalizes the proposed path analysis 

approach to settings with noncontinuous mediators and confounders. The approaches are illustrated using simulation 

studies, and applied to a randomised study on the effects of a mobile health intervention on behaviour change, via 

attitude to health. 
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Causal mediation analysis is widely used in various domains such as biostatistics, epidemiology, psychology, legal 

and social sciences and public policy. The goal of such an analysis is to explain and quantify the effects of a variable 

on an outcome, directly and indirectly through other variables called mediators. In 2010, Imaï and collaborators 

introduced a general framework to define, identify and estimate these effects and implemented their methods in the 

widely used R package mediation. When two or more independent mediators are considered, current approaches 

consists in repeating several simple mediator analysis in parallel. This could result in an estimation bias for 

quantities of interest effects. 

In this work, contributions are threefold: First we show that conducting several simple mediator analysis in parallel 

result in a biased estimate of the direct effect. Then we propose a generalization of the approach by Imaï and 

collaborators in the case of multiple independent mediators which lead to unbiased estimates of direct effects. At last 

we implement our algorithm in R and apply it to simulate and real data. 

 

Our work is an extension of the framework of Imaï et al in the case of multiple and independent mediators. More 

precisely, we first introduce definitions of direct, indirect (mediate) and total effect, based on counterfactuals. Then 

we show that under proper hypothesis, these effects are non-parametric identifiable. In the case of a linear model 

relating the outcome with the other covariates (mediator, treatments and confounders), we show that effects are 

estimated very naturally using product of coefficients - type of formula as in the Linear Structural Equation 

modelling literature. At last we derive estimators in the case of a binary outcome when the model is either probit or 

logistic. All methods are implemented in R using the same quasi-Bayesian approach described by ImaÏ et al. 

 

Our results are for a continuous mediator and continuous or binary outcome. We validate our method on simulated 

data. Moreover, we show empirically that our method provides an unbiased estimate of the direct effect while 

estimates obtained by running in parallel simple mediator analysis are biased. At last, the proposed approach will be 

illustrated on a real dataset, for quantify the effects of smoking status on lung cancer, direct and through several 

CpG’s sites where smoking causes methylation. 
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Non-linear mixed models are useful in many practical longitudinal data problems, especially when they are derived 

as solutions to differential equations generated by subject matter theoretical considerations. When this underlying 

rationale is not available, practitioners are faced with the dilemma of choosing a model from the numerous ones 

available in the literature. The situation is even worse for messy data where interpretation and computational 

problems are frequent. This is the case with a pilot observational study conducted at the School of Medicine of the 

University of São Paulo in which a new method to estimate the time since death (post-mortem interval - PMI) is 

proposed. In particular, the attenuation of the density of intra-cardiac hypostasis (concentration of red cells in the 

vascular system by gravity) obtained from a series of tomographic images was observed in the thoraces of 21 bodies 

of hospitalized patients with known time of death. The images were obtained at different instants and not always at 



the same conditions for each body, generating a set of messy data. In this context, we consider three ad hoc models 

to analyse the data, commenting on the advantages and caveats of each approach. 

 
34.2 

New insights into the effects of time-varying error-prone exposure in the analysis of longitudinal data with 

mixed models 

Victor Kipnis  

Biometry Research Group, US National Cancer Institute; STRATOS Initiative, Bethesda, Maryland, United States 

 
Mixed effects models have become one of the major approaches to the analysis of longitudinal studies. Random 

effects in those models play a twofold role. First, they reflect heterogeneity among individual temporal (fixed) 

effects, and, second, they induce a correlational structure among temporal observations of the same subject. If both 

the exposure and outcome vary with time, it is natural to specify mixed effects model for both. If heterogeneity in 

temporal effects for exposure and outcome are influenced by related factors, the corresponding random effects will 

be correlated, inducing correlation between random effects in the outcome mixed model and the exposure. In this 

case, there are three different effects of the exposure on outcome, the within-subject or individual level effect, the 

between-subject effect, and the marginal or the population-average effect. If ignored, all estimated exposure effects 

will be biased. If exposure is measured with error, the naive model that is specified by using the measured exposure 

in place of the true one, will always have a nonzero correlation between random effects in the outcome model and 

measured exposure, even if this correlation was zero in the model with true exposure. 

It is therefore critical to allow for the correlation between random effects and the exposure. We suggest doing so by 

specifying simultaneous mixed effects models for outcome and exposure with correlated random effects. The 

adjustment for measurement error in such simultaneous models would provide consistent estimates for all three 

possible exposure effects under the condition that given true within- and between-subject exposure, the 

corresponding decomposition of error-prone exposure is not related to the outcome. The theory is exemplified using 

data on physical activity as measured by accelerometer on sleep efficiency in a longitudinal study together with the 

results of some simulations. 
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Numerical Consistent estimates in the multivariate linear mixed-effects model 
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In this paper, we provide both ML and REML criteria for consistently estimating multivariate linear mixed-effects 

models parameters. We focus on the multivariate linear mixed-effects model, including all the correlations between 

the random effects when the marginal residual terms are assumed uncorrelated and homoscedastic with possibly 

different standard deviations. By factorizing the random effects covariance matrix, we provide an explicit expression 

of the profiled deviance through a reparameterization of the model. This strategy can be viewed as a generalization 

of the estimation procedure used by Douglas Bates and his co-authors in the context of fitting one dimensional linear 

mixed-effects model. Beside its robustness regarding starting points, the approach enables an improved 

computational stability (numerical consistency) in comparison with the traditional approaches such as the EM 

algorithm. 

By using simulated data sets, we compare the estimates obtained from the present method with the EM algorithm-

based estimates. We provide an illustration by using the real-life data concerning the study of the child's immune 

against malaria in Benin (West Africa). 

 
34.4 

THE IDEAL BLOOD PRESSURE: ASSESSMENT OF FIXED AND VARIANT TARGETS OVER TIME 

IN CLINICAL TRIAL AND ROUTINE CLINICAL PRACTICE 

Lisanne A. Gitsels, Elena Kulinskaya, Ilyas Bakbergenuly, Nicholas Steel 

University of East Anglia, Norwich, United Kingdom 

 
Recent evaluation of the research evidence on blood pressure thresholds for intervention by the Scottish 

Intercollegiate Guidelines Network (SIGN) and the American Heart Association (AHA) led to different updated 



hypertension guidelines. The question remains what the ideal blood pressure is in hypertensive patients. In clinical 

trials, blood pressure targets are fixed and blood pressure is treated accordingly during the intervention time, 

however this is done in a selective group of patients for a relatively short follow-up of less than five years. In routine 

clinical practice, blood pressure values and treatments are time variant and these are observed in the general 

population during most of their lifetime. These data qualities make the assessment of fixed and time-variant blood 

pressure targets complex. In this study, various Cox’s proportional hazards regression models were fitted to assess 

the time-variant effect of blood pressure targets and the effect of time-variant blood pressure on survival and kidney 

function (main adverse effect of antihypertensive treatment) using US Systolic Blood Pressure Intervention Trial 

(SPRINT) data and UK The Health Improvement Network (THIN) primary care data. The studied systolic blood 

pressure targets were <140, <130, and <120mmHg, with time points of interest 1, 2, 5, and 10 years. 

 

This work was supported by the Institute and Faculty of Actuaries (IFoA) and by the Business and Local 

Government Data Research Centre [grant ES/L011859/1]. 
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The last decade has seen much methodological progress in the estimation of HIV incidence from single surveys, 

made possible by the measurement of biomarkers for ‘recent’ infection. 

 

This cross-sectional surveillance requires, as inputs, properties of the biomarkers, typically estimated beforehand 

and involving the longitudinal analysis of biomarker trajectories over time after infection. The diversity of analysis 

methods used raised questions about the accuracy of test property, and incidence, estimates. In response, in earlier 

work of some of the authors and collaborators, an extensive simulation platform was used to benchmark over 20 

methods, in over 30 scenarios that systematically varied the extent of challenges encountered in reality. The key 

remaining obstacle to the accurate analysis of biomarker trajectories was identified to be the unknown, at best 

interval censored, infection dates of subjects. 

 

In this current work, a general framework for dating infections is proposed, translating each subject’s past 

qualitative HIV diagnostic test results into a likely interval, or posterior distribution, for the infection date. This 

replaces the conventional Fiebig staging of early infection – now of limited value due to the advancement of assays. 

We propose inference based on summary metrics of tests’ ‘diagnostic delays’, relative to a defined earliest 

detectable infection date, and inter-subject variabilities. The impact of intra-subject inter-test correlation, itself 

difficult to estimate, does not complicate the construction of a simple likelihood function in the classic use case. 

 

The methods were initially developed to support CEPHIA’s (Consortium for the Performance and Evaluation of 

HIV Incidence Assays) independent assessments of competing biomarkers of ‘recent’ infection, using specimens 

from studies utilising different screening algorithms. However, the usefulness of infection dating extends beyond 

this surveillance application, including to individual-level interpretation of staging. 

 

To aid the practical implementation of the method, summary metrics for about 70 diagnostic tests have been curated, 

and an online tool that implements the relevant analyses has been deployed. The framework informs diagnostic data 

collection in ongoing and future studies, and the tool provides sound interpretation of the data to inform infection 

dates. 

 
34.6 



Effect of 'start time of baby food' on childhood allergy with repeatedly measured confounder and 

intermediator using joint and marginal models 

Ayano Takeuchi  

Preventive Medicine and Public Health, Keio University, Tokyo, Tokyo, Japan 

 
Recently, many birth cohort studies have been started. Their target is to detect the effect of risk factors at fetal life to 

onset of diseases after grown up (ex. Neuropsychiatric developmental disorders, allergies, cancers, obesity etc.). In 

traditional cohort study, we consider exposures and confounders only at baseline (fetal or newborn period) as risk 

factors but now we have to consider their life course exposure (changing exposure status at long-term life stage). So 

it is not sufficient to regard baseline risk factors and covariates. Our study aim is to draw DAG (Directed Acyclic 

Graph) and apply joint and marginal models to evaluate direct and indirect effects. 

Our birth cohort study has been conducted in Japan since 2003. Study subject is 1703 children. We focus on the 

relationship between start time of baby food and onset of allergy at 5 yrs. Covariates and intermediate factors are 

history of parent’s allergy, frequency of cleaning and washing, holding pets…etc. in 1-4yrs. Comparing with crude 

analysis (include all factors into regression model simultaneously), estimated direct effect and indirect effects is 

small, and total effect is larger than crude results. 

 
35.1 

Trivariate Joint Modeling for Cancer Screening Evaluation and Dynamic Risk Predictions in Cancer Family 

Studies. 

Yunhee Choi1, Changchang Xu2, Angie Yu1, VIRGINIE RONDEAU3, Agnieszka Krol4, Laurent Briollais4, 2  
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Lynch Syndrome (LS) is a hereditary condition that predisposes family members to high risk of developing 

colorectal cancers (CRCs) over their lifetime. Colonoscopy screening is recommended every 1-2 years starting at 

age 20-25 in those families. Cancer screening increases the chance of detecting precancerous polyps, which, when 

removed, will reduce the risk of developing CRC. To better understand these relations, we propose a trivariate joint 

model. It allows us to evaluate the effects of screening visits on polyp occurrence and CRC risks, and of polyp 

occurrence on CRC risks. In this joint modeling, screening visit is considered as a recurrent event, the number of 

polyps detected as a longitudinal biomarker and CRC as a terminal event. We also provide dynamic predictions for 

the risks of developing CRC conditional on the screening and polyp history for LS family members. Our proposed 

model accounts for familial correlations via family-specific frailties shared among those processes within families. 

Other risk factors such as polyp type, mutation type, first age at screening, proband’s CRC age and gender were 

added as covariates into the model to investigate their impact on those processes. We applied our proposed model to 

422 individuals who had at least two screening visits from 242 LS families identified from the Familial 

Gastrointestinal Cancer Registry at Mount Sinai hospital in Toronto. We estimated the risks of developing CRC and 

detecting polyps associated with several risk factors and provided dynamic predictions with individual’s screening 

and polyp histories as well as family history. 

 
35.2 

Using joint models for predicting longitudinal outcomes using past measurements 

Sten P. Willemsen  

Biostatistics, Erasmus MC Rotterdam, Rotterdam, Netherlands 

 
Often we are faced with the task of predicting a future outcome from a longitudinal series of prior measurements. 

We want to predict the outcome as early as possible so an intervention can still be done. One way to do this is to 

estimate a linear mixed model and obtain predictions based on that. Another approach would be to estimate a model 

of the ‘earlier’ observations and use some summary characteristics from this model to estimate the `late' response. 

This can be done in two steps or in a single step (which we will call the joint approach). 

 

When the type of measurement of the predictors and the future outcome is the same (for example height of children 

in cm measured in the same way) a linear mixed model is seen as the logical choice while if the types of 



measurement are not identical (for example when we try to predict birth weight from a series of crown-rump length 

measurements) the joint approach might make more sense. Nevertheless, because the joint approach focusses more 

on the final outcome it might we think it can have an advantage for prediction. 

 

We investigate this using both data from the Terneuzen cohort study, where the BMI of children is measured 

repeatedly over time, as well using simulations. We fit various models and compare them using the root mean 

squared prediction error. We also examine the factors that influence the performance of the two types of models we 

consider. 

 
35.3 

Serious bias in competing risks shared parameter joint models when at least one of the failure types is at 

random 

Christos Thomadakis2, Loukia Meligkotsidou1, Nikos Pantazis2, Giota Touloumi2  
1Department of Mathematics, National and Kapodistrian University of Athens, Athens, Greece, 2Department of 
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When modeling CD4 cell count evolution during untreated HIV infection, measurements taken after treatment 

initiation or AIDS onset are ignored, leading to a missing data problem in the form of 2 dropout types. If any of the 

dropout mechanisms is not at random (MNAR), linear mixed models (LMMs) yield biased estimates. When MNAR 

is suspected, researchers frequently apply shared-parameter joint models (SPMs). Under a single-dropout setup, we 

have shown (Thomadakis et al. 2016) that SPMs under random dropout (MAR) mechanism lead to seriously biased 

population parameters’ estimates; an alternative model to minimize induced bias has also been proposed. 

 

In this work we extend the proposed model, a typical SPM incorporating also dependence on the observed marker 

(CD4) data, by allowing the cause-specific hazards of dropout to depend on the most recent marker values and on 

the respective random effects. The fitting procedure is based on an MCMC algorithm. We carry out a simulation 

study in which the main dropout mechanism (i.e. treatment initiation) is MAR, whereas the second one (i.e. due to 

AIDS onset or death; cumulative probability 3%) is MNAR depending on the marker’s random effects. We examine 

the performance of (i) the proposed model (ii) a typical SPM assuming dependence of the cause-specific hazards on 

the true marker values and (iii) the LMM. The impact of combining the dropout mechanisms into a single one is also 

investigated. The examined models are also applied to real CD4 data. 

 

Focusing on the marker’s slope, the estimate from the LMM is only minimally biased (-1.3%), most probably due to 

the low frequency of non-ignorable events. The estimate from the proposed model is approximately unbiased (0.6% 

bias) with coverage rates close to the nominal levels, whereas model (ii) yields seriously biased estimates (33.3%). 

When combining dropout mechanisms, the estimates from the proposed model are practically unaffected (bias -

0.9%). In an additional scenario assuming roughly equal probabilities for the two dropout reasons, the bias of the 

proposed model is also small (-1.9%). 

 

In a competing risks setup, SPMs yield seriously biased estimates when one of the dropout mechanisms is MAR. 

Combing dropout reasons appears to have no effect in our setting. 

 

References 
Thomadakis et al. ISCB, 2016 Birmingham (under revision in Biometrics) 
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Measuring performance for end-of-life care 

Sebastien Haneuse  

Department of Biostatistics, TE-Harvard T.H. Chan School of Public Health, Boston, Massachusetts, United States 

 
Although not without controversy, readmission is entrenched as a hospital quality metric. The Centers for Medicare 

and Medicaid Services (CMS), for example, currently uses 30-day readmission rates to determine hospital 

reimbursement rates. To-date, statistical analyses for readmission hinge on fitting a logistic-Normal generalized 

linear mixed model (Normand et al, JASA, 1997). In doing so, however, death as a competing risk is ignored. For 

clinical conditions with high mortality, such as a diagnosis of pancreatic cancer, ignoring death can have profound 



effects. Furthermore, in such settings, scientific interest may lie in understanding how readmission and mortality 

covary. Recently, Lee et al (JASA, 2016) proposed a novel Bayesian framework for cluster-correlated semi-

competing risks data within which readmission and mortality can be investigated simultaneously. The focus of that 

work was on estimation/inference for fixed (covariate) effects, components of variation and hospital-specific 

random effects. Here we build on that work to propose and develop novel multivariate hospital-level performance 

measures that jointly accommodate readmission and mortality. We also consider a number of profiling-related goals, 

including the identification of extreme performers and the bivariate classification of hospitals according to whether 

they have higher-/lower-than-expected readmission and mortality rates. To the best of our knowledge the latter is 

novel as a profiling goal. Towards achieving these goals this we develop a Bayesian decision-theoretic approach that 

characterizes hospitals on the basis of minimizing the posterior expected loss for an appropriate loss function. In 

some settings, particularly if the number of hospitals is large, the computational burden may be prohibitive. To 

resolve this, we propose a series of analysis strategies that will be useful in practice. Throughout the methods are 

illustrated with data from CMS on N=217,616 patients diagnosed with pancreatic cancer between 2000-2012 at one 

of J=2,657 hospitals in the US. 

 
35.5 

Joint Models with Multiple Longitudinal Outcomes and a Time-to-Event 

Dimitris Rizopoulos  
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Joint models for longitudinal and survival data have gained a lot of attention the recent years. There have been 

extended to handle among others multivariate longitudinal data, competing risks and recurrent events, and nowadays 

there also exist several freely available software packages for their implementation. From the aforementioned 

extensions, the one that is most practically relevant is the multivariate longitudinal data one. Even though this 

extension is mathematically straightforward, from a computational viewpoint joint models with multiple 

longitudinal outcomes remain difficult to fit in practice due to the high number of random effects they require. This 

difficulty has also hampered to a degree their practical application. Here we present a novel approach that enables 

fitting such joint models in realistic computing times. The idea behind our approach is to split the estimation in two 

steps, first to estimate a multivariate mixed model for the longitudinal outcomes, and then use the output of this 

model to fit the survival submodel. Such two-stage approaches have been previously proposed in the literature and 

have been shown to be biased. What is different in our approach is a correction we apply in the resulting estimates 

that transform them to the estimates we would expect to obtain if we would fit the multivariate joint model. This 

correction is based on importance sampling ideas. Simulation studies have shown that this corrected-two-stage 

approach works very satisfactorily also in difficult settings. 

 
35.6 

 

Modeling multiple longitudinal antigen-response outcomes in infants born to HIV-positive mothers  
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HIV exposed but uninfected newborns represent 1.5 million annual births worldwide. These children have impaired 

immune systems and increased risk of common life-threatening infections. In healthy newborns, the gut microbiome 

and resulting host response modulate the immune system and response to infections and vaccines. We examined the 

relationship between host antibody levels to the gut microbiome over time in a prospective cohort of 57 infants born 

to HIV-infected mothers in Uganda between 2010 and 2013. IgG antibody levels in response to 25 gut-antigens 

were measured at 4 time points. 

 

With these data, we demonstrate an application of the pairwise approach to fitting a joint multivariate longitudinal 

mixed model, which allows simultaneous analysis of a relatively large number of continuous repeated measures 

outcomes. We compare the results to other modeling methods and discuss the advantages and disadvantages of each 



approach. 

 

All of our models consider antibody levels over time while adjusting for maternal baseline antibody level, 

breastfeeding status, sex and nutrition. First, we simplified the 25 outcomes by classifying each individual antibody 

as responsive or unresponsive, summing the number of responsive antibodies, and using a univariate mixed model 

for the summary measure. Second, separate univariate linear mixed models were used to estimate the individual 

trajectories of all 25 antigen-response outcomes. Finally, a joint multivariate linear mixed model for all 25 outcomes 

was fit with the pairwise method of Fieuws and Verbeke (2006). The correlation matrix of the random slopes 

generated from this model was used to conduct a PCA to identify groups of antibodies with similar responses. 

 

Overall, our results showed an increase in antibody levels over time. There were, however, some discrepancies 

between the individual models and the joint model. Based on the model using our summary measure there was a 

1.45% increase in the immune response to gut-antigens each week. In the individual univariate models, all 

antibodies increased significantly over time with the exception of Cbir45. The multivariate linear mixed model 

provided similar estimates to the individual models but with larger 95% CIs. In the joint model, antibodies to 

Cbir45, Bcacc, Cbir11, Cbir63 and pmel did not increase significantly over time. 
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Invasive marine non indigenous species are a major threat to marine biodiversity. Recreational vessels have been 

recognised by the scientific community as an important vector of non indigenous species, but have been slow to be 

picked up by recreational boaters/vessel owners and marina management. In particular, the translocation of invasive 

species from one region to another (domestically) may be at least partially due to recreational vessels. 

 

This paper reports on a statistical analysis of biomass samples gathered from the hull and other external surfaces of 

recreational yachts and fishing vessels in order to quantify the relationship between the wet biomass of biofouling 

and vessel-level characteristics. Unsurprisingly, we find that the number of days since the vessel was last cleaned 

was strongly related to the wet weight of biomass. The number of days since the vessel was last used was also 

related to the wet weight of biomass, yet was different depending on the type of vessel. Similarly, the median 

number of trips undertaken by the vessel was related to the wet weight of biomass, and varied according to the type 

of antifouling paint used by the vessel. The relationship between vessel size, as measured by hull surface area, and 

wet weight biomass per sample unit area was not significant. 

 

In order to reduce the domestic spread of invasive species, owners of small vessels (that sit around in 

marinas/moorings for extended periods between uses in particular) should be encouraged to maintain a regular 

cleaning and maintenance schedule, and use an appropriate type of antifouling paint. 

 
36.2 

FACILITATING THE DEVELOPMENT OF A BAYESIAN BELIEF NETWORK TO DESCRIBE SOIL 

HEALTH 
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The quality and health of a soil encompass many different characteristics, from environmental quality to 

productivity. Moreover, how “good” or “bad” a soil is, is a subjective concept depending upon the stakeholder, be it 

soil scientist, livestock manager, farmer or policy maker. Collecting and combining these differing viewpoints is a 

non-trivial task. In this work, we will discuss how we have used the Bayes Net framework to define a hierarchical 



structure that enables a subjective concept such as soil quality and health to be quantified from multiple sources of 

information including diverse sources of expert knowledge and linking this through to national databases. 

 

Information within a Bayes Net is encapsulated through a set of conditional probability tables that describe the 

conditional dependencies of all variables of interest. It is well known that humans are particularly poor at estimating 

such probabilities which, when a Bayes Net relies upon experts from differing disciplines and stakeholders from 

disparate application areas to quantify their beliefs through these conditional probability tables, is often a major 

limitation to these techniques. Here, we demonstrate an elicitation web app that mitigates some of the difficulties 

associated with quantifying subjective opinion. Moreover, we show how an inference network of known 

associations aids in the extraction of information from increasingly subjective sources within the hierarchical 

framework. 

 

Finally, we will show how the resulting Bayes Net can be used to quantify the distribution of soil quality and health 

across varying landuses throughout the UK. Further sensitivity analyses of the resulting Bayes Net identifies key 

variables with high influence on the terminal SQH node, thus identifying potential variables of interest for informing 

policy. 
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Inference for the sunspot numbers modelled with the Duffing oscillator and Bayesian changepoint detection 

method 
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Sunspots are areas of cooler zones protected by magnetic fields on the surface of the Sun. Near the sunspot, hotter 

areas of the Sun create solar flares which project x-rays toward the Earth's atmosphere in the form of a geomagnetic 

storm. It is still debated if and how the sunspots affect the climate on the Earth, while scientists and solar observers 

are collecting an enormous amount of data on solar cycles to predict the number of sunspots. A continuous updating 

of sunspot records is offered by the Sunspot Index and Long-term Solar Observations Centre of the Royal 

Observatory of Brussels, Belgium, who supplies the measurements for the present study. Since the main goal for 

scientists is the prediction of future sunspot numbers, such data have been analysed extensively in the literature, 

which provides a useful testbed for our model. 

When studying the sunspot numbers, we must take into account that this time series shows various characteristics 

depending on the period of time; e.g., the oscillation in a certain time interval may have some features different from 

those of an another interval. The change in the nature of oscillation can be attributed to an alteration of the 

generative parameters of the process and let us suppose that hidden states (regimes) exist behind the observations, 

where each regime is defined by its own parameter values. Modelling a time series that switches to one hidden state 

to another requires to locate the breakpoints of parameters in time by using a changepoint detection method. 

 

We model the sunspot numbers with a nonlinear chaotic system of differential equations (DEs) called Duffing 

oscillator. Changepoints are identified following the Bayesian online changepoint detection method of 

Mavrogonatou and Vyshemirsky (2016)1 and the signal and DE parameters are inferred using the unscented Kalman 

filter algorithm. 

Our model not only allows to gain a deeper insight into the nature of the solar cycle but also detect parameter 

changepoints to predict the future sunspot numbers. The proposed strategy is able to reconstruct the oscillation and 

is competitive in comparison with other approaches for modelling the sunspot cycle. 

 

 

(1) Mavrogonatou, L., and Vyshemirsky, V. (2016). Sequential Importance Sampling for Online Bayesian 

Changepoint Detection. In: 22nd International Conference on Computational Statistics, 73-84. 
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A Bayesian approach for the segmentation of series with a functional effect 
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In some application fields, series are affected by two different types of effects: abrupt changes (or change-points) 

and functional effects. We propose here a Bayesian approach that allows us to estimate these two parts. Here the 

underlying piecewise-constant part (associated to the abrupt changes) is expressed as the product of a lower 

triangular matrix by a sparse vector and the functional part as a linear combination of functions from a large 

dictionary where we want to select the relevant ones. This problem can thus lead to a global sparse estimation and a 

Stochastic Search Variable Selection approach is used to this end. Our estimation method is based on MCMC 

algorithms (Metropolis-Hastings algorithm and Gibbs sampler). Although these algorithms can take more time than 

those used in a frequentist approach, our procedure benefits from the Bayesian framework, which results in two 

important aspects. The first one is that posterior distributions of the parameters are obtained. From these 

distributions, different quantities can easily be derived as credibility intervals of the means, the change-points and 

the selected functions, or the probability to have a change-point in a given interval. The second important aspect is 

that we can introduce expert knowledge through prior distributions. 

The performance of our proposed method is assessed using simulation experiments. Applications to two real 

datasets from environmental research and agronomy are also presented. More specifically, we propose to use our 

procedure in the geodesic field for the problem of homogenization of GPS series and to analyse the Périgord black 

truffe production in France. 
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The Multiple Smooth Transition Autoregressive with order k (M-STAR)(k)) model is a non-linear multivariate time 

series model that represents changing in regime, which can be applied in many areas such as in finance and 

hydrology. The main aim of this talk is to fit a Bayesian M-STAR(k) model for multivariate river flows data. To 

achieve this, we briefly explain a Bayesian analysis of M-STAR(k) models including coefficient and implicit 

parameters as well as the model orders (k). The joint posterior distribution of model orders, coefficient and implicit 

parameters in the logistic M-STAR(k) model is firstly being presented. The conditional posterior distributions are 

then shown, followed 

by the design of a posterior simulator using a combination of MCMC algorithms which includes Metropolis-

Hastings, Gibbs Sampler, Reversible Jump MCMC algorithms respectively. Following this, simulation studies are 

being detailed to validate the proposed MCMC algorithms. At the end, we analyse the river flows in two rivers, 

Jokulsa eystra and Vatndalsa rivers jointly. It is well known in the literature that the data has typical characteristics 

of changing regime. The fitted M-STAR(3) model seems to be a reasonably good model for the data, even though 

there are a few over and under estimates. The plots of the transition function show that it usually takes on the values 

zero or one, and suggest an M-TAR model. 
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Building efficient MCMC methods with NIMBLE 
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Applied Bayesian analysis is often done with software tools that limit the ability to program models, customize 

MCMC and sequential Monte Carlo methods, or write new computational methods for general models. NIMBLE is 

a relatively new package that extends the BUGS/JAGS language for writing models and provides a programming 

system for using such models. NIMBLE turns model code into an object in R that can be used for model-generic 

programming. NIMBLE's programming system allows writing new computational methods from R and compiling 

them via generation of model- and algorithm-specific C++. In this talk, we show how NIMBLE can serve as a 

platform for developing and sharing new MCMC (and other) methods, in conjunction with NIMBLE's own MCMC 



system, for widespread use. Examples of writing new MCMC samplers include writing reversible jump samplers, 

automated factor slice samplers, Metropolis-adjusted Langevin samplers, and automated exploration of efficient 

blocking schemes. Examples of model extensibility include writing hidden Markov model distributions and zero-

inflated distributions for use as model components in order to avoid MCMC sampling of large numbers of latent 

states. We will use applications from GLMMs, state-space models, and ecological capture-recapture and occupancy 

models to illustrate improvements from these methods. In particular, we will show the potential to make large gains 

in efficiency and to disseminate new methods for easy application. We will conclude by mentioning how NIMBLE 

is being used for model assessment and maximum likelihood estimation and how Statisticians can make use of it in 

their own work. 

 
37.1 

Recent advances in estimation with interval sampling 

Jacobo de Uña Álvarez  

Universidade de Vigo, Vigo, Spain 

 
Interval sampling is often used in Survival Analysis and Epidemiology, among other fields. With interval sampling, 

the observed times correspond to the individuals with event (disease diagnosis, for example) between two specific 

dates, thus leading to randomly, doubly truncated data. The naive analysis of such lifetime data (age at diagnosis, for 

example) can be systematically biased due to the double truncation issue, so suitable corrections are needed. The 

seminal paper of Efron and Petrosian (J Amer Statist Assoc, 1999) gave rise to a number of developments in this 

area of reasearch. However, several technical and practical issues remain still unsolved, and the sampling scheme 

itself and the corresponding potential biases are often overlooked. In this work we review some recent advances in 

estimation with interval sampling, including: estimation of the lifetime cumulative distribution, correlation analysis, 

regression and multi-state models. Simulations and real data illustrations will be provided, as well as discussion of 

the asymptotic theory needed for inference purposes. 

 
37.2 

Estimating age-at-onset distribution of the asymptomatic stage of a disease 

Marianne Jonker, Priya Vart 

Health Evidence, Biostatistics, Radboudumc, Nijmegen, Netherlands 

 
Information on the age-at-onset of the asymptomatic stage of a disease can be of paramount importance in early 

detection and timely management of that disease. However, accurately estimating the distribution of the age-at-onset 

of the asymptomatic stage is hard, because the asymptomatic stage is difficult to detect for the patient and is often 

detected as an incidental finding or in case of recommended screening. In this presentation, we consider the 

estimation of age-at-onset of the asymptomatic stage of a genetic disease for carriers of the genetic causal variant. 

The carriers are identified through genetic screening of the family of symptomatic patients with the variant and their 

disease status was determined by a medical examination. Since the exact age-at-onset of asymptomatic stage is 

never observed, it is interval censored. By maximizing the conditional likelihood (conditional on the ascertainment 

event), an asymptotically unbiased maximum likelihood estimator can be obtained for the age-at-onset of the 

asymptomatic stage. The methodology is applied to data on a muscle disease. Data was fitted with a parametric Cox-

regression model with a Weibull baseline hazard function that includes characteristics of the genetic variant as a 

covariate. 

 
37.3 

ESTIMATION OF THE SUBDISTRIBUTION HAZARD WITH TIME-VARYING COVARIABLES 

Ronald Geskus1, 2  
1Nuffield Department of Medicine, Oxford University Clincial Research Unit/University of Oxford, Ho Chi Minh 

city, Viet Nam, 2Clinical Epidemiology, Biostatistics and Bioinformatics, Academic Medical Center, Amsterdam, 

Netherlands 

 
In a competing risks setting, the cause-specific hazard has a classical rate interpretation. An individual is no longer 

at risk after experiencing a competing event. For estimation, a time-varying covariable is represented by splitting the 



follow-up over rows, one for each period of constant value. Each row can be seen as coming from a different 

pseudo-individual, with the start of the period a form of late entry. It has been called internal left truncation, because 

the individual was already under observation before. 

 

With the subdistribution hazard, an individuals remains included in the risk set when he experiences a competing 

event. There is controversy as to whether the subdistribution hazard can be interpreted and quantified in the presence 

of a time-varying covariable, especially when the competing event is absorbing: how do we define its value after the 

individual has died? 

 

The subdistribution hazard can be estimated by using weighted risk sets that correct for late entry and right 

censoring. In the presence of time-varying covariables, two different approaches can be envisioned. In the pseudo-

individual approach, we treat the rows as coming from different persons. We use weights to correct for the late entry 

and right censoring that is induced by the period of constant value. Importantly, the pseudo-individuals only have 

time-fixed covariables. In the internal approach, we consider the rows as continuing follow-up from the same 

individual. The splitting of the follow-up over rows does not induce weights. In the literature, only the internal 

approach has been considered. 

 

The pseudo-individual approach is more realistic and feasible. We consider a single dichotomous, external time-

varying covariable: calendar period of follow-up. In the pseudo-individual approach, we assume that individuals in 

the same calendar period have the same cause-specific hazard. Individuals can contribute to both periods, but the 

estimated subdistribution hazards represent individuals that have their complete follow-up in a single period. In the 

internal approach, we assume that individuals in the same calendar period have the same subdistribution hazard; the 

cause-specific hazards differ. Aligning cause-specific hazards is more realistic because they more closely reflect 

etiology. Furthermore, the pseudo-individual approach does not use the value of a covariable after the occurrence of 

a competing event. 

 
37.4 

Flexible modeling of cumulative effects of exposure to low-dose ionizing radiation from cardiac procedures on 

the hazard of cancer incidence in adults with congenital heart disease 

Coraline Danieli1, Sarah Cohen2, Aihua Liu2, Liming Guo2, Ariane Marelli2, Michal Abrahamowicz1  
1Department of Epidemiology, Biostatistics and Occupational Health, McGill University, Montreal, Quebec, 

Canada, 2McGill Adult Unit for Congenital Heart Disease Excellence, Montreal, Quebec, Canada 

 
Adults with congenital heart disease are increasingly exposed to low-dose ionizing radiation (LDIR) from cardiac 

procedures. A previous study has shown an association between increase in LDIR exposure and incident cancer risk. 

However, it has not addressed the issue of accurate modeling of temporal relationship between radiation exposures 

that occurred at different times in the past and cancer incidence. On one hand, the impact of LDIR exposures likely 

cumulate over several years, and the strength of the association may depend on the time elapsed since exposure, 

with unknown latency between exposure and change in risk. On the other hand, it is likely that some LDIR 

procedures, performed short term before the cancer diagnosis, had been performed because of early symptoms of 

cancer raising concerns about the potential reversal causality bias. To address these challenges, we combine flexible 

modeling of the cumulative effects of time-varying exposures with competing risks methodology to separate the 

associations of the LDIR exposures with cancer incidence versus all-causes mortality. To account for the intensity, 

duration and timing of past exposures, we rely on a spline-based weighted cumulative exposure modeling, with 

estimated weight function reflecting the relative importance of exposures taken at different times. The study 

includes 24,833 adult patients enrolled in the Quebec Congenital Heart Disease Database in 1995-2009. During up 

to 15 years of follow-up, 602 patients were diagnosed with cancer and 500 died. The estimated weight function 

suggested a strong association of cancer incidence with very recent LDIR exposures, likely due to protopathic bias. 

Indeed, when we excluded computed tomography (CT) scans of the chest, this immediate association disappeared 

while LDIR exposures from 2.5 to about 7 years ago were found to be associated with increased cancer incidence. In 

contrast, exclusion of CT did not change the results for all-causes mortality, which was associated with exposures 

from about 9 years ago. Our results illustrate the importance of the accurate modeling of temporal relationship 

between exposures and outcomes and of the underlying reasons of the exposures. Similar flexible methods may help 

investigating the impact of other complex time-varying exposures. 

 



37.5 

Network meta-analysis with random inconsistency effects and outliers 

Freedom N. Gumedze  

Statistical Sciences, University of Cape Town, Rondebosch, Western Cape, South Africa 

 
Network meta-analysis (NMA) expands the scope of a standard meta-analysis to simultaneously handle multiple 

treatment comparisons. The studies in a network meta-analysis may be heterogeneous and the network may be 

inconsitent. Random effects may be used to describe any inconsistency in the network. In addition some trials may 

appear to deviate markedly from the others and thus be inappropriate to be synthesized in the NMA. In addition, the 

inclusion of these trials in evidence synthesis may lead to bias in estimation. Therefore the presence of such outliers 

could substantially alter the conclusions in a network meta-analysis.This paper proposes a methodology for 

identifying and, if desired, downweighting studies that do not appear representative of the population they are 

thought to represent. An outlier is taken as a study result with an inflated random effect variance. We used the 

likelihood ratio test statistic as an objective measure for determining whether observations have inflated variance 

and are therefore considered outliers. The NMA model is formulated using a constrast-based approach. The 

proposed methodology is then applied to a two network meta-analytic datasets from the literature. 

 

 

 

 

 
38.1 

Network Meta-Analysis for Adverse Events: a Discrete Multivariate Bayesian Approach with Gaussian 

Copulas 

Rebecca Graziani, Sergio Venturini 

L. Bocconi University, Milan, Italy 

 
In this paper we propose a Bayesian multivariate network meta-analysis (NMA) model of multiple discrete 

correlated outcomes. A NMA makes it possible to combine all the direct evidence (i.e. on head-to-head comparisons 

between interventions within individual studies) with all the indirect evidence (i.e. comparisons between 

interventions inferred from the network through common comparator interventions) coming from the studies 

included in the analysis. NMA methods have become an essential part of health technology assessment and are 

routinely used in submissions to reimbursement agencies. While the literature on univariate NMA is now extensive, 

few methods have been published for synthesizing evidence from studies reporting on multiple discrete outcomes 

for networks of competing treatments. Here, we propose a new Bayesian copula-based method for multivariate 

NMA of multiple discrete correlated outcomes. We focus on discrete outcomes since we aim at applying our model 

to the adverse events occurrences in clinical trials. 

More specifically, we assume that the observed outcome in each study is a realization of a multivariate discrete 

random variable whose elements are marginally distributed according to a binomial distribution. The dependence 

among the univariate outcomes is then induced through a Gaussian copula. The probability to observe any of the 

individual outcome in each study is then modeled as a logistic regression with study-specific baseline effects and 

arm-specific treatment effects. We adopt noninformative priors for all parameters in the model. Estimation proceeds 

by Markov chain Monte Carlo methods using a mixed Gibbs and adaptive random walk Metropolis-Hastings update 

for the parameters. The correlation matrix of the Gaussian copula is instead updated through a two-stage parameter 

expanded Metropolis-Hastings algorithm. 

We compare the performance of our method with those of other published methods within a simulation study. 

Finally, we apply our proposal to a real data set of adverse events from a published NMA that compares hormonal 

therapies with chemotherapies in first- and second-line treatment of estrogen receptor-positive metastatic breast 

cancer. 

We also developed an R package implementing our method soon available through CRAN. 

 
38.2 

Estimating Microbial Diversity in the Presence of Sequencing Errorr 

Chun-Huo Chiu  



Department of Agronomy, National Taiwan University, Hsin-Chu, Taiwan 

 
Estimating microbial diversity is statistically challenging due to limited sampling and possible sequencing errors for 

low-frequency counts, producing spurious singletons. Since the rare microbe in the sample contain most information 

about the undetected microbe. Therefore, the inflated singleton count seriously affects statistical analysis and 

inferences about microbial diversity.  

Previous statistical approaches to tackle the sequencing errors generally require different parametric assumptions 

about the sampling model or about the functional form of frequency counts. Different parametric assumptions may 

lead to drastically different diversity estimates. We focus on nonparametric methods which are universally valid for 

all parametric assumptions and can be used to compare diversity across communities. We develop here for the first 

time a nonparametric estimator of the true singleton count to replace the spurious singleton count. Our estimator of 

the true singleton count is in terms of the frequency counts of doubletons, tripletons and quadrupletons. 

To quantify microbial diversity, we adopt the measure of Hill numbers (effective number of taxa) under a 

nonparametric framework. Hill numbers, parameterized by an order q that determines the measures’ emphasis on 

rare or common species, include taxa richness (q=0), Shannon diversity (q=1), and Simpson diversity (q=2). 

Replacing the spurious singleton count by our estimated count, we can greatly remove the positive biases associated 

with diversity estimates due to spurious singletons as illustrated in applying our method to analyze sequencing data 

from viral metagenomes. 

 

 

 
38.3 

Joint models for nonlinear longitudinal profiles in the presence of informative censoring with application to 

malaria data 

Tinashe D. Chatora, Francesca Little  

Statistical Sciences, University of Cape Town, Cape Town, South Africa 

 
Malaria is the most prominent parasitic disease which affects humans, with Plasmodium falciparum malaria being 

responsible for the majority of severe malaria and malaria related deaths. Gametocytes are the sexual form of the 

parasite and they have been found to have a significant influence on the infectivity of a host patient. Historically 

malaria research has focused mainly on the clearance of asexual parasites, which are responsible for the signs and 

symptoms synonymous with malaria infection. However, malaria in a community can only be truly combated if a 

treatment regime is implemented which is able to clear both asexual and sexual parasites effectively. 

 

Gametocyte data has several interesting features. Firstly, the distribution of gametocyte data is zero-inflated with a 

long tail to the right. The observed longitudinal gametocyte profile also has a nonlinear relationship with time. In 

addition, this data is affected by informative censoring, which leads to incomplete gametocyte profiles. There is also 

a competing risk element associated with the data, due to the different reasons for early exit from the study. 

 

The above mentioned features of gametocyte data make it an appealing dataset to analyse. In literature there are 

several modeling techniques which can be used to analyse individual features of the data. These techniques include 

standard survival models and nonlinear mixed effect models. It is important to note that these standard techniques do 

not account for informative censoring. Failure to account for informative censoring leads to bias in parameter 

estimates. Joint modeling techniques can be used to account for informative censoring. 

 

The resulting joint model used shared random effects to combine a Weibull survival model, describing the cause-

specific hazards of patient exit from the study, with a nonlinear zero-adjusted gamma mixed effect model for the 

longitudinal gametocyte profile. Drug concentrations were modelled using bi-exponential and tri-exponential 

models. The estimated drug concentrations profiles from these models were used as time-varying covariates in an 

extension of the aforementioned joint model. 

 
38.4 

Multiple imputation of missing data using copulas 

Shahab Jolani  



Methodology and Statistics, School CAPHRI, Care and Public Health Research Institute, Maastricht University, 

Maastricht, Netherlands 

 
Missing data pose great analytic challenges in almost every discipline and analysis of only the individuals with 

complete data may lead to misleading conclusions. Multiple imputation (MI) is among the current better methods to 

handle missing data problems. When a group of variables with different distributions (e.g., continuous and 

categorical) has missing values, it is often difficult to impute such variables while correctly capturing their 

dependence structure. This is because the lack of sufficiently flexible joint models limits the standard 

implementation of proper MI. In this presentation, we introduce the next-generation of joint modeling imputation 

routines that acknowledge different types of dependence structure among variables. These new imputation methods 

are constructed based on copula models, as copulas are very flexible and useful to correctly capture the dependence 

structures among different variables. In a set of simulation studies as well as a real life application, we evaluate the 

performance of the new imputation methodology and compare it with the currently available imputation methods. In 

sum, these new imputation engines provide better imputations for various missing data types that are theoretically 

valid and practically feasible. 

 
38.5 

Nonparametric Inference for Markov Processes with Missing Absorbing State 

Giorgos Bakoyannis, Ying Zhang, Constantin T. Yiannoutsos 

Biostatistics, Indiana University, Indianapolis, Indiana, United States 

 
Continuous time non-homogeneous Markov processes with finite state space and absorbing states play an important 

role in medicine, epidemiology and public health. A quite common problem in studies involving Markov processes 

is that absorbing state ascertainment is incomplete due the the usual nonresponse or by the study design. In this work 

we address the issue of nonparametric estimation of the transition probability matrix of a non-homogeneous Markov 

processes with finite state space and partially observed absorbing state. We impose a missing at random assumption 

and propose a computationally efficient nonparametric maximum pseudolikelihood estimator (NPMPLE). The 

estimator depends on a parametric model that is used to estimate the probability of each absorbing state for the 

missing observations based, potentially, on auxiliary data. For the latter model we propose a formal goodness-of-fit 

test based on a residual process. Using modern empirical process theory we show that the estimator is uniformly 

consistent and converges weakly to a tight mean-zero Gaussian random field. We also provide methodology for 

simultaneous confidence band construction. Simulation studies show that the NPMPLE works well with small 

sample sizes and that it is robust against some degree of misspecification of the parametric model for the missing 

absorbing states. The method is illustrated using HIV data from sub-Saharan Africa to estimate the transition 

probabilities of death and disengagement from HIV care. 

 
38.6 

MULTIPLE IMPUTATION INFERENCE FOR ORDINAL CLUSTERED DATA USING THE 

COMPUTATIONALLY EFFICIENT SEQUENTIAL REGRESSION IMPUTATION METHOD 

Tugba Akkaya Hocagil1, Recai M. Yucel2  
1Bureau of Environmental and Occupational Epidemiology, New York State Department of Health, Albany, New 

York, United States, 2Epidemiology and Biostatistics, School of Public Health, University at Albany, Rensselaer, 

New York, United States 

 
Among many analytical challenges, presence of incomplete categorical variables is an additional complexity to the 

analysis of multilevel data. Inference by multiple imputation (MI) can offer a statistically-sound solution inference, 

however, model-based MI routines can quickly become problematic even with a moderately high number of 

categorical variables. To provide an alternative solution to this issue, we develop computationally feasible routines 

for conducting inference by multiple imputation for ordinal variables using the notion of calibration. Particularly, we 

propose rounding rules to be used with the computationally efficient sequential regression imputation (CESRI) 

method (Akkaya-Hocagil and Yucel 2017). These rules allow practitioners to obtain usable set of imputations and 

hence facilitate the inferentially sound technique of multiple imputation. Through simulation results, we show that 

our methods lead to estimates with sound inferential quality. We also illustrate our techniques in a data application. 

 
39.1 



Hierarchical Bayesian Structural Equation Modeling of Heterogeneous Relationships between Performance 

Outcomes in Animal Production Systems 

Kessinee Chitakasempornkul, Abigail Jager, Nora M. Bello 

Statistics, Kansas State University, Manhattan, Kansas, United States 

 
Understanding interrelationships between multiple performance outcomes is increasingly important for the 

integrated management of agricultural production systems. Structural equation models (SEM) constitute a type of 

multiple-variable modeling strategy that allows exploration of directionality in the association between outcomes, 

thereby providing insight into putative causal links that define functional networks between outcomes in the system. 

A key assumption underlying SEM is that of a homogeneous network, whereby the structural coefficients defining 

functional links between outcomes are assumed constant and impervious to environmental conditions or 

management factors. This assumption seems questionable as production systems are regularly subjected to explicit 

interventions to optimize the necessary traded-offs between multiple performance outcomes. Here, we propose 

methodological extensions to hierarchical SEM that explicitly specify structural coefficients as functions of 

systematic and non-systematic effects of interest, thus allowing for heterogeneous networks between outcomes. Our 

implementation is Bayesian and relies on the Markov Chain Monte Carlo algorithm. We validate our proposed 

method using a simulation study and show that sources of heterogeneity on structural coefficients can be estimated 

and inferred upon accurately using the proposed approach. Further, we show that networks can be consistently 

identified as homogeneous or heterogeneous by using Deviance Information Criteria to compare fit of competing 

SEM that allow flexible specifications of structural coefficients. We apply the proposed methodological SEM 

extensions to a swine production dataset consisting of six interrelated reproductive outcomes measured in young and 

mature females, for which preliminary evidence suggested differential physiological reproductive mechanisms. In 

summary, explicit SEM-based modeling of heterogeneous functional networks may be used to advance the 

understanding of complex interrelationships between performance outcomes in a production system. 

 
39.2 

Using imputed genotype data in the joint score tests for genetic association and gene-environment 

interactions in case-control studies 

Minsun Song  

Department of Statistics, Sookmyung Women's University, Seoul, Yongsan-gu, Korea (the Republic of) 

 
Genome-wide association studies (GWAS) are now routinely imputed for untyped single nucleotide polymorphisms 

(SNPs) based on various powerful statistical algorithms for imputation trained on reference datasets. The use of 

predicted allele counts for imputed SNPs as the dosage variable is known to produce valid score test for genetic 

association. In this paper, we investigate how to best handle imputed SNPs in various modern complex tests for 

genetic associations incorporating gene-environment interactions. We focus on case-control association studies 

where inference for an underlying logistic regression model can be performed using alternative methods that rely on 

varying degree on an assumption of gene-environment independence in the underlying population. As increasingly 

large-scale GWAS are being performed through consortia effort where it is preferable to share only summary-level 

information across studies, we also describe simple mechanisms for implementing score tests based on standard 

meta-analysis of "one-step" maximum-likelihood estimates across studies. Applications of the methods in simulation 

studies and a dataset from GWAS of lung cancer illustrate ability of the proposed methods to maintain type-I error 

rates for the underlying testing procedures. For analysis of imputed SNPs, similar to typed SNPs, the retrospective 

methods can lead to considerable efficiency gain for modeling of gene-environment interactions under the 

assumption of gene-environment independence. Methods are made available for public use through CGEN R 

software package. 

 
39.3 

A joint analysis of counts and severity with zero-inflated longitudinal data 

Giovani L. Silva1, Elizabeth Juarez-Colunga2, Charmaine Dean3  
1Mathematics - IST, Universidade de Lisboa, Lisbon, Lisbon, Portugal, 2Biostatistics and Informatics, University of 

Colorado at Denver, Denver, Colorado, United States, 3Statistical and Actuarial Sciences, University of Waterloo, 

Waterloo, Ontario, Canada 

 



In longitudinal studies, one can sometimes observed the frequency and intensity of episodes in order to explain the 

recurrent occurrence of an event of interest, for example, earthquake sequences in a certain region combined with 

their magnitude levels may indicate long or short free-event periods studying the joint distribution of count and 

severity. This work is a joint approach for analysis of longitudinal data, as the severity of the event of interest is 

jointly observed with its occurrence, motivated by a clinical trial involving participants who were healthy 

menstruating women prior to hysterectomy/ovariectomy for benign disease. That joint approach allows mixtures of 

discrete (counting of hotflush events) and categorical (severity of the events) response variables over time. Each 

response is related to individual-specific random effects, which may be correlated over time, through a generalized 

linear model. Because there is many zero counts in the motivating dataset, we adapted the proposed model to zero-

inflated modelling by using different counting distributions. We propose a Bayesian joint analysis of counts and 

severity with zero-inflated longitudinal data to formulate multivariate correlated models for a combination of binary, 

ordinal, discrete and continuous outcomes measuring the same underlying trend over time. 

 
39.4 

Pairwise estimation of multivariate longitudinal outcomes in a Bayesian joint modelling framework 

Katya Mauff1, Dimitris Rizopoulos1, Ewout W. Steyerberg2  
1Biostatistics, Erasmus University Medical Center, Rotterdam, Netherlands, 2Public Health, Erasmus University 

Medical Center, Rotterdam, Netherlands 

 
Using a random effects approach, mixed effect models for longitudinal outcomes may be easily extended to account 

for multivariate outcomes that must be jointly modelled. However, as the number of k (potentially non-guassian) 

outcomes increases, so too does the dimension of the joint covariance matrix of the random effects, which quickly 

becomes computationally prohibitive, both in the frequentist and Bayesian paradigms. Verbeke and Fieuws (2006, 

Biometrics, 62, 424-31) propose a pairwise modelling approach, whereby all possible pairwise models are fitted, and 

inference is based on pseudo-likelihood theory. We now demonstrate the use of this approach within the Bayesian 

setting via simulation and analysis of data from the Bio-SHiFT cohort study; a prospective observational study 

conducted in the Netherlands on 263 chronic heart failure patients with reduced or preserved ejection fraction, 

wherein multiple biomarkers were measured over time. Having obtained MCMC iterations for each parameter in 

each model, we combine those obtained for the same parameters. We also address the appropriate reconstruction of 

the covariance matrix of the random effects, with respect to the assumption of positive definiteness. In this way we 

aim to more closely approximate the estimated parameter values that would be obtained via estimation of the full 

multivariate model, and lay the groundwork for future work in joint models for longitudinal and survival outcomes. 

 
39.5 

Feature selection of longitudinal biomarkers in multivariate joint models for longitudinal and multi-state-

processes 

Grigorios Papageorgiou1, 2, Mostafa Mokhles2, Rahat Muslem2, Johanna J. Takkenberg2, Dimitris Rizopoulos1  
1Biostatistics, Erasmus University Medical Center, Rotterdam, Netherlands, 2Thorax Surgery, Erasmus University 

Medical Center, Rotterdam, Netherlands 

 
This work is motivated by a study performed at the Erasmus Medical Center in the Netherlands on patients who 

receive a Left Ventricle Assist Device (LVAD) after heart failure. These patients may experience multiple 

successive complications during follow-up, such as bleeding, thrombosis, stroke and heart failure. To reduce the 

risks of these complications, the treating physicians follow these patients closely with longitudinally measured 

biomarkers for liver and kidney function. Their primary question of interest is to understand better how these 

biomarkers relate to the risk of each complication, to better guide their decision making. 

 

In this context, the joint modeling framework is a popular choice in addressing such research questions. However, 

while there has been a lot of work towards extensions of the classic joint modeling framework, such as multivariate 

joint modeling, joint modeling for longitudinal and multi-state processes and Bayesian shrinkage selection for 

selecting the association structure in joint models, a unified approach allowing for all these features simultaneously 

has yet to be studied. Moreover, investigating the performance of Bayesian shrinkage methods in terms of feature 

selection in highly correlated settings has not received a lot of attention. 

 



We, therefore, propose a flexible multivariate joint model for the longitudinal and multi-state processes that includes 

LVAD as a time-varying covariate in both the multivariate longitudinal and multi-state submodels. Furthermore, we 

allow for different association structures between the longitudinal biomarkers and the transition hazards as well as 

different sets of covariates for each transition hazard submodel. To determine the most appropriate functional forms 

we use informative global-local shrinkage priors on the regression coefficients that correspond to the covariates of 

the submodels for the multi-state process. Finally, we investigate the performance of these shrinkage priors focusing 

on selection of features in a multicollinearity setting rather than explicitly tackling high-dimensionality. 

 
39.6 

DYNAMIC RISK PREDICTION OF DEMENTIA USING JOINT MODELS AND LANDMARK 

ANALYSIS. 

Mizanur Khondoker1, Zakir Hossain2  
1Faculty of Medicine and Health Sciences, Norwich Medical School , University of East Anglia, Norwich, England, 

United Kingdom, 2Statistics, University of Dhaka, Dhaka, Choose a State or Province, Bangladesh 

 
Background: Monitoring the risk of converting to dementia from mild cognitive impairment (MCI) status in older 

people can help clinicians with early diagnosis, cost-effective management and primary prevention of the disease. 

Accommodating longitudinal predictors such as repeated measures of cognition including Mini Mental State 

Examination (MMSE) and Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-cog) can 

potentially improve the perdition accuracy and enable individual risk profiles to be updated dynamically in real time. 

These measures are not typically suitable for considering in standard regression type prediction models due to (i) 

endogeneity (ii) measurement errors, and (iii) intermittent observation of such measurements. 

 

Methods: We compared dynamic prediction of dementia using: (a) joint models, an appropriate framework for 

dealing with endogeneity, measurement errors, and intermittent nature of cognition measures, and (b) landmark 

approach using standard Cox regression, which involves using the values of longitudinal covariates at pre-set 

landmark time points as time-fixed covariates in an analysis of survival from the landmark time onwards, in a subset 

of subjects at risk at the landmark time point. We used bootstrap simulations to compare the optimism corrected 

performance of joint models with landmark analysis based on the Alzheimer’s Disease Neuroimaging Initiative 

study data. Time-to-dementia from the MCI status was defined as the survival time. Repeated MMSE scores for up 

to 12 follow-up visits constituted the longitudinal data. Baseline risk factors included socio-demographics, medical 

history, behavioural factors and APOEε4 genotype. 

 

Results: At four different landmark points (1, 1.5, 2 and 2.5 years), optimism corrected estimates of dynamic area 

under the Receiver Operating Characteristic curve (dynAUC) for the joint and Cox models were: [(Joint, 

Cox)=(0.792, 0.782), (0.838, 0.811), (0.834, 0.811) and (0.851, 0.850)]. The corresponding estimates of expected 

prediction error (PE) were found to be: [(Joint, Cox)=(0.142, 0.143), (0.156, 0.160), (0.147, 0.150) and (0.144, 

0.143)]. 

 

Conclusions: Joint models performed better than the landmark analysis in terms of both discrimination (dynAUC) 

and calibration (PE) criteria except for dynPE at the last landmark point (2.5 years) where the number of subjects at 

risk and subsequent event rate were very small. 

 
40.1 

 

Integration of polygenic risk scores into personalized risk prediction algorithms: some statistical challenges 

Krista Fischer1, Kristi Läll2  
1Institute of Genomics, University of Tartu, Tartu, Estonia, 2Institute of Genomics, University of Tartu, Tartu, 

Estonia 

 
So far, several risk scores have been developed that combine the effects of demographic, lifestyle and clinical 

factors to assess the risk of common diseases, such as Coronary Artery Disease (CAD), Type 2 Diabetes (T2D) and 

also some common cancers. Now with the movement towards personalized medicine and personalized risk 

prediction, there are many efforts to identify genetic predictors for those diseases. Ultimately, one has to identify 



optimal ways to combine the two and to quantify the added value of the genetic component. 

As the heritable component of common diseases is in most cases polygenic, Genetic (polygenic) Risk Scores (GRS) 

are developed, capturing the effect of a large number of Single Nucleotide Polymorphisms (SNPs). Usually the GRS 

is defined as a linear combination of effect allele counts of selected SNPs, whereas the selection of SNPs and their 

corresponding weights is based on a large-scale meta-analysis of Genome-Wide Association Studies (GWAS). 

While developing and validating such predictors on the data of a population-based biobank, several statistical 

challenges are met. One of them is related to the ways how the GWAS analyses are conducted. Mostly, these 

analyses are run as series of logistic regression models (one for each SNP) on either case-control datasets or 

population-based cohorts. The models are usually adjusted for a minimal set of predictors (sex, age and genotype 

principal components), thus the identified significant SNPs can affect the disease risk either directly or indirectly, 

via a range of different pathways. Therefore, significant genomic correlations are observed between a disease and its 

known risk factors (CAD and smoking, for instance). This creates a situation where the crude association between 

the GRS and the disease is strong, but becomes much weaker when adjusted for known lifestyle-related predictors. 

We discuss ways to create a GRS that is less dependent of important lifestyle-related predictors that can be directly 

adjusted for. 

In addition, the specific features of biobank data need to be accounted for – ethnic diversity, left-truncation for some 

outcomes, mix of retrospective and prospective data for some others, issues of absolute risk estimation, etc. Also, 

some common mistakes and their consequences are pointed out (such as partial overlap of discovery and validation 

cohorts). 

 
40.2 

Barcelona dynamic model for predicting progression to clinical relapse and dissability in CIS patients 

Santiago Perez Hoyos1, 2, Tintore Mar2, Susana Otero-Romero2, Jordi Rio2, Georgina Arrambide2, Manuel 

Comabella2, Carlos Nos2, Maria Jesús Arevalo2, Angela Vidal Jordana2, Joaquin Castillo2, Beogran Rodríguez-

Acevedo2, Luciana Midaglia2, Patricia Mulero2, Raquel Mitjana3, Cristina Auger3, Jaume Sastre-Garriga2, Alex 

Rovira3, Xavier Montalban2  
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de Catalunya (Cemcat), Department of Neurology/Neuroimmunology, Hospital Universitari Vall d’Hebron, 
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Baseline demographic, clinical, radiological and biological characteristics have been identified as factors that predict 

multiple sclerosis(MS) development and disability accumulation in patients with clinically isolated syndrome(CIS) 

defined as an episode suggestive of central nervous system(CNS) inflammatory demyelination. Those models 

usually include several variables that enable clinicians to use them separately in their daily activity and simpler 

models will be more practicable.We present the development of a dynamic risk model based on a few baseline and 

first year changes variables to predict conversion to MS and disability accumulation EDSS scaleAlso the aim is to 

obtain a simple upgradeable classification risk that can help clinicians in individual counselling about MS 

progression. 

Data are coming from Barcelona inception cohort an observational study based on a prospective, open cohort 

initiated in 1995 . From 1995 to 2016, 1088 CIS patients were prospectively recruited for clinical assessment and 

brain MRI follow-up. The baseline hazard was calculated as a linear combination of baseline variables s: age, sex, 

topography, oligoclonal bands adn number of T3 lerions. , for predicting EDSS level 3.0 derived from Cox 

regression models. A recursive patrioning regresion tree model was used to stratify patients according to their 

baseline hazard. Bootstrap has been used to test stability of model and to select best hazard cutpoints that identify 

baseline risk groups. 

Once groups were identified a parametric survival model (Weibull and Generalized Gamma) were fit and 

implemented in an web tool accessible to physicians that show the progression curves and free outcome proportion. 

This prognostic model was further updated according to new clinical and MRI information collected durinth the first 

year of follow up. A survival regression tree partitioning was used to stratify patients for each risk group identified 

at baseline. Performance scores as Harrell C were used to evaluate models. The webtool was updated with the new 

information so clinicians can updated the risk progression . Further analysis including variables that are partially 

available such as modifiable environmetnal factors (Vitamin D , smoke) or lesion activity or topography have been 

tested and added given a prognosis curve accordint to available information. 

 



40.3 

Personalized predictive probabilities of rapid disease progression—a case study with cystic fibrosis 

Rhonda Szczesniak1, Weiji Su2, Cole Brokamp1, Ruth Keogh3, Peter J. Diggle4, John P. Clancy5  
1Biostatistics & Epidemiology, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, United States, 
2Mathematical Sciences, University of Cincinnati, Cincinnati, Ohio, United States, 3Department of Medical 

Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom, 4CHICAS, Medical School, 

Lancaster University, Lancaster, Lancashire, United Kingdom, 5Division of Pulmonary Medicine, Cincinnati 

Children's Hospital Medical Center, Cincinnati, Ohio, United States 

 
Cystic fibrosis is a progressive, genetic disease characterized by prolonged drops in lung function throughout the 

clinical course that typically lead to respiratory failure. Accurate and timely information regarding risk of rapid lung 

function decline is essential for clinical decision support, in order to intervene prior to irreversible lung damage. 

Developing predictive probabilities to forecast rapid decline through longitudinal modeling is complicated due to 

heterogeneity in the timing and degree of rapid decline experienced by patients. We assume each patient’s 

longitudinal lung function follows a non-stationary stochastic process and accommodate heterogeneity between 

patients through random effects. The overall curvature in lung function is characterized by cubic b-splines. We 

estimate individualized disease progression from the model through rate of change in the patient-specific mean 

response function conditional on observed covariate history. We show how the estimated rate of change in an 

individual’s lung function trajectory can be used to establish patient-specific thresholds that, when coupled with 

probabilistic predictive inference, provide a useful approach to evaluate personalized risk of rapid decline in real-

time clinical settings. The model and methods are applied to data collected on 30,879 patients followed through the 

US Cystic Fibrosis Foundation Patient Registry. A bootstrapping algorithm is described to estimate uncertainty in 

predictive probabilities. Real-time implementation is presented through R Shiny. Properties of the approach are 

investigated using simulation studies. We discuss how the approach applied to routinely collected clinical and 

demographic data could be used to inform current interventions. 

 
40.4 

Selecting predictive biomarkers from genomic data 

Florian Frommlet1, Malgorzata Bogdan2, Franz Koenig1, Piotr Szulc2  
1Medical Statistics, Medical University Vienna, Vienna, Austria, 2Wroclaw University, Wroclaw, Poland 

 
Recently there have been tremendous efforts to develop statistical procedures which allow to determine subgroups 

of patients for which certain treatments are effective. This talk will focus on the selection of such predictive 

biomarkers in a high-dimensional setting, specifically when using a very large number of genetic markers like for 

example SNPs in genome wide association studies. We consider models which include both prognostic markers as 

main effects and predictive markers as interaction effects with treatment. We will compare different high-

dimensional selection approaches including adaptive lasso, slope and selection based on mBIC2 and compare with 

multiple testing procedures for individual markers. Having identified predictive markers we consider several 

different approaches how to specify subgroups susceptible to treatment. Our main conclusion is that selection based 

on mBIC2 has similar predictive performance as the adaptive lasso while including substantially fewer biomarkers. 

 
40.5 

Combining Dynamic Cox Prediction Models and the Lasso 

Michael Kammer, Georg Heinze 

Medical University of Vienna, Vienna, Austria 

 
Dynamic Cox prediction models incorporate information on the current status of an individual to update predictions 

throughout follow-up. This is achieved by a series of ‘landmark’ models, each of which is incorporating covariate 

data up to a specific time point, the landmark. In each of those models, a covariate may have a different effect size. 

 

Using a single Cox ‘supermodel’, smooth transitions between these landmark-specific effects can be assumed and 

estimated. Such a model offers a lot of flexibility and requires careful model selection, for example to control the 

way how effects are allowed to change over the landmarks. Our aim is to investigate how the Lasso can be applied 

in this situation to help with the process of selecting suitable model structures. We will discuss several challenges 

which arise when combining landmarking and the Lasso: 



 

First, a pre-processed dataset for the landmarking approach contains dependent observations, as an individual will 

usually appear at several landmarks. How should we deal with these dependencies in Lasso coefficient estimation 

and tuning parameter selection? 

 

Second, a Cox supermodel facilitates selection of effects at several layers of hierarchy. In some situations we may 

want to penalize the main and the time-varying effect of a covariate alike. Other situations may demand to only 

penalize the time-varying component. How can we apply the Lasso to penalize the total effect of a covariate or to 

only penalize changes in effects between landmarks? 

 

Third, it may also be of interest to provide more penalization for changes in effects across landmarks than on the 

constant main effect over all landmarks. This may avoid overfitting the time-varying component of the effects, 

which could arise from decreasing sample sizes over time. How could this be incorporated into an analysis using the 

Lasso? 

 

Using data from a study on dynamic prediction of venous thromboembolism, we will demonstrate how to implement 

these ideas in R with available software packages. 

 
40.6 

Familywise error control across all steps in phase II dose finding studies 

Signe M. Jensen, Christian Ritz 

University of Copenhagen, Frederiksberg C, Denmark 

 
Phase II dose finding in medical drug development is a procedure involving several steps. First step is to establish 

proof of concept Second, a dose-response model properly describing data has to be chosen, either the best fitting one 

from a pool of candidate models or, alternatively, the model-average over the set of candidate models. Finally, the 

target dose according to some criteria, for instance the smallest dose showing a clinically relevant and statistically 

significant effect, is derived from the chosen model (e.g., Ting, 2006). 

 

Each of these steps introduces uncertainty and, ideally, these uncertainties should be propagated through to the 

resulting target dose. Recent developments on simultaneous inference have, however, mainly focused on the two 

first steps in the dose-finding process. To our knowledge, there are currently only ad hoc approaches available for 

carrying forward the uncertainties of these steps to the estimation of the target dose (Bretz et al. 2005, Dette et al. 

2015). 

 

We will introduce a novel procedure that controls the familywise error rate (FWER) for the entire dose-finding 

process, i.e., all three above-mentioned steps. In particular, we will propose the use of simultaneous confidence 

intervals in the dose-finding step. These intervals are adaptive as they take all models/tests considered in the process, 

which is variable, into account using an iterative procedure. The procedure guarantees (asymptotically) FWER 

controlled dose finding based on either a selected best-fitting model or model-averaging and it is applicable to 

arbitrary types of outcome.  

We will illustrate the procedure through a data example and show results from a simulation study. 
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G-estimation of Structural Nested Restricted Mean Time Lost Models to Estimate Causal Effect of Treatment 

on Survival Outcome 



Yasuhiro Hagiwara, Tomohiro Shinozaki, Yutaka Matsuyama 
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G-estimation of structural nested models (SNMs) can estimate causal effect of longitudinal treatments, adjusting for 

time-dependent confounding appropriately. As SNMs for survival outcomes, structural nested accelerated failure 

time models (SNAFTMs) and structural nested cumulative failure time models (SNCFTMs) were proposed. 

Recently, restricted mean survival time (RMST) and restricted mean time lost (RMTL) attract an attention as a 

summary measure in survival analysis communities. SNAFTMs and SNCFTMs do not directly encode causal effect 

of longitudinal treatments on the RMST or RMTL scales. In the present study, we propose structural nested 

restricted mean time lost models (SNRMTLMs) and related two g-estimation methods; one is based on conditional 

exchangeability for longitudinal treatments, and the other is based on an instrumental variable with more restricted 

models. The proposed g-estimation methods are essentially same in terms of model forms and identifiability 

assumptions as those for structural nested mean models for continuous outcomes that take positive values, except for 

accounting for censoring nature of survival outcomes. In the proposed method, censoring before restricting time 

points is dealt with by the conditional nature of g-estimation or inverse probability of censoring weighting method. 

Thus, the proposed g-estimation methods for SNRMTLMs does not require artificial censoring unlike SNAFTMs. In 

addition, SNRMTLMs can relax the rare disease assumption in SNCFTMs. We describe a realistic blip function for 

SNRMTLMs which represents diminished treatment effect over time. This blip function has a connection to 

commonly used SNAFTMs, SNCFTMs, and marginal structural Cox models when event incidence is rare. We 

derived asymptotic properties of the proposed g-estimators. In a simulation study to evaluate finite-sample 

properties of the proposed g-estimators, the g-estimators behaved well in terms of bias, variance estimation, and 

coverage proportion of 95% confidence intervals, when assumptions were satisfied. We will show an application of 

the proposed methods to a real dataset. In conclusion, g-estimation of SNRMTLMs would be a useful method to 

estimate causal effect of longitudinal treatments on survival outcomes, if RMST and RMTL are of interest. 

 
41.2 

Learning genetic and environmental graphical models in family-based studies 

Adèle H. Ribeiro, Júlia M. Soler 
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To unravel the biological mechanism underlying complex traits and diseases, it is crucial to understand how the 

related phenotypes are associated with each other and how they are influenced by genetic and environmental factors. 

Probabilistic graphical models (PGMs) are widely used to describe relationships among variables (phenotypes) in a 

very intuitive and mathematically rigorous way. On the other hand, family-based studies are usually conducted to 

assess the influence of genetic and environmental factors on phenotypes. In this case, the polygenic model can be 

used to decompose the phenotypic variability into two variance components: one polygenic, for capturing the 

variability across families, and one environmental, for capturing the residual variability. 

Some algorithms for learning PGMs from observational data, known as structure learning algorithms, are strongly 

based on a conditional independence test. Considering the case where the observations are independent and p-

normally distributed, the null hypothesis of conditional independence can be tested using classical tests for zero 

partial correlation and PGMs can be learned under Markov-properties equivalence. However, in family-based 

studies, measurements of related individuals are correlated and such dependence structure must be taken into 

account to obtain appropriate test statistics. 

Based on the Gaussian univariate polygenic model, we derived an estimator for the partial correlation coefficient 

taking into account the family dependence structure and present a decomposition of the partial correlation 

coefficient according to the contribution of the genetic and environmental effects. Also, we derived zero partial 

correlation tests for these coefficients and extended the Meinshausen and Buhlmann (2006)'s approach, which learns 

undirected PGMs from Vertex Neighborhoods, and the IC (Pearl, 2000) / PC (Spirtes et al., 2000) algorithm, which 

learns directed PGMs, for learning genetic and environmental PGMs from observational family data. The 

performance of the proposed methodologies was assessed by using 100 replicates of simulated data, based on the 

Framingham Heart Study, provided by the Genetic Analysis Workshop (GAW) 13 in problem 2. 

 
41.3 

Novel perspectives of confounder selection 

Stijn Vansteelandt1, 2, Oliver Dukes1  
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The problem of how to best select variables for adjustment in regression models is one of the key open problems in 

causal inference for observational studies.  

Routine practice is often based on stepwise selection procedures that use hypothesis testing, change-in-estimate 

procedures or the lasso, which have all been criticised for - amongst other things - not giving sufficient priority to 

the selection of confounders (prognostic factors of the outcome that are also associated with the exposure). This has 

prompted vigorous recent activity in developing procedures that prioritise the selection of such variables, while 

preventing the selection of so-called instrumental variables that are associated with exposure, but not outcome (after 

adjustment for the exposure); e.g. outcome-adaptive lasso. A major drawback of all these procedures above is that 

they may not be uniformly valid; there is no finite sample size at which a procedure is guaranteed to attain its 

nominal coverage/size (within pre-specified error margins). In particular, under certain data-generating mechanisms, 

the exposure effect estimator may have a complex, non-normal distribution (as a result of jumping back and forth 

between different selected models), as well as large bias and variability. In this talk, I will develop insight into this 

by evaluating the finite-sample distribution of the exposure effect estimator in linear regression, under a number of 

the aforementioned confounder selection procedures. The results will shed light on the relative bias and efficiency of 

these procedures, and show that standard inference is uniformly valid under certain specific selection strategies.  

 
41.4 

 

Instrumental variable procedure for estimating Cox models with non-proportional hazard in presence of 

unmeasured confounding 

Pablo Martínez-Camblor  
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Two-stage instrumental variables methods are commonly used for estimating average causal effects in the presence 

of unmeasured confounders. On the proportional hazard Cox regression models, this problem has recently received 

attention with several methods being proposed. This paper extends the two stage residual inclusion (2SRI) procedure 

to Cox models with a time-varying treatment effect. We prove that in situations where the unmeasured confounders 

and/or the treatment effects change during the follow-up, the first stage of the 2SRI algorithm induces a frailty with 

time-varying coefficients in the second stage which should be considered in order to improve the obtained 

estimations. Monte Carlo 

simulations demonstrate the good behavior of the proposed extension of the 2SRI by adding a gaussian univariate 

frailty in the second-stage Cox regression model. Then, we apply different procedures for estimating the average 

hazard ratio of the endarterectomy versus carotid artery stenting on the mortality of patients suffering from carotid 

artery disease by using the Vascular Quality Initiative registry and the Medicare datasets. 

 
41.5 

Doubly robust instrumental variable methods with machine learning estimation. 

Karla DiazOrdaz1, Rhian Daniel2, noemi kreif3  
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We consider the estimation of a causal treatment effect in a randomised trial with non-adherence, where there is also 

an interest in effect modification by baseline covariates. 

Assuming that the randomly-allocated treatment is a valid instrument for the effect of treatment actually taken on the 

outcome, we describe two doubly robust (DR) estimators of estimands that capture the average treatment effect in 

the treated, conditional on baseline covariates. The first method is a locally efficient g-estimator, while the second is 

a targeted minimum loss-based estimator (TMLE). 

These two DR estimators can be viewed as generalisations of the two-stage least squares (TSLS) 

method to semi-parametric models that make 

weaker assumptions. We exploit recent theoretical results to extend the use of data-adaptive machine learning to the 



g-estimator. A simulation study is used to compare the two DR estimators' finite-sample performance, (1) when 

fitted using parametric nuisance models, and (2) using nuisance fits obtained from the Super Learner, an ensemble 

machine learning method, with TSLS. 

Data-adaptive DR estimators have lower bias and improved coverage, when compared to incorrectly specified 

parametric DR estimators and TSLS. When the parametric model for the treatment effect curve is correctly 

specified, the g-estimator outperforms all others, but when this model is misspecified, TMLE performs best, while 

TSLS can result in huge biases and zero coverage. Finally, we illustrate the methods by reanalysing the COPERS 

(COping with persistent Pain, Effectiveness Research in Self-management) trial to make inference about the causal 

effect of treatment actually received, and the extent to which this is modified by depression at baseline. 

 
42.1 

Blinded Sample Size Re-assessment Using Binary Endpoints - Is it worth it? 

Cornelia U. Kunz  
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Sample size determination is a key issue in the planning phase of a trial. One the one hand a trial needs to be large 

enough to have sufficient power for detecting a clinically relevant effect. On the other hand, a trial should not be too 

large for ethical and economic reasons. 

The sample size is influenced by several parameters including the assumed treatment effect, the type I error, the 

power, and the variability. Often the assumed treatment effect can be specified by medical experts and there is a 

consensus about the values to be used for type I error and power. However, there might be uncertainty about the 

variability affecting the target variable and hence, the sample size cannot be exactly determined either. 

 

A commonly used approach is to base the initial sample size determination on a realistic variability estimate and 

complement this with a pre-specified blinded sample size re-estimation (bSSR). Based on the updated variability 

estimate from the bSSR, the sample size is increased to ensure the planned power for the trial analysis. So far, 

literature on bSSR for binary endpoints has focused mainly on type I error control. Less attention has been paid to 

other design characteristics that are unique to binary endpoints, namely that due to the underlying event rate being 

restricted to the interval [0,1], the variance for most test statistics is also restricted allowing determination of a 

maximum possible sample size under the worst case scenario. 

 

We investigated different test statistics for binary endpoints with respect to maximum sample size, expected sample 

size, and the probability to increase the sample size beyond certain boundaries. Analytical solutions were derived 

where possible. It can be shown that for a wide range of underlying event rates, the maximum possible increase in 

sample size at interim is less than 10% of the initially planned sample size and even less with respect to the expected 

sample size. Furthermore, the probability to increase the sample size beyond the expected sample size is at most 

40%. 

 

These results spark the question whether bSSR is worthwhile given the logistical effort and associated cost of 

performing an interim analysis. The cost of a fixed design using the maximum possible sample size or the expected 

sample size might be less for many design scenarios while still ensuring an acceptable power. 

 
42.2 

Beyond the proportional frailty models: Bayesian estimation of individual heterogeneity in mortality 

parameters 

Fernando Colchero, Burhan Y. Kiyakoglu 
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Understanding how individual heterogeneity (i.e. the individual frailty level) affects mortality in natural populations 

is key to understand the mechanisms that drive survival and ageing rates. Finite mixture models and mixed effects 

models have been proposed, however, in all cases they assume that individual heterogeneity influences mortality 

proportionally (i.e. by scaling the baseline mortality). This assumption limits the possibility to test hypothesis on the 

influence of individual heterogeneity on ageing rates. Here we propose a Bayesian modelling approach that builds 

upon the mixture models previously developed but that facilitates estimating the effect of individual heterogeneity 

on mortality parameters other than the baseline mortality. We provide results of a simulation study where we show 



that the model appropriately retrieves the real parameters. We then applied the model to a dataset on captive 

chimpanzees and show how model selection can be carried out. Our modelling framework can provide a starting 

point to test hypotheses that are at the core of ageing research. 

 
42.3 

Flexible parametric model for survival data subject to dependent censoring 

Negera W. Deresa, Ingrid Van Keilegom 
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When modeling survival data, it is common to assume that the survival time (T) is conditionally independent of the 

censoring time (C) given a set of covariates. There are numerous situations in which this assumption is in doubt, and 

many correction procedures have been developed for different models. However, in most cases, some prior 

knowledge about an association between T and C is required. When neither prior knowledge nor auxiliary 

information is available, the application of most existing methods turns out to be limited. In this paper, we develop a 

flexible parametric model to estimate the association between T and C, without any additional information. We 

show that the association between T and C is identifiable. The performance of the proposed method is investigated 

both in an asymptotic way and through finite sample simulations. We also develop a diagnostic plot approach to 

assess the goodness of the fitted model. Finally, all approaches are illustrated on real data coming from a study on 

liver transplantations. 

 
42.4 

Accelerated failure time modeling via nonparametric infinite scale mixtures 

Sangwook Kang1, Byungtae Seo2  
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A semiparamtric accelerated failure time (AFT) model resembles the usual linear regression model with the 

response variable being the logarithm of failure times while the random error term is left unspecied. Thus, it is more 

flexible than parametric AFT models that assume parametric distributions for the random error term. Estimation for 

model parameters is typically done through a rank-based procedure, in which the intercept term cannot be esitmated. 

This requires a separate estimation procedure for the intercept, which often leads to unstable estimates. For a better 

estimation of the intercept essential in estimating mean failure times or survival functions, we propose to employ a 

mixture model approach. To leave the model as flexible as possible, we consider nonparametric infinite scale 

mixtures of normal distributions. An expectation-maximization (EM) method is used to estimate model parameters. 

Finite sample properties of the proposed estimators are investigated via an extensive stimulation study. The 

proposed estimators are illustrated using a real data analysis. 

 
42.5 

Parameter Estimation by Stratified Cox Model under Existence of Small Strata and Its Application to 

Missing Data in Stratified Factors 

Junji Moriya  
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In randomized trials involving time-to-endpoint, the stratified Cox model often has been utilized to estimate the 

hazard ratio (HR) under the situation that there are strata to be considered. If some of strata are small, the estimated 

HR by the stratified Cox model would be biased because the estimation is unstable due to small strata. Also, if 

missing data exist in stratified factors, the estimated HR also would be biased because the subjects with missing data 

are excluded from the model. In order to address the issues of small strata and missing data in stratified factors, 

many researchers have proposed some methods, but those often cannot be used because those require model 

specification, complicated programming or the sufficient number of data. In this presentation, we show the 

alternative method which can be used for the issues of small strata and missing data in stratified factors without such 

requirements. The main concept of this is based on the two methods that Mehrotra, et al. proposed to address the 

issues related to small sample [1][2][3]. Additionally, they suggested that one of two would be enhanced more by 

incorporating another. We think that the incorporating method can address the issues due to small strata and missing 

data in stratified factors. To clarify our assumption, the simulation results by the incorporating method in some 



realistic situations are shown. The results from the application to actual data also are shown. 

[1] Mehrota DV, Roth AJ. Relative risk estimation and inference using a generalized logrank statistic. Statistics in 

Medicine 2001; 20: 2099-2113. 

[2] Mehrota DV, Roth AJ. Improved hazard ratio estimation with tied event times in small trials. Statistics in 

Biopharmaceutical Research 2011; 3: 456-462. 

[3] Mehrota DV, Su SV, Li X. An efficient alternative to the stratified Cox model analysis. Statistics in Medicine 

2012; 31: 1849-1856. 
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Prior specications to handle the monotone likelihood problem in the Cox regression model. 

Enrico A. Colosimo, Frederico Almeida, Vinícius Mayrink 
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The monotone likelihood is a phenomenon that may 

affect the fitting process of well-established regression 

models such as the Cox proportional hazards model. In 

short, the problem occurs when the likelihood converges to 

a finite value, while at least one parameter estimate diverges 

to infinity. In survival analysis, monotone likelihood 

primarily appears in samples with substantial censored 

times and containing many categorical covariates; it is 

often observed when one level of a categorical covariate 

has not experienced any failure. A solution suggested in 

the literature (known as Firth correction) is an adaptation 

of a method originally created to reduce the bias of 

maximum likelihood estimates. The method leads to a 

finite estimate by means of a penalized maximum likelihood 

procedure. In this case, the penalty might be interpreted as 

a Jeffreys type of prior widely used in the Bayesian context. 

However, this approach has some drawbacks, especially 

biased estimators and high standard errors. The present 

paper explores other penalties for the partial likelihood 

function in the favor of Bayesian prior distributions. A 

simulation study is developed, based on Monte Carlo 

replications and distinct sample sizes, to evaluate the impact 

of the suggested priors in terms of inference. Results show 

that a greater bias reduction can be achieved with respect 

to the Firth correction; however, this performance depends 

on the uncertainty level of the prior (vague priors do not 

manage well the monotone shape). A real application is also 

presented to illustrate the analysis using a melanoma skin 

data set. 
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The difficult genes and their impact on RNA-seq data analysis 
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The main scope of the study are difficult genes, that is the genes with the expression difficult to estimate based on 

data produced by next-generation sequencing (NGS) technologies. We focused on RNA sequencing (RNA-Seq) 

type of experiment performed with Illumina platform. It is crucial to identify such genes and understand what cause 

their difficulty since those genes could be implicated in some diseases. By giving misleading results they could 

contribute to misunderstanding of the cause of certain diseases which migth lead to not appropriate treatment. 

We considered that those genes would be difficult to map due to complex structure. That is why we have 



investigated RNA-seq analyses across different mappers to seek genes that would have different measurements 

produced by aligners. We performed analysis based on publicly available datasets from NCBI Gene Expression 

Omnibus (GEO). Primary analysis involved mapping of reads with several mappers, such as hisat2, STAR and 

Subread. Secondary analysis, focused on searching differentially expressed genes (DEG), was based on the 

generalized linear model with two factors: mappers and groups introduced by the experiment. We compared the 

treatments adjusting for any baseline differences between the mappers and groups by fitting an additive model with 

edgeR, DESeq and limma approach. As a result we obtained the lists of genes that have highly different expression 

depending on the application of various alignment methods and on the groups analyzed in the experiment at the 

same time. With such approach we identified potential difficult genes that are differentially expressed and have high 

differences in expression levels across all mappers. 

Finally, we performed predictive analysis to verify the performence of difficult genes in classification. For this 

purpose several classifiers were used, such as k-nearest neighbor, support vector machine, the neural network and 

random forest. We compared the effectiveness of classification of samples to specific groups including expression of 

difficult and not difficult genes as covariates. For almost all cases considered difficult genes resulted with higher 

number of misclassified samples than the not difficult genes, which means that difficult genes have a lower 

predictive power. 

 
43.2 

THE INFLUENCE OF GENES SHARING THE PROTEIN FAMILY DOMAIN ON THE STATISTICAL 

OUTCOME IN RNA-SEQ DATA ANALYSIS. 
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High-throughput sequencing (HTS) technology has recently shown a rapid and impressive development. This 

technique supports many applications including personalized medicine that is practiced more widely from year to 

year. There is still a growing need for better diagnosis of the disease to design personalized health plans and to 

provide better diagnoses with earlier intervention. This presentation is focused on the influence of protein domains, 

using the information from the PFAM database on the correlations for genes sharing a protein domain. As the first 

step in the analysis the global table of protein family domains and genes in which they are located was built from 

annotation databases. Next, we have calculated Spearman’s correlation coefficient between the expression values for 

differentially expressed genes that share the same domain and that do not share any domain. Additionally, machine 

learning methods have been used for finding the effectiveness of prediction of these two subsets of differentially 

expressed genes. We have checked the relationship between a primary analysis (alignment) and classifier that was 

taken into account. In this study we have tested the performance of following classifiers: k-nearest neighbor, support 

vector machine, the neural network and random forest. By using them we pointed out possible artifacts with domain-

associated genes in the input data. For the analysed datasets the Spearman’s correlation distribution have shown a 

shift towards positive values for the gene pairs linked by a domain. Having the confirmation that correlation for 

genes with domains was shifted to the right compared to the ones without any domain, we have checked the 

prediction efficiency for these genes. From the results of machine learning most classifiers performed better when 

differentially expressed genes without domains were used as variables. 
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On a flexible model for longitudinal RNA-seq data: the Poisson-Tweedie mixed effects model 

Mirko Signorelli, Pietro Spitali, Roula Tsonaka 
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High-throughput sequencing (HTS) technologies have become the standard method to measure RNA expression 

after microarrays. HTS technologies generate count data that exhibit special features such as overdispersion, zero-

inflation and heavy tails. The analysis of such data necessitates statistical models that can flexibly handle these 

characteristics. Our work is motivated by an RNA-seq longitudinal study designed to unravel the disease dynamics 

of Duchenne Muscular Dystrophy (DMD). Contrary to previous studies, an important attribute of the present study 



is that samples have been collected at several time-points on each mouse, reflecting the future direction of the field. 

 

Several methods and software, such as edgeR and DESeq2, have been developed so far to analyse RNA-seq data 

based on the negative binomial distribution. This is a two-parameter distribution that can accommodate different 

levels of overdispersion, but cannot capture zero-inflation and heavy tails that are often observed in RNA-seq data. 

Moreover, in the context of our motivating study, the existing methods are limited to the analysis of independent or 

at most paired measurements and cannot handle longitudinal studies with several repeated measurements. In such 

designs, time-dependent overdispersion and serial correlation within samples cannot be ignored. 

 

To address the aforementioned features of longitudinal RNA-seq data, we propose a mixed effects model based on 

the Poisson-Tweedie distribution, a three-parameter distribution that encompasses the Poisson and negative binomial 

distributions as special cases. Our model is flexible in capturing several distribution shapes and in particular zero-

inflation, which is also common in single-cell sequencing experiments. Moreover, the model accounts for the 

correlation between repeated measurements via properly chosen random effects. 

 

Another important contribution of our work pertains to the proper normalization of RNA-seq data, which can 

overcome the need for the computationally demanding empirical Bayes methods in complex designs such as the 

longitudinal studies. Finally, after discussing the computational challenges in deriving the likelihood of the mixed 

model and inference, we evaluate the model’s performance on simulated data, as well as on the DMD data in order 

to identify genes that statistically change in time between dystrophic cases and healthy controls. 
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Gene expression measurement technology has shifted from microarrays to sequencing, producing ever richer high-

througput data for transcriptomics studies. As studies using these data grow in size, frequency, and importance, it is 

becoming urgent to develop and refine the statistical tools available for their analysis. In particular, there is a need 

for methods that better control the type-I error as clinical RNA-seq studies are including a growing number of 

subjects (measurements being cheaper) resulting in larger sample sizes. We model RNA-seq counts as continuous 

variables using nonparametric regression to account for their inherent heteroscedasticity, in a principled, model-free, 

and efficient manner for detecting differentially expressed genes from RNA-seq data. Our method can identify the 

genes whose expression is significantly associated with one or several factors of interest in complex experimental 

designs, including studies with longitudinal measurement of gene expression. We rely on a powerful variance 

component score test that can account for both adjustement covariates and data heteroscedasticity without assuming 

any specific parametric distribution for the (transformed) RNA-seq counts. Despite the presence of a nonparametric 

component, our test statistic has a simple form and limiting distribution, which can be computed quickly. A 

permutation version of the test is also derived for small sample sizes. Applied to both simulated data and real 

benchmark datasets, we show that our test has very good statistical properties, with an increase in stability and 

power when compared to state-of-the-art methods limma/voom, edgeR, and DESeq2. In particular, we show that 

those three methods can all fail to control the type I error and the False Discovery Rate under realistic settings when 

the sample size becomes larger, while our method behaves as expected. We apply our proposed method to two 

candidate vaccine phase-I studies with repeated gene expression measurements: one public dataset investigating a 

candidate vaccine against EBOLA, and one original dataset investigating a candidate vaccine against HIV. 
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Mounting evidence suggest that 5-hmC may have a role in epigenomic regulation, development and disease. 

Proposed analyses of single-base profiling of either 5-hmC or 5-mC require combining data obtained using bisulfite 

conversion, oxidative bisulfite conversion or Tet-Assisted bisulfite conversion methods, but doing so naively 

produces inconsistent estimates of 5-mC or 5-hmC level. This is especially relevant for tissues which are expected to 

have low 5-hmC levels, such as blood. We introduce the R package MLML2R, which provides maximum likelihood 

estimates of DNA methylation and hydroxymethylation proportions when data from the DNA processing methods 

bisulfite conversion (BS), oxidative bisulfite conversion (ox-BS), and Tet-assisted bisulfite conversion (TAB) are 

available. The MLML2R package shows advantages over other available R packages. For combinations of any two 

of the methods, we derived the exact constrained maximum likelihood estimate in analytical form, which greatly 

decreases analytic processing time and computational burden, common bottlenecks when processing high-

throughput data. Specially, we have implented for the first time in R the constrained maximum likelihood estimate 

of DNA methylation and hydroxymethylation from TAB data. The MLML2R package is flexible as takes as input 

both, intensities from Infinium Methylation arrays and counts from Next Generation Sequencing technologies. 

Using data available from GEO, we will show an example of a pipeline for simultaneously estimating consistent 

MLE 5-hmC and 5-mC levels from Infinium Methylation data. This work has the potential to enable future 

epidemiological studies to measure both 5-mC and 5-hmC in the same sample, thus, providing insights into the 

molecular and environmental basis of disease. 
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Combining the information of several experts to derive a unique prior distribution on average breathing rate 

in radiation epidemiology 
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When analysing the association between the inhalation of radon and its short-lived progeny and lung cancer 

mortality in cohorts of uranium miners, exposure measurement error and other sources of dose uncertainty may 

distort the dose-response relationship and lead to bias in risk estimation. To account for these sources of uncertainty, 

it is possible to use a Bayesian hierarchical approach, which provides a coherent framework for the treatment of 

complex phenomena which may be prone to multiple sources of uncertainty. In a hierarchical model accounting for 

exposure and dose uncertainty in the association between radon exposure and lung cancer mortality, some unknown 

input parameters will be well informed by the data, leading to informative posterior distributions even if vague 

priors are used. Other parameters, including average breathing rate, which is an important input parameter in the 

calculation of absorbed lung doses, are only poorly informed by the data. For this latter parameter, it is therefore 

indispensable to consider other sources of information and to elicit prior distributions that realistically reflect prior 

knowledge. To obtain these distributions in a transparent and repeatable manner, we developed a software program 

for the elicitation of prior distributions based on expert knowledge. We used this software to conduct standardized 

interviews with three experts on the exposure conditions in French uranium mines. In order to minimize cognitive 

biases in the elicitation of expert knowledge, we chose a process of indirect elicitation, where experts were 

confronted with binary choices to derive probability distributions that accurately reflect their prior knowledge. The 

use of a computerized implementation additionally allowed us to give an instantaneous graphical feedback on the 

elicited quantities. To combine the information of several experts, we used a Supra-Bayesian approach. We compare 

this approach with pooling and averaging, which are two alternative approaches for the combination of the 

information from several experts. Finally, we propose a framework that would allow to combine the information 

obtained in the elicitation process with information available in the scientific literature in order to account for all 

sources of uncertainty and all sources of prior information in a coherent way. 
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Regular blood donors experience a decline in their hemoglobin (Hb) values due to gradual depletion of the iron 

reserves. If the Hb value drops below a certain threshold, the donor becomes ineligible for donation and often does 

not return for donation. Both Hb and Zinc Protoporphyrin (ZPP) are considered markers for the body's iron reserve, 

which is not observed. Although the strength and timing of these relationships remain unclear, it is hypothesized that 

ZPP changes sooner in response to a decline of the iron reserves than Hb, and hence ZPP could potentially predict 

Hb. To investigate this hypothesis, we use a unique database of prospectively collected ZPP and Hb values of 

20,000 donations from over 8,000 blood donors, collected by Sanquin Blood Supply in the Netherlands. 

We developed univariate and bivariate Bayesian autoregressive mixed models for the repeated measurements of 

ZPP and Hb. The model can account for cross-sectional and cross-lagged correlations, autocorrelation and state 

dependence in the repeated measurements, as well as specific features of blood donation data, such as a decline and 

subsequent recovery of Hb after each observation, due to the donation. We illustrate how these models can be used 

to predict Hb values and to what extent the ZPP values improve the predictions of Hb. The methodological 

contribution consists of showing how these advanced multivariate autoregressive mixed models can provide new 

insights into the complex biological relationship between longitudinally observed markers. These insights could not 

easily be obtained using simpler statistical approaches. Future research that treats the iron reserves as a latent 

variable may provide further information on the causal relationships between these variables. 
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Medical studies frequently involve the collection of longitudinal data, where observations on a set of variables are 

made repeatedly for each patient over time. Linear mixed effects models have emerged as particularly suitable for 

modelling the influence of both fixed effects, such as age or treatment plan, and random effects, representing latent 

individual characteristics, on a longitudinal response. Problems can occur, however, in the presence of outlying 

observations, which violate the normality assumptions of these random effects (b-outliers) along with the random 

error terms (e-outliers). 

 

The literature shows that longitudinal outliers are common in various medical scenarios. This study further 

demonstrates the detrimental impact of outliers in the analysis of data for renal research. Longitudinal outliers can 

be accommodated by using robust modelling techniques, such as the robust hierarchical linear mixed effects model, 

in which the standard normality assumptions for the random terms are replaced with multivariate t-distributions, 

with degrees of freedom estimated from the data. 

 

Although these models can be improved by ignoring longitudinal outliers and keeping the standard normality 

assumptions of the random terms, no research to date has investigated outlier impacts which evolve over time (and 

hence should be accounted for through time-varying degrees of freedom). Medical research frequently observes that 

patients can take time to respond to new treatments, experiencing periods where their response is more likely to 

fluctuate and produce outlying observations - demonstrated in the analysed dataset after the commencement of 

haemodialysis treatment. This study proposes that the introduction of time-varying degrees of freedom will account 

for this scenario, down-weighing the impact of outliers to changing extents over time as dictated by the data. 

 

This research explores the impact of time-varying degrees of freedom on the current robust hierarchical linear mixed 

effects model. Results will be presented from both a simulation study and application to a renal data-set. The data 

analysed in this study was collected by the Northern Ireland Renal Information Service between 2002 and 2012, 

containing information on 1,320 haemodialysis patients with a total of 27,113 repeated measurements. Theoretical 

development of a new time-varying outlier approach will be discussed. 
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In the biomedical research literature, random changepoint mixed models are often used to take into account a 

random individual break in a biomarker trajectory. This kind of trajectories is investigated in the pre-diagnosis phase 

of Alzheimer's Disease. The cognitive state of an individual is measured by a psychometric biomarker whose 

decline apparently accelerates during the years preceeding the diagnosis. The existence, intensity and duraton of this 

accelerated decline can depend on individual characteristics (Jacqmin-Gadda et al., 2006). 

 

The main objective of our work is to propose inferential methods to assess the existence of this accelerated phase, 

i.e. the existence of a random changepoint. To do so, we propose a mixed model with two linear phases and test the 

nullity of the parameter measuring the difference of slopes of these two linear parts. As some parameters are 

unidentifiable under the null, we use a supremum score test based on the work of Hansen (1996) that rules out these 

identifiability issues. The asymptotic distribution of the supremum under the null is approached through a 

perturbation method (Hsu et al., 2016). The performance of our testing procedure is assessed via some simulations 

and we apply this procedure to the french elderly cohort PAQUID to study the shape of the pre-diagnosis decline 

according to the educational level. 
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We construct a legitimate likelihood function for the agreement kappa coefficient for correlated data without 

specifically modelling all levels of correlation. This makes available the likelihood ratio test, the score test and other 

tools without the knowledge of the underlying distributions. 

This parametric robust likelihood approach applies to general clustered data scenarios. We provide simulations and 

real data analysis to demonstrate the advantage of the robust procedure. 
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The random effects in a generalized linear mixed model (GLMM) are likely to be uncorrelated and assumed to 

follow a normal distribution. However, existing studies on how the misspecification of the random effects 

distribution affects the estimated model parameters lead to the inconclusive decision. In this study, the 

randomization approach for deriving linear models has been extended to the GLMM framework. The variance-

covariance matrix for the random effects has also been derived from the randomization. An algorithm for estimating 

the model parameters of the randomization-based GLMM (RB-GLMM) for the completely randomized design 

(CRD) has been suggested without assuming normality for the random effects. Instead, the discrete uniform 

distribution on the symmetric group of permutations is used for the random effects. Simulation results suggest that 

the proposed algorithm is an alternative for small samples when the assumption of normality is violated. 

Keywords: Completely randomized design, Correlated random effects and Symmetric group. 
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Dietary patterns (DPs) have long been recognized as a useful tool for describing overall diet, as they synthesize 

multiple related dietary components in one or more combined variables. A major drawback of DPs is their limited 

replicability in different populations (i.e. external reproducibility). This is especially true for the a posteriori DPs, 

which are derived using standard multivariate analysis techniques and reflect existing dietary behavior in a 

population. 

A few papers examined external reproducibility of a posteriori DPs derived with exploratory factor analysis. 

Although they supported the idea that some DPs are reproducible across populations, there is still no consensus on 

the statistical approach to measure external reproducibility. In addition, study-specific DPs could be relevant for 

disease risk. 

In 2017, de Vito et al. proposed multi-study factor analysis as a generalization of exploratory factor analysis able to 

handle multiple studies simultaneously. This approach learns the so-called shared DPs, which are common to all 

studies, as well as extra study-specific DPs for some of the studies, in an integrated model based on the maximum 

likelihood. External reproducibility is therefore assessed from a different perspective: the reproducible DPs are those 

that each study population shares with all the others. 

In the current application, we used individual-level pooled data from 7 case-control studies (3,844 cases; 6,824 

controls) participating in the International Head and Neck Cancer Epidemiology (INHANCE) consortium. We 

derived shared and study-specific DPs from the application of multi-study factor analysis on the study-specific 

correlation matrices of a common set of 23 nutrients. We then examined DP association with cancers of the oral 

cavity and pharynx (OCP) and larynx, using mixed-effects logistic regression models, applied to quantiles of factor 

scores. 

We identified 3 shared DPs which were common to all the studies; all of them were associated with cancers of the 

OCP and/or larynx. Each of the 4 US studies expressed an additional study-specific DP; two of these DPs were 

associated with OCP cancer. 

Multi-study factor analysis is a promising statistical approach that provides insight into DP reproducibility and 

supports previous evidence on DPs across populations. 

 

* The author list included all the INHANCE consortium investigators that participated in this project. 
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Uncertainty is a crucial issue in statistics and can be considered from different points of view. One aspect of 

uncertainty follows from the variability of the results obtained when the same analysis strategy is applied to different 

samples (drawn from the same considered distribution). Another aspect related to uncertainty is the variability 

between results obtained with the same sample but different analytical strategies addressing the same research 

question. This latter type of uncertainty is associated to all the choices to be made for an analysis, e.g., related to 

data preparation, eligibility criteria, handling of outliers, use of transformations, method choice, and model 

selection. 

 

Patel et al. (J Clin Epidemiol 2015, 68:1046-58) conducted investigations of a special case of the latter type of 

uncertainty by fitting Cox models to one fixed variable of interest with different sets of adjustment variables. They 

called it the “vibration of effects due to model specification” and suggested useful summary measures and a 

visualization strategy. In our paper we contrast this “model vibration” to the vibration of effects that we denote in 

the following as the “sample vibration”, which quantifies sample uncertainty in this specific context. 

 

In order to calculate the sample vibration we consider a number of B random subsets of the data and fit a Cox model 

on each of them. We get an estimate of the Hazard Ratio and a p-value for each model, which can be used to 

calculate the relative hazard ratio and the relative p-value as suggested by Patel et al. in the context of the model 

vibration: Considering all B Cox models, these measures are defined as the ratio of the 99th percentile and 1st 



percentile of the HR, and the difference between the 99th and 1st percentile of –log10(p-value), respectively. We 

also estimate how often estimates are obtained in opposite direction. 

 

To illustrate the concept of sample vibration, we perform analyses on both simulated and real data. The real dataset 

is taken from the National Health and Nutrition Examination Survey, which is also the basis of the simulated data. A 

focus is the comparison of model and sample vibrations, especially how they behave with an increasing number of 

observations. We consider variables with different effects on the outcome, sizes of the random subsets, and numbers 

of adjustment variables in order to investigate the characteristics of the sample vibration. 
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In genetic association studies linear mixed models are used to test for associations between selected phenotypes and 

candidate single nucleotide polymorphisms. These same models are also used to estimate heritability, which is 

central not only to evolutionary biology but also to the prediction of the response to selection in plant and animal 

breeding, as well as the prediction of disease risk in humans. However, when one or more of the underlying 

assumptions are violated, the estimation procedure of variance components may be compromised and therefore so 

may be the estimates of heritability. Considering that datasets obtained from real life experiments are prone to 

several sources of contamination, which usually induce the violation of the assumption of the normality of the 

errors, we propose a robust derivative-free restricted-maximum-likelihood framework together with a robust 

coefficient of determination to be adopted in genetic association studies of continuous traits. This approach, in 

addition to the robust estimation of variance components and robust computation of the coefficient of determination, 

also allows for the robust estimation of heritability by reducing the bias and increasing the precision of its estimates. 
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Biclustering is a data analysis method that can be used to cluster the rows and columns in a (big) data matrix 

simultaneously in order to identify local submatrices of interest, i.e., local patterns in a big data matrix. For binary 

data matrices, the local submatrices that biclustering methods can identify consists of rectangles of 1’s. Several 

methods were developed for biclustering of binary data, such as the Bimax algorithm proposed by Prelić et al. 

(2006) and the BiBit algorithm by Rodriguez-Baena, Perez-Pulido, and Aguilar-Ruiz (2011). However, these 

methods are capable to discover only perfect biclusters which means that noise is not allowed (i.e., zeros are not 

included in the bicluster). We present an extension for the BiBit algorithm (E-BiBit) that allows for noisy biclusters. 

While this method works very fast, its downside is that it often produces a large number of biclusters (typically 

>10000) which makes it very difficult to recover any meaningful patterns and to interpret the results. Furthermore 

many of these biclusters are highly overlapping. 

We propose a data analysis workflow to extract meaningful noisy biclusters from binary data using an extended and 

`pattern-guided’ version of BiBit and combine it with traditional clustering methods. The proposed algorithm and the 

data analysis workflow are illustrated using the BiBitR R package on hearth disease patient data and tourism data to 

extract and visualize these results (e.g. homogeneous subsets of patients who share the same disease symptom 

profiles). 

 

The E-BiBit and workflow has also been included in the BiclustGUI R package (Kasim et al. (2016)), an ensemble 

GUI package in which multiple biclustering and visualisation methods are implemented. 
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We propose a Bayesian nonparametric approach (BNP) for causal inference on quantiles in the presence of many 

confounders. In particular, we define relevant causal quantities and specify BNP models to avoid bias from 

restrictive parametric assumptions. We first use Bayesian additive regression trees (BART) to model the propensity 

score and then construct the distribution of potential outcomes given the propensity score using a Dirichlet process 

mixture (DPM) of normals model. We thoroughly evaluate the operating characteristics of our approach and 

compare it to Bayesian and frequentist competitors. We use our approach to answer an important clinical question 

involving acute kidney injury using electronic health records. 
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In human genetic association studies with high-dimensional gene expression data, it has been well known that 

statistical methods utilizing prior biological network knowledge such as genetic pathways and signaling pathways 

can outperform other methods that ignore genetic network structures. In recent epigenetic research on case-control 

association studies, relatively many statistical methods have been proposed to identify cancer-related CpG sites and 

the corresponding genes from high-dimensional DNA methylation data. However, most of existing methods are not 

able to utilize genetic networks although methylation levels among linked genes in the networks tend to be highly 

correlated with each other. In this article, we propose new approach that combines independent component analysis 

with network-based regularization to identify outcome-related genes for analysis of high-dimensional DNA 

methylation data. The proposed approach firrst captures gene-level signals from multiple CpG sites using 

independent component analysis and then regularizes them to perform gene selection according to given biological 

network information. In simulation studies, we demonstrated that the proposed approach overwhelms other 

statistical methods that do not utilize genetic network information in terms of true positive selection. We also 

applied it to the 450K DNA methylation array data of the four breast invasive carcinoma cancer subtypes from The 

Cancer Genome Atlas (TCGA) project. 
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Several flexible methods have been proposed to model time-dependent (TD) effects of treatments. Their real-life 

applications provided evidence of frequent violations of the proportional hazards assumption. Yet there may be a 

variety of reasons for changes over time in the hazard ratio of treated vs. untreated. For example, with increasing 



cumulative duration of use the treatment effect may either increase or – due to tolerance – wane. Alternatively, 

treatment may have a stronger effect in early follow-up, i.e. at initial stages of a chronic disease, before permanent 

organ damages occur. An effect decreasing over-time may also be due to a gradually lower compliance to treatment. 

A similar TD bias toward the null would be induced by unmeasured frailties. The results of the standard TD model 

λ(t|A) = λ0(t)β(t)A do not allow discriminating between these cases. We used simulations to illustrate how different 

mechanisms may lead to similar TD estimates, and to investigate whether and how the true mechanism may be 

identified by fitting alternative models and comparing their results. We simulated randomized clinical trials (RCTs), 

where treatment remained constant across the follow-up, and observational studies with time-varying treatment. 

Data were analyzed with the (i) standard TD model, with time-varying exposure defined as current treatment use, 

(ii) flexible weighted cumulative exposure (WCE) model, which accounts for cumulative effect of past treatment, 

and (iii) TD model accounting for effect modification by treatment compliance, measured by the drug possession 

ratio. We attempted to discriminate between models based on goodness of fit and shapes of estimated functions for 

the TD effect and for weights describing how past exposure effect cumulates over time. Simulation results indicated 

that RCT data may not allow identifying the true model that generated a TD effect. In contrast, by combining large 

observational studies, with time-varying drug use, and flexible modeling one can usually establish the true data 

generating mechanism. For example, if data were generated assuming a cumulative effect, the WCE model had 

lower AIC than the TD model for current treatment use. Our simulations illustrate the complexities of analyzing 

longitudinal studies and advantages of using population-based data and flexible modeling to address these 

challenges. 
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Incorporation of frailties into a cure rate regression model and its diagnostics and application to melanoma 

data 

Jeremias Leao4, Helton Saulo1, Vera Tomazella2, Victor Leiva3  
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Cure rate models have been widely studied to analyze time-to-event data with a cured fraction of patients. Our 

proposal consists of incorporating frailty into a cure rate model, as a new alternative approach to the existing 

methodology to describe such data, based on the Birnbaum-Saunders distribution. This distribution has theoretical 

arguments to model medical data and has shown empirically to be a good option to analyze this kind of data. An 

advantage of the proposed model is the possibility to jointly consider the heterogeneity among patients by their 

frailties and the presence of a cured fraction of them. In addition, the number of competing causes is modeled by the 

negative binomial distribution, which absorbs several particular cases. We consider likelihood-based methods to 

estimate the model parameters and to derive influence diagnostics for this model. We assess local influence on the 

parameter estimates under different perturbation schemes. Deriving diagnostic tools is needed in all statistical 

modeling, which is another novel aspect of our proposal. Numerical evaluation of the proposed approach is 

performed by Monte Carlo simulations and by an illustration with melanoma medical data, both of which show its 

good performance and its potential applications. 

 
46.3 

Correlated discrete survival analysis: A novel model for including random effects in continuation ratio logit 

models 

Bryan McNair1, Gary K. Grunwald1, Anna E. Baron2, Marilyn H. Blackmon3  
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Anschutz Medical Campus, Aurora, Colorado, United States, 3University of Colorado Boulder, Boulder, Colorado, 
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The continuation ratio logit model (CRL) is a powerful tool for modeling discrete survival data. Any software 

capable of logistic regression can fit a CRL model to discrete survival data that is independent across subjects. 

Software capable of logistic regression with random effects can fit more complex versions of CRL that account for 

heterogeneity and dependence among subjects. Two currently-available options for adding random intercepts to the 

CRL are considered here. The constant random effects (CRE) CRL model assumes random effects remain constant 

across time, while the independently-varying random effects (IVRE) CRL model has random effects that change 



independently at each time point. A novel third option is presented here, the accumulating random effects (ARE) 

CRL model, which allows random effects from previous event times to carry over into future event times. This new 

model overcomes limitations of the first two and provides graphical diagnostic tools for assessing the dependence 

structure inherent in the data. 

 

The CRE, IVRE, and ARE models were fit to both simulated and real experimental data. The first two simulated 

datasets were generated according to the assumptions of the CRE and IVRE models, assumptions also satisfied by 

the ARE model. The third was generated under assumptions that only the ARE model can satisfy. The real data were 

from a website usability experiment where the number of clicks to accomplish a particular web task was considered 

a discrete survival outcome. These data were modeled with random intercepts for subjects crossed with random 

intercepts for tasks. 

 

The CRE and IVRE models each modeled the fixed effects and variance components well for data simulated with 

those assumptions, but not when assumptions were violated. The ARE model was the only model to fit all three 

simulated datasets well. Diagnostic plots of the inherent dependence structures succeeded in indicating which model 

should be used. Estimates for the fixed subject and task effects for the real data were different for each of the three 

models. As suggested by the simulations, results from the ARE model should be trusted over results from the other 

two models when they differ, as only the ARE model is flexible enough to satisfy all of the assumptions present in 

simulations and in the real data. 

 
46.5 

ASSESSMENT OF PROGRESSION-FREE SURVIVAL AS A SURROGATE ENDPOINT FOR OVERALL 

SURVIVAL IN CANCER TRIALS WITH TREATMENT SWITCHING 

Ian Marschner1, 2, Manjula Schou1  
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The most important endpoint in cancer trials is death, or overall survival (OS). However, often the earlier endpoint 

of progression-free survival (PFS) is used, which is defined as a worsening of the tumor or death. A key issue is 

whether PFS is a valid surrogate outcome for OS, meaning that the OS treatment effect can be predicted accurately 

from the PFS effect. These effects are quantified using the hazard ratio from a survival analysis, such as a Cox 

proportional hazards (PH) analysis, with time-to-progression or time-to-death as the event time. Assessment of PFS 

as a surrogate for OS then uses a meta-regression correlating the two effects in multiple trials that observed both 

endpoints. A major complicating factor is that patients are often allowed to switch treatments upon progression, 

diluting the observed effect on OS, as well as the observed association between the PFS and OS effects. We will 

present research on the performance of a strategy for addressing this complication, involving replacing the observed 

OS effect with one that has been adjusted for treatment switching. Using extensive simulations and examples, we 

will examine whether adjustment for treatment switching using the popular rank-preserving structural failure time 

(RPSFT) model rectifies the dilution of association between the PFS and OS effects. To this end, we will first show 

that the RPSFT adjustment method provides unbiased OS effect estimation under the PH assumption. However, we 

will also show that estimation efficiency is reduced by a factor equal to the proportion of patients not switching 

treatment. Implications of this finding for sample sizes of studies with treatment switching will be discussed and we 

then examine its effect on the assessment of PFS as a surrogate for OS. In particular, we will show that even when 

meta-analyses are adjusted for treatment switching they still underestimate the strength of association between the 

PFS and OS effects. Thus, although treatment switching adjustment may improve prediction of the OS effect, the 

strength of association is diminished so our ability to identify PFS as a valid surrogate for OS is reduced. Cancer 

studies assessing treatment effects on OS in the presence of treatment switching, and those assessing PFS as a 

surrogate for OS, need larger sample sizes than if treatment switching were not present. 
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Consideration of three-arm non-inferiority trial design and analysis with a prespecified margin for a survival 

endpoint 

Eisuke Hida1, Toshiro Tango2  
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There are well-known two problems in non-inferiority trial to show that a test treatment is not inferior to an active 

reference treatment; one is a setting of the non-inferiority margin, the other one is an assessment of the assay 

sensitivity. Consequently, three-arm non-inferiority trial (3NI), including a placebo is strongly recommended by 

some guidelines for assessing assay sensitivity. In three-arm non-inferiority trials, various statistical test procedures 

have been proposed under the framework of the so-called “fraction design" with the goal of showing that the 

experimental treatment E preserves a prespecified fraction of the unknown effect size of the active reference 

treatment R to placebo P. 

On the other hand, Hida and Tango (2011, 2013) have proposed a procedure that (1) maintains the usual two-arm 

non-inferiority trial design with a non-inferiority margin Δ and (2) adds a placebo treatment so that the assay 

sensitivity of the reference treatment can be assessed. The procedure highlights the need to satisfy the following 

inequality when higher value indicates greater benefit: 

P < R - Δ < E, 

where R - Δ is an acceptable minimum value of E and should be larger than placebo treatment P, and Δ is defined as 

a prespecified clinically and statistically acceptable small amount. 

In this presentation, we propose a statistical test procedure for evaluating a survival endpoint of the Weibull model 

in a three-arm non-inferiority trial with a prespecied non-inferiority margin Δ, which is an extension of our 

procedure. In addition, we derive the approximate sample size and optimal allocation required to minimize the total 

sample size and sample size allocated to the placebo treatment, hierarchically. We investigate that the actual type I 

error rate, the joint power and the accuracy of the calculated sample size by simulations. 
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Non-Parametric Resampling Methods for Testing Multiplicative Terms in AMMI and GGE Models for 
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The additive main effects and multiplicative interaction (AMMI) and genotype and genotype-environment 

interaction (GGE) models have been extensively used for the analysis of genotype-environment experiments in plant 

breeding and variety testing. Since their introduction, several tests have been proposed for testing the significance of 

the multiplicative terms, including a parametric bootstrap procedure. However, all of these tests are based on the 

assumptions of normality and homogeneity variance of the errors. In this paper, we propose tests based on non-

parametric bootstrap and permutation methods. The proposed tests do not require any strong distributional 

assumptions. We also propose a test that can handle heterogeneity of variance between environments. The 

robustness of the proposed tests is compared with the robustness of other competing tests. The simulation study 

shows that the proposed tests always perform better than the parametric bootstrap method when the distributional 

assumptions of normality and homogeneity of variance are violated. The stratified permutation test can be 

recommended in case of heterogeneity of variance between environments. 
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Estimating heritability in agricultural cultivar trials with unbalanced data 
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In plant breeding programs and cultivar evaluation trials, cultivars (=genotypes) are often tested at multiple locations 

across several years. Such a series of trials is called multi-environment trial (MET), where a year-by-location 

combination is referred to as an environment. In order to quantify and compare the precision of MET, the broad 

sense heritability (H2) is often calculated. It is defined as the proportion of phenotypic variance that is attributable to 

an overall variance for the genotype, thus including heritable (additive) as well as non-heritable (dominance and 



epistatic) variance (Falconer and Mackay, 2005). 

The originally proposed formula for calculating heritability (H2
Std) implicitly assumes balanced data, independent 

genotypic effects and homogeneous variances. In practice most MET are unbalanced: Incomplete genotype-by-

environment classification occurs e.g. due to selecting promising genotypes and dropping the rest from trials in 

subsequent year, as well as due to testing just a portion of all genotypes in certain locations. Unbalanced data result 

in heterogeneous variances and covariances of observational units and adjusted means. Moreover, if field trial 

designs are analyzed with spatial models (e.g. incomplete block designs, geo-referenced data) and/or exploit 

relationship data via kinship matrices, genotypic effects are no longer independent even for balanced data. 

Since unbalanced data and/or heterogeneous complex variance-covariance structures can simply not be captured by 

H2
Std, the fundamental question arises how H2 should be defined in this context (Holland et al., 2003). This problem 

is far from new and it motivated the proposal of several alternative, generalized estimation methods (e.g. Holland et 

al., 2003; Cullis et al., 2006; Helms and Hammond, 2006; Oakey et al., 2006; Piepho and Möhring, 2007). 

Unfortunately, none of the newer methods was able to settle the issue. This and the fact that the knowledge is spread 

out in different publications with rather few real data applications might be a reason why many practitioners still 

hesitate to leave behind the standard measures in cases where they are inappropriate. Therefore, we give a 

summarizing insight on the application of alternative estimation methods in order to contrast them to H2
Std. 

Additionally, we present new methods for calculating H2. This is done by analyzing datasets from different MET. 
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Developing a regulatory definition for authenticating manuka honey 
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Manuka honey produced in New Zealand is a high-value export food and as such, is inevitably threatened by the 

potential for fraud and mislabelling in the market place. Although there are several industry approaches for 

marketing manuka honey, until recently, no scientifically robust definition has been available to ensure authenticity 

from a regulatory perspective. 

 

An extensive science programme that incorporated a high of understanding of ecological factors has resulted in 

scientifically robust definitions for monofloral and multifloral manuka honey produced in New Zealand. The 

programme involved: selecting appropriate markers to identify honey sourced from Leptospermum scoparium 

(manuka), establishing plant and honey reference collections, developing test methods to determine the levels of the 

markers and analysing the data generated to develop the definitions.  

 

The suitability of 16 markers (chemical and DNA-based) were evaluated for use in a regulatory definition for 

manuka honey. Plant samples were collected from two flowering seasons representing both manuka and non-

manuka species from both New Zealand and Australia. Honey samples, also representing manuka and non-manuka 

floral types, were sourced from seven New Zealand production seasons. Additionally, honey samples were sourced 

from another 15 countries to enable comparison. All samples were tested for the markers being evaluated using the 

developed test methods.  

 

The method of CART (Classification and Regression Trees) was then used to develop the monofloral and multifloral 

manuka honey definitions. The CART outputs were further processed using a simulation approach to determine the 

sensitivity and the robustness of the definitions. The definitions use a combination of 5 markers (4 chemical and 1 

DNA) at set thresholds to classify a sample as manuka honey or otherwise. 

 

We discuss the importance of a multidisciplinary approach in developing the definitions and the pragmatism needed 

to apply those definitions within a regulatory context.  
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CORRECT USE OF NON PARAMETRIC TESTS IN THE ANALYSIS OF SKEWED DATA 

Betty Mawire2, 1  
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The Analysis of Variance (ANOVA) and the t test are amongst the most widely used comparing the group variances. 

However, they come with their own underlying assumptions which if violated can lead to inaccurate results and 

wrong conclusions. Non parametric tests on the other hand are distribution free methods which do not require data to 

obey any assumptions. They can therefore be used on non normal and skewed data. The Kruskal Wallis test is a 

rank-based nonparametric test that can be used to determine if there are statistically significant differences between 

two or more groups of an independent variable. It is considered the nonparametric alternative to the one-way 

ANOVA, meaning it can be used on data violating the assumptions of the ANOVA. However this also brings 

another challenge that if it used and significant differences are observed most Researchers get stuck on which non 

parametric post hoc to use for identifying which group is significantly different or similar to the other. The most 

common non parametric post hoc test is the Mann Whitney test which compares differences between two 

independent groups at a time. This can be cumbersome if one has a lot of groups in one experiment, imagine how 

many possible pairwise comparisons can one make. Most Researchers end up choosing few groups for comparisons 

and leaving out other groups whose result could be important, also the ranks that the pair-wise rank sum tests use are 

not the same ranks used by the Kruskal-Wallis test. By using data generated from the Plant Health Services 

department of the Kutsaga Research Board, it is hoped that this paper is going to show that the Dunn’s test is the 

appropriate posthoc test after the Kruskal–Wallis test has shown significant differences. The Dunn’s test performs 

all the multiple pairwise comparisons at once thereby making it easier for the Researcher and the test still controls 

the familywise error rate. 

 
47.5 

Modelling life history under varying environmental conditions 
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We all know that the living things on the earth are directly or indirectly, to some extent, affected by the surrounded 

environment. They often grow faster or slower, produce more or less, live longer or shorter, varying amongst 

individuals even within the same species – they shape their life history efficiently coping with environmental 

conditions, such as temperature. This fact illuminates the need for comprehensive modelling approaches to describe 

their life strategy responding to the types of environmental change that our society faces such as global warming. 

 

The life history is a multidimensional concept, one side of which can be a single observation like the lifetime and the 

other side of which may be a sequence of observations such as the growth curve. A question raised here is how we 

can quantify the interaction between two or more longitudinal observations, such as body growth and the cumulative 

number of neonates, when their relationship changes depending upon temperature conditions. 

 

This talk introduces a new modelling approach to answer such a question, fitting the proposed model to the data 

collected from a biological experiment. The model is simple but provides a clear interpretation of how these 

organisms change their life history coping with temperature change. 
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Hidden Markov modelling for a multi-species index 
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Multi-species indicators of abundance across large geographical scales play a vital role in the assessment of changes 

in biodiversity. The properties of various methods currently adopted are considered by Buckland et al, 2011, Soldaat 

et al (2017) and van Strein et al (2016). We show how hidden Markov modelling may be used efficiently to fit a new 

multi-species indicator proposed by Freeman (2016), using classical inference. Novelties of the new approach 



include the incorporation of smoothing, an improved approach for dealing with missing values and simple 

construction of confidence intervals. The advantages of the hidden Markov approach are its flexibility, the ability to 

use the Viterbi algorithm, and checking goodness-of-fit; see Zucchini et al (2016). Classical and Bayesian 

alternatives are compared using simulated data, and the approach is illustrated using abundance and occupancy data 

from UK national butterfly and moth data bases. 
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Augmented designs play an important role in plant breeding for early-generation field trials when new varieties are 

developed and sufficient material is often not available for planting more than one experimental plot. The key idea 

popularized by Walter Federer is to include check varieties that can be replicated in order to obtain a valid estimate 

of error and allow adjustments for blocks, whereas the test lines are tested without replication. The simplest 

augmented design with one blocking factor can be constructed using a randomized complete block design for a few 

check varieties and then augmenting each block of this design with unreplicated test lines. The basic idea is readily 

extended to incomplete blocks, and it is also applicable with augmented row-column designs. Recently, Piepho and 

Williams (2016) proposed a method to generate augmented designs with three blocking factors, i.e. rows, columns 

and block super-imposed onto the row-column layout. The approach, however, works only for a small number of 

checks. In order to overcome this limitation, in this paper, we propose a search strategy to generate augmented block 

designs including three blocking factors. Our augmented designs are optimized to estimate the contrasts of checks 

that are nearly orthogonal to the contrasts of the three blocking factor effects. The proposed approach consists a two-

step approach. The first step is to search an augmented design with a single pseudo check. By doing so, we avoid a 

computational burden that can be caused due to a large number of check plots. The second step is to allocate the real 

checks according to pseudo check locations, which are obtained from the resulting design in the first step. Finally, 

we compare our designs with those in the literature and those generated by using the CycDesigN and DiGGeR 

packages in terms of design efficiency which is based on A-optimality criteria. 

 
48.3 

Generation of the experimental design. 
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Fisher developed the foundations of experimental research between 1919 and 1933. He formulated experimental 

designs and corresponding procedures of statistical analysis, such as analysis of variation, which became of full use 

in agricultural research and soon spread to other areas. Subsequent contributions enriched the list of designs and 

corresponding procedures of calculus for statistical analysis, which, even today, are described in texts and are 



sources of information used in teaching and research. This approach leads the researcher to the understanding that he 

should accommodate his experiment to the experimental designs described in the texts. On the other hand, 

definitions of basic concepts are imprecise, incoherent and incomplete, resulting in incomprehension of their 

meanings and consequent misapplication. The consequences are failures in the formulation of the structure of the 

experiment and the specification of the statistical model that imply biased inferences. Fisher (1935) emphasizes the 

relevance of the correct consideration of the structure of the experiment, stressing that it must completely determine 

the statistical procedures for inferences. He distinguishes two independent structures: one related to the questions to 

be answered by the experiment and the other associated to the classification of experimental units, which he calls, 

respectively, structure of treatments and topographic structure. He observes that the experimental design is the 

relation of these two structures determined by the casualization. This concept of experimental design was taken up 

by Nelder (1965) and has been explored by some researchers (Houtman, 1980; Brien, 1983; Bailey, 2008). 

However, these approaches have been based on the usual conceptual basis. Particularly, has been ignored the 

distinction between treatment factor and intrinsic factor, suggested by Cox (1958), It is proposed a rational approach 

to the planning of the experiment, based on a rational conceptual and methodological sequence, suggested by Silva 

(2007). The generation of the experimental design is based on the separate definitions of the structure of the 

conditions, which are the object of the inferences, and of the structure of the units, and on the association of these 

two structures by the casualization. This approach leads to the formulation of the appropriate experimental design 

and inference procedure to achieve the objectives of the experiment. 
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Optimal experimental design for interaction experiments in dose response trials 
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When studying combination treatments made up from different substances, the interaction of these treatments is a 

primary research interest. Both in regard to therapeutic and to toxic effects, these interactions are commonly 

expressed through a combination index Tau expressing the strength of the interaction, depending on the ratio in 

which the two treatments are mixed and on the total dose of the mixture treatment. Often, the total doses needed to 

achieve a prespecified effect at various mixture ratios are plotted over the whole range of possible ratios in a plot 

called an isobologram. 

In this talk we show how experiments can be designed in order to optimally estimate combination indices at any 

number of situations of interest. Methodologically, this corresponds to D_K-optimal designs, a generalized case of 

the optimality criterion known as c-optimality. As these designs are commonly singular and unstable in regard to the 

design assumptions, we combine the approach with a secondary requirement in regard to the estimation precision for 

all of the parameters, as measured by the D-optimality criterion. Specifically, we construct designs which are D_K-

optimal among all designs which maintain a D-efficiency of at least x%. 

If the full interaction function over all possible mixture ratios (as shown in an isobologram) can be expressed as a 

parametric function, the optimal design approach can be transferred to this situation as well, and we can construct 

designs D_K-optimal for the estimation of the parameters of the interaction function, while maintaining reasonable 

D-efficiency for all parameter estimates including the parameters of the singular treatments. 

Finally, we show a real data example how the proposed designs can be constructed in practice using adaptions of 

established optimal design algorithms and be verified using general equivalence theorems. 
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One main aim of pharmacovigilance is to find Adverse Drug Reactions (ADRs) from post-marketing studies. Signal 

detection is a first exploratory step toward ADRs identification highlighting a list of potential ADRs to be further 

evaluated by experts. Using administrative databases offers numerous possibilities such as evaluating rare ADRs 

that were not discovered in pre-marketing clinical trials. But numerous measured or unmeasured confounding 

factors make these studies difficult. Due to their ability to make non time-dependent unmeasured confounding 

factors vanish, self-controlled designs such as the case-crossover have been recently proposed for mining large 



databases toward finding acute ADRs. Case-crossover analysis is based on conditional logistic regression. However 

these designs are still subject to time-dependent confounding factors such as drug co-prescriptions or indication 

confounding. 

 

We introduce several methodologies to account for time-dependent confounding factors in the case-crossover design 

such as exact matching and the use of a propensity score. For the propensity score approaches, matching, covariate 

adjustment and Targeted Maximum Likelihood Estimation are compared and several models to estimate the 

propensity score are tested. 

 

By simulations, with up to fifty time-dependent confounding factors and numerous non time-dependent confounding 

factors, we show that propensity score approaches obtain better performances, in terms of sensitivity for a given 

number of detected signals, in comparison to univariate conditional logistic regression. They also achieve 

comparable results when studying several drugs, with a multivariate method, the LASSO conditional logistic 

regression. Most importantly, they allow to define an easy decision rule to control for the False Discovery Rate 

(FDR). Application to a real world study to detect ADRs in the case of Acute Myocardial Infarction (AMI) is 

performed. Detected signals by the proposed methods, using the French national health claim data, are compared to 

the ADRs documented in the SIDER knowledge database of drugs and side effects. 
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An information-theoretic Phase I/II design for molecularly targeted agents that does not require an 

assumption of monotonicity 
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For many years Phase I and Phase II clinical trials were conducted separately, but there was a recent shift to 

combine these Phases. While a variety of Phase I/II model-based designs for a cytotoxic agent were proposed in the 

literature, methods for molecularly targeted agents (TA) are just starting to develop. The main challenge of the TA 

setting is the unknown dose-efficacy relation that can have either an increasing, plateau or umbrella shape. To 

capture these, approaches with more parameters are needed to model the dose-efficacy relationship or, alternatively 

more orderings of the dose-efficacy relationship are required to account for the uncertainty in the curve shape. As a 

result, designs for more complex clinical trials, for example, trials looking at schedules of a combination treatment 

involving TA, have not been extensively studied yet. We propose a novel regimen-finding design which is based on 

a derived efficacy-toxicity trade-off function. Due to its special properties, an accurate regimen selection can be 

achieved without any parametric or monotonicity assumptions. We illustrate how this design can also be applied in 

more complex clinical trials. We discuss practical and ethical issues such as a coherence, delayed and missing 

efficacy responses, safety and futility constraints. 
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Rice (Oryza sativa, L.) is not only the most important cereal crop for direct human consumption worldwide but also 

is the nutritional base for more than half of the global population. Reducing the gap between the best rice producers 

and the potential yield of varieties is a major challenge for breeding programs. Accurate yield estimations depend 

both on the model of analysis as well as the experimental designs implemented in the field. The objectives of this 

work were to compare different models of analysis that consider the soil spatial heterogeneity; and to compare 

alternative experimental designs, simulated for the experimental field conditions from kriging the natural soil 



heterogeneity. In order to achieve both objectives a population of about 1000 advanced inbred lines of sp. O. sativa 

L, ssp indica and O. sativa L., ssp. tropical japonica, from the Uruguayan National Breeding Program were used. 

Phenotypic data was obtained during years 2011, 2012 and 2013. A series of Randomized Complete Block Designs 

(RCBD) trials were conducted, each one consisted on approximately of 35 lines with two or three replications and 

repeated checks. For the first objective three models with increasing degree of spatial variability adjustment were 

compared; the first model consisted on an individual analysis by trial, the second proposed a joint analysis of trials 

with a spatial adjustment by trial and the third one considered the joint analysis of the trials with a spatial correction 

due to position of rows and columns in the field. Postblocking, considering location either by taking into 

consideration the trial of evaluation or row-column position, improves means estimations. For the second objective 

four of the most commonly used designs were simulated using the natural field heterogeneity; Completely 

Randomized Design (CRD), Randomized Complete Block Design (RCBD), Randomized Complete Block Design 

by Trial (RCBD-T) and Incomplete Block Design – Alpha Lattice (IBD-a). Since low spatial correlation was 

detected the most complex experimental design (IBD) was not always indicated as the best one being a more simple 

design (RCBD) proposed by some indicators as the best design. 
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The forthcoming NASA GEDI (Global Ecosystem Dynamics Investigation) mission will install a full-waveform 

lidar instrument on the International Space Station for the purpose of measuring global forest structure. The 

waveforms will be collected in “footprints” that are spatially discontinuous; the waveform data is expected to be 

strongly correlated with aboveground forest biomass. Besides modeling biomass for individual footprints, methods 

need to be developed to use the footprints to estimate the biomass within geographical regions, e.g., 1 km grid cell, 

administrative unit, national park, etc. The discontinuous GEDI footprints within a geographic region are a sample 

as opposed to a census of the region. The combination of a sample along with modeled rather than measured data 

argues for the use of hybrid estimation which combines model- and design-based estimation. 

The precision of a hybrid estimator depends on both the sample strategy and the model uncertainty. The 

combination of two uncertainties makes the underlying mathematics too complex to formally prove the statistical 

properties of estimator, so a simulation study was designed to empirically assess the statistical properties of the 

estimators. The simulation study was conducted using simulated GEDI waveforms for six diverse sites in the United 

States. The study assesses the bias of the proposed hybrid estimator and the proposed estimated variance as function 

of as density of instrument overpasses. The impact of strength of the footprint-level biomass relationship on the 

variance is addressed. It is possible to decompose the variance into model and sample components. The relative 

contributions to the variance and estimated variance are assessed in terms of average biomass of the 1 km grid cell 

and the footprint-level biomass relationship. Another issue that is being explored is the estimator’s performance in 

relationship to the size of geographic area and to the autocorrelation of the model residual error. 
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This work presents local influence for the analysis of spatially correlated data, extending the local influence analysis 

of the traditional geostatistical analysis to consider any of the distributions that belongs to the exponential family of 

distributions. The parameters are estimated via generalized estimating equations. Special cases are the model with a 



binomial marginal distribution and Poisson marginal distribution. This enable us to evaluate data set that correspond 

to the presence or absence of certain characteristics, to analyze when the data occur in one of two categories, such as 

two types of soil, to understand and control insect attack in crops. Since local influence is a valuable tool for 

understanding the influence of data and/or model assumptions on the results of a statistical analysis, identifying 

potential influential observations and then combining this with spatial prediction, we can verify the impact of such 

observations in the analysis. In general, the results show that the presence of the influential observation in the data 

changes statistical inference, the predicted values and the respective maps. For that we aim to develop local 

influence on generalized linear models for geostatistical data and present simulations considering different scenarios 

and some applications considering environmental data sets. 
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A simulation study is implemented to compare the performance of (i) Gaussian restricted maximum likelihood 

(REML) estimation, (ii) curve-fitting by ordinary least squares (OLS) and (iii) nonparametric Shapiro-Botha 

estimation, for estimating the covariance structure of a stationary Gaussian spatial process and a spatial process with 

t-distributed margins. Processes with Matérn covariance functions are considered and the parameters estimated are 

the nugget, partial sill and practical range. Both parametric and nonparametric bootstrap distributions of the 

estimators are computed and compared to the true marginal distributions of the estimators. 

Gaussian REML is the estimator of choice for both Gaussian and t-distributed data and all choices of Matérn 

variogram. However, accurate estimation of the Matérn shape parameter is critical to achieving a good fit while this 

does not affect the Shapiro-Botha estimator. The parametric bootstrap performed well for all estimators although it 

tended to be biased downward. It was slightly better than the nonparametric bootstrap for Gaussian data, equivalent 

to it for t-distributed data and worse overall for the Shapiro-Botha estimates. 

To illustrate the application of the methods and the bootstrap, a real data set concerning bio-monitoring of arsenic 

pollution in the Central Region of Portugal, D ⊆R2, is considered. The data set can be represented by (si,Z(si) ); 

i=1,…,n; with n = 98 and Z(si) identifying the log-transformed concentration of arsenic (in micrograms per gram dry 

weight) at location si. We then assume that the random process Z(s) can be modeled as: 

Z(s)=μ(s)+Y(s) 

where Y(s): s ε D, is a zero-mean strictly stationary random process and µ(s) is linear in the northing coordinate. A 

Matérn variogram was assumed with unknown shape parameter. The data were fitted by the three methods above 

and the variability of estimates was assessed using the bootstrap. All fits indicated that the nugget is at least two 

times the partial sill and thus the error process is mostly white noise with spatial structure only up to a short 

distance. The trend surface accounts for a substantial proportion of the spatial variation in the data. The 

nonparametric bootstrap gave similar results to the parametric spatial bootstrap but with larger IQR's. 
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Environmental studies demand statistical modeling of nature variables with spatial variability. Such is the case of 

herbicide soil adsorption coefficients (Kds) which characterize the behavior of a phytosanitary in soil. The Kd 

expresses the relationship between both, the amount of herbicide retained and the amount that remains in soil 

solution. In this work different modeling strategies have been evaluated to generate a predictive model of glyphosate 

Kds from 90 soil samples distributed across the territory of Cordoba, Argentina. Each sample was characterized by 

20 edaphoclimatic covariables. The Kds follow a gamma distribution (0.035, 1.129). A log transformation was used 

to fit predictive models. First, boosting regression trees were used to select edaphoclimatic variables with mayor 

contribution in the variability of the Kds. The percentage of aluminum oxides, pH and texture were the edaphic 



properties of greater relevance to explain the herbicide dynamic in soil. Multiple Linear Regression (REML), 

Random Forest Regression (RFR), Generalized Boosted Regression (GBR) and Partial Least Square Regression 

(PLSR), all with spatial constraint on the residual terms, were fitted with the selected variables as predictors. 

Quadratic terms were also included. The predictive ability of the best fitted model was evaluated by mean squared 

prediction error (MSPE) calculated by leave one out validation. In addition, a punctual georeferenced error, 

expressed as percentage of the site mean (site specific error), was performed. The lowest MSPE, relative to the 

mean, corresponded to spatial PLS regression. However, through a quantile regression analysis, we found 

differences, both in magnitude and direction of regression coefficients among quantiles. Particularly in 0.1 quantile 

the Kds were overestimated. The GBR model improved the site specific error evidencing the importance of 

evaluating both, global and site specific prediction errors to better understanding complex spatial phenomena. 
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The discovery of rare genetic variants through Next Generation Sequencing (NGS) is becoming a very challenging 

issue in the field of human genetics. We propose a novel region-based statistical test based on a Bayes Factor (BF) 

approach to assess evidence of association between a set of rare variants located on the same genomic region and a 

disease outcome. Marginal likelihoods are computed under the null and alternative hypotheses assuming a binomial 

distribution for the rare variants count in the region and a Beta or mixture of Dirac and Beta prior distribution for the 

probability of rare variants. The hyper-parameters are estimated empirically from the data. We derive the theoretical 

null distribution of the BF under our prior setting and study its statistical properties in the context of genome-wide 

inference. We show that a Bayesian control of the False Discovery Rate (FDR), using the BF as test statistic, can be 

used for genome-wide inference. We develop a simulation program, sim1000G, to generate rare variants data similar 

to the 1,000 genomes sequencing project. Our simulation studies showed that the new BF statistic outperforms 

standard methods (SKAT, Burden test) under most situations considered. Our real data application to a lung cancer 

case-control study found enrichment for rare variants in novel genes. In conclusion, the use of our BF approach 

along with a Bayesian control of FDR offers a novel and flexible framework for region-based analysis of NGS data.  

 
50.2 
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Linear mixed models (LMM) are flexible tools for modeling a wide range of data types in various applied fields 

such as medicine, agronomy, genetic or ecology. However, a key aspect in statistical analysis is model selection. 

While many approaches have already been proposed in linear or generalized linear models, only few methods are 

available in the context of LMMs. Over the last decade, variable selection in LMM has mainly focused on the fixed 

effects part. These methods are based on the use of information criterion or on penalized likelihood techniques (see 

Muller et al. 2013 for a systematic review). The selection of random effects or more precisely the identification of 

the non-zero variance components is much more difficult. This is mainly because the selection of the covariance 

structure is not straightforward due to computational issues and there are boundary problems arising from positive 

semi-definite constraints on covariance matrices. For longitudinal data, some works in frequentist and Bayesian 

context have been developed. In the frequentist context, Bondell et al. (2010), Ibrahim et al. (2011) or Peng and Lu 

(2012) have considered the joint selection of fixed effects parameters and variance components using shrinkage 

approaches. In the Bayesian framework, Chen and Dunson (2003) proposed a MCMC algorithm allowing the 

selection of fixed and random parts simultaneously. Recently, Lu et al. (2015) developed a Spike and Slab prior for 

standard deviations in the context of variance component models. In their work, the slab prior distribution is 

assumed to be Gaussian allowing negative values.  

 



In this talk, we propose alternative prior distributions ensuring non-negative values for the standard deviations in the 

framework of variance component model: a truncated Gaussian distribution, a truncated Laplace distribution in the 

spirit of Bayesian Lasso (Park and Casella, 2008) and a mixture of truncated Gaussian distributions with a truncated 

Gamma variance following the ideas of the Bayesian elastic net prior (Li and Lin, 2010). However, in Bayesian 

context these approaches do not allow to select variance components. Thus, we combined these priors with Spike 

and Slab approach. MCMC algorithms are developed to infer parameters. 

 

Using simulated data and a real dataset in the context of genetic association studies, we compare these six new 

model formulations. 
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DNA replication is a stochastic process with replication forks emanating from multiple replication origins. Origins 

must be licensed in G1, and the replisome activated at licensed origins in order to generate bi-directional replication 

forks in S phase. Differential firing times also lead to origin interference, where an origin’s replication fork can have 

a distant effect 

by passively replicating through and thereby inactivating neighbouring origins (obscuring). Thus, whole genome 

replication is a complex function of stochastic origin characteristics. We developed a Bayesian algorithm to 

characterise origin firing statistics from next generation sequencing (NGS) data, specifically it infers the 

distributions of firing times and the licensing (maturation) probabilities for 3 (consecutive) origins. We demonstrate 

our algorithm on S. cerevisiae experimental data, showing that licensing and origin obscuring can be distinguished. 

Analysis of data from a RAT1 temperature sensitive mutant demonstrates that the decreased origin efficacy under 

loss of Rat1 activity is a result of both reduced licensing and increased obscuring. Our algorithm overcomes a 

significant problem in using mechanistic models to analyse next generation sequencing data, specifically the 

likelihood is intractable. We utilise an approximate likelihood and a reversible jump sampling technique. Our 

methodology is very general, and thus can be extended to analysis of other mechanistic processes measurable 

through NGS. 
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Somatic mutations drive the growth of tumor cells and are pivotal biomarkers for many cancer treatments. Genetic 

association analysis using somatic mutations is an effective approach to study the functional impact of somatic 

mutations. However, traditional statistical methods for germline genetic associations are not appropriate for somatic 

mutation association studies because unlike germline mutations, somatic mutation calls often have non-ignorable 

false positive rate or false negative rate. While large scale association analysis using somatic mutations becomes 

feasible recently, thanks for the improvement of sequencing techniques and the reduction of sequencing cost, there 

is an urgent need for a new statistical method designed for somatic mutation association analysis. We propose such a 

method and computationally efficient software implementation: Somatic mutation Association test with 

Measurement Errors (SAME), which accounts for somatic mutation calling uncertainty using a likelihood based 

approach. SAME can be used to assess the association between individual mutation or gene-level mutation and 

continuous/dichotomous outcomes. Through simulation studies across a wide range of realistic scenarios, we show 

that SAME can significantly improve statistical power than the naive generalized linear model that ignores mutation 

calling uncertainty. Finally, using the data collected from The Cancer Genome Atlas (TCGA) project, we apply 

SAME to study the associations between somatic mutations and gene expression or cancer subtype in colon cancer 

patients. SAME recovered some interesting findings that are missed by the generalized linear model. In addition, we 

also demonstrated that mutation-level and gene-level analyses are often more appropriate for oncogene and tumor-



suppressor gene, respectively.  
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Genome wide association study (GWAS) is becoming fundamental in the arduous task of deciphering the etiology 

of complex disseases. Most of the statistical models used to address the genes-disease association consider a single 

response variable. However, it is common for certain diseases to be related with several phenotypes that may be 

correlated with each other. In addition, GWAS typically sample unrelated individuals from a population and 

therefore shared familial risk factors are not investigated. In this work, we propose to apply a bivariate model that 

associates two phenotypes with a genetic region and we include the family risk factor assuming that we have 

repeated measures from family data. Using generalized estimation equations (GEE), we model two phenotypes, 

either discrete, continuous or a mixture of them, as a function of genetic variables and other important covariates. 

We incorporate the kinship relationships into the working matrix extended to a bivariate analysis with repeated 

measures. The estimation method and the different hypothesis tests are developed in this work. In addition, we 

evaluate the proposed methodology with simulation studies and an application to real data. 
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Infectious disease processes are typically heterogeneous, as reflected in phenomena such as ‘superspreaders’. The 

Pareto Principle (PP) is one way to characterize heterogeneity, and states that 80% of an attribute are found in 20% 

of individuals. The PP has been found to apply to certain human pathogens, and to exposure to certain vectors such 

as mosquitos. Another way to characterize heterogeneity is via the dispersion parameter (k) of the negative binomial 

distribution (NBD), which is a generalization of the Poisson. Having two parameters, the NBD is more general than 

the PP. Some combinations of NBD parameters give a lower degree of heterogeneity, e.g. 70:20 rather than 80:20, 

and we call this sub-Pareto. Other combinations give a higher degree, e.g. 90:20, which we call super-Pareto. The 

objectives of the current work are: a) to obtain a relation between the PP and NBD, i.e. to specify which 

combinations of NBD parameters comply with the PP; b) for hookworm, a soil-transmitted intestinal parasite of 

humans, to identify whether the PP or the NBD is a more parsimonious description of heterogeneity of infection 

load. For objective a), an empirical relation is shown in the form of a saw-toothed line on a plot of k against the 

mean. The critical value of k reaches an asymptote of approximately 0.24 as the mean increases. For objective b), 

we use data from a systematic review of hookworm in pregnant women. We estimate k and the mean from tables 

presented in published reports: this requires data in at least three categories. Of the nine suitable studies, seven were 

found to be super-Pareto, ranging from 83:20 to 100:20, median 92:20. One study was sub-Pareto with 74:20, and 

one was barely sub-Pareto (80:20). This suggests that at least two parameters, as supplied by the NBD, are necessary 

to describe the heterogeneity of hookworm. The probability of reaching a target reduction in prevalence is less when 

there is greater aggregation, which suggests that estimating aggregation via a subsample could be worthwhile, in 

order to set a target coverage threshold before starting mass drug administration. 
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EFSA mission is to provide scientific advice to food policy makers. It is recognised that uncertainty can influence 

the assessment results and need to be addressed. Therefore in 2016 EFSA published a draft Guidance (GD) on 

approaches to analyse uncertainty. Case studies were selected to test the GD in view of a final version. These case 

studies included an assessment aimed at quantifying the risk of introduction of avian influenza virus (AIV) into the 

EU through wild bird migration and the probability of spread into poultry population. Three steps were modelled: 1. 

AIV entry into the EU via volumes of migrating wild water birds (WB); 2. AIV amplification among EU wild birds; 

3. AIV entry into a poultry holding. While step one provides virus entry probability for the various migratory routes, 

steps two and three are based on scenarios framed with respect to the proportion of migratory/resident and 

water/non-water wild birds. To simultaneously account for encounters with infectious birds shedding contaminated 

faeces and with infectious particles persisting in the environment, AIV dynamic in wild bird population was 

described by a traditional SIR model enriched with a compartment G capturing environmental transmission. The 

outcome probability that a farm becomes infected was modelled as function of the holding biosecurity level and 

model-based prediction of presence of infectious wild birds. Two types of uncertainty were considered: evidence 

uncertainty, e.g. limited data representativeness, and structural uncertainty, e.g. model assumptions. A step-wise 

approach was followed to quantify the evidence uncertainty: 1. parameters whose uncertainty the model output was 

most sensitive to, were identified by domain experts based on range judgements; 2. formal Expert Knowledge 

Elicitation process was used to address input uncertainties judged as more influential while a semi-formal approach 

was adopted for addressing the other ones. The uncertainty around parameters was expressed using probability 

distributions; 3. individual probability distributions were combined using Monte Carlo techniques. Structural 

uncertainties were listed. Whenever possible the expected magnitude and direction of their impact was assessed via 

expert knowledge or scenario analysis. Expressing uncertainty quantitatively allowed avoiding ambiguity in the 

results and facilitated comparison of risk control strategies 
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In this study, we explore a new quantitative risk-based sampling approach (RBSA) for allocating a predetermined 

frequency of samples for testing for Listeria monocytogenes (Lm) in ready-to-eat (RTE) products in processing 

establishments. The purpose of this RBSA is to make Canadian Food Inspection Agency’s Lm sampling plans more 

efficient by tailoring the sampling frequencies to each establishment based on risk factors including compliance 

history, product risks and target market. 

 

The RBSA’s algorithm is based on developing relative ratings for establishment’s components including: RTE 

product categories, process control interventions (PCI), non-compliance history (NCR) and production volume (VR) 

per product category/process control intervention combination. The VR rating is calculated based on the principle of 

the ISO 2859-1 sampling standard. The NCR rating is calculated as a proportion of the total number of non-

compliant tasks found to the total number of selected tasks conducted. 

 

A matrix is created where the entries in the cells are the product of PCI and product category ratings. Each cell in 

this matrix is then multiplied by its corresponding VR rating. The establishment risk index (ERI) is calculated by 

adding the matrix entries to the estimated NCR rating for the establishment. The individual establishment’s risk 

index as a proportion to the sum of all ERI’s is then used as a multiplicative ratio to appropriately assign the total 

predetermined frequency of samples to each establishment on a relative risk basis (with a minimum of one sample 

per establishment). 

 

Results from a pilot study involving 26 establishments indicated that the RBSA’s algorithm was more effective in 

assigning the frequency of samples according to establishment risk factors and the products that they produce than a 



qualitative risk-based sampling program. 

 

A large-scale study was carried out to collect data from over 200 Canadian ready-to-eat meat and poultry processing 

establishments to validate the approach. Overall findings and conclusions will be presented, shared and 

communicated at the 2018 International Biometric Conference. 
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2015-2016 

Brad Biggerstaff  

Division of Vector-Borne Diseases, Centers for Disease Control and Prevention, Fort Collins, Colorado, United 

States 

 
We discuss challenges that arose in estimation of attributable risk for microcephaly in infants due to in utero Zika 

virus exposure in a case-control study in Brazil, 2015-2016. We first review how attributable risk may be validly 

estimated from a case-control design. Apparent time-dependence in disease risk is incorporated to produce a time-

dependent estimate of attributable risk, while difficulties with sparse data are handled using Firth’s correction in 

both conditional and unconditional logistic regression components. Bootstrap methods are used when computing 

final time-dependent and average estimates of attributable risk and associated confidence intervals. 
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Background: Social isolation may be associated with the risk of stroke directly or indirectly. To the best of our 

knowledge, there are no studies of the direct effect of social isolation on stroke occurrence in older adults. 

Moreover, it has been proven to be a challenge to estimate the causal association of social isolation with stroke risk 

from observational data by conventional regression models, due to the presence of time-varying confounders. This 

study aimed to estimate the controlled direct effect of social isolation on the risk of stroke by marginal structural 

models among Chinese middle-aged and older adults. 

Methods: Data were derived from the China Health and Retirement Longitudinal Study (CHARLS) and included a 

nationally representative sample of 10363 participants aged 45 or older at baseline in 2011 and follow-up in 2013．
Stroke was assessed through self- or proxy-reported physician diagnosis. Social isolation was measured by 

incorporating marital status; frequency of contact with friends, family, and children; and participation in social 

activities．Depression was measured by the 10-item Center for Epidemiologic Studies Depression Scale (CES-D-

10). Marginal structural models with stabilized inverse probability weights were applied to examine the controlled 

direct effects of social isolation on the risk of stroke．Multiple imputation method was used to deal with missing 

data． 

Results: After 2 years follow-up, there were 84 people developed stroke. In the weighted sample, the covariates had 

a balanced distribution between those who were socially isolated and not. The total effect model showed that those 

in social isolation conditions had 50% (Odds Ratio (OR) = 1.5, 95% confidence interval (OR) = 1.03-2.20) 

increased risk of stroke. The results from marginal structural models showed that social isolation increased the risk 

of stroke(OR= 1.62, 95% CI =1.10-2.38) when adjusted depression and other time-varying confounders． 

Conclusion: Social isolation had a controlled direct effect on stroke risk after controlling for depression. 

Interventions to reduce social isolation may be particularly beneficial to prevent the occurrence of stroke among 

middle-aged and older adults in China. 

Key words: Social Isolation, Stroke, Middle-aged and Older Adults, Marginal Structural Model, CHARLS 
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Establishing the dose-response (DR) relationship between a compound and clinical endpoint is an important part of 

drug development. It is involved in most steps of clinical research and is central, in particular, for assessing the 

efficacy of the drug as well as for properly estimating the correct dose to be used in clinical practice. For instance, 

poor estimation of DR profiles may lead to doses that are either too high, which may result in unacceptable safety 

problems, or too low, which in turn may lead to ineffective doses. 

 

Selecting an adequate dose has been discussed extensively in the literature. The statistical methods used for analysis 

generally fall into two categories: multiple comparisons and modeling. The first focuses on evaluating the contrasts 

between dose levels, which restricts the estimated target doses to the set of doses under investigation. Modeling the 

DR profile, on the other hand, allows for a finer search for the target dose of interest, but is less robust than the 

former. Hybrid methods, such as MCP-Mod, combine both multiple comparisons and modeling approaches and 

have become a standard for dose finding problems. However, estimation of doses that are later used for confirmatory 

Phase III studies should be improved. There is still a high rate of failure of Phase III trials, which indicates the need 

for better ways to estimate target doses or, more generally, DR profiles. 

 

Characterizing the DR profile has traditionally been addressed by analysis of DR data only. Recent studies, 

however, showed that more precise estimates may be obtained if extra information from pharmakinets modeling of 

the drug level within the body (``drug exposure'') is also used. This gain in precision is achieved by shifting the 

focus from DR to exposure-response (ER) modeling, which uses inter-subject information to reduce response-

uncertainty, translating into more accurate dose selections. 

 

In light of this, in this talk we first discuss the differences between DR and ER modeling, clearly stating when each 

one should be preferred. We next extend the MCP-Mod procedure to deal with ER information, allowing for 

substantial gains in precision for estimating DR profiles as well as target doses. The proposed method is finally 

illustrated in a real case-study. 
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A key quantity which is almost always reported from a randomised trial is the mean outcome in each treatment 

group. When baseline covariates are collected, these can be used to adjust these means to account for imbalance in 

the baseline covariates between groups, thereby resulting in a more precise estimate. Qu and Luo (Pharmaceutical 

Statistics 2015, vol. 14, pp. 56–62) recently proposed use of a simple standardization estimator which utilizes the fit 

of a baseline adjusted outcome model to estimate the marginal mean outcome under each treatment. I will first 

describe how for a number of commonly used outcome model types, this standardization estimator is consistent even 

when the outcome model is misspecified. Qu and Luo proposed use of a variance estimator which treats the baseline 

covariates as fixed. When, as is usually the case in late phase clinical trials, the baseline covariates of patients would 

not be fixed in repeated sampling, I will describe how these standard errors are too small, and provide an easy to 

calculate adjustment to remedy the downward bias. I will also describe how previously proposed semiparametric 

methods for marginal effect estimation in randomized trials readily provide an alternative covariate adjusted 

estimator which is always guaranteed to be consistent. Implications of stratified randomization and missing data will 

be briefly discussed, before showing results from a recently conducted trial with recurrent events analysed using 

negative binomial regression. 
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SPARSE ESTIMATION FOR CASE-CONTROL STUDIES WITH MULTIPLE TYPES OF CASES 

Vivian Viallon1, Nadim Ballout2, Cedric Garcia2, Pietro Ferrari1  
1NMB, IARC, Lyon, France, 2IFSTTAR, Bron, France 

 



Sparse logistic regression is now standard to study the relationship between -omics data and the occurrence of one 

disease in case-control studies. However, the interest increasingly often resides in the investigation of either several 

diseases or several subtypes of one disease at a time. From a formal perspective, these situations lead to the analysis 

of case-control studies with several types of cases. The response variable is categorical with, say, K≥3 categories, 

and no natural order among categories. 

Sparse multinomial logistic regression is a natural extension of sparse logistic regression in such contexts. Two 

methods based on simple L1-norm penalty have been proposed in the literature, but clear guidance about which one 

to choose in practice is still lacking. The first one extends the standard unpenalized estimation procedure: it relies on 

selecting a reference category and then estimating the K-1 vectors of parameters corresponding to the remaining K-1 

categories. The second one is based on a symmetric formulation of the model, and directly estimates K vectors or 

parameters, one for each category. In this work, we describe formal connections between these two approaches, 

from which practical guidance can be derived. We show that the approach based on the symmetric formulation can 

be rewritten as the first one, but with the L1-norm penalty replaced by a data shared lasso penalty. Consequently, the 

relative performance of the two approaches deeply depends on the level of homogeneity that exists among the K 

vectors of parameters, in other words, among the types of cases. These results are confirmed in a simulation study, 

where the two approaches are further compared to other penalized strategies based on independent binary logistic 

regressions. 

The extension to matched case-control studies is also discussed. In this case, the estimation process can be seen as a 

multi-task learning problem under conditional logistic regression models. Again, we compare strategies based on 

either a simple L1-norm penalty or the data shared lasso penalty, and show that their relative performance deeply 

depends on the level of homogeneity that exists among the vectors of parameters to be estimated. 

Illustrations are provided on a case-control study nested within the EPIC cohort, where the objective is to identify 

metabolites associated with the occurrence of sub-types of breast cancer. 
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New simply methods and R programming for Poisson linear excess relative risk models 

Manuel Higueras1, 2  
1Basque Center for Applied Mathematics, Bilbao, Spain, 2Newcastle University, Newcastle upon Tyne, United 

Kingdom 

 
The excess relative risk (ERR) represents the elevated rate of disease (e.g., cancer) per unit of exposure (e.g., 

ionising radiation). Relative risk models are applied in radiation epidemiology follow-up studies. For instance, those 

which analyse the risk of leukaemia or brain tumour in paediatric patients who have been examined with computed 

tomography (CT) scans. 

The usual model in the literature is the linear relative risk model where the regression function is the product of two 

components: i) the baseline rate (a linear function with logarithmic link); and ii) the unity plus the effects of the 

exposures (these effects represent the ERRs). Note this is a generalised non-linear model. 

Two new Poisson linear relative risk methods are proposed for estimating the excess relative risk associated to a 

unique exposure with background risk modelled by a unique categorical variable, e.g. gender or attained age levels. 

One method is frequentist and allows to define the profile likelihood function of the ERR parameter in a closed form 

and to calculate the parameters maximum likelihood estimators by solving univariate equation. The other method is 

Bayesian and give the posterior of the ERR parameter in closed form. These methods are simply and easy to 

implement. 

Besides, it is proposed the fitting of general Poisson linear relative risk models in R as an alternative of EPICURE's 

AMFIT module, which is the gold standard in radiation epidemiology practice. This fitting is performed by means of 

the maxLik R package and an efficient implementation of the gradient of the log-likelihood with respect the 

parameters. 

The two new methods and the R fitting of general Poisson ERR models are applied in two cohort studies from the 

radiation epidemiology literature. Results show how the methods and the implementations presented here are quick 

and accurate. 

Acknowledgements. This research was supported by the Basque Government through the BERC 360 2014-2017 

and the Spanish Ministry of Economy and Competitiveness MINECO and FEDER: BCAM Severo Ochoa 

excellence accreditation SEV-2013-0323 and MINECO Challenges MTM2017-82379-R. 
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Non-negative decomposition of functional count data 

Daniel Backenroth1, Russell Shinohara2, Jennifer Schrack3, Jeff Goldsmith1  
1Columbia University, New York, New York, United States, 2University of Pennsylvania, Philadelphia, 

Pennsylvania, United States, 3Johns Hopkins University, Baltimore, Maryland, United States 

 
We present a novel decomposition of non-negative functional count data, which we refer to as NARFD (Non-

negative And Regularized Function Decomposition), that draws on concepts from non-negative matrix factorization. 

Our decomposition enables the study of patterns in variation across subjects in a highly interpretable manner. 

Prototypic modes of variation are estimated directly on the observed scale of the data, are local, and are 

transparently added together to reconstruct observed functions. This contrasts with generalized functional principal 

component analysis, which estimates functional principal components on a transformed scale, produces components 

that typically vary across the entire functional domain, and reconstructs observations using complex patterns of 

cancellation and multiplication of functional principal components. NARFD is related to non-negative matrix 

factorization and is implemented using an alternating minimization algorithm, and we evaluate our approach in 

simulations. We apply NARFD to an accelerometer dataset comprising observations of physical activity for healthy 

older Americans. 
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Semiparametric Sufficient Dimension Reduction for Heterogeneous Populations with Application to Health 

System Risk Modeling 

Jared D. Huling1, Menggang Yu2  
1Statistics, The Ohio State University, Columbus, Ohio, United States, 2Biostatistics and Medical Informatics, 

University of Wisconsin-Madison, Madison, Wisconsin, United States 

 
Risk modeling has become a crucial component in the effective delivery of health care. A key challenge in building 

effective risk models is accounting for patient heterogeneity among the large and diverse populations often present 

in health systems. In particular, patients with different chronic condition profiles often have fundamentally different 

risks and care needs. Incorporating such heterogeneity in risk models is crucial for helping hospitals provide 

effective tailored care to high risk patients. Further complications in health system risk modeling are the high 

dimensional nature of the data and the presence of complex relationships between covariates and health outcomes. 

In light of these challenges, we propose a risk modeling approach based around the construction of a reduced 

dimension space for each subpopulation that preserves the conditional relationship between covariates and outcome, 

allowing for flexible and interpretable modeling of high dimensional data. Our approach simultaneously accounts 

for patient heterogeneity, borrows strength in estimation across related subpopulations of patients, and results in 

models which provide information specific to patients with different comorbidity profiles. Strength is borrowed 

across subpopulations by leveraging the underlying structure of the subpopulations through a natural hierarchical 

assumption on the reduced dimension spaces. We show that the hierarchical assumption can be formulated as a set 

of linear constraints, allowing for simple estimation and computation. The proposed method is semiparametric and 

unlike traditional sufficient dimension reduction approaches does not require continuous covariates. We demonstrate 

that our approach improves estimation performance in the presence of heterogeneity in both simulated examples and 

in a risk prediction study for a large health system. 
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Identifying extreme observations to detect differentially expressed genes 

Concepcion Arenas1, Itziar Irigoien2  
1Genetics, Microbiology and Statistics. Statistics Section, Barcelona University, Barcelona, Barcelona, Spain, 
2Computer Science and Artificial Intelligence, University of Basque Country UPV/EHU, Donostia, Spain 

 
Currently, a major challenge in the treatment and interpretation of actual data sets is that they are often high-

dimensional. For example, in modern biomedical research, genetic studies are extensively used as they are useful for 

the diagnosis and treatment of diseases and microarray data analysis has become a major topic among researches. 

Microarray technology provides the expression level of thousands of genes simultaneously and allows to find genes 

that are differentially expressed. Usually, these over- or under-expressed genes are the key of the disease in study. 



Moreover, in case-control studies, the analysis of thousands of single-nucleotide polymorphisms (SNPs) that occur 

more frequently in people with a particular disease than in those without the disease highlight candidate genes 

related to the disease in study. These large amount of data present some problems. One of them is the large number 

of hypothesis to test. In this case, a multiple comparison method must be used and thus it is possible that the value 

with which the p-values have to be compared will be too small along with a decrease in the power. To avoid this 

problem, one possible strategy is to achieve a reduction of the number of genes or SNPs to be analyzed. Our goal is 

to present some procedures, related to the concept of extreme observation, in order to reduce the number of genes or 

SNPs that have later to be studied. Furthermore, we present a method to select differentially expressed genes which 

is not based in p-values calculation. 

 
Goodness of fit of models in ABC methods 

M.Eugenia Castellanos1, Stefano Cabras2, Oliver Ratmann3  
1Informatics and Statistics, Rey Juan Carlos University, Mostoles, Madrid, Spain, 2Statistics, Carlos III University, 

Getafe, Madrid, Spain, 3Department of Mathematics, Imperial College, London, United Kingdom 

 
In recent years many statistical applications involve stochastic models with analytically intractable likelihood 

functions in areas as genetics, epidemiology or population biology, just to mention some. The rapidly growing 

literature on Approximate Bayesian Computation (ABC) has led to a set of methods which do not involve direct 

calculation of the likelihood, leading to approximate Bayesian inference for unknown parameters. In this work, we 

analyze the problem of checking the compatibility of a proposed stochastic model with the observed data. In the 

context of non alternative models, Bayes factors are precluded and only measures of `surprise', such as p-values 

could be used. Here, we show that, even for models whose likelihood is not available in a closed form expression, 

calibrated conditional predictive p-values can be 

efficiently obtained as a by-product of ABC without any additional computational cost. We show that these are 

calibrated, that is, asymptotically uniformly distributed in [0,1] under the null hypothesis that the data are generated 

from the posited model, assuming general 

conditions on the summary statistics. The technique is illustrated on analytically tractable examples and on a 

complex tuberculosis transmission model. 

 
Challenging statistical issues in species distribution modeling 

David V. Conesa1, Xavier Barber2, Joaquín Martínez-Minaya1, Antonio López-Quílez1, Maria G. Pennino3  
1Statistics and OR, Universitat de València, Burjassot, Valencia, Spain, 2Centre d’Investigació Operativa, 

Universitas Miguel Hernández, Elx, Spain, 3Instituto Español de Oceanografía, San Pedro del Pinatar, Murcia, Spain 

 
 

The use of complex statistical models has substantially increased lately in the context of species distribution 

behavior. Indeed, improving the knowledge about species (or diseases) has become nearly mandatory in areas such 

as Ecology (or Epidemiology). The final aim of explaining the great complexity in nature has encourage researchers 

to look for more complex models in which spatial and temporal effects are used to describe in detail the 

phenomenon, but also models dealing with not common likelihoods. The complexity of these statistical models has 

made the inferential and predictive processes challenging to perform. Bayesian statistics has become a good option 

to deal with these models. However, despite the advantages of Bayesian inference, the main challenge still remains 

in finding an analytic expression for posterior distributions of the parameters and hyperparameters. Several 

approaches have been proposed such as Markov chain Monte Carlo algorithms and the integrated nested Laplace 

approximation (INLA) method. This work presents some of the newest critical issues that researchers have to tackle 

when using species data, starting with spatial misalignment, preferential sampling, non-stationarity (barriers), the 

different spatial and spatio-temporal structures available, etc. 

 
Recent methodological developments for a Hardy-Weinberg analysis of X-chromosomal variants 

Jan Graffelman1, 2, Bruce S. Weir2, Xavi Puig1, Josep Ginebra1  
1Department of Statistics and Operations Research, Polytechnic University of Catalonia, Barcelona, Barcelona, 

Spain, 2Department of Biostatistics, University of Washington, Seattle, Washington, United States 

 



Hardy-Weinberg equilibrium is a fundamental genetic principle, and assumed in many methods in statistical 

genetics. Genome-wide genetic studies typically test millions of genetic variants for equilibrium by exact test 

procedures, as part of a quality control procedure. X-chromosomal variants, for which males have only one copy, 

have hitherto been analysed by testing equilibrium in females only. This discards one third of the X chromosomes of 

the sample, and ignores the fact that equilibrium may not hold due to differences in allele frequencies between the 

sexes. Exact, chi-square and permutation procedures that include males, and that jointly test Hardy-Weinberg 

proportions and equality of allele frequencies in the sexes, have therefore been developed (Graffelman & Weir, 

2016). For the autosomes, the equality of allele frequencies is usually assumed, but a similar joint testing framework 

can be designed (Graffelman & Weir, 2017). Recently, the joint exact procedure has been extended to the case of 

multiple alleles, which poses important computational challenges due to the increased number of tables of possible 

outcomes (Graffelman & Weir, 2017). The joint consideration of equilibrium proportions and allele frequencies of 

both sexes implies several possible scenarios for a genetic variant. These scenarios are conveniently displayed in 

ternary diagrams that stratify for gender. The multiple scenarios can be compared by a pairwise likelihood ratio 

approach, or by Bayesian test procedures (Puig, Ginebra & Graffelman, 2017). Some examples of the new methods, 

using data from the 1,000 genomes project, are presented. 
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Beta-binomial multivariate regression modelling of patient-reported outcomes 
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Patient-reported outcome (PRO) measurements are increasingly being used as primary outcome measures in 

observational and experimental studies as they inform clinicians and researchers about the health-status of patients 

and generate data to facilitate improved care. In fact, numerous studies have recommended that objective indicators 

combined with PROs would be considered a more comprehensive form of outcome evaluation. Traditionally, PROs 

are calculated using questionnaires, by assigning rank scores to patients' item responses and summing the scores 

across a group of items and creating overall scores by dimensions that are usually rescaled. Therefore, dimensions 

have an integer and bounded nature which typically accumulate values in one or both edges of the score scale, 

leading to U, J or inverse J-shaped distributions which the usual exponential family members are not able to fit 

properly. Indeed, the beta-binomial distribution has already been proposed in the literature as an adequate 

distribution for analysing this type of data. 

 

In the literature when analysing PROs, each of the resulting dimensions is analysed separately in a univariate 

framework. In this work, we present a multivariate regression model based on the beta-binomial distribution for the 

joint analysis of several dimensions provided by a PRO questionnaire. We base our model proposal on the shared 

random effects approach, where correlation among the dimensions is determined by a random effect which is 

included in the linear predictor of all the dimensions. 

 

We apply the model proposal to outcomes provided by the Short Form-36 in patients with Chronic Obstructive 

Pulmonary Disease where the health-related quality of life of the patients is divided into eight dimensions. We show 

the advantages of considering the joint analysis in terms of the variability of the estimates, and compare the obtained 



results using the univariate and multivariate approaches. Additionally, we implement the model proposal in the 

PROreg R-package available at CRAN. 
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The Use of Mixed Effects Models for Obtaining Low-Cost Ecosystem Carbon Stock Estimates in Mangroves 
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Timothy G. Gregoire  
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Mangroves provide multiple ecosystem services, including supporting local livelihoods, protecting coastlines from 

erosion, conserving biodiversity, and sequestering carbon (C). Voluntary C market projects seek to preserve and 

enhance forest C stocks by offering to finance mangrove conservation efforts. However, barriers to the 

implementation of C markets accrue from the high costs of inventorying mangrove C stocks. We developed 

predictive models for (i) biomass-based C stocks, and (ii) soil-based C stocks for the mangroves of the Asia-Pacific 

as a substitute for field inventories. We fitted these models with data on mangrove biomass C (197 observations 

from 48 sites) and soil organic C (99 observations from 27 sites), and utilized linear mixed effect models to model 

the expected C as a function of stand attributes. These results were reported in PLOS ONE 

(doi:10.1371/journal.pone.0169096), January 2017. 

 
Design-based inference: is it still relevant in the 21st century? 

Mark J. Ducey  

University of New Hampshire, Durham, New Hampshire, United States 

 
A great deal of current interest in environmental survey sampling is focused on model-based inference, and for good 

reason. However, design-based inference has a longer history in some fields of application, and many foundational 

methods have been constructed within a design-based framework. I briefly review the history of design vs. model-

based inference in environmental sampling, and give examples of methods constructed within a design-based 

framework that are more challenging to motivate from a model-based perspective. Both substantive questions – 

what is to be estimated from sample data, how, and by whom? – as well as the decision context set key criteria for 

choosing a mode of inference. Viewed from this perspective, both design-based and model-based inference provide 

attractive features, and both have something to offer in coming decades. 

 
Efficiency of stratification compared to balanced sampling in NFI design 

Annika Kangas, Minna Räty, Juha Heikkinen 

Bioeconomy and society, Natural resources institute Finland (Luke), Joensuu, Finland 

 
Cost efficiency of a National Forest Inventory (NFI) will enhance if auxiliary information is used either in the 

design or estimation stage. However, the auxiliary information needs to be independent from the current inventory 

to get unbiased estimates of the variances. We used as auxiliary information forest resources maps based on satellite 

images and field plots from the previous inventory and simulated the sampling using the plots from the current NFI. 

In the simulations, we compared the efficiency of the systematic sampling currently used in NFI to the stratified and 

balanced sampling. Balanced sampling was carried out using a local pivotal method (LPM). The improvements in 

relative efficiency were around 1.5 for the total volume, even though the correlation between the auxiliary 

information and new inventory data was around 0.6. In other words, 1.5 times smaller sample size in alternative 

method would give the same accuracy as the reference. The stratified sampling was very efficient on some cases, but 

LPM proved to be more robust: LPM provided accurate estimates for many variables at the same time, with many 

combinations of auxiliary data while stratified sampling provided poor estimates for some variables and accurate for 

others, depending on the stratification used. 

 
Prediction of hemoglobin in blood donors using a latent class mixed-effects transition model 

Emmanuel Lesaffre  

I-Biostat, Catholic University of Leuven, Leuven, Belgium 



 
Blood donors experience a temporary reduction in their hemoglobin (Hb) value after donation. At each visit the Hb 

value is measured, and a too low Hb value leads to a deferral for donation. Due to the recovery process after each 

donation, as well as state dependence and unobserved heterogeneity, longitudinal data of Hb values of blood donors 

provide unique statistical challenges. To estimate the shape and duration of the recovery process, and to predict 

future Hb values, we employed three models for the Hb value: (i) a mixed-effects models, (ii) a latent-class mixed 

effects model, and (iii) a latent-class mixed-effects transition model. In each model, a flexible function was used to 

model the recovery process after donation. The latent classes identify groups of donors with fast or slow recovery 

times, and donors whose recovery time increases with the number of donations. The transition effect accounts for 

possible state dependence in the observed data. All models were estimated in a Bayesian way, using data of new 

entrant donors from the Donor InSight study. Informative priors were used for parameters of the recovery process 

that were not identified using the observed data, based on results from the clinical literature. The results show that 

the latent-class mixed-effects transition model fits the data best, which illustrates the importance of modeling state 

dependence, unobserved heterogeneity, and the recovery process after donation. The estimated recovery time is 

much longer than the current minimum interval between donations, suggesting that an increase of this interval may 

be warranted. 

 
A Sample of Blood Statistics from South Africa 

Martin Nieuwoudt  

Stellenbosch University, Institute for Biomedical Engineering, Stellenbosch, Wester Cape, South Africa 

 
The South African blood transfusion services is composed of two organisations: The South African National Blood 

Service (SANBS), which collects approximately 80% of all whole blood donations, and the Western Province Blood 

Transfusion Service (WPBTS), which collects the remaining 20%. All donations are provided voluntarily by non-

remunerated donors. Interestingly, in line with the social changes that have occurred in South Africa in the last 

decade/s the demographics of the donor population have been changing. There is an increasing proportion of black 

donors, who in the past were noticeably absent, and young females who were also a minority. These populations 

have unique characteristics and risks for iron deficiency. In general, there is a paucity of data and literature 

regarding African blood donor populations and their iron status associated with this practise. The South African 

situation is no exception. For this reason decision-making regarding, for example, haemoglobin cutoff levels for 

accepting blood donation have historically followed the practises of first world countries. However, despite national 

legislated minimum standards, practice within these standards has not been nationally coordinated and the two 

organizations mentioned above in fact follow different practises. The analysis of such data consequently holds 

interesting challenges. These are due to, for example, the large range of altitudes at which South African donors live, 

which obviously impacts steady-state haemoglobin levels, the indirect relationship of haemoglobin level with iron 

status as measured by serum ferritin, varying gender and age predispositions to iron deficiency and a variety of other 

demographic factors associated with South Africa’s national diversity. The work presented here will focus on 

presenting the characteristics of the diverse South African population, challenges associated with defining predictive 

models for iron deficiency and opportunities for work in the future. 

 
With millions of donors giving blood, can we identify the optimal donor/donation type for a given immediate 

need? 

Stephen T. Wright1, 2  
1Research and Development, Australian Red Cross Blood Service, Alexandria, New South Wales, Australia, 
2Mathematical and Physical Sciences, University of Technology Sydney, Sydney, New South Wales, Australia 

 
Blood and blood products are essential to modern day health care systems. In jurisdictions where the primary source 

of blood and blood products is collected from donations of healthy volunteers, understanding how to recruit and 

retain these donors in the long-term is an ongoing challenge. Importantly, every donation has a unique set biological 

characteristics (i.e. blood phenotype, specific antigen profiles) specific to the individual donor and naturally, some 

donations/donors are more valued than others. This talk will describe some statistical challenges associated with 

how to build and maintain a sustainable panel of donors optimised to local supply/demands constraints. Three case 

studies are considered that cover important aspects of statistical science in an applied setting including the use of 



exploratory data analysis, statistical design, and prediction. 

 

The first case study presented uses exploratory methods to examine the association between age of first donation 

attendance and subsequent 5-year donation behaviour. In revisiting a regression-to-the-mean problem, the second 

study will highlight some pitfalls of prioritising donors based on a specific biomarker threshold. Finally, in the last 

case study, we open a black-box classifier and examine appointment attendance predictions using local interpretable 

model-agnostic explanations (LIME).  

 
Integrating Genome with Transcriptome for Electronic Health Records Discovery 

Nancy J. Cox  

Medicine, Vanderbilt University Medical Center, Nashville, Tennessee, United States 

 
Electronic health records offer unique opportunities for discovery research. Rather than asking questions like "what 

genes and variants contribute to this disease?", we can instead use the medical phenome to characterize the function 

of each gene in the genome. In effect, we are asking "what does this gene do across the entire medical phenome?" 

for each gene in the genome. To address this question, we have utilized the PrediXcan approach, in which we use 

SNP-based predictors of gene expression built in an independent sample with both genome variation and 

transcriptomes in more than 40 tissues directly measured in a set of >900 individuals to predict expression of genes 

in ~120,000 subjects from BioVU, the biobank at Vanderbilt University. BioVU includes ~250,000 DNA samples 

linked to a high quality electronic health record going back more than 20 years, with almost half of those samples 

now having genome interrogation. We have created a queriable database that is in effect a gene x medical phenome 

catalog, summarizing for each gene in each of the 40 GTEx tissues the medical consequences of altered genetically 

determined expression of that gene. I will provide an overview of some of the key findings from research using 

these tools, and describe how we are using the catalog to improve our understanding of the biological basis of 

human disease. 

 
A Mixed-Effects Model for Powerful Association Tests in Integrative Functional Genomics: An Application 

to a Large-Scale Genome-wide Association Study of Colorectal Cancer 

Li Hsu  

Biostatistics, Fred Hutchinson Cancer Research Center, Seattle, Washington, United States 

 
Genome-wide association studies (GWAS) have successfully identified thousands of genetic variants for many 

complex diseases; however, these variants explain only a small fraction of the heritability. Recent developments in 

transcriptome-wide association studies (TWAS) have shown promises for discovering novel variants by leveraging 

genetically regulated gene expression derived from external reference genotype-expression studies. However, there 

are limitations in the existing TWAS approaches. The predicted gene expression may be biased resulting from 

regularized regression applied to moderately sample-sized reference studies. Further, some variants can individually 

influence disease risk through alternative functional mechanisms besides expression. Current TWAS approaches of 

testing only the association of imputed gene expression will potentially lose power. To tackle these challenges, we 

consider a unified mixed effects model that formulates the association of intermediate phenotypes such as imputed 

gene expression through fixed effects, while allowing residual effects of individual variants to be random. We 

consider a set-based score testing framework, MiST (Mixed effects Score Test), and propose two data-driven 

combination approaches to jointly test for the fixed and random effects. We establish the asymptotic distributions, 

which enable rapid calculation of p-values for genome-wide analyses. We also provide p-values for fixed and 

random effects separately to enhance interpretability over GWAS. Extensive simulations demonstrate that the 

proposed approaches are more powerful than existing ones. We apply our approach to a large-scale GWAS study of 

colorectal cancer, and identify two genes POU5F1B and ATF1, which would have otherwise been missed by TWAS 

approaches, after adjusting for all known loci. 

 
Understanding the regulatory mechanisms underpinning complex trait variation 

Jian Yang  

The University of Queensland, Brisbane, Queensland, Australia 

 



Genome-wide association studies (GWAS) have identified a large number of genetic variants associated with human 

complex traits (including common diseases). However, genes or functional DNA elements through which these 

variants exert their effects on the traits are often unknown. I will present a method (called Summary-data-based 

Mendelian Randomization, SMR) that integrates summary-level data from GWAS and expression quantitative trait 

locus (eQTL) studies to identify genes whose expression levels are associated with a trait through pleiotropy or 

causality. Applying the method to a range of complex traits using GWAS data on 100,000s individuals and eQTL 

data on 10,000s individuals identifies a number of putative functional genes, of which approximately two thirds are 

not the nearest genes to the GWAS top SNPs. I will show how the SMR method can be extended to include other 

sources of omics data to understand the regulatory mechanisms underpinning polygenic variation in complex traits. 

 
Dissecting Genetic Architecture of Complex Diseases Through Integrated Genomic Analysis 

Hongyu Zhao1, Qiongshi Lu2, Yiming Hu1, Ryan Powles3  
1Biostatistics, Yale University, New Haven, Connecticut, United States, 2University of Wisconsin at Madison, 

Madison, Wisconsin, United States, 3Computational Biology and Bioinformatics, Yale University , New Haven, 

Connecticut, United States 

 
Genome-wide association study (GWAS) has been a great success in the past decade. However, significant 

challenges still remain in both identifying new risk loci and interpreting results. Complex structure of linkage 

disequilibrium also makes it challenging to separate causal variants from nonfunctional ones in large haplotype 

blocks. In this presentation, I will describe our recent efforts to integrate genomic functional annotations from 

computational predictions (e.g. genomic conservation) and high-throughput experiments (e.g. the ENCODE and 

Roadmap Epigenomics Projects) with GWAS summary statistics. Tissue and cell specific annotations allow us to 

infer relevant tissue/cell types at each risk locus. The usefulness of our methods will be demonstrated through their 

applications to several large GWASs. I will also discuss our approach to inferring genetic correlations from 

summary statistics. Joint analysis of multiple GWAS results allows us to infer genetic correlations among many 

complex traits. Finally, I will brief discuss the improvement of genetic risk prediction using annotation data. 

 
Some pitfalls of mixed models 

Juha Lappi  

University of Eastern Finland, Suonenjoki, Finland 

 
In the talk, I will discuss two topics of mixed linear models. In both cases, I'll assume a simple variance component 

model for the error term. First, I'll discuss what difference does it make when considering the hierarchical 

distribution considered in mixed model compared to the distribution of the y-variable in the population of 

individuals. Second, I'll discuss the specification of the fixed part of the model with attention to adding between-

group and within-group predictors defined as group means and deviations from the group means. 

In the simple model where the intercept (the mean) is the only fixed effect and there is a random group effect and 

random individual effect, the mean is the mean of the y-variable in hierarchical sampling where a group is first 

sampled randomly from the population of groups and then an individual is randomly sampled from the group. This 

mean is generally different from the mean of the y variable when sampling an individual directly from the 

population of individuals. The difference of these two means is equal to the product of correlation between group 

size and group effect, coefficient of variation of the group size, and standard deviation of the group effect. 

Estimation aspects will be discussed. 

When one adds an individual level predictor to the fixed part of a mixed model, it is implicitly assumed that the 

group mean has the same effect as the deviation from the group mean. Often, one should consider adding both the 

group mean and the deviation from the group mean into the predictors. It would be nice if one could monitor the 

progress of model specification by looking how the variance components of the error term decrease. However, the 

estimated variance of the group effect increases when adding correctly a deviation from the group mean. This is 

related to the fact that the effect of the deviation from the group mean describes a negative correlation between 

individuals in the same group. If the deviation from the group mean has no effect, the within group variation of the 

predictor can be considered as measurement error. The influence of the group size in the sample is discussed. 

Specification of a tree height-diameter model is discussed. It is argued that a general height-diameter curve with 

random parameters may not be the correct way to specify the stand structure at a given point of time. 

 



Spatial and temporal modeling in forest monitoring 

Arne Nothdurft  

Department of Forest- and Soil Science, Institute of Forest Growth, University of Natural Resources and Life 

Sciences, Vienna, Vienna, Austria 

 
The constitution of forests is not static but varies in space and time. Mortality and growth can be regarded as the 

major ecological processes affecting forest structure. To assess whether forest productivity is possibly altered in 

context of global change requires development of climate-sensitive approaches for the modeling of tree growth and 

survival. Appropriate models rely on forest monitoring data collected in a high temporal resolution and over longer 

time spans. Challenges and possibilities of recent statistical models in context of forestry are demonstrated by means 

of two examples, a model for stem diameter increment and a tree survival model. Tree survival is modeled using 

long-term observations from high-intensity forest monitoring plots and a parametric frailty approach with B-spline 

regressions to account for possible nonlinear covariate effects. The model is then used for predictions with climate 

scenario projections. Prognoses suggest that future hazard rates may continuously increase for the most relevant tree 

species. Stem diameter growth is modeled by means of comprehensive year-ring width time series collected from 

increment cores of Norway spruce trees in the Tyrolean Alps. The approach is based on a generalized additive 

model with penalized regression splines together with a distributed time lag model taking into account smooth 

nonlinear effects of a series of monthly temperature and precipitation values as well as interactions hereof. Climate 

effects are thereby also assumed to vary smoothly with time lag. The model framework enables that both the 

“detrending” of the individual time series and the regression modeling can be performed simultaneously in a single 

model step. Results give evidence that summer temperatures during the recent growing season can be regarded as 

the most relevant climate factor on the Tyrolean sites. Summer drought does not have a negative influence on the 

recent year's radial increment, but when associated with high temperatures it lowers the increment in the subsequent 

growth period. Higher winter precipitations in conjunction with lower temperatures have a positive effect on the 

year-ring width. A significant non-climate related long-term growth trend is also revealed with increasing annual 

increments until late 1980s and decreasing increments hereafter. 

 
Methods to model individual-scale variability in ecological processes 

Malcolm Itter1, Andrew Finley2  
1Department of Biosciences, University of Helsinki, Helsinki, Finland, 2Department of Forestry, Michigan State 

University, East Lansing, Michigan, United States 

 
Ecologists are frequently interested in making inference on individual-scale processes based on coarse observations 

of environmental covariates. In forest ecology, for example, there is interest in modeling tree growth and mortality 

as a function of meteorological conditions. Meteorological data commonly exist only at coarse spatial resolutions 

(e.g., 0.5 km2), and reflect mean growing conditions over a fixed area. Trees are co-located within forest stands with 

all trees subject to the same mean meteorological conditions. A common methodological approach in such settings is 

to model tree growth or mortality as a function of mean growing conditions to infer individual-scale responses. This 

approach potentially confounds variability in individual responses to meteorological conditions with individual 

variability caused by unobserved factors (e.g., microsite conditions, genetics, tree health). An alternative approach is 

to estimate the mean growth of all trees in a stand using meteorological data and apply individual-scale random 

effects to account for differences in growth or mortality among trees. Individual random effects may be 

unstructured, temporally-, or spatially-structured depending on available data. We develop a generalizable Bayesian 

hierarchical framework to estimate mean tree growth responses to meteorological conditions at a stand-scale while 

modeling unexplained individual-scale variability through the use of temporally- and spatially-structured random 

effects. The framework is applied to several simulated forest data sets to illustrate potential confounding between 

variability in individual responses to environmental conditions and individual variability caused by latent factors. 

Further, we compare differences in estimates of tree growth responses to meteorological conditions depending on 

whether individual-scale or stand-scale growth is modeled using extensive tree growth and meteorological data from 

northeastern, Minnesota USA. The Bayesian hierarchical framework and results presented are not limited to forest 

data, but apply to a range of ecosystems, organisms, and ecological processes. 

 
Design and analysis of dose response studies 

Holger Dette, Kirsten Schorning 

Mathematics, Ruhr-Universität Bochum, Bochum, Germany 



 
We consider the problem of establishing the similarity of two dose response relationships. New methodology is 

developed which yields a substantial improvement of the currently available methods. One the one hand we develop 

new tests which compare – in contrast to classical bioequivalence tests - the complete curves instead of parameters 

such as AUC or CMax. On the other hand, optimal designs are constructed, which minimize the width of the 

confidence band for the difference between the two regression functions. The results are illustrated in several 

examples modeling dose response relationships. In particular it is shown that compared to the currently available 

methodology the use of the methods proposed in this talk yields an increase in power by more than 60%. 

 

 
Statistical implications of informative dose allocation in binary regression 

Nancy Flournoy1, Assaf Oron2  
1Statistics, University of Missouri, Bellingham, Washington, United States, 2Institute for Disease Modeling, 

Bellevue, Washington, United States 

 
In many fields such acute toxicity studies, Phase I cancer trials, sensory studies and psychometric testing, binary 

regression techniques are used to analyze data following informative dose allocation. We assume a binary response 

Y has a monotone positive response probability to a stimulus or treatment X, and consider designs that sequentially 

select X values for new subjects in a way that concentrates treatments in a certain region of interest under the dose-

response curve. We discuss how data analysis at the end of a study is affected by choosing the stimulus value for 

each subject sequentially according to some informative sampling rule.  

 

Without loss of generality, we call a positive response a toxicity and the stimulus a dose. For simplicity, we restrict 

this talk to the case of a univariate treatment X and binary Y, and further assume that treatments are limited to a 

finite set {d1, d2, …, dM} of M values we call doses. 

Now suppose n subjects receive treatments that were sequentially selected (according so some rule using data from 

prior subjects) from a restricted set of M doses. The joint likelihood of treatment and response data is a function of 

the final set of observed allocation and toxicity rates at each dose {Nm, Tm, m=1, …, K}, where Nm is the number 

of subjects receiving treatment m and Tm is the number of toxicities observed on treatment m. Toxicity frequencies 

at a dose dm are often described as binomial, and we understand that it is commonly implicitly believed that 

E[Tm/Nm]=Fm, where Fm=E[Y|dm]. In fact, this is a first-order linear approximation. Actually, 

E[Tm/Nm]=Fm – Cov[Tm/Nm, Nm]/E[Nm]. So, the observed toxicity rate is biased for Fm when adaptive 

allocations, by design, induce a correlation between toxicity and allocation rates. Commonly used variance formulae 

are also first-order linear approximations. 

 

Isotonic regression methods use the toxicity rates {Tm/Nm, m=1, …, M} directly. Standard likelihood methods 

directly yield first-order linear approximations. We study these biases using isotonic and likelihood-based regression 

methods in some commonly used (small sample size) adaptive methods including some up-and-down designs, 

interval designs, and the continual reassessment method. 

 
AN INTERACTIVE TOOL TO APPLY OPTIMAL EXPERIMENTAL DESIGN IN PLANNING DOSE 

FINDING STUDIES 

Katrin Kettelhake1, Katrin Roth2, Franco Mendolia1  
1Bayer AG, Wuppertal, Germany, 2Bayer AG, Berlin, Germany 

 
We are presenting an interactive tool that applies the theory of optimal experimental design and can be used to plan 

dose finding studies. Dose finding studies aim at estimating the dose response relationship and thereby finding the 

optimal therapeutic dose. Often the shape of the dose response curve is unknown, let alone the parameters for the 

dose response model. While the MCP-Mod approach already provides an excellent framework for planning and 

analyzing dose finding studies under model uncertainty, we have created an interactive visual tool using Shiny and 

the DoseFinding package in R. Using this interactive application, potential dose response curves can be discussed 

with non-statistical colleagues, and the impact of changes to the optimal design can be visualized instantaneously. 

 



Compositional Mediation Analysis in Microbiome Studies 

Hongzhe Li  

University of Pennsylvania, Philadelphia, Pennsylvania, United States 

 
Motivated by recent advances in causal mediation analysis and problems in the analysis of microbiome data, we 

consider the setting where the effect of a treatment on an outcome is transmitted through perturbing the microbial 

communities or compositional mediators. Compositional and high-dimensional nature of such mediators makes the 

standard mediation analysis not directly applicable to our setting. We propose a sparse compositional mediation 

model that can be used to estimate the causal direct and indirect (or mediation) effects utilizing the algebra for 

composition data in the simplex space. We also propose tests of total and component-wise mediation effects using 

bootstrap. We conduct extensive simulation studies to assess the performance of the proposed method and apply the 

method to a real metagenomic dataset to investigate the effect of fat intake on body mass index mediated through the 

gut microbiome composition. 

 
Multivariate microbiome data analysis 

Kim-Anh Lê Cao1, 2  
1School of Mathematics and Statistics, University of Melbourne, Melbourne, Victoria, Australia, 2Melbourne 

Integrative Genomics, Melbourne, Victoria, Australia 

 
Our recent breakthroughs and advances in culture independent techniques, such as shotgun metagenomics and 16S 

rRNA amplicon sequencing have dramatically changed the way we can examine microbial communities. But does 

the hype of microbiome outweighs the potential of our understanding of this ‘second genome’? There are many 

hurdles to tackle before we are able to identify and compare bacteria driving changes in their ecosystem. In addition 

to the bioinformatics challenges, current statistical methods are limited to make sense of these complex data that are 

inherently sparse, compositional and multivariate. 

 

I will discuss some of the topical challenges in 16S data analysis, including the presence of confounding variables 

and batch effects and some experimental design considerations. I will present our latest methodological 

developments to identify multivariate microbial signatures using Projection to Latent Structure (PLS) dimension 

reduction methods, and our recent advances in data integration for microbiome data. Our methods are implemented 

in our R toolkit mixOmics dedicated to biological (omics) data integration. 

 
Community-Level Analysis of Microbiome Data in Complex Study Designs 

Anna Plantinga1, Michael C. Wu2  
1Biostatistics, University of Washington, Seattle, Washington, United States, 2Division of Public Health Sciences, 

Fred Hutchinson Cancer Research Center, Seattle, Washington, United States 

 
Understanding the biological mechanisms behind the relationship between the microbiome and health outcomes 

often requires investigation of the microbiome across time or in combination with other omics data types. However, 

analyzing these data is complicated by the challenges inherent to microbiome data, including high dimensionality, 

sparsity, compositional constraints, phylogenetic structure, and complex relationships among taxa. Appropriate 

methods to address these issues are still unclear, particularly in the context of longitudinal measurements or in 

combination with problems specific to other omics features. We propose development of methods for studying 

community level associations between the microbiome across time and outcomes of interest, including other omics 

data types. We also consider selection among omics features in the context of joint analysis with microbiome data. 

Real data analyses demonstrate that our approach for longitudinal analysis and correlating microbial taxa with other 

omics features can reveal new biological findings. 

 
Design and analysis of small complete block experiments when blocks are rows in a rectangle 

Johannes Forkman  

Department of Crop Production Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden 

 
Small crop variety trials are often performed as randomized complete block experiments. In such experiments with n 

crop varieties, each block comprises n plots. The n crop varieties are randomized to the n plots within each block, 



without any further restrictions. For practical reasons, the blocks are often rows of plots. When such row-shaped 

equal-sized blocks of plots are laid out in parallel on the field, columns of plots are formed, and there might be 

random effects of both rows and columns. Under this assumption, using the randomized complete block design, crop 

varieties may become non-optimally distributed over columns. A row-column design is an option with better 

properties. Super-valid restricted randomization is yet another alternative. This presentation compares randomization 

procedures for small complete block experiments (5–10 crop varieties in 3–6 blocks). Randomization procedures are 

compared with regard to average variance in pairwise comparisons. A definition of validity of a randomization 

procedure is proposed for mixed-effects models. Row–column randomization can be recommended when either 

there are at least four replicates, or the number of replicates is three and inter-column variance is not known to be 

small. These conclusions assume a model with fixed effects of treatments and random effects of rows and columns, 

and estimation using the REML method and the Kenward and Roger approximation. 

 
Design considerations for single and multi-location breeding trials: Randomization and efficiency 

Emlyn Williams1, Hans-Peter Piepho2  
1Statistical Consulting Unit, Australian National University, Canberra, Australian Capital Territory, Australia, 
2Biostatistics, University of Hohenheim, Stuttgart, Germany 

 
Crop variety and breeding trials are often laid out on a rectangular grid of plots. If parameter specifications allow, 

resolvable Latinized row-column designs provide a powerful design structure which can be enhanced with spatial 

considerations. For these design types computer software is available to construct efficient designs for a wide range 

of practical situations. 

If, however, the number of treatments does not factor conveniently to allow resolvability, or as sometimes happens, 

the experimenter has unequal replications of the treatments, non-resolvable design may be required. Then the normal 

randomization of rows and columns could result in a clustering of the replications of one or more treatments. 

Experimenters prefer to avoid such a contingency as row and column adjustments for field trend may not adequately 

handle this situation. Equally, it is also desirable to minimize the number of times pairs of treatments appear on 

adjacent plots. In this talk we will discuss the construction of row-column designs that address the evenness of 

distribution of treatment replications (ED) and the neighbour balance (NB) of pairs of treatments. The potential for 

error variance bias resulting from restrictions on the row-column randomization of constructed designs will also be 

discussed. 

Breeding programs typically involve early generation trials laid out at multiple locations. In recent years there has 

been great interest in the use of p-rep designs as alternatives to, or in conjunction with, augmented designs. We will 

discuss the construction of efficient p-rep designs for two or more locations, with or without the inclusion of 

controls. 

 
Modelling spatial trends in field trials by 2D P-splines in a mixed model context 

Fred van Eeuwijk1, Maria Xose Rodriguez-Alvarez2, paul eilers3, julio velazco1, Marcos Malosetti1, martin boer1  
1Applied Statistics, Wageningen University, Wageningen, Netherlands, 2Basque Center for Applied Mathematics, 

Bilbao, Spain, 3Erasmus MC, Rotterdam, Netherlands 

 
Spatial trends are ubiquitous in plant breeding trials. For reliable evaluation and selection of genotypes a correction 

for spatial trend is required. A number of proposals for spatial correction have been made, especially in the mixed 

model context, with spatial error represented in the form of autocorrelation. These proposals follow a multi-step 

modelling process in which various models are tried out for global and local trends. As an alternative we present an 

approach defining two-dimensional smooth surfaces to model random spatial variation in the form of anisotropic 

tensor product P-splines to explicitly model large-scale (global trend) and small-scale (local trend) spatial 

dependence. The model for the spatial surface can easily be extended to accommodate effects of genotypes, blocks, 

replicates, and/or other sources of spatial variation. Each model component is shown to have an effective dimension, 

a quantity helpful for characterising the importance of the term. The effectiive dimension for a genotypic main effect 

can be shown to be equivalent to generalized heritability.The methodology is illustrated on plant breeding trials. An 

R-package called SpATS is available on CRAN. 

 
Inference in multi-state models for interval-censored data 

Ahmadou Alioum  



ISPED/INSERM U1219 Bordeaux Population Health Research Center, University of Bordeaux, Bordeaux, France 

 
Multi-state Markov models are widely used to analyze event history data from longitudinal epidemiological studies. 

Some multi-state models can be conceptually very complex with many transient or absorbing states and multiple 

transitions that can be reversible or not. In addition, if the observations are made in discrete times so that the exact 

transition times are unknown, inference for such models can become problematic and computationally challenging, 

particularly for nonhomogeneous Markov models. This explains why nonhomogeneous Markov models with 

piecewise constant transition intensities are often considered and used. Other parametric models can also be 

considered and easily estimated to account for interval censoring. Even though non-parametric approaches have 

been proposed to estimate simple models such as progressive illness-death model in the presence of interval 

censoring, the use of this approach for more complex multi-state models remains difficult and may lead to unstable 

or nonidentifiable estimates. A good compromise to obtain flexible estimates is to use a penalized likelihood 

approach or methods based on splines. The aim of this talk is to review methods and available packages for 

estimation of multi-state Markov models in the presence of interval-censored data. Applications to the epidemiology 

of Alzheimer’s disease or HIV infection will serve to illustrate these methods. 

 
Joint models for multi-state models with informative observation processes 

Andrew Titman  

Mathematics and Statistics, Lancaster University, Lancaster, Lancashire, United Kingdom 

 
Data on multi-state disease processes often arise through intermittent observation of disease status at clinic visit 

times. This leads to interval-censored or panel-observed data. Standard analyses for such data usually assume that 

the examination times are non-informative of the disease process, meaning they are ignorable. However if clinic 

visits are potentially self-initiated and the disease is symptomatic, there is a risk that attendances will arise because a 

patient's condition has deteriorated leading to a form of selection bias. 

 

The visit process may be modelled as a point process which is modulated by the underlying disease process. Lange 

et al [1] assume that patient-initiated visit times arise as a Markov modulated Poisson process and that such visits 

can be distinguished from scheduled visits. In this talk, it is shown that models can be extended to cases where the 

intensity of visits depends on time since the last visit and where all visits are potentially patient-initiated or the 

nature of the visit is unknown. 

 

A drawback of joint modelling approaches are that they may be sensitive to misspecification of the model for the 

observation process. The extent to which more naive models for the observation process remain robust under 

misspecification is explored via simulation. In addition, the impact of accounting for informative observation is 

demonstrated on data from post-lung transplantation patients. 

 

References 

1. Lange, J.M., Hubbard, R.A., Inoue, L.Y. and Minin, V.N., 2015. A joint model for multistate disease processes 

and random informative observation times, with applications to electronic medical records data. Biometrics, 71: 90-
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Mediation analysis when we acknowledge that the true mediator is a process not a (collection) of variables. 

Theis Lange  

Biostatistics, University of Copenhagen, Copenhagen, Denmark 

 
Even in the simplest of settings namely a randomized treatment, a well-defined outcome, a pre-specified mediator 

and no drop-out mediation analyses are not straightforward. Considerable effort has been spend on addressing issues 

of identification, confounding, model robustness, estimation with a low dimensional set of mediators (typically only 

one). Comparable less effort has been spent on addressing the fact that in any biological system the mediator is 

likely a continuous time process evolving right from treatment initiation to outcome measurement. This talk will 

have two parts: first I introduce broad condition under which natural effects through such a continuous time 

mediator can be identified and secondly I propose an estimation approach incorporating that measurements of the 



mediators process might differ in time and frequency between subjects. 

 

 
Using statistical emulation for understanding uncertainty in multivariate output from agricultural simulators 

Dan Gladish  

Data61, CSIRO, Dutton Park, Queensland, Australia 

 
Mechanistic computer models are used across multiple disciplines to model complex behaviour. Agriculture in 

particular use simulation models to aide decision makers, scientists, farmers, and other practitioners on methods to 

increase crop production. Unfortunately, quantifying uncertainty in agricultural simulators can be particularly 

challenging, particularly when the output is multivariate and can vary in space and time. While computational 

processing power keeps exponentially increasing, quantifying uncertainty can still be computationally prohibitive. 

Emulators have been a proven method for reducing computational time for computer models, particularly for 

uncertainty analysis, sensitivity analysis, and calibration. However, much of the literature around emulation focuses 

on univariate output, with some recent advanced using multivariate correlated output. This is particularly 

problematic for spatio-temporal based multivariate computer model output. We propose the use of generalized 

additive models and random forests combined with a principal component analysis as a method for emulating 

multivariate output from an agricultural simulator. We apply our methods to the Agricultural Production Systems 

sIMulator (APSIM), and illustrate how such methods could be used to aide practitioners in conducting sensitivity 

analysis for wheat and uncertainty analysis for soil properties.  

 
Improving accuracy in genomic selection: a comparison of 1-stage versus 2-stage linear mixed models for 

plant breeding multi-environment datasets 

Ky Mathews1, Alison Smith1, Brian Cullis2  
1University of Wollongong, Wollongong, New South Wales, Australia, 2University of Wollongong, Wollongong, 

New South Wales, Australia 

 
Genomic selection is a recently developed breeding methodology that aims to increase genetic gain by decreasing 

the time interval between selection decisions. The process involves predicting the performance of new genotypes 

which have marker data but no phenotypic data using the performance of related individuals where both marker and 

phenotypic data are available. Accuracy of prediction of the new genotypes is a common measure of the relative 

predictive performance of the genomic selection methodology. 

 

The most popular genomic selection methods in plant breeding follow a 2-stage approach where the phenotypic data 

are first analysed producing means that are subsequently used in the prediction of the new genotypes. However, 

these approaches do not usually address known complexities in plant breeding datasets such as within trial spatial 

variation and genotype by environment interaction. A fully efficient 1-stage approach can accommodate both these 

sources of variation simultaneously thereby producing more accurate predictions. Here we demonstrate the potential 

loss of accuracy when using 2-stage approaches compared to the 1-stage approach using a large wheat multi-

environment dataset. 

 
Combining crop growth modelling and statistical genetic modelling to evaluate phenotyping strategies  

Daniela Bustos-Korts1, Marcos Malosetti1, Martin P. Boer1, Scott Chapman2, Karine Chenu2, Fred van Eeuwijk3  
1Biometris, Wageningen UR, Wageningen, Netherlands, 2School of Agriculture and Food Sciences, The University 

of Queensland, St. Lucia, Queensland, Australia, 3Applied Statistics, Wageningen University, Wageningen, 

Netherlands 

 
In plant breeding and genetics, prediction of phenotypes using high dimensional data from DNA profiles has 

become a standard tool to help germplasm selection. Although helpful, prediction accuracy of complex target traits 

like yield is typically low because of the intrinsic low heritability of the trait and complex genetic regulation. 

Prediction accuracy can be improved by simultaneously modelling genetically-correlated traits underlying yield 

(component traits) that have a greater heritability. Many component traits can be phenotyped with high throughput 

phenotyping (HTP) techniques. HTP makes the phenotyping of additional traits affordable but may suffer from large 



measurement error, which in turn may lead to reduce the contribution to the accuracy of the target trait. A second 

factor affecting multi-trait prediction accuracy is the correlation between the target trait and the underlying traits. 

Traits correlations are generally affected by the environmental conditions in which the crop is grown. For these 

reasons, a breeder should carefully decide on which additional phenotyping to invest to increase the chance of 

increasing prediction accuracy. Therefore, it is crucial for breeders to estimate in advance whether their phenotyping 

strategy for additional traits is likely to increase prediction accuracy of the target trait. A strategy to evaluate the 

potential of phenotyping strategies is by combining crop growth models and statistical-genetic models to 

characterize trait correlations and heritability over time. Simulated data of intermediate and target traits during the 

growing season is a useful resource to evaluate i) multi-trait prediction using traits measured during the whole 

growing season and ii) yield predictions from traits measured early in the growing season. In this presentation, we 

propose a decision support tool based on the combination of statistical-genetic and crop growth models to design an 

effective phenotyping schedule across the Australian wheat belt. We compare different strategies to model traits 

over time (i.e. penalized splines and nonlinear regression models), for crops of an Australian wheat panel simulated 

with the crop growth model APSIM in 40 environments that represent the water deficit patterns present across the 

Australian wheat belt. 

 
Making better decisions in the face of uncertainty in Digital Agriculture: The Uncertainty Toolbox 

Petra Kuhnert2, Tracy Huang2, Dan Pagendam3, Josh Bowden1  
1CSIRO, Brisbane, Queensland, Australia, 2CSIRO Data61, Canberra, Australian Capital Territory, Australia, 
3CSIRO Data61, Brisbane, Queensland, Australia 

 
 

Digiscape in one of 8 Future Science Platforms in CSIRO that is focussed on delivering new analytics in the digital 

age to better inform agricultural systems and processes in the face of uncertainty. Traditional modelling approaches 

for decision-makers have largely ignored uncertainty, ignored spatio-temporal dependencies and have difficulty 

integrating different types of data that results in communications and decisions that are not easily accepted or 

adopted. 

 

The Uncertainty Toolbox is one of 15 projects within Digiscape trying to make a difference to the way models are 

used, reported and communicated in practice for decision-making. Uncertainty is front and centre of every 

modelling problem but it is sometimes difficult to quantify and it is challenging to communicate. In this presentation 

I will provide an overview of Digiscape and the Uncertainty Toolbox and the components of the toolbox that we are 

developing for modellers. The toolbox will house a number of workflows that include sensitivity analysis, design of 

computer experiments, model emulation, prediction and forecasting, Bayesian Hierarchical Modelling using STAN, 

model and data interoperability and visualisation. I will touch on a few of these workflows in the presentation and 

describe the methods we are developing for each and how we plan to link in with the Digiscape application projects 

through a software platform “Conflux”, to facilitate better decision-making. 

 
Bootstrap Model Selection for Linear Mixed Models 

Samuel Mueller2, Garth Tarr2, Alan H. Welsh1  
1Mathematical Sciences Institute, Australian National University, Canberra, Australian Capital Territory, Australia, 
2University of Sydney, Sydney, New South Wales, Australia 

 
Linear mixed effects models are widely used in applications because they provide flexible models for a variety of 

types of clustered data. Model selection, which often aims to choose a parsimonious model with other desirable 

properties from a possibly very large set of candidate statistical models, is a key part of many applications; see 

Mueller, Scealy and Welsh (2013, Statistical Science) for a review of model selection for linear mixed models. In 

this talk, we discuss the use of bootstrap model selection in linear mixed models. Bootstrap model selection was 

originally developed for simpler models with independent observations by Shao (1996, J. Amer. Statist. Assoc.) and 

Mueller and Welsh (2005, J. Amer. Statist. Assoc., 2009, Statist. Sinica). It is an interesting approach because of the 

flexibility it allows in permitting the use of measures of fit different from those used to define the estimators used to 

fit the models. This means that the method can be used to compare different estimators as well as different models. 

We discuss statistical properties as well as computational issues and present both theoretical and simulation results. 



 

 

 
Using stochastic approximation techniques to efficiently construct confidence intervals for the intraclass 

correlation coefficient 

Regev Schweiger1, Eyal Fisher2, Elior Rahmani3, Liat Shenhav3, Saharon Rosset4, Eran Halperin3  
1Computer Science, Tel Aviv University, Tel Aviv, Israel, 2University of Cambridge, Cambridge, United Kingdom, 
3University of California, Los Angeles, Los Angeles, California, United States, 4Tel Aviv University, Tel Aviv, 

Israel 

 
The intraclass correlation coefficient (ICC) is an important metric in linear mixed models (LMMs), as it 

represents the proportion of variance explained by covariates. In the context of genetics, the ICC measures 

the narrow-sense SNP-heritability, which quantifies the proportion of variability of a phenotype accounted 

for by genetics. LMMs have received much recent attention in genetics, due of their ability to account for 

many variants with small effect sizes. Typically, ICC estimation under LMMs uses the restricted maximum 

likelihood (REML) approach. The common way to report the uncertainty in REML estimation is standard 

errors (SE), which rely on asymptotic properties. However, these assumptions are often violated because of 

the bounded parameter space, statistical dependencies, and limited sample size, leading to biased estimates 

and inflated or deflated confidence intervals (CIs). In addition, for larger datasets (e.g., tens of thousands of 

individuals), the construction of SEs itself may require considerable time, as it requires expensive matrix 

inversions and multiplications. Here, we present a method for constructing accurate CIs. Our method is 

based on parametric bootstrap sampling, and therefore avoids unjustified assumptions on the distribution of 

the ICC estimator. We further use stochastic approximation techniques, which accelerate the construction of 

CIs by several orders of magnitude compared with previous approaches, as well as to the analytical 

approximation used by SEs. This allows us to build accurate CIs rapidly, e.g., requiring only several seconds 

for datasets of tens of thousands of individuals, giving a very fast solution to the problem of building accurate 

CIs for ICC (or heritability) for all dataset sizes. 

 
Properties of moment estimators of variance components and proportions of variance 

Tamar Sofer1, 2  
1Medicine, Harvard Medical School, Boston, Massachusetts, United States, 2Brigham and Women's Hospital , 

Boston, Massachusetts, United States 

 
Heritability is the proportion of phenotypic variance attributed to additive genetic effects. Heritability is often 

estimated as the ratio of genetic variance to the total outcome variance, where these variances are estimated in a 

mixed model which uses a pre-computed genetic relatedness or kinship matrix. I will present new results on moment 

estimators of variance components and proportion of variance obtained from a modern implementation of the 

Haseman-Elston approach for heritability estimation. I will discuss their distributions and behaviors near the 

boundary of the parameter space. 

 
CHALLENGES AND OPPORTUNITIES FOR STATISTICAL APPLICATIONS IN HIGH-

THROUGHPUT PHENOMICS 

Scott Chapman2, 1  
1School of Agriculture and Food Sciences, The University of Queensland, St. Lucia, Queensland, Australia, 
2Agriculture and Food, CSIRO, St. Lucia, Queensland, Australia 

 
High-throughput phenomics (HTP) in plant and crop science comprises many types of measurements (from object 

counts and dimensions through to 3D hyper-spectral images) in different types of growing environments (cabinets, 

glasshouses, fields) which may be taken across multiple spatial scales (cells to organs to plants to crops to fields to 

regions (satellite scae)) and a range ot temporal scales (milliseconds to years). Variables may be directly or remotely 

measured as raw signals, converted to physical measures and then rescaled or imputed via statistical and/or 

biopysical models to become phenotypic 'traits'. 

 

Most commonly, HTP is considered as being a complement to genomic analysis with the objective of understanding 



the mechanisms of plant traits and their genetic control and/or selecting genotypes in breeding programs for superior 

expression of traits. Instruments varying in their autonomous capability may be used to image or otherwise 

characterise aspects of biochemistry and physical dimensions of plants or parts of plants.  

 

Many 1st generation HTP methods simply use machines, cameras and computers to more quickly and/or accurately 

measure traits that geneticists and breeders already measure, e.g. seedling vigour, crop height, flowering time, 

changes in canopy cover or colour. These physical traits, when expressed as physical quantities can be considered as 

state variables. 'Derived' traits can be determined across multiple scales (spatial, temporal, multi-experiments), for 

example the rate of leaf growth in response to temperature. Another derived trait is related to factors affecting how 

canopy light interception is estimated when applying a radiative transfer model to data from leaf area and structure 

measurements. Statistical models, such as splines, may be applied to temporal sequences of traits to determine the 

times when the greatest variance might be observed across treatments. 

 

Plant breeeders are always concerned with the heritability/repeatability of trait measurements and how they 

genetically correlate with production traits which they intend to select upon. When using HTP to measure such 

complete familes of traits that explain many aspects of plant growth, an additional opportunity is to apply various 

types of models including machine learning methods to try to determine how to efficiently combine data from 

multiple traits to either create indices, or to match integrated traits that might be 'scored' by humans. 

 
Modelling response of plants to environment via high-throughput phenotyping and machine leaning 

Hiroyoshi Iwata  

Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan 

 
Genomic selection, i.e., selection based on breeding values predicted from genome-wide markers, is a promising 

method for accelerating breeding. Genomic selection, however, is not good at the prediction of environmental 

effects. To expand the possibilities of genomic selection, it is important to model the response of plants to their 

surrounding environments and to include environmental data as inputs of a prediction model. For realizing this, it is 

necessary to measure plant growth and plant internal states using high-throughput omics technologies and to relate 

environmental and genomic data to complex phenotypic data. High-throughput omics technologies allow us to 

include various secondary traits in the prediction of target targets. Machine learning methods, such as Gaussian 

processes, random forest and XGBoost, and well-developed crop growth models can be used for modelling complex 

relationships among marker genotypes, phenotypes of target and secondary traits and environmental variables. I will 

introduce examples in rice and soybean, which modelled phenotypes influenced by genotypes and environments via 

high-throughput phenotyping and machine learning. 

 
Statistical issues related to dietary intake as the response variable in intervention trials 

Ruth Keogh1, Raymond J. Carroll2, Janet A. Tooze3, Sharon I. Kirkpatrick4, Laurence S. Freedman5  
1Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom, 
2Department of Statistics, Texas A&M University, College Station, Texas, United States, 3Department of 

Biostatistical Sciences, Wake Forest School of Medicine, Winston-Salem, North Carolina, United States, 4School of 

Public Health and Health Systems, University of Waterloo, Waterloo, Ontario, Canada, 5Biostatistics Unit, Gertner 

Institute for Epidemiology and Health Policy Research, Sheba Medical Center, Ramat Gan, Israel 

 
The focus of this talk is dietary intervention trials. We explore the statistical issues involved when the response 

variable, intake of a food or nutrient, is based on self-report data that are subject to inherent measurement error. 

There has been little work on handling error in this context. A particular feature of self-reported dietary intake data 

is that the error may be differential by intervention group. Measurement error methods require information on the 

nature of the errors in the self-report data. We assume that there is a calibration sub-study in which unbiased 

biomarker data are available. We outline methods for handling measurement error in this setting and use theory and 

simulations to investigate how self-report and biomarker data may be combined to estimate the intervention effect. 

Methods are illustrated using data from the Trial of Nonpharmacologic Intervention in the Elderly, in which the 

intervention was a sodium-lowering diet and the response was sodium intake. Simulations are used to investigate the 

methods under differential error, differing reliability of self-reports relative to biomarkers and different proportions 

of individuals in the calibration sub-study. When the reliability of self-report measurements is comparable with that 

of the biomarker, it is advantageous to use the self-report data in addition to the biomarker to estimate the 



intervention effect. If, however, the reliability of the self-report data is low compared with that in the biomarker, 

then, there is little to be gained by using the self-report data. Our findings have important implications for the design 

of dietary intervention trials. 

 
Measurement error in Calibration Sub-studies 

David M. Steinberg, Michal Talitman, Malka Gorfine 

Statistics and OR, Tel Aviv University, Tel Aviv, Israel 

 
Calibration sub-studies are used to relate an inaccurate, but inexpensive, measurement of outcome, to an accurate, 

but expensive measurement. Ideally, the sub-study will obtain the expensive measurement from a subset of the 

subjects and will provide the information needed to calibrate the two measurements. For example, in studying 

interventions aimed at reducing second-hand smoke exposure, biomarkers provide the best measurement of outcome 

but are expensive; so it could be very helpful to use, instead, readily available family self-reports. 

 

Keogh et al presented a novel measurement error model for such studies. The model includes components for the 

distribution of exposure, measurement variance associated with the expensive method, and a calibration equation, 

including an error term, for the simple method. We show how to derive closed expressions for the MLE's in this 

model, including both mean and variance parameters. Our approach leads to formulas that provide insight into the 

estimators and that dramatically improve computation of all the estimators, and in particular those of the variance 

components. 

 

When the calibration sub-study is part of an intervention trial, we compared three ways of estimating the 

intervention effect: using the biomarker data only, Buonaccorsi's method and MLE. We present results on the 

estimation accuracy of these methods, emphasizing the conditions under which MLE has clear advantages. 

 
Addressing Differential Measurement Error in Self-Reported Dietary Data Using an External Validation 

Study: Application to a Longitudinal Lifestyle Intervention Trial 

Juned Siddique1, Michael Daniels2, Raymond J. Carroll3, Trivellore Raghunathan5, Elizabeth Stuart6, Laurence S. 

Freedman4  
1Northwestern University, Chicago, Illinois, United States, 2University of Florida, Gainesville, Florida, United 

States, 3Texas A&M University, College Station, Texas, United States, 4Gertner Institute for Epidemiology & 

Health Policy Research, Tel-Hashomer, Israel, 5University of Michigan, Ann Arbor, Michigan, United States, 6Johns 

Hopkins, Baltimore, Maryland, United States 

 
In lifestyle intervention trials, where the goal is to change a participant's weight or modify their eating behavior, 

self-reported diet is a longitudinal outcome variable that is subject to measurement error. We propose a statistical 

framework for correcting for measurement error in longitudinal self-reported dietary data by combining intervention 

data with auxiliary data from an external biomarker validation study where both self-reported and recovery 

biomarkers of dietary intake are available. In this setting, dietary intake measured without error in the intervention 

trial is missing data and multiple imputation is used to fill in the missing measurements. Since most validation 

studies are cross-sectional, they do not contain information on whether the nature of the measurement error changes 

over time or differs between treatment and control groups. We use sensitivity analyses to address the influence of 

these unverifiable assumptions involving the measurement error process and how they affect inferences regarding 

the effect of treatment. We apply our methods to self-reported sodium intake from the PREMIER study, a multi-

component lifestyle intervention trial. 

 
Real-time Monitoring of Health Outcomes using Routine Clinical Data 

Peter J. Diggle  

CHICAS, Medical School, Lancaster University, Lancaster, Lancashire, United Kingdom 

 
I consider the following class of problems. The clinical record 

for a patient suffering a chronic and potentially progressive condition includes 

longitudinal follow-up of a primary biomarker for their condition at an 

irregular sequence of time-points, together with one or more relevant covariates. 

Our aim is to analyse this clinical record as it accrues in real-time to 



inform a clinical decision. 

 

I embed the methodological development in the specific context of 

progression to end-stage renal failure. Here, the primary biomarker is 

serum creatinine, an indirect and noisy measurement of kidney function. 

Incipient renal failure is typically asymptomatic for many years but 

early intervention, for example by aggressive control of blood pressure, 

can slow down the rate of progression bringing substantial quality 

of life gains for the patient and cost-savings for the health system. 

According to current guidelines in the UK, a patient in primary care 

who is losing kidney function at a rate of at least 5% per year should 

be considered for referral to specialist secondary care. 

 

I translate the clinical question into following prediction problem. Kidney 

function for an individual patient is a continuous-time stochastic 

process R(t). Their available serum creatinine measurements are 

Y1, Y2,...,Yn measured at times t1, t2,...,tn. Each Yi is a noisy versions of 

R(ti). At any time t, calculate the probability that the deriviative of log R(t) 

is less than -0.05 given all available data at time t. 

 

I use data from approximately 23,000 patients in the English city of Salford 

to develop a model for log R(t) whose essential features are: differentiability, 

responsiveness to changes in local behaviour; longer-than Gaussian tails 

(Diggle, Sousa and Asar, 2015; Asar et al, 2018). 

 

I discuss what further work is needed to turn the methodology into a tool that 

could be incorporated into a clinician's everyday working environment. 
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Estimating cardiovascular disease risk in electronic health records with incomplete records and repeated 

measurements of risk predictors.  

Angela M. Wood1, Ellie Paige2, 1, David Stevens1, Jessica Barrett3, 1, Michael Sweeting4, 1, Irene Petersen5  
1University of Cambridge, Cambridge, United Kingdom, 2Australian National University, Canberra, Australian 

Capital Territory, Australia, 3MRC Biostatistics Unit, Cambridge, United Kingdom, 4University of Leicester, 

Leicester, United Kingdom, 5UCL, London, United Kingdom 

 
Stratification of individuals according to their estimated cardiovascular disease (CVD) risk is used to guide clinical 

decision-making. Current UK guidelines for CVD risk assessment recommend the use of already recorded risk 

factors in electronic primary care records to prioritise patients for a full formal risk assessment, although there is no 

guidance on how this should be achieved. 

 

We present a computationally feasible statistical approach to address the methodological challenges in utilizing 

historical repeat risk factors measures recorded in primary care records to systematically identify patients at high 

risk of future CVD disease. The approach is based on a dynamic two-stage landmark model. The first stage 

estimates predicted current risk factor values from all available historical repeat risk factor measurements by 

landmark-age-specific multivariate linear mixed-effects models with correlated random-intercepts, which account 

for sporadically recorded repeat measures, unobserved data and measurements errors. The second stage predicts 

future disease risk from a sex-stratified Cox proportional hazards model, with predicted current risk factor values 



estimated from the first stage. 

 

We have developed and internally validated a dynamic 10-year CVD risk prediction model using electronic primary 

care records for age, diabetes status, hypertension treatment, smoking status, systolic blood pressure, total and high-

density lipoprotein cholesterol from ~2 million individuals in ~400 primary care practices in England and Wales 

contributing to Clinical Practice Research Datalink. We propose using the model as a pre-screening tool for 

identifying individuals who may be at greatest health need of a formal CVD assessment. Using public health 

modelling, we identify optimal pre-screening risk thresholds for inviting individuals in for a formal risk assessment. 

 
Individual dynamic predictions using landmarking and joint modelling: validation of estimators and 

robustness assessment 

Loïc Ferrer1, 2, Hein Putter3, Cécile Proust-Lima1, 2  
1UMR1219, INSERM, Bordeaux, France, 2ISPED, Univ. Bordeaux, Bordeaux, France, 3Leiden University Medical 

Center, Leiden, Netherlands 

 
After the diagnosis of a disease, one major objective is to predict cumulative probabilities of events such as clinical 

relapse or death from the individual information collected up to a prediction time, including usually biomarker 

repeated measurements. Several estimators have been proposed to calculate these individual dynamic predictions, 

mainly from two approaches: joint modelling and landmarking. These approaches differ by the information used, the 

model assumptions and the computational complexity. 

To provide key elements for the development and use of individual dynamic predictions in clinical follow-up, it is 

essential to properly validate the estimators, quantify their variability and compare them. Motivated by the 

prediction of two competing causes of prostate cancer progression from the history of prostate-specific antigen, we 

conducted an in-depth simulation study to validate and compare the dynamic predictions derived from joint models 

and landmark models. After formally defining the quantity to estimate, we introduce its estimators and propose 

techniques to assess their uncertainty. We also compare the individual dynamic predictions derived from both 

approaches in terms of predictive accuracy (prediction error and discriminatory power), efficiency and robustness to 

model assumptions. We show that these prediction tools should be handled with care, in particular by properly 

specifying models and estimators, and generally conclude with some recommendations. 

 
Analytical and Empirical Comparison of MAMS and P-Value Combination Approaches for Adaptive Designs 

Cyrus Mehta1, 2  
1Cytel Inc., Cambridge, Massachusetts, United States, 2Biostatistics, Harvard School of Public Health, Boston, 

Massachusetts, United States 

 
Multi-arm multi-stage (MAMS) designs are designs that compare several intervention arms to a common control 

arm in a randomized clinical trial with one or more interim analyses at which arms can be terminated either for 

futility or overwhelming efficacy. There are two approaches for constructing such designs. The p-value combination 

approach, with closed testing to ensure strong control of type-1 error, is the method that is most frequently used. 

Recently, however, there has been a great deal of interest in the extension of group sequential methods from two arm 

trials to multi-arm trials with stopping boundaries derived from error spending functions. In this presentation we will 

discuss the methodological difference between the two approaches and compare their operating characteristics in 

various settings including adaptive sample size re-estimation. 

 

 

 
Designing complex survival clinical trials with multi-stage and multiple endpoints 

Toshimitsu Hamasaki1, Tomoyuki Sugimoto2, Scott R. Evans3, Koko Asakura1  
1Department of Data Science, National Cerebral and Cardiovascular Center, Suita, Japan, 2Kagoshima University, 

Kagoshima, Japan, 3Harvard T.H. Chan School of Public Health, Boston, Massachusetts, United States 

 
Many clinical trials implement group-sequential designs. In some disease areas e.g., oncology or cardiovascular 

disease. These trials utilize event-time outcomes and are event-driven meaning that interim analyses are performed 

when a certain number of events have been observed. In some trials, it may be of interest to evaluate if a test 



intervention is superior to a control intervention on at least one of the event-time outcomes (multiple primary 

endpoints) or on all endpoints (co-primary endpoints). In such trials, one challenge is how to monitor multiple event-

time outcomes in a group-sequential setting as the information fraction for the outcomes may differ at any point in 

time. We discuss logrank test-based methods for monitoring two event-time outcomes in group-sequential trials that 

compare two interventions using two time-to-event outcomes. We evaluate two situations: (i) both events are non-

composite but one event is fatal, and (ii) one event is composite but the other is fatal and non-composite. We 

consider several strategies for testing if a test intervention is superior to a control intervention in the two settings of 

multiple primary endpoints and multiple co-primary endpoints. 

 
Optimising the data combination rule for seamless Phase II/III clinical trials 

Lisa Hampson  

Statistical Methodology, Novartis, Basel, Switzerland 

 
Multi-arm clinical trials that compare several active treatments to a common control have been proposed as an 

efficient means of making an informed decision about which of several treatments should be evaluated further in a 

confirmatory study. Additional efficiency is gained by incorporating interim analyses and, in particular, seamless 

Phase II/III designs have been the focus of recent research. Common to much of this work is the constraint that 

selection and formal testing should be based on a single efficacy endpoint, despite the fact that in practice, safety 

considerations will often play a central role in determining selection decisions. Here we develop a multi-arm multi-

stage design for a trial with an efficacy and safety endpoint. The safety endpoint is explicitly considered in the 

formulation of the problem, selection of the experimental arm and hypothesis testing. The design extends group 

sequential ideas and considers the scenario where a minimal safety requirement is to be fulfilled and the treatment 

yielding the best combined safety and efficacy trade-off satisfying this constraint is selected for further testing. The 

treatment with the best trade-off is selected at the first interim analysis while the whole trial is allowed to comprise 

of J analyses. We show that the design controls the familywise error rate in the strong sense and illustrate the 

method through an example and simulation. We find that the design is robust to misspecification of the correlation 

between the endpoints. 

 
Decision Theoretic Approaches for Adaptive Enrichment Designs in Personalized Medicine 

Franz Koenig1, Thomas Ondra1, Sebastian Jobjörnsson2, Carl-Fredrik Burman3, Nigel Stallard4, Martin Posch1  
1Center for Medical Statistics, Informatics, and Intelligent Systems, Medical University of Vienna, Vienna, Vienna, 

Austria, 2Chalmers University, Gothenburg, Sweden, 3AstraZeneca R&D, Molnda, Sweden, 4he University of 

Warwick, Warwick, United Kingdom 

 
An important objective in the development of targeted therapies is to identify subgroups of patients where the 

treatment under investigation has a positive benefit risk balance. We are considering clinical trials investigating a 

treatment in a subpopulation (S), defined by a binary biomarker, as well as the full population (F), consisting of 

biomarker positive patients (S) and biomarker negative patients (S'). Based on a decision theoretic approach, 

assigning gains and losses to a particular trial design we compare optimized single stage and adaptive two stage 

designs. We model the gains of a particular trial design from both the sponsor's (reflecting commercial interests) as 

well as a societal view (reflecting public health interests). For single stage designs we optimize the number of 

patients from S and S' to be included in the trial. The optimization of adaptive two stage designs relies on a dynamic 

programming approach as well as extensive numerical calculations. In particular we optimize the number of patients 

to be included from S and S' in the first stage and present optimized decision rules, assigning an optimized second 

stage trial design to a given interim observation. The optimizations are performed for both the sponsor's and the 

public health utility. 

 

This project has received funding from the European Union's 7th Framework Programme for research, technological 

development and demonstration under the IDEAL Grant Agreement no 602552, and the InSPiRe Grant Agreement 

no 602144. 

 
Observation of life history processes: independence and ignorability conditions 

Richard J. Cook, Jerry Lawless 

Statistics and Actuarial Science, University of Waterloo, Waterloo, Ontario, Canada 

 



Life history processes are typically incompletely observed. In this talk we give a careful discussion of the 

independence and ignorability conditions necessary to justify routine analysis of life history data when processes are 

subject to right-censoring and intermittent observation. Methods for checking whether these conditions are satisfied 

are discussed when auxiliary data are available. Tracing studies are considered in which individuals who are lost to 

followup are selected and subjected to more intensive data collection efforts. Such studies can a) facilitate the 

assessment of independence and ignorability assumptions, b) correct for biases that arise when the assumptions are 

not satisfied, and c) enhance efficiency. Motivating studies will be discussed from cohorts of individuals with 

rheumatic diseases. 

 
Observational cohort studies and register data – experiences from Denmark 

Niels Keiding  

Biostatistics, University of Copenhagen, Copenhagen, Denmark 

 
Register data offer several options for complementing classical observational cohort studies, and this presentation 

will list a few, illustrated with my own experience from Denmark. 

 

Lexis diagram. Register studies of cohort data require clear and easily available descriptive representations, and here 

the surprisingly rarely used Lexis diagram is unsurpassed, having the cohorts developing along the diagonals in the 

calendar time × age plane. Examples will show displays of the available data and occurrence of possible calendar 

time confounding.  

 

Representativity. Classical cohort studies based on recruitment of a sample of the population as well as modern 

studies based on self-selection on the web will both in practice suffer from participant bias. The general 

epidemiological methodology literature discusses how important or ignorable this bias may be, see reviews by 

Keiding and Louis (2016, 2018). Register data may sometimes be useful in validating representativity. A Danish 

study showed considerable excess mortality in non-participants in large follow-up studies (Andersen et al., 1998). 

Recommendations based on a Danish randomized trial comparing total mastectomy to breast-conserving surgery for 

breast cancer patients turned out to generalize directly to the total Danish population, contradicting common 

suspicions about non-representativity of randomized trials (Ewertz et al., 2008). 

 

Pharmacoepidemiology. In studies of possible side effects of postmenopausal hormone treatment it has been 

customary to use biennial interviews of some cohort, with the basic questions whether the participating women are 

current, previous or never users of the drugs. Pharmacoepidemiological registries may provide more detailed 

information which allows the use of standard event history analysis methodology – a much more sensitive tool, used 

routinely in register studies. On the other hand Nielsen et al. (2009) and Nielsen & Keiding (2010) showed that the 

never/current/previous classification of current treatment status may be recovered from prescription data. 

 
Challenges in estimating HIV testing behaviour from observational cohort data 

Daniela De Angelis  

MRC Biostatistics Unit, University of Cambridge, Cambridge, United Kingdom 

 
In England, in recent years, there is evidence of a decrease in both HIV incidence and the number of undiagnosed 

infections. These decreases could be due to a reduction in risk behaviour or an increase in HIV testing, leading to 

earlier diagnosis and access to anti-retroviral treatment, with consequent decrease in transmission due to virus 

suppression. To start disentangling the contributions of the various components, we address the challenge of 

quantifying HIV testing rates from testing patterns in GUMCAD, a census-type national longitudinal cohort of 

attendees to Sexually Transmitted Infections (STI) clinics in the country. Naive estimates refer only to the 

population attending STI clinics, so to derive HIV testing rates in the more general population at risk, it is necessary 

to correct for the selection bias. We discuss alternative strategies to do so through the combination of the GUMCAD 

data with evidence from a national random sample survey on the probability of attending an STI clinic. 

 
Modeling the cumulative incidence function of multivariate competing risks data allowing for within-cluster 

dependence of risk and timing 

Thomas Scheike  



Biostatistics, University of Copenhagen, Copenhagen, Denmark 

 
We propose to model the cause-specific cumulative incidence function of multivariate competing risks 

data using a random effects model that allows for within-cluster dependence of both risk and timing. The 

model contains parameters that makes it possible to assess how the two are connected, e.g. if high-risk 

is related to early onset. Under the proposed model, the cumulative incidences of all failure causes are 

modeled and all cause-specific and cross-cause associations specified. Consequently, left-truncation and 

right-censoring are easily dealt with. The proposed model is assessed using simulation studies and applied 

in analysis of Danish register-based family data on breast cancer. 

 
A fully nonparametric estimator of the marginal survival function based on case–control clustered age-at-

onset data 

Malka Gorfine1, Li Hsu2  
1Statistics and OR, Tel Aviv University, Tel Aviv, Outside of Canada & USA, Israel, 2Biostatistics, Fred Hutchinson 

Cancer Research Center, Seattle, Washington, United States 

 
 

Consider a popular case–control family study where individuals with a disease under study (case probands) and 

individuals who do not have the disease (control probands) are randomly sampled from a well-defined population. 

Possibly right-censored age at onset and disease status are observed for both probands and their relatives. For 

example, case probands are men diagnosed with prostate cancer, control probands are men free of prostate cancer, 

and the prostate cancer history of the fathers of the probands is also collected. Inherited genetic susceptibility, shared 

environment, and common behavior lead to correlation among the outcomes within a family. In this work, a novel 

nonparametric estimator of the marginal survival function is provided. The estimator is defined in the presence of 

intra-cluster dependence, and is based on consistent smoothed kernel estimators of conditional survival functions. 

By simulation, it is shown that the proposed estimator performs very well in terms of bias. The utility of the 

estimator is illustrated by the analysis of case–control family data of early onset prostate cancer. To our knowledge, 

this is the first article that provides a fully nonparametric marginal survival estimator based on case–control 

clustered age-at-onset data. 

 
Developing comprehensive risk prediction models for familial breast and ovarian cancer. 

Antonis Antoniou  

Public Health and Primary Care, University of Cambridge, Cambridge, Cambs, United Kingdom 

 
Advances in genomic technologies have enabled more rapid, less expensive genetic sequencing than was possible a 

few years ago. These technologies allow for the comprehensive genetic profiling for assessing risks to breast and 

ovarian cancers and include multiplex sequencing panels of several genes and panels of common single nucleotide 

polymorphisms (SNPs). However, the clinical utility of such multiplex gene and SNP panels depends on having 

accurate estimates of cancer risks for mutations in the genes included in such panels, as well as cancer risk 

prediction models that consider the joint effects of the known genetic risk factors with family history and other non-

genetic risk factors. To develop such models it is important to address a number of methodological and analytical 

questions: (1) what models best explain the familial aggregation to the disease; (2) what are the cancer risks for 

carriers of rare genetic variants; (3) what are the combined effects of common genetic variants; (4) what are the joint 

effects of common and rare genetic variants; and (5) what are the joint effects of genetic and lifestyle/hormonal risk 

factors for the diseases. The presentation will describe ongoing efforts to address these questions for breast and 

ovarian cancer using family-based methodological approaches and data from large international collaborative 

studies. These will be illustrated in the context of developing the BOADICEA risk prediction model, a widely used 

cancer risk prediction model for informing the clinical management of women at risk of developing breast or 

ovarian cancer. 

 
Statistical methods for the analysis of secondary phenotypes in the proband family design. 

Jeanine Houwing-Duistermaat  

Department of Statistics, University of Leeds, Leeds, United Kingdom 



 
Data from family studies are challenging to model due to the selection of the families in the study and the 

correlation among variables measured in families. Families might be recruited based on the primary phenotype of an 

index case (probands). To obtain correct parameter estimates from family data it is essential to take into account the 

study design. 

 

Modelling family is relevant, because traits segregate within families due to shared genetic, environmental and life 

style factors. For many complex diseases the effect of life style and environment is not well understood. Moreover 

not all genetic markers have been identified. Thus family history comprises information on individual disease risks. 

 

In this presentation I will focus on the analysis of secondary phenotypes, i.e. other traits which are measured and 

modelled in addition to the primary phenotypes. There is a lot of literature available for the analysis of secondary 

phenotypes in case control series, but methods for family data are lacking. Two approaches are typically used for the 

analysis of secondary phenotypes in families; either the selection of the families is ignored or the likelihood 

conditional on the trait values of the proband (primary phenotypes) is used. We will use DAGs to show that these 

approaches might yield biased estimates and we propose a secondary phenotype analysis method for family studies 

which is based on a joint model for the primary and secondary phenotypes. Parameters are obtained by maximizing 

the retrospective log likelihood. 

 

The performance of our approach is compared to other approaches via simulations. The methods are applied to data 

from family studies. The conclusion is that our method provides correct parameter estimates and should therefore be 

used for analysis of secondary phenotypes in case of ascertained families. 

 

Poster Session 
 
1 

Bayesian analysis of partial cladograms resulting from free-sorting tasks 

Bruce A. Craig, Arman Sabbaghi, Mark D. Ward 

Statistics, Purdue University, West Lafayette, Indiana, United States 

 
The free-sorting task is increasingly being used to compare sensory qualities (e.g., taste, smell) of food products. In 

this task, a participant initially sorts the products into groups based on their perceived similarities, and then 

successively combines the two most similar groups until only two remain. The resulting cladograms are typically 

converted into an overall similarity matrix and analyzed using multidimensional scaling (MDS). Although the 

relative efficiency of this task over pairwise evaluations increases with the number of products, there is thought to be 

an upper limit on the number of products one can accurately sort. Thus, studies using this task typically involve 

fewer than 15 products.  

 

In this paper, we propose methods for the analysis of free-sorting task data when the number of products is above 

the traditional limit. We consider a design where each participant sorts partially overlapping subsets of products and 

develop a Bayesian modeling method to address the inferential challenge created by these partial cladograms. Our 

method facilitates the combination of information across product subsets for learning the underlying latent values for 

all products in a comprehensive manner. These latent values are then used to construct the similarity matrix for 

MDS. This model incorporates variability across participants, and can be further extended to include covariates to 

help explain this variability. We demonstrate the validity of this approach via simulation studies, and apply it to a 

study involving 21 products consisting of different types and concentrations of astringent and bitter. 
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Estimating the prevalence of health-related indicators at neighbourhood level using structured additive 

regression 

Jan van de Kassteele, Laurens Zwakhals, Oscar Breugelmans, Maarten Mulder, Carolien van den Brink 

National Institute for Public Health and the Environment - RIVM, Bilthoven, Netherlands 

 



Background 
 

Local policy makers increasingly need information on health-related indicators at smaller geographic levels like 

districts or neighbourhoods. Although more large data sources have become available, direct estimates of the 

prevalence of a health-related indicator cannot be produced for neighbourhoods for which only small samples or no 

samples are available. Small area estimation provides a solution, but unit-level models for binary-valued outcomes 

that can handle both non-linear effects of the predictors and spatially correlated random effects in a unified 

framework are rarely encountered. 

 

Methods 
 

We used data on 26 binary-valued health-related indicators collected on 387,195 persons in the Netherlands, a.o. 

overweight, drinking and smoking behaviour. We associated the indicators at the individual level with a set of 12 

predictors obtained from national registry data, a.o. age, sex and socio-economic predictors. We formulated a 

structured additive regression model for small area estimation. The model captured non-linear relations between the 

predictors and the outcome through additive terms in a functional form using penalized splines and included a term 

that accounted for spatially correlated heterogeneity between neighbourhoods. The registry data were used to predict 

individual outcomes which in turn are aggregated into higher geographical levels, i.e. neighbourhoods. We validated 

our method using calibration plots. 

 

Results 
 

We estimated the prevalence of the 26 health-related indicators for 11,432 neighbourhoods in the Netherlands. The 

maps show distinct geographic patterns. The calibration plots show that the estimates agree very well with observed 

prevalences at the individual level. 

 

Conclusions 
 

Structured additive regression is a useful tool to provide small area estimates in a unified framework. We are able to 

produce valid nationwide small area estimates of 26 health-related indicators at neighbourhood level in the 

Netherlands. The results can be used for local policy makers to make appropriate health policy decisions. 
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In studies where individuals contribute more than one observations, such as longitudinal or repeated measures 

studies, the linear mixed model provides a framework to take correlation between these observations into account. 

By introducing random effects, mixed models allow to take into account the variability of the response among the 

different individuals and the possible within-individual correlation. In addition, recent studies have collected high-

dimensional data, which involve new statistical issue as the sample size is relatively small compared to the number 

of covariates. To deal with high dimensional data, reduction dimension method can be used which aims at 

summarizing the numerous predictors in form of a small number of new components (often linear combinations of 

the original predictors). The traditional approach is the Principal Component Regression which is an application of 

Principal Component Analysis (PCA) to regression model. PCA is applied without considering of the link between 

the outcome and the independent variables. An alternative method is the Partial Least Square (PLS) that takes this 



link into account. To solve the high-dimensional issue in the repeated/longitudinal data context, we propose an 

approach adapted from the Expectation-Maximization (EM) algorithm for linear mixed models by incorporating a 

PLS step to reduce the high-dimensional data to low-dimensional features. Under this algorithm framework, we use 

simulation studies to investigate the performance and computational properties of this extension of EM-algorithm 

using PLS (EM-PLS) and compare it with other reduction dimension approaches. To illustrate the practical 

usefulness of the approach, we apply the EM-PLS algorithm developed in this work to fit real data sets including for 

instance cell-cycle gene expression data observed over several time points or brain images collected during repeated 

sessions. 
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This article presents a novel approach of ear biometric which its principal goal is to identify a person using a partial 

data under uncontrolled environments with varying occlusion. 

Our technique is based on the application of Local Binary Pattern LBP in different scale. LBP is used as a local 

descriptor to extract the features in subpart of image. The results of each subpart are then concatenated to form the 

features of image; these features are then selected using Kernel fisher analyses. 

Empirical results shown that subvising image in 3 parts in length and 2 parts in width , gives the highest rate. 

We have evaluated the proposed method on three reference ear databases: IIT Delhi I, IIT Delhi II and USTB-1.The 

results obtained have clearly shown that the proposed method is robust , stable feel and very competitive, it achieved 

an attractive recognition performances in terms of identification rate at rank-1 up to: 98%. 
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In many contemporary scenarios highly accurate iris recognition systems are desirable. This engenders researchers 

to develop efficient approaches to enhance the performance of iris recognition. A simple and intuitive approach for 

this is to screen the low quality images in the initial phase of recognition. This is an effective idea as the features 

extracted only from good quality images lead to accurate identification results. In this paper, we utilize the above 

idea and propose a two-stage fuzzy quality evaluation method to classify the iris images into four classes, namely 

Good, Medium, Bad and Worst. The first stage of the proposed approach focuses on the evaluation of the quality of 

an eye image. On the basis of the feedback from the first stage, images are either rejected or accepted for further 

processing. Next, for an accepted image we evaluate the local quality features of iris and classify them in one of the 

above mentioned classes. Thereafter, we validate the efficacy of the proposed approach by comparing our quality 

score with d-prime index and on the basis of error rate. The experimental results verify that the proposed method is 

capable of meeting the needs of practical iris biometric recognition system. 
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The modelling of seminogram responses is a first step in order to characterize efficiency of alternatives for 

expenditure saving, due to the high cost that the current test represent. Data from 285 sperm samples were taken, 

from 1, 2 and 3 years old pigs, coming from 3 different farms. The aim of modelling the random behaviour observed 

in seminograms is acomplished considering parametric models based on beta distribution. Previous data analysis 



were developed in order to characterize the random effects. The characters or variables studied were those related to 

cells morphology (membrane integrity and several types of abnormalities on head, neck and tail, evaluated through 

eosin-negrosin staining), motility (a set of measures related to speed and direction, evaluated through Computer 

Assisted Sperm Analysis – CASA, taken before and after a 90 minutes time lapse) and the Sperm Recovery Rate. 

The last, is analized in order to descrive the evolution from 0 to 90 of the parameters estimated in previous 

modelling. 

 
169 

Tracing the Origin of Food-Borne Disease Outbreaks: A Network Model Approach 

Rianne Jacobs2, Peter Teunis1, Jan van de Kassteele2  
1Rollins School of Public Health, Emory University, Atlanta, Georgia, United States, 2Statistics, Informatics and 

Mathematical Modelling, National Institute for Public Health and the Environment - RIVM, Bilthoven, Netherlands 

 
Food-borne disease outbreaks constitute a large health burden on society. One of the challenges when investigating 

such outbreaks is to trace the origin of the outbreak. In this study, we consider a network model to determine the 

spatial origin of the contaminated food product that caused the outbreak. The network model we use replaces the 

classic geographic distance of a network by an effective distance. The effective distance transforms complex spatial 

patterns into regular topological patterns, creating a means for easier identification of the origin of the spreading 

phenomenon. Moreover, the effective distance also takes into account that two nodes connected by a long-range link 

may be more adjacent than their geographic distance would suggest. Because detailed information on food 

distribution is generally not available, we make use of the gravity model from economics: the flow of goods from 

one node to another increases with population size and decreases with the distance between them. This effective 

distance network approach has been shown to perform well in a large EHEC outbreak in Germany in 2011. In this 

paper, we apply this method to various food-borne disease outbreaks in the Netherlands. We found that great care 

should be taken when applying this method as it depends on the spatial extend of the outbreak relative to the area 

considered. It may even lead to misleading results, especially when the cases of an outbreak are spread relatively 

uniformly over a large spatial area. 
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The variable used to evaluate seed viability is binary (success or failure), and thus an appropriate way to model its 

performance is using cumulative probability distributions and models such as Logit, Probit or Complementary log-

log. The objective of this paper is to evaluate three methods to predict viability of soybean seeds using the parameter 

P50, which is the time required for 50% of seeds to lose their viability. During the viability tests, 12 lots of soybean 

underwent an artificial aging process, in which seeds were properly sealed in gearbox-type boxes, where saline 

solution of NaCl was added to simulate 75% relative humidity (RH). The samples were held suspended in the boxes 

by a metal screen so that they could not come into contact with the solution. Boxes were kept in B.O.D.-type 

chambers at 35°C. Periodically, seeds were removed for viability evaluation using the standard germination test, and 

those seeds that required radicle protrusion of at least 2 mm were considered viable. This procedure was repeat until 

there were no viable seeds in the boxes. In practice, sample means are frequently used to model the data from the 

viability test and to calculate P50. However, we have observed that this practice causes a reduction of up to 10% in 

the results of the parameter P50 for a log log complement function when compared to models which consider all 

replicates instead of the means only. Moreover, the variation among models can reach up to 10 days (20%), and thus 

the log log complementary function for P50 determination is impracticable. The best results were found for the 

regression with the real data (with 6 replicates) for the Probit and Logit functions. The Logit function displayed 

lower P50 variation with respect to the adjustment method, as well as the closest predicted results from the observed 

data. Additionally, it was also observed that it is necessary to create a correction system to use these functions, or 

non-symmetric functions to estimate the parameter Pi (i> 0 and i <100), which is the time required for any 

percentage of seeds to lose their viability. 
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In absence of an unique identifier, combining information from multiple files relies on partially identifying variables 

(PIVs) such as gender or initials. With a record linkage procedure, these variables are used to distinguish record 

pairs that belong together (matches) from record pairs that do not belong together (non-matches). Generally, the 

combined strength of the PIVs is too low causing imperfect linkage; some true matches are identified as non-match 

and vice versa. The current approach to analyse data from multiple files is to separately perform the record linkage 

and the data analysis. After a trusted third party performs the record linkage, the linked data is given to the analyst 

who then performs the data analysis. Since the analyst only has access to imperfectly linked data and is precluded 

from information about the original data and the record linkage, the existing methods to correct for imperfect 

linkage can only be used with simple data-types or require external knowledge obtained with time-consuming 

clerical review. 

 

In this study, we were interested in the associations between the characteristics from the first delivery on the time 

and type (i.e. stillbirth, iatrogenic delivery, and spontaneous birth) of second delivery. The three outcome types were 

considered to be competing risks for each other. For this analysis, we had access to a file with first deliveries 

(n=50000, gathered in 2000) and a file with second deliveries (m=700000, gathered between 2000 and 2010) from 

the Perinatal Registry of the Netherlands. Due to privacy regulations, we had to rely on PIVs (i.e. birthdate of the 

mother, place of residence at delivery) to determine which deliveries belonged to the same mother. 

 

To deal with imperfect linkage, we developed a composite marginal likelihood estimator in which we 

simultaneously estimate the time-to-event submodel and the record linkage submodel by treating the matching status 

as missing data. The main advantage of our approach is that, given that the record linkage submodel and the time-to-

event submodel are correctly specified, the time-to-event analysis is corrected for imperfect linkage without the need 

for external knowledge. 
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A peculiar method of the Biplot approximation is the principal component analysis (PCA) Biplot that preserves both 

the PCA properties and the multidimensional representation of the objects (samples) and their corresponding axes 

(variables) on a single plot. In order to develop a modern predictive and statistically robust multi-purpose online 

multivariate process monitoring chart, a new combined proposal of the process targets (limits) and the PCA Biplot is 

exploited. With L: 2 × p preliminary matrix comprising the upper and lower limits for p process variables, an 

integrated algorithm that superimposes the PCA Biplot of the new process dataset on the grid iteratively is devised. 

The resulting configuration, which is constrained by the L matrix, becomes the cornerstone for a user defined 

predictive monitoring regions with p(p-1)+2 total regions upon which predictions could be made. The new method 

is appraised by empirical applications from tobacco manufacturing process datasets, and results obtained revealed 

promising schemes that fostered quality decision making. 
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During development of a vaccine, different analytical methods for determining the antigen concentration, the 

(relative) potency or the level of impurities in the produced vaccine batches need to be developed. In this 

presentation, we focus on evaluating the desired method performance: accuracy in the process of assay development 

and validation, which is the cumulative uncertainty measure of precision and trueness. Precision is a measure of the 

variability in a series of measurements obtained from repeated samplings within and between assay runs. Recently, 

regulatory authorities expect a comprehensive approach including a variance decomposition to clearly distinguish 

the different contributions to the total variability, as described in United States Pharmacopoeia chapter <1033>. A 

linear mixed model across all samples will be used to estimate the variance components and to construct the total 

variability with its confidence interval. In addition to the unavoidable variability of measurement results around their 

average, analytical methods may also exhibit bias, i.e. a systematic deviation between the nominal, true value and 

the measured average. The trueness is also frequently quantified as “recovery”, i.e. the ratio between mean test result 

and the accepted reference value. To account for both, systematic and random error (i.e. bias and variability) of a 

method, “accuracy “ is defined as the closeness between an individual test result and the accepted reference value. A 

statistical measure of accuracy should take into account both components. For this purpose, a tolerance interval is a 

suitable tool to capture the total error from the linear mixed model. 

An automated tool with a graphical user interface (GSK-internal RSB platform) is developed based on “R Service 

Bus” from the Belgian company Open Analytics. The application “methodCQ” will be presented in which a user can 

upload their qualification data and receive a complete pdf report within seconds containing the requested statistics 

(e.g., Trueness, Precision and Accuracy). 

 

Keywords: assay qualification and validation, variance decomposition, accuracy, total error, tolerance interval, 

graphical user interface, automated report. 
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In this paper, we propose a new flexible cure rate survival model called the zero-inflated power series (ZIPS) cure 

rate model. This new survival model describes a realistic interpretation for the biological mechanism of the 

occurrence of the event of interest in studies of carcinogenesis (initiation of a tumor, promotion and progression of 

the tumor to a detectable cancer) in presence of the competing latent causes by incorporating a structure to estimate 

the proportion of not initiated cells (those one that have never been altered/lesioned and those one that have been 

repaired). To create such structure, we use the concept of zero-inflated models by considering an extension of the 

discrete power series distributions including an additional parameter π. Its interpretation is related to the proportion 

of repaired cells by means a repair system of the body. The maximum likelihood approach is used for estimating the 

model parameters. Under different perturbation schemes, we derive the appropriate matrices for assessing local 

influence diagnostics on the parameter estimates. Further, for different parameter settings, sample sizes and 

censoring percentages, various simulations are performed. Also, we demonstrate that the extended cure rate 

regression model can be very useful in the analysis of real data and provide more realistic fits than other survival 

regression models with cure rate commonly used in the statistical literature. The potentiality of the new cure rate 

survival model is illustrated by means of cutaneous melanoma data set. 
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The boundaries in medical diagnosis and treatment are usually vague and imprecise. With vague information on 

signs and symptoms the physicians diagnose a patient and decide on the best way to cure them. Rough set is a 

leading computing method and its theory provides methods for knowledge extraction from imperfect data. This 



paper deals with a rough set based new approach for survival analysis. The decision problem is formulated over 

database on spinal tuberculosis patients treated under a randomized trial. The rule based method expresses the 

difference between the expected outcomes under the different treatment groups. The rules for different survival 

tendencies are also formulated using a prognostic index. The new frame work is combined with semi-parametric 

survival models to identify survival patterns. The usefulness of the method is demonstrated using outcomes of the 

trial. 
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Quite often, observed income and survival data are incomplete due to left- or right- censoring or truncation. 

Measuring inequality, for instance by the Gini index of concentration, from such incomplete data, can produce 

biased results. First, we use a test statistic for the comparison of two survival distributions based on the non-

parametric restricted Gini index, using both asymptotic and permutation inference. Second, we develop non-

parametric bounds for the unrestricted Gini index from censored data. Finally, we apply maximum likelihood 

estimation for three commonly used parametric models to estimate the unrestricted Gini Index, both from censored 

and truncated data. We have developed Stata functions that implement these approaches, and illustrate their use 

through simulated data and examples from an oncology and a historical income study. 
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This study was conducted to investigate degrees of biasness and coverage of using a Weibull distribution to model 

cure when the assumptions of the distributions are not or partly satisfied by the data set. The primary aim was to 

answer the clinically important question of fitting cure and median survival of the uncured to simulated data set of 

old cancer patients, which usually experience high mortality rate shortly after diagnosis. The simulation study 

involved simulating from six scenarios with each representing different hazards. The motivating scenarios used for 

the simulations were used to assess the performance of mixture cure models with Weibull distribution in estimating 

cure proportions and median survival of the uncured, when fitted to data sets generated from more complex 

underlying hazard function (two-component Weibull distribution). The two-component Weibull distribution is 

regarded to be more biologically plausible than the standard Weibull model. The use of Weibull distribution in 

mixture cure models to model datasets generated from a two-component Weibull distribution would give unbiased 

estimates of cure proportions, but would provide biased estimates of the median survival and 90th percentile 

survival times. Generally, the use of Weibull distribution in mixture cure models in this research provided a fair 

flexibility when used to model cure and median survival of the uncured. In the simulation study, the use of Weibull 

distribution in mixture cure models to model data sets generated from the two-component Weibull distributions is 

dependent on when interest lies in the estimation of cure proportion or median survival time and time at which 90% 

of patients in the uncured group have died. With data sets generated from two-component Weibull distribution, the 

mixture cure models with Weibull distribution would give unbiased estimates of cure proportions, but would 

provide biased estimates of the median survival and 90th percentile survival times. More flexible models than the 

standard Weibull model could be used in this scenario to estimate the median survival and the time at which 90% of 

the patients in the uncured group would have died. 
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In ordinary survival analysis, there is a single failure time for each individual. However, an individual may 

experience one or more events but the first event will preclude the occurrence of another event under investigation. 

Such data are commonly referred to as competing risks data and seen in a number of medical applications. We try to 

apply competing risks analysis for evidence based health policy. 

The Japanese medical system has two characteristics of social insurance model since 1961 by public all insurance 

and free access to medical institution. But the total national medical expense has been increasing at a pace exceeding 

1 trillion yen every year, and it is an urgent task to reduce the cost while maintaining the quality. A 14 day study of 

acute phase hospitals (ACPHs) throughout Japan in 2012 also reported that more than 60% of hospitalized patients 

had not been provided any major medical treatment. For efficient allocation of medical resources, prediction of the 

date of discharge is important to facilitate early discharge in ACPHs. 

We will explore the applicability of Nursing care needs indexes (NCNI) as a criterion for judging discharge 

recommendation date. 

The NCNI consists of several items such as physical condition of a patient and the implementation of treatment to 

the patient. The score will vary day to day depending on the patient’s condition. A nationwide survey is conducted 

every year to collect data over 1 million of individuals and examine whether or not to revise insurance medical 

expenses. 

This survey collects the scores of NCNI at most during 14 days and discharge status per patient. Reason of discharge 

is categorized into mutually exclusive six: Cure, Remission, Improved, Unchanged, Worsening and Death. 

Using the existing survey data in ACPHs conducted in 2015, we explore the association of NCNI and the time to 

cause-specific discharge through the cause-specific hazards with NCNI as time-dependent variables. When the 

survey started, some patients had been already stayed in a hospital during certain period. Their data were treated as 

delayed entry. Sensitivity analysis was performed with Fine-Gray model for sub-distribution hazards. 

The result suggested the applicability of NCNI as a criterion for judging discharge recommendation date as we 

expected. 
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Background. Knowledge of the specific characteristics associated with differing return behaviours in blood donors is 

essential for donor management, in terms of the recruitment and retention of donors. Our aim was to identify the 

determinants of return behaviour in the NHS Blood and Transplant (NHSBT) blood donor population of England 

and North Wales. 

 

Methods. The study population included over 1.3 million whole blood donors registered with NHSBT who did not 

consent to the INTERVAL trial but had attended an appointment during the INTERVAL recruitment period (June 

2012 to June 2014). Donor characteristics associated with return behaviour were examined over 2.5 million 

subsequent attendances observed within a 2-year follow-up period. Donor databases pertaining to demographics, 

attendances, deferrals and adverse events were cleaned and harmonised to allow application of recurrent event 

modelling approaches. Specifically, an elaboration of Cox’s proportional-hazards regression, the Prentice-Williams-

Peterson gap time model, was applied to calculate hazard ratios (HRs) for the time-to-return by relevant 

characteristics. 

 

Results. Different donor profiles can be distinguished according to the frequency of return. The likelihood of return 

over the 2-year follow-up period for males increased with: each decade of higher age (adjusted HR, 95% CI: 1.14, 

1.14 to 1.15), being of white ethnicity (1.12, 1.11 to 1.13), having negative Rh blood group (1.09, 1.09 to 1.09), 

being an early career or more frequent donor at baseline (1.53, 1.52 to 1.53) and each additional whole blood 

donation in the 2-year period prior to baseline (1.22, 1.22 to 1.22). By contrast, attendances not resulting in 



successful donation had a negative impact on subsequent return (0.68, 0.67 to 0.68), with the effect strengthening 

over consecutive rejections. Rejection for low haemoglobin was shown to have the least negative effect of all 

rejections. Seasonal associations were also observed for the time-to-return. 

 

Conclusion. Determinants of the time taken to return to give blood have been identified using the donor 

characteristics that are immediately available in the NHSBT blood donor databases, providing useful information for 

developing targeted donor recruitment and retention strategies within the given blood donor population. 
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In epidemiological and demographic studies, with variable age at onset, a typical quantity of interest is the incidence 

of a disease, for example the cancer incidence. In these studies, the data are usually reported in the form of registers 

which contain the number of observed cases and the number of individuals at risk to contract the disease. In such 

cases where dates of birth as well as calendar time differ significantly, the inference of the risk is modelled in age-

period-cohort analysis using not only the individual's age, but also his cohort (i.e. date of birth) and the event's 

period (i.e. calendar time). The age-period-cohort model is known to suffer from an identifiability problem caused 

by the linear dependency: age + cohort = period. Different approaches have been taken to make this model 

identifiable, namely by adding constraints over the effects. This work takes a different look at the problem. Two 

models are introduced. The first model estimates any two of the three effects but also estimates an interaction term 

between the two effects. The second model offers to estimate the discretized hazard function as a function of any 

two of the three effects. For each model, we introduce a penalized likelihood method that provides either a smooth 

or a piecewise constant hazard estimate. To our knowledge, a segmented estimation of the hazard has not been 

proposed in age-period-cohort analysis. This new approach allows for a parsimonious estimation of the hazard that 

is both regularizing and easy to interpret. The models are illustrated with simulations and are applied to real data of 

breast cancer from the E3N Cohort Study. 
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A microsatellite is a DNA sequence composed of the repetition of 1 to 6 nucleotides. Microsatellite instability (MSI) 

is observed in 15% of colorectal cancers (CRC), stomach and endometrial cancers and less often in other 

localisations (ovary, urinary tract, small intestine, breast, etc.). It is due to one or several deleterious mutation(s) in 

mismatch repair (MMR) genes. Such mutations can be inherited, leading to predisposition to MSI cancers earlier in 

life (Lynch syndrome). Diagnosing a Lynch syndrome is crucial to adapt the treatment and surveillance of patients 

(genetic counselling, therapeutic orientation). The first available data to detect a Lynch syndrome is the family 

history (FH) of cancer and, if available, germinal DNA sequencing and tumoral tests (MSI test, IHC on MMR 

proteins). 

 

With an increasing number of biological and molecular data, an integrative model able to compute them as 

exhaustively as possible becomes essential. We assume that such a model helps in better evaluating the risk of 

Lynch syndrome in patients whose diagnostic certainty is not achieved (e.g. difficulty to classify a Variant of 

Uncertain Significance — VUS). We propose an integrative mendelian model based on: 1) the FH of cancer (colon, 

endometrial, other localisations), 2) individual pathology reports (clinical and molecular), 3) variants (sequencing, 

functional and in silico testing, database). Our model is implemented in a Bayesian network combining Mendelian 

genetics and survival analysis. The incidences per localisations and gender are the one in the French population 

(INVS, 2017) for non-carriers and relative hazards for carriers are taken from MMRpro (Chen et al., 2006). Exact 

inference (exhaustive exploration of individual genotypes) is based on the most recent version of Elston-Stewart 



algorithm (Totir et al., 2009) and allows the computation for all individuals simultaneously. 

 

Our integrative model computes a) the probability (deleterious or not) of a VUS; b) the individual carrier risk; c) the 

individual tumoral risk per localisation (with competing risk of death). We validate our model and compare it with 

MMRpro, PREM1,2,6 and MMRpredict on a set of families of patients CRC-MSI supported at Saint-Antoine 

hospital, Paris. 

 

Our perspectives include computation of complex risks, estimation of incidences, adaptation to other syndromes. 
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We present two alternative methods to estimate the parameters of a mixed effects Cox model (MECM) in the 

presence of interval-censored data. The need to develop this methodology was encountered when analyzing time to 

viral rebound coming from 6 Analytical Treatment Interruption (ATI) studies involving 96 chronic HIV-positive 

individuals (Leal et al., 2017). Times until viral rebound were interval-censored and since the data came from 6 

different studies, the MECM is the natural choice for the analysis. To the best of our knowledge, the MECM model 

with interval-censored outcomes has not been previously studied. Hence, our proposals are an attempt to close the 

gap between the MECM (Therneau, 2015) and the Cox model with interval-censored data (Finkelstein, 1986). 

Our first approach is to use multiple imputations and to replace the censoring intervals by imputed values. In step 1, 

we generate random survival times from truncated parametric models and the resulting data set consists of 

uncensored (imputed) and right-censored survival times. In step 2, the MECM is fitted and the parameter estimates 

are obtained. Step 3 consists in repeating steps 1 and 2 M times. Finally, the parameters of interest are estimated as 

the average values of the estimates obtained in each of the M repetitions of Step 2. 

Our second approach aims to provide an analytical solution based on the maximization of the likelihood function 

corresponding to the MECM with interval-censored data. We base our method on the likelihood function of the Cox 

model developed by Finkelstein (1986) for interval-censored data which is extended to include random effects. 

Both methods are illustrated with real data coming from the ATI studies data set. 
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Pre-T1D is a preclinical phase that is identified by the presence of type 1 diabetes (T1D) -associated autoantibodies. 

Some evidence on the association between the early nutrition and the development of pre-T1D or T1D exists but no 

specific dietary factor has yet been shown to be an unambiguous risk factor. 

 

A prospective birth cohort of 6069 infants born in 1996-2004 with genetic susceptibility to T1D was recruited. 

Child’s diet was measured with 3-day food records at the ages of 3, 6, 12, 24, 36, 48, 60 and 72 months and T1D-

associated autoantibodies were measured at 3 to 12 month intervals up to the age of 15 years. 

 

We used a time-dependent Cox model, a basic joint model and a joint latent class mixed model to investigate the 

association between meat and fish consumption and pre-T1D, separately. Whereas a time-dependent Cox is a single 

model, joint models couple a survival model with a linear mixed effects model, which enables the modeling of two 

phenomena at the same time efficiently. Joint models have great potential in nutritional epidemiological studies 

based on (i) their ability to identify the individual exposure trajectories even when information is observed only at 

some measuring points that can themselves include missing values, (ii) their ability to reduce the measurement error 

common with nutritional data and (iii) the ability of joint latent class mixed models to potentially detect periods of 

sensitivity and risk groups. We found that different models revealed different features of the nutritional data and our 

findings regarding that will be presented. 

 

Keywords: Time-dependent Cox model, Joint model, Joint latent class mixed model, Early nutrition, Pre-Type 1 

diabetes. 
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Although a continuous covariate is usually more informative in a prediction model than the corresponding 

dichotomized one, in the clinical practice, it is preferable to use the latter in the definition of decision rules, such as, 

for prognostic stratification. In this context, for a given continuous covariate, it becomes necessary the identification 

of a cut-off that possibly allows the best prediction of the outcome. In this work we will tackle the issue of the cut-

point identification in the case of survival outcome prediction. 

In the literature, one way of addressing the problem consists in categorizing the covariate using a percentile (e.g. the 

median), but this method cannot guarantee a good prediction of the outcome. Other approaches evaluate all the 

observed values in the data and select the one that best predicts the outcome. In this case, the several approaches 

mainly differ in how the ability of predicting the outcome is evaluated. For example, the survival tree usually 

employs an impurity function which measures the difference among the survival outcomes of the subjects in the two 

groups defined by the dichotomized covariate. The method of Contal and O’Quigley (1999) selects the observed 

value corresponding to the highest log-rank statistic. All these methodologies suffer from the fact that the chosen 

cut-off depends on the variability of the observed data and thus it might be difficult to validate its value in other 

studies. 

Assuming a proportional hazards model, we propose a methodology based on estimating the cut-point as a 

parameter of the Cox’s regression model. The method also includes an optimal way for setting the initial values of 



the parameters, to be used in the numerical maximization of the partial likelihood in order to avoid local maxima. 

We present an extensive simulation study comparing the proposed method with: (1) similar ones, but using 

alternative procedures for the definition of the initial parameters, and (2) other standard approaches (such as the ones 

cited above). We evaluate the methods in several scenarios, e.g. by varying the sample size, the percentage of 

censored data and the distance among the survival curves of the two groups. On real data, for each considered 

covariate, the cut-points estimated with the several methodologies are also compared with the established one in the 

literature. 
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Net benefit is a recently proposed effect measure of time-to-event outcome, which is defined as the difference 

between the probabilities that a random patient in treatment group has survives longer by at least clinically 

meaningful amount than a random patient in control group and the probability of the opposite situation. It is 

intuitively interpretable regardless of proportional hazard assumption in contrast to the hazard ratio and relevant for 

an individual patient. 

For the time-to-event outcome in the presence of censoring, Peron et al (2016) proposed an estimator of net benefit 

based on Efron's generalized Wilcoxon test where the score for non-comparable pairs are imputed with its 

conditional probability estimated by the Kaplan-Meier method. 

In this research we propose the Inverse Probability of Censoring Weighted (IPCW) estimator of net benefit. Our 

method can take censored observations into account by calculating the score for estimation of net benefit based on 

comparable pairs weighted by Kaplan-Meier estimates of the non-censoring probability of each pair. 

We will show the simulation results which evaluate the operational characteristics of our method under the various 

censoring distribution including both random and covariate-dependent censoring. 
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Background: The body of evidence used to demonstrate the prevalence of female genital mutilation (FGM) practices 

and justify the imposition of a global ban on the practices has been largely descriptive and over-interpretative. We 

conducted a systematic review of the body of evidence in an effort to assess both FGM global prevalence and 

secular trends. 

Methods: Global household data are used to examine the prevalence, trends and geographic variation of FGM 

around the world. The available data from across 29 countries of the 5 United Nations sub-regions were considered 

from two comparable databases: the Demographic and Health Survey (DHS) and the Multiple Indicator Cluster 

Survey (MICS). Nationally representative samples of women and girls were used to generate FGM prevalence and 

secular trends at national and sub-regional levels. A random-effects model was used to derive overall risk estimates 

and time trends in the prevalence estimates of FGM from 1990 to 2016, using Poisson regression models. Bayesian 

geo-additive models are used to map and quantify the geographical variation of FGM.  

Findings: Details of the datasets found that 63 were from DHS while 34 were from MIC surveys. The pooled 

prevalence of FGM was 55.97% (36.34-75.59) for the period between 1990 and 1999 and 53.29% (40.01-66.57) 

between 2000 and 2009. In the last 7 years, the pooled prevalence was 47.02% (34.23-59.58). 

The prevalence of FGM/C declined non-significantly by 0.04% in East Africa (p= 0.44), 0.01% in North Africa (P 

value =0.32), 0.01% in West Africa (p= 0.56) and 0.04% in Western Asia (p = 0.57). However, there is a slight 

increase of 3.61% recorded in Central African Africa (P-value=0.42). Overall, from the 1990 and 2016 period, we 

found that when all the countries are taken together (0.024%, trend=0.008, p= 0.186), no annual decline or increase 

in the FGM/C could be observed, making the situation stagnant. 

Interpretation: We also found nothing that would account for a significant decline in the prevalence of FGM in these 

countries, especially with respect to data collected in the last 3 decades. A lack of significant difference in the 



changes observed when one compares the rates between 1990/1999, 2000/2009 and 2010/2016 makes the current 

result even more acceptable and strong. 
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Background 

With support from the UK Department for International Development, we evaluated the effectiveness of 

Malnutrition eLearning for capacity building in the management of Severe Acute Malnutrition (SAM) among 

children <5y and its impact on clinical outcomes. Medical records of children <5y were collected from 10 hospitals 

in Ghana and 2 in Central America 12m before and 12m after training. Data collected were: age, gender, weight, 

length/height, MUAC, oedema, diagnosis and outcome. To investigate change in SAM diagnosis and adherence of 

the WHO guideline, each case was re-assessed against the WHO malnutrition criteria. This was compared with the 

reported diagnosis and classified into matched, false, missed and inconclusive SAM. Custom charts were created to 

present the multi-layered results for the 2 time points. 

 

Methods 

An identical square was drawn to represent 100% of medical records at each time point. Three colours were used to 

proportionally fill the area representing reported SAM, moderate/mild, and non-malnutrition cases. Next, an 

encircled area was superimposed on top to highlight the corresponding proportion of records which had data for the 

WHO classification. This encircled area was further shaded proportionally to show 3 comparison results: matched, 

false and missed SAM. The inconclusive cases were records with reported SAM but without full data for the WHO 

classification and shaded outside the encircled area. 

 

Results 

3637(baseline) and 3210(follow-up) records were plotted. The 1st layer of the chart showed the distribution of 

malnutrition diagnosis, and 2nd the availability of WHO classification data. The results comparing the reported and 

re-assessed diagnosis were added on top. The layers interacted with each other revealing the relationships between 

them. With 2 charts representing baseline and follow-up, they instantly illustrated multi-dimensional changes over 

time as a result of training. 

 

Discussion 

The custom charts we created illustrated the dynamics and interactions of the data within and between the layers 

effectively. But because multi-layered results were combined into one chart, its interpretation required an 

explanation. Animation showing the sequence of chart construction can maximise its effectiveness in visually 

demonstrating multiple, relational data. 
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The Gutenberg-Richter (GR) law of fundamental importance in statistical seismology and complex-systems science. 

It simply states that, for a given region, the magnitudes of earthquakes follow an exponential probability 

distribution. As the seismic moment is an exponential function of magnitude, when the GR law is expressed in terms 

of the variable m = 2/3 ( log10 M - 9.1 ) when M is measured in Newton meters (N m) it follows a Power-Law 

distribution, the probability density function (pdf) satisfies: 

f(M) ∝ 1/M1+β 

where M is the seismic moment. From physics laws, it is known that parameter β takes a value close to 2/3. 

 

Empirical data never fits a complete Power-Law distribution due to incomplete data for small values and for the 

effect finite size in large events. Deluca method allows obtaining estimations for the borders (maximum and 

minimum) of the interval where the Power-Law has a good fitting. Estimated values are based in goodness of fit test. 

 

The derivation of time–position of parameter β is analyzed with graphics tools, using the global CMT catalog [1], in 

the period between 1 January 1976 to 31 August 2017, and restricted to m > 5.75. 
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In recent years the central region of the Argentina has undergone great changes. The area planted with soybean has 

experienced strong growth and this crop is now included in most of the agricultural rotations. Specifically in the 

province of Córdoba soybean is the most important crop after corn, because of the high economic yield obtained by 

farmers. In correspondence with the increases in the planted areas, several problems have arisen, mainly as a 

consequence of the low coverage of the soil after the harvesting of beans. Increase of surface drainage, water 

erosion, and flooding events are the most damaging situations. At present, an extensive set of remote sensing tools 

and data can be used by the scientific community to study these phenomena. However, the absence of reference data 

at fine scales, inhibits quantitative analysis of the potential of various methodologies. The objective of the present 

study was to generate agricultural rotation indices, in order to detect changes in the type of agricultural coverage at 

lot scale and to characterize these processes in terms of their spatiotemporal pattern. In this way, it would be 

possible to locate and quantify the surface area of agricultural land under adverse crop sequences, which increase the 

risk of deterioration. To address this problem, a database of crops coverages in agricultural lots of the central region 

of the Córdoba province was used. This base includes information about summer and winter crops implanted during 

the last 10 years. Correspondingly, a time series of Landsat images of the study area was processed to estimate Land 

Surface Temperature (LST) and Normalized Difference Vegetation Index (NDVI). To characterize the NDVI and 

LST behaviour of each field, four methodologies were used: (1) The Triangle Area Method, based on a form 

described by the annual evolution of LST and NDVI; (2) the Slope Method, which analyses the slope of the line 

defined by the months of the maximum NDVI and the minimum LST; (3) the Annual Terrestrial Coverage Dynamic 

approach, which recovers 3 parameters obtained by linear regression between NDVI and standardized LST data; (4) 

indexing of time series patterns under dynamic time warping (DTW) technique. 
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According to WHO’s latest report CVD are the number one cause of death globally. Over three quarters of CVD 

deaths take place in low- and middle-income countries. Hence, comprehensive information about the spatio-

temporal distribution of mortality due to cardiovascular disease is of interest for the effective enactment and 



direction of health intervention. With that context it is necessary to limit high risk areas where certain adverse health 

effects are most likely to occur as intervention at a wider population level is too expensive to implement. And this 

work focuses on extending structural models in spatio-temporal data analysis for disease mapping and to present a 

flexible model to analyze aerial data for mortality clustering. Different models with parametric and non-parametric 

components were proposed and fitted using fully Bayesian framework. Model fitting was carried out using 

integrated nested Laplace approximations(INLA) and the deviance information criterion (DIC), was used to choose 

the best model among the proposed candidates. All the models were applied to mortality data collected from Kersa 

HDSS during the year 2007-2016. Overall nonparametric models performs much better than parametric models. A 

model with non-parametric trend, without unstructured time effect, with type II interaction and second order random 

walk stood as the best among all the proposed models. The simulation study also confirms the same with little 

discrepancies in result among the non-parametric models. Finally, our analysis pointed out that the trend of mortality 

due to cardiovascular disease is increasing over time. In addition administrative regions in the eastern and south 

west regions need considerable attention. The results from this study highlighted areas requiring more targeted 

health interventions, which in turn will lead to more detailed inquiries regarding the mortality due to CVD in space 

and time as well as the associated risk factors that accounted for these patterns. 

Key Words: CVD, INLA, Bayesian hierarchical framework, simulation, spatio-temporal models, cluster 
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Statistical Process Control (SPC) in hospital benchmarking using control charts is a common instrument for 

monitoring clinical performance and early detection of quality deficits. The external quality assurance program 

(EQA) of German hospitals does not yet employ SPC. Previous work has failed to come up with suggestions for 

efficient application of SPC. There is also a lack of focus on the importance of preventing false positive signals. 

 

In this contribution we study control limits for defined false signal probability and their dependence on specific 

features such as hospital volume, risk score and patient mix. We also determine the detection quality of specific 

control switches. We conduct simulation studies in order to investigate optimal designs for crude and risk-adjusted 

performance indicators of the log-likelihood CUSUM chart of Steiner et al. (Biostatistics 1.4 (2000), pp. 441-52). 

Examples are taken from the EQA in Bavaria, Germany. 

 

Focusing on signal probability instead of average run length allows control of the false signal probability and 

performance evaluation of control charts. Thus it was possible to construct CUSUM charts for different hospital 

volumes and failure probabilities. We gained better understanding of the influence of control switches in 

constructing CUSUM charts. We also compare our results to run-length based control strategies. 

 

The presented results are useful for regulatory decision making and help to implement CUSUM charts within EQA. 

We expect application of CUSUM control charts to significantly improve early detection of quality deficits with 

appropriate adjustment for different case mix and hospital volume. 
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In a falls prevention trial an outcome rate of falling is compared between intervention and control groups. A 

common design is to collect the number of falls during a baseline period, randomise participants to intervention or 

control, and then collect the number of falls during a follow-up period. The numbers of falls obtained typically 

follow positively skewed distributions, with variances almost always exceeding means, resulting in inflated type I 

error rates if overdispersion is ignored. The Negative Binomial (NB) model accommodates overdispersion in a 



gamma distributed random subject effect. An alternative approach, the Conditional Negative Binomial (CNB) 

model, is based on the joint distribution and conditions the outcome on the baseline count. We conducted a 

simulation study (2000 replicates) with differing intervention effects, overdispersion, and sample size, to compare 5 

approaches to incorporating the baseline count in NB regression: excluding it (NB-null); including it as a covariate 

(NB-unlogged); including it as a covariate after log transformation (NB-logged); including it as an offset after log 

transformation (NB-offset); or, as the benchmark, by conditioning on it in the CNB model (exactly matching the 

simulated data). The results showed that NB-logged and NB-offset were almost as powerful as CNB (Zheng et al, 

2018). 

 

The recommended method for collecting counts of falls in a trial is for participants to record fall events 

prospectively in diaries. Often a baseline count of falls is obtained by asking a single retrospective question “How 

may falls have you experienced in the previous year?” In this case the processes generating the follow-up and 

baseline counts are different and the findings from our earlier study may not apply. We report on simulations 

comparing the 5 approaches to incorporating a baseline count in data simulated to match that from a falls prevention 

trial in Parkinson’s where different methodologies were used: a baseline count was obtained from a retrospective 

question while the follow-up count was obtained prospectively from diaries. 

 

Zheng H, Kimber A, Goodwin VA, Pickering RM. A comparison of different ways of including baseline counts in 

negative binomial models for data from falls prevention trials. Biometrical Journal. 2018; 60: 66–78. 
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The selection of cultivars in the grain crop industry, under different environmental circumstances, is very important 

for seed companies, farmers and industries in optimizing the profit and quality of the product. A few cultivar-

selection trials for different crops (maize, soy-, dry beans, wheat and sunflower) are done yearly at different 

localities, where a lot of costs is involved. Guidelines for cultivar selections in different regions and circumstances 

are given by calculating yield probabilities as a percentage of the mean yield. 

 

Localities are selected for calculating yield probabilities, by using a specified CV%. The CV% for the datasets are 

calculated for the specified row/ col and randomized block designs (RBD). 

 

For each cultivar, a regression line is then fitted, with the locality means for each cultivar as y variable versus the 

overall mean for each locality as x variable (Draper and Smith). The yield probability potentials for each cultivar for 

‘n normal curve is then determined and shown in tables. 

 

The presentation consists on a discussion of obtaining the yield probability results for soy beans, as well as the 

progression on the app invention. 
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Introduction 
Globally, fertility has been declining consistently in the most recent past. Despite global decline the Total Fertility 

Rate (TFR) of sub-Saharan African countries is double the global rate (5.2 vs 2.5) (UNAIDS, 2000). Uganda is 

among countries with the highest fertility rate in the world with a TFR of 5.8. There are residential disparities 

regarding fertility in Uganda; urban (3.8) and rural (6.8) (UBOS, 2016).Variations in the TFR have been linked to 



differences in socio-demographic, economic and sexual reproductive factors. We examined predictors of fertility 

residential differences among women aged 15-49 (reproductive age group) in Uganda. 

Methods 
The analysis was based on the Uganda Demographic and Health Survey 2011 dataset using a non-linear Oaxaca 

Blinder multivariate decomposition of the Poisson Regression where fertility differences were decomposed into 

components attributable to variation in characteristics (endowments) and variation in effect of characteristics 

(coefficients) among rural and urban women. Predictors assessed were socio-demographic, economic and enabling 

factors. The dependent variable was total number of Children Ever Born (CEB). 

Results  
Out of the 8,674 women, results indicated that women in rural areas had a higher average number of CEB 

(4.4:CI=4.3-4.5) than their urban counterparts (2.6:CI=2.5-2.7). Overall, about 60% of the gap in the number of 

CEB was attributed to differences in the characteristics of rural and urban women while 40% of the gap was 

attributed to differences in effects of coefficients/characteristics. Specifically, the differences were significantly 

attributed to the variations in; education level attained (27.4%), age (6.5%), religion (1.8%), wealth status (22.8%), 

exposure to media (10.5%), knowledge of contraceptive method (8.3%), and partner’s education level (3.8%). 

Conclusion 
We observed residential differences in the total number of CEB that is attributable to the socio-demographic, 

economic and enabling predictors of the women and their partners. Addressing family planning knowledge 

differences especially among rural women and encouraging rural girls to stay in school longer would significantly 

see a decrement in the gap between rural and urban women fertility rate in Uganda. 
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Time dependent data is very common in real life, yet hard to model and analyse because of the serial correlation. We 

propose a two-step procedure to a linear regression problem where the covariates are time dependent. The objective 

is to predict the response at time t using the covariates measured at previous L time points. In the first step we use a 

version of L1 regularised regression (lasso) to select a subset of the covariates. In the second step we use some of 

the response’s own history as explanatory variables additional to those selected previously to improve the prediction 

(forecast) of the response. Meanwhile it is natural to assume that covariates at time lags closer to t have more impact 

than those at farther lags, therefore we add a constraint such that the size of coefficients decay as the time lag grows. 

Simulation study has been done to illustrate the performance of our procedure, in terms of variable selection, 

parameter estimation and prediction accuracy. One potential application is to use health record data to predict 

nosocomial infections. 
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Nonlinear models such as Logistic and Gompertz are widely used to describe several biological processes using a 

growth curve given by the equation of the model. The objective of this work was to adjust the Chanter model, as 

well as the Logistic and Gompertz, using a data set of cocoa fruit. The Chanter model is a hybrid between the 

Logistic model and the Gompertz model whose parameters can be interpreted similarly. A comparison of the quality 

of fit between the models was made using the following statistical measures: the Akaike information criterion (AIC), 

the Akaike weight criterion, Bayes information criterion (BIC), residual standard deviation (DPR), and measures of 

non-linearity Box addiction and Bates and Watts curvature. It was verified that the Chanter model is the most 

suitable one among the studied models for modeling the cocoa data. 
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Penalized models are now gaining more and more attention as the dimensionality of the data increases. When 

focusing on finding the optimal tuning parameter, a promising approach is to look at statistical significance for the 

selected value. In this context, we propose a tuning parameter selection method for high dimensional data by 

confidence regions and are especially interested in ridge regression, one of the most widely used models. We extend 

a confidence region approach to tuning of penalized regression methods in low dimensions to high dimensional data 

by replacing the F test with the global test, which has good power when doing hypothesis testing for high 

dimensional data. An overview about the detectable region of the global test, properties of the ridge path, and further 

comparisons with the Scheffé confidence region are presented in more details for linear models. It is shown in 

numerical study that the proposed method works better when the strong principal components explain most of the 

variance of the outcomes. Note that, our approach is also applicable for Cox models, logistic models, etc. It is shown 

in numerical study that the proposed method works better when the strong principal components explain most of the 

variance of the outcome, and we additionally explain in what cases smaller mean squared error (MSE) is obtained 

than with the classical tuning parameter selection method, cross validation (CV). Our method is illustrated by a real 

data study for survival analysis in patients with breast cancer. 
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With the rapid development of information technology and data collection capabilities, regression problems in 

which the number of predictor variables is larger than the number of observations (p>>n) are increasingly common. 

These problems arise in many applications in science, including biostatistics. Furthermore, high correlation between 

groups of predictors poses an additional challenge to the traditional statistical methods. The aim of this study is to 

address an approach potentially suitable in such situations, and to assess its performance with respect to variable 

selection. 

 

Elastic net (EN) is a penalized regression method that has penalties of both L1 and L2 types presented as a weighted 

sum. In the limiting cases, EN takes the form of Lasso (L1) or Ridge (L2) regression. L1 regularization produces 

sparse solutions by setting coefficients of weak predictors to zero, and can as such be useful for variable selection; 

however in case of several correlated influential predictors it selects only one of them. L2 regularization has an 

effect of forcing the coefficients of correlated predictors towards each other. EN takes advantage of both methods in 

that it is able to select groups of correlated predictors in otherwise sparse solutions. 

 

There are typically two parameters that have to be tuned when applying EN: the overall degree of penalization 

(lambda), and the balance (alpha) between L1 and L2 penalties. In practice, lambda is often chosen to minimize 

cross-validated prediction error. However, there is no agreed-upon approach for choosing alpha. In our presentation, 

we demonstrate the performance of EN by applying it to several simulated data sets, and suggest an approach for 

visualization and assessment of the results. Some practical issues are also addressed. 
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Background 
 

Successfully predicting recruitment rates of patients in clinical trials is a challenging task. Statistical methods 

targeting advances in this area have been developed, however application of these methods is limited. There is a 



need to bridge the gap between the development of methodology and its implementation. 

 

Methods 
 

A Shiny application has been developed to facilitate the implementation of selected models identified in a 

systematic review (1) and its update, and extend their availability for non-statistical users. Shiny is a package from 

RStudio that is used to build interactive web applications with R. 

 

Results 
 

Four models have been developed in Shiny. 

 

In the first model, based on simulations of the homogeneous Poisson process, the main variables required are the 

number of patients, the accrual rate which is considered constant and the start and end times of the recruitment 

period. 

In the second model, based on the non-homogeneous Poisson process, the accrual initially increases linearly and 

after a predefined time point is assumed to be constant (2). 

 

The next two models are based on Bayesian methodology, where the specification of a prior is based on researchers’ 

experience/knowledge. As the current study starts to recruit participants, this data is then combined with the prior 

information to produce the recruitment graph (3). While the third model is restricted to consider overall recruitment 

and offers three possible prior distributions, the fourth has a single prior which assumes a constant rate and once the 

current study has accrual data itself, it allows for centre specific recruitment. 

 

Data from completed and ongoing clinical trials will be used to demonstrate the methods. 

 

Conclusions 
 

Statistical methodology continues to be developed to support the prediction of recruitment in clinical trials. User-

friendly software will improve the accuracy of recruitment prediction with the widespread implementation of these 

models. 

 

References 
 

1. Barnard et al. A systematic review of models to predict recruitment to multicentre clinical trials. BMC Medical 

Research Methodology. 2010; 10(1):63. 

2. Brock et al: Modelling clinical trial recruitment using poisson processes. Trials 2015 16 (Suppl 2):P85. 

3. Jiang et al., 2015. Modeling and validating Bayesian accrual models on clinical data and simulations using 

adaptive priors. Statistics in medicine, 34(4), pp.613-629. 

 
148 

Subgroup discovery analysis by new individual treatment effect in randomized trials 

Eiji Nakatani1, 2  
1Department of Biostatistics and Data Science, Osaka University Graduate School of Medicine, Suita, Japan, 
2Translational Research Informatics Center, Foundation for Biomedical Research and Innovation, Kobe, Hyogo, 

Japan 

 
For decision-making on clinical practice and designing new clinical trials, identifying a subgroup with super-

responses or a substantial treatment benefit is essential, and the subgroup analysis has always been performed in 

Phase III randomized trials. Then, the individual treatment effect value is not able to be calculated because the 

outcome in an unassigned group is not observed. Meanwhile, prognostic factor analysis has been wildly adopted for 

prediction of prognosis. Based on the identified prognostic factors or their combinations, many subgroup 

identification methods have been proposed, and the outcome in each patient is needed to prepare for this analysis. 

Accordingly, if there are individual treatment effect as the outcome, the sophisticated prognostic factor analysis can 

be adopted for subgroup identification in randomized trials. 



Y, T, and X are defined a response variable, an indicator variable for treatment (0 or 1), and candidate covariates in 

randomised trials. In a previous report, the individual treatment effect for i th patient (i=1,2,…,n), by Virtual Twins 

method proposed by Foster JC. et al. (2011), is calculated as difference or ratio of predictive values of f(ti=1, xi) and 

f(ti=0, xi) by using one outcome function: f(t, x) for Y. 

In this paper, we will propose a new approach on the individual treatment effect estimation. Using observed values 

of Y and using two predictive models for unobserved values of Y are keys. The proposed approach consists of two 

steps. 1.Construct prediction models: g(Y| x, t=1) and h(Y| x, t=0) in subgroups with t=0 and 1. 2.Estimate 

individual treatment effect as a difference for patients with t=0 and 1 by predictive values of g(yj| xj, t=0)-yj and yk–

h(yk| xk, t=1) (j and k: patient number when t=0 and 1). The effect as a ratio is also calculated as same. 

The researcher can perform subgroup discovery with high reliability by this proposed method, even if there is 

misspecification of one prediction model using treatment indicator as a covariate. However, this approach, 

applicable to any outcome and any subgroup analysis, does not assume performing in experimental studies with an 

unbalance of treatment assignment due to use two prediction models constructed in each treatment arm. 

An application to discovery subgroup with treatment benefit, based on a randomized trial of adjuvant 

chemotherapies for colon cancer, is provided. 
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The process of development of QTLs (Quantitative Trait Locus) involves interactions between a lot of factors, both 

environmental and genetic, in which many genes interact often in no additive pathways together and with 

environment. Integrating the mathematical, statistical and biological aspects of these subjects has made important 

and interesting results. In this paper, mathematical methods which have been applied in dynamical modeling of 

biometrical genetics and analytical biology, offered to study the QTL × environment interactions. The topic is 

circumscribed, going from basic selection equations to models of evolution of QTLs. Discrete and continuous time 

mathematical models and subsequently, QTL modeling were introduced without and with environmental 

interactions. The mathematical models derived here showed that the gradients of mean fitness which have revealed 

in studies made by many researchers had a basic role in mathematical genetics, evolutionary aspects of biometrical 

genetics and QTL analysis. QTL × environment interactions were studied mathematically including fitness 

components too. It was revealed that QTL × environment interactions in fitness could generate a balancing selection. 

Also, QTL analysis could be used to calculate the geometry of the phenotype landscape. Supports for subjects 

presented in this paper were models applied in biometrical genetics which corresponded to QTL analysis and 

matched with results from other researchers. On the other hand, the originality of this synthesis is both the 

evolutionary modeling of quantitative aspects of QTL × environment interactions which can be used to investigate 

the extinction or stability of a population, and to emphasize that although some scientific subjects like Brownian 

motion, quantum mechanics, general relativity, differential geometry, and evolutionary biometrical genetics hinted 

in this paper were apparently separate and different subjects, but the beautiful mathematical models were the 

backbone of these branches of science which implies that such matters in nature have probably common and elegant 

basis. The perspective of the subject of this paper in future will be a new and interesting branch of interdisciplinary 

science. 

Keywords: Evolutionary dynamics, Genotype × environment interactions, Mathematical modeling, QTL 

(Quantitative trait locus). 
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Prognosis research aims to improve health by providing tools, such as prognostic models, that can predict the risk of 

a future health outcome for patients given their current state and thus aid in difficult decision-making in clinical 



practice. There is an abundance of prognostic models in the literature but few are used in practice due to lack of 

evidence of their value. Methodological challenges can exist in the development of multivariable prognostic models, 

and therefore could be partly responsible for lack of predictive performance and clinical utility. Nevertheless, 

solving these issues may not improve predictive performance. 

 

My aim was to investigate how methodological choices in the development of prognostic models can affect their 

predictive ability, focussing on an example in musculoskeletal medicine using a cohort study of rheumatoid arthritis 

patients being treated with methotrexate. 

 

The following stages of developing a prognostic model were explored: model reduction; handling collinearity 

problems and modelling nonlinear continuous factors. The variable selection techniques considered were: stepwise 

methods, all-subset model selection, and bootstrap model selection. Collinearity was diagnosed using variance 

inflation factors, condition indices, and the variance decomposition matrix. Nonlinearity was diagnosed using 

smoothed residual plots and modelled using the Multiple Fractional Polynomial (MFP) algorithm and restricted 

cubic splines. Predictive performance was measured in terms of calibration and discrimination using a calibration 

plot and c-index. 

 

Using the example, the following findings were illustrated: the stopping rule can play more of an important role in 

the final model form than the variable selection method itself; stepwise methods can produce adequate-performing 

prognostic models contrary to popular opinion; tackling collinearity can produce simpler models with equivalent 

predictive performance to larger models and finally, the MFP algorithm was simpler to apply and interpret than the 

use of restricted cubic splines for modelling nonlinear prognostic factors. 

 

Methodological choices when developing a prognostic model are often given little consideration, especially if the 

model is found to perform adequately, but my results have illustrated that the consideration of methodological flaws 

can improve the clinical value of a prognostic model. 
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Many phenotypic risk scores (FRS) - usually 10-year risk estimates - have been developed to guide clinical decision 

making in the primary prevention of common complex diseases. It is widely accepted, that the validation of a FRS 

on a target population is highly recommended prior to its application; being even more pronounced, when the score 

is initially derived from a different population. Usually, the goodness of FRSs is evaluated on a representative cohort 

from the target population, such as a population-based biobank. It is quite common that the participants in such 

cohorts have been recruited during a long period of time, resulting in a variable length of the follow-up period per 

individual. Our work focuses on methodological problems that arise from the validation of a FRS in a cohort where 

the follow-up times are censored before 10 years. Several approaches to adjust for the shorter follow-up will be 

discussed and compared. 

 

Prior to studying the predictive ability of a FRS, the current practice is to modify an original FRS to correspond to 

the actual follow-up in the validation cohort under the exponential distribution assumption. To account for 

censoring, one of the two options is often used: a) the FRS is modified to correspond to the length of follow-up 

regardless of the event status of the individual, or b) while modifying the FRS, both, the follow-up and the event 

status, are accounted for. We use standardized incidence ratio and Harrell’s c-statistic to illustrate the impact of the 

modification option, using simulations as well as data from the Estonian Biobank. 

 

Specifically, cardiovascular FRSs, such as Pooled Cohort Equations, QRISK2 and Systematic COronary Risk 

Estimation, are calculated for a subset of eligible individuals from Estonian Biobank (participants recruited from 

2002 until 2013). As 10-year follow up is not available for all participants, we use both abovementioned 

modifications to adjust the FRSs. Our results support previous research and offer one possible explanation for 

diverse results on the predictive ability of cardiovascular FRSs found in scientific literature. 
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Genomic Selection (GS) is the procedure that uses genome-wide molecular markers to predict complex phenotypes 

in many animal and plant breeding schemes. Even though it has a long tradition in animal breeding and it has a wide 

use in many agricultural crops, only a small number of studies have been reported in polyploids species. In this 

study, we have developed simulation and analysis GS tools adapted to polyploid species. We used real Genotyping 

by Sequencing (GBS) strawberry dataset as input to simulate a new offspring genomes and phenotypes in a very 

efficient and flexible way. We evaluated different genetics architectures, using information on sugar degradation 

pathways, to generate the phenotype. The prediction capability was assessed using Genomic Best Linear Unbiased 

Prediction (GBLUP). Molecular relationship Matrices were estimated in two ways: assuming real allelic frequency 

and segregation are known, or assuming only that presence or absence of the alleles is possible. We predicted 

genetic merit based on pedigree BLUP and on molecular information (GBLUP). Our results show an average 

increase in predictive ability of GS methods, but that is highly dependent on whether dominance is present or not. 

Interestingly, knowing the precise segregation pattern was not needed for an efficient GS. Our study suggests that 

GS can significantly accelerate genetic progress in strawberry. 
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The need for establishment of the National Health Insurance Scheme was informed by the general poor state of the 

nation’s healthcare services. The Scheme employs capitation, fee-for-service and per diem as the major methods for 

reimbursing health care providers under Community Based Social Health Insurance Programme. This study applies 

a risk adjustment model on managed care organizations with the goal of attaining a fair and adequate 

reimbursement. The risk-based reimbursements reflect cost differences attributable to the enrollees. Using enrollees 

data of 23,375 individuals, results show that a sum of N528,546.52 ($1,679.26) will be saved by the scheme and 

incentives for selection of members by plans based on morbidity risk will be neutralized.  

Keywords: Capitation, Risk-adjustment, Primary-care, NHIS, CBSHIP. 
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Prediction models are widely used in daily clinical practice. For a binary response variable, the logistic regression 

model is the most widely used prediction model, whose coefficients are commonly estimated by maximum 

likelihood on the basis of an iterative weighted least squares method. Once the estimated probabilities are obtained, 

the model's predictive performance, measured by the area under receiver operating characteristic curve (AUC), can 

be estimated. However, it is well known that, if the same data is used to, first, fit the model and, then, calculate its 

predictive performance, this predictive performance may be optimistic. As a consequence, before the routine 



application of a prediction model in clinical practice, the validation or correction of this optimism is required and 

different approaches have been proposed in the literature to correct for it (see, e.g., Steyerberg et al. 2001). The aim 

is to guarantee model's usefulness and accuracy when applied to new individuals. 

 

When fitting a logistic regression model for small, separated or nearly separated data sets, often regression 

coefficient estimates obtained by standard maximum likelihood are biased or tend to infinite (Heinze 2006, Rahman 

et al. 2017). In those cases, penalized likelihood methods, such as Firth's logistic regression, have become popular 

alternatives to the maximum likelihood estimation. 

 

This comparative study has a twofold aim. For standard and penalized maximum likelihood estimation, the goal is to 

compare, by means of simulations (1) if the estimated AUCs of the logistic regression model is affected by the 

estimation procedure, and (2) if the performance of several optimism correction methods is different. 
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The concordance probability between the observed response variable and the predicted outcome is a widely used 

measure to assess the discriminative ability of a prediction regression model. The most commonly used estimator to 

assess the discrimination ability with a dichotomous outcome is the c-index (Harrel et al, 1982), which is equivalent 

to the AUC. However, the distribution of many outcomes in medicine is not dichotomous. In particular, health 

related quality of life (HRQoL) scores have become important outcomes to measure the impact of health status on 

quality of life. HRQoL scores have often a discrete bounded random distribution with high skewness. In the 

literature, the beta-binomial regression model has been proposed to model HRQoL data (Arostegui et al. 2007, 

Najera et al. 2017). Nevertheless, as far as we know, none proposal has been done to evaluate the discriminative 

ability of a beta-binomial regression model in a prediction framework. Hence, in this work we have considered 

existing discriminative ability measures for ordinal outcomes (Van Calster et al, 2012) and we propose an extension 

of them to the beta-binomial regression setting. In particular, we have adapted the generalized c-index (with and 

without ties) and compared to the ordinal c-index (ORC). While the first is a pair approach in which the distribution 

of the outcome influences the weights of the comparable pairs, the latter is a sets-approach, which averages pairwise 

c-index and hence does not take into account the distribution of the outcome. The measures performance is shown 

through an observational study of patients with eating disorders in which a beta-binomial regression model is 

developed to predict anxiety and depression measured by the Hospital Anxiety and Depression Scale (HAD). The 

covariates type of compensating behavior, current consultation with a psychiatrist for other psychiatric disease and 

eating attitude test (EAT-26) came out to be statistically significant predictors of both depression and anxiety, while 

organic comorbidities and educational level predicted anxiety and general health status with respect to a year ago 

predicted depression. The different discrimination ability approaches considered have been compared by means of a 

bootstrap confidence interval showing higher values for the ORC approach than the generalized c-index approach 
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The objective of the study was to describe the development of a prognostic tool to identify adolescents at risk of 

transitioning from never to ever smoking in the next year. 

 

Data were drawn from the Nicotine Dependence in Teens (NDIT) study, a longitudinal investigation of adolescents. 

1294 students initially age 12-13 years were recruited from grade 7 classes in ten high schools in Montreal. Self-

report questionnaire data were collected every 3 months during the 10-month school year over 5 years (1999-2005) 

until participants completed high school (n= 20 cycles). Cigarette smoking initiation was defined as taking even one 

puff on a cigarette for the first time, as measured in a 3-month recall of cigarette use completed in each cycle. 

Prognostic variables were selected from 58 candidate predictors describing socio-demographic characteristics, 

smoking habits of family and friends, lifestyle factors, personality traits and mental health. Prognostic variables 

included items from psychometric scales, which were correlated among themselves. Variables had between 0 to 

13% of values missing. 

 

Data were partitioned into a training set for model-building and a testing set to evaluate the performance of the 

model. We developed a modelling strategy that combined multiple imputation using random forests with the 

Bolasso algorithm for variable selection. When predictors are strongly correlated, conventional LASSO is not 

consistent, such that a given penalty can lead to different sets of variables selected. Bolasso relies on bootstrapping 

to stabilize the variable selection process of LASSO. We used ten-fold cross-validation to estimate coefficients and 

validate each model. We used non-parametric calibration plots and c-statistics to assess the predictive ability of the 

model in the test data. 

 

The cumulative incidence of cigarette smoking initiation was 16.3%.The final model included 12 variables (age, 

four worry or stress-related items, one depression-related item, two self-esteem items and four alcohol or tobacco-

related variables). The model yielded a c-statistic of 0.77 and had good calibration. This short prognostic tool, which 

can be incorporated into busy clinical practice, accurately identified adolescents at risk of cigarette smoking 

initiation. 
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The randomised controlled clinical trial is the “gold standard” in clinical research. Randomisation means the 

allocation of patients to different treatments by chance so that the allocation is unpredictable and patential 

confounders will be equally distributed to the groups. The problem of this assignment is that the equal number of 

patients in the treatment groups (balance) as well the evenly distribution of important confounding variables are not 

guaranteed. Therefore, the so called stratified block randomization [1] is usually used in clinical trials. 

Within this randomization balance and unpredictability are competitive especially when study participants have to 

be distributed to many strata namely dependent on the chosen block size. When small blocks are used the possibility 

for good balance increases to the disadvantage of predictability. When large blocks are chosen the unpredictability 

increases to the disadvantage of the aspired balance. 

SAS macros [2] have been developed for a better decision with respect to block sizes. Using these macros it is 

possible to simulate specific study situations with different block sizes looking for the maximal imbalance observed 

in these simulations. 

Different sample sizes in the groups reduce the power of the test [3]. The information of maximal imbalance than 

can be used to correct the sample size calculation in the study so that the desired power can be reached despite 

imbalance. These sample size scenarios are executed and examined with SAS-Procedure PROC POWER [4] on the 

basis of the two-group t-test in theory and a realistic example. In this paper the necessary steps as well as the 

application are shown. 
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The rate at which people now suffer from cardiovascular problems in our society is a cause of great concern. This 

research, therefore, is aimed at creating awareness/sensitization among students on the dangers of cardiovascular 

diseases due to overweight. In this research, a two way by two replicate design nested into four categories of 

lipoproteins to investigate the level of significant differences, association and relationship between age and weight 

on blood fat content was used. The blood fat content which consists of plasma lipids and protein was measured and 

divided into four groups which include Very Low Density Lipoprotein (VLDL), Low Density Lipoprotein (LDL), 

Intermediate Density Lipoprotein (IDL), and High Density Lipoprotein (HDL).The samples for the study were 

selected from the totality of freshly admitted students. The age, weight and blood fat content of each student were 

obtained from the medical unit of the health centre of the university of Port Harcourt. The replicates involved the 

various measurements that were obtained at the different intervals on the same subjects (during admission and 

before first semester examination). The outputs which were age, weight and blood fat content in milligram per 

deciliters were obtained from each thirty residential and non residential registered students and simulated to a total 

size of 699 across all the lipoprotein groups. Analysis of variance (ANOVA) for the sum of squares across ages, 

weights, lipoproteins groups and between replicates were investigated for independent and interactive significance. 

A regression model was then built to determine the effects of each significant independent factor or its interactive 

factors on the blood fat content. Results obtained revealed nonresident students as having a lower blood fat content 

than resident students. 
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Info-Gen is a statistical software that provides a rich menu-driven interface and implements an accessible 

management that integrates a considerable variety of input (genotypic and phenotypic data) file formats. 

Furthermore, it allows to perform various analyzes of genetic diversity, to explore genomic data, and to study 

potential associations between molecular markers and a trait of interest. Its connection with R software has allowed 

an application to be added to perform Meta-Analysis (MA). MA is carried out on databases that collect results of 

genetic studies, either those produced with Info-Gen or those collected through Systematic Reviews. The MA 

application allows fitting statistical models of fixed and random effects to the compiled dataset to estimate the 

statistical significance of global genetic effects. Through MA, it is possible to improve the power and accuracy of 

the genetic effect (weighted average of the genetic effects reported in the primary studies). The data used to measure 

the effect of interest in each study, which will participate in the MA, can be continuous or discrete. Effect size 

estimation tools include statistics based on mean differences, standardized mean differences, ratio of means, odds 

ratios, relative risks, risk differences, proportions, and correlations. Additionally, the application allows to estimate 

statistics of heterogeneity between studies, to perform analysis by subgroups, and to carry out linear regressions and 

machine learning prediction models of the genetic effect on meta-covariables. It is particularly interesting when 

primary results are heterogeneous between studies. The application produces Forest-plot to visualize the results from 

primary association studies and the confidence interval of the overall effect through them. In this work, we illustrate 

an implementation of the MA application in Info-Gen to explore the consensus on the results of QTL (Quantitative 

Trait Loci) studies for disease tolerance in maize. An approachable protocol to perform MA in genome wide 

association studies is implemented. 
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The vast majority of meta-analyses uses group-level summary statistics (aggregate data) retrieved from published 

studies in contrast to meta-analysis of individual participant/patient data (IPD). When the outcome is continuous and 

IPD are available, linear mixed modelling methods can be employed in an one-stage approach overcoming the 

known disadvantages of aggregate data meta-analysis, i.e., within-study variances treated as known, assumptions of 

equal variances between the control and treatment group. However, IPD are seldom available. 

In this work, we propose an one-stage meta-analysis approach for the normal outcome case where the mean, 

standard deviation and sample size per group are available as summary data. In order to do so, we develop an 

algorithm to reconstruct IPD, hereinafter referred as pseudo IPD. Since the summary data are the sufficient statistics, 

the pseudo IPD will have the same likelihood as the unknown original individual data. The advantage of this method 

is that we are able to use the flexibility of the linear mixed modelling framework and account for the uncertainty in 

the within-study variances without the need of a specialized meta-analytic software. We explore existing modelling 

options of IPD following an increasing complexity approach, assuming fixed study and treatment effects, fixed 

study effects but unexplained heterogeneity in treatment differences, i.e., treatment difference vary across studies 

and assuming both study and treatment effects to be random. Within each model, we investigate various variance-

covariance modelling options for the within-study variance: arm-specific variances, trial-specific variances and 

simpler models assuming equal within-study variance between treatment arms. The analyses can be performed in the 

linear mixed models procedures of standard general statistical packages such as SAS, SPSS, Stata and R. We 

illustrate the methods on two example datasets in Alzheimer’s disease and in simulations scenarios. 
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Complex diseases, such as the metabolic syndrome, heart diseases and Alzheimer, are an important public health 

problem. In general, the occurrences of these diseases are linked to disorders in the mechanisms of control of 

multiple variables that, through a joint action lead to their manifestation. As these variables are generally 

influenced by genetic and environmental mechanisms, the study of their inheritance is fundamental. The spectral 

decomposition of the genetic covariance matrix (kinship matrix) from the mixed polygenic model led to the first 

known analytical expression to the heritability test statistic of a single variable (Blangero et al., 2013). In 

multivariate studies, as in the case of complex diseases, this methodology can only be applied to each variable 

separately, since similar tests have not yet been developed for the multivariate case. From what has been stated, the 

present work aimed at developing a new statistical test for multivariate heritability. Due to the correlations between 

variables, the principal components of heritability (PCH) were used to generate new independent variables. In 

addition, MANOVA moments estimators were used to estimate genetic and environmental covariance matrices. The 

new test statistic has a relatively simple analytical form. Its performance evaluation was done by Monte Carlo 

simulations with 5000 runs for each scenario chosen according to its parametric heritabilities, correlations and 

family structure. The performance was measured using type I error rates and power. The results showed that the 

proposed test for multivariate heritability was able to efficiently control type I error rates in all scenarios evaluated 

under the null hypothesis (absence of multivariate heritability). The power levels were high in general and close to 

or equal to 1.00 when parametric heritabilities are equal to or greater than 0.20. The proposed test showed power 

levels substantially higher than the test obtained by Blangero et al. (2013) in the higher heritability univariate case. 

Thus, the proposed test has excellent performance in all evaluated circumstances, representing an efficient tool for 

use in studies that involve multivariate heritability, such as those related to complex diseases. 
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The North Wyke Farm Platform (a BBSRC National Capability, BBS/E/C/000J0100) is a unique national and global 

research facility for the study and improvement of grassland livestock systems. It consists of 15 hydrologically-

isolated component catchments, grouped into three 21ha farmlets, each of which is managed under a different 

grassland farming system. The platform is highly instrumented, providing high-quality data on characteristics of 

water, air, soil, plants and animals, much at a high temporal resolution. 

A key experimental resource within the platform are the herds of beef cattle and sheep, which are used both to assess 

the relative performance of the different farming systems, and for various case studies exploring aspects of animal 

management (e.g. development of antimicrobial resistance, bacterial colonisation dynamics). As much of the 

research considers individual animals as the experimental unit, with replication of the farming system treatments 

only between years, a balanced allocation of the available animals to the herds for the different treatments is 

essential. 

Covariate-based constrained randomisation is a relatively common design approach in cluster or group randomised 

clinical trials, where cluster- or group-based covariates are used to allocate treatments to units. The standard 

approach is to consider all possible permutations of units to (usually 2) treatments, assessing differences in the 

covariate values of units allocated to each treatment, and then selecting at random from those permutations meeting 

a specified level of balance between treatments. 

We describe the application of covariate-based constrained randomisation to the allocation of 90 beef cattle across 

the three farmlets, accounting for variation in 3 continuous covariates (age, weight, growth rate) and balancing the 

allocation for 5 breed/gender combinations. Further complications included the late identification of 7 of the animals 

to be allocated, allowing for differences between sires, and interest in splitting each herd of 30 animals into 2 

comparable sub-herds. We assess how the standard approach can be successfully adapted to cope with more than 2 

treatments, very large numbers of possible permutations, and these additional complications. 
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In multi-environmental agricultural trials, it is crucial to estimate the contribution of genotype (G), environment (E), 

and genotype×environment (G×E) effects on the variation of quantitative traits. Currently, the increasing availability 

of molecular marker (MM) data, allows us to estimate the G effect through an MM-driven model. Furthermore, most 

studies in the field of GWAS (Genome-Wide Association Study) have focused on analyzing individuals who are 

genetically related. Genetic relationship can be estimated with ancestry coefficients through knowledge of the 

pedigree or inferred from molecular marker similarities. The aim of this study was to compare statistical strategies 

for the estimation of G and G×E contribution to total variability in GWAS models with genetically related 

individuals. We worked with a public dataset consisting of 599 wheat genotypes, 1279 molecular markers, and 

phenotypically evaluated in 4 environments. The G×E interaction is the most important variance component. The 

first strategy was to estimate GWAS models by environment, considering the genetic structure through the pedigree 

matrix and, alternatively, through similarity of molecular marker profiles. The second strategy was to adjust a 

GWAS model for the whole data where G×E is incorporated using the correlation of genomic effects between 

environments; again the matrix of additive relationships was calculated from the pedigree as well as from molecular 

similarity. The Best Linear Unbiased Prediction (BLUP) of the G effects on each E was derived for each model, and 

G and G×E variances were estimated. The different analytic strategies resulted in similar values in terms of variance 

components and BLUPs of genotypes. However, the components of variance were estimated with greater precision 

in the multi-environmental model independently of the form used to contemplate the genetic correlation. Under 

abundant MM information and high G variances, the prediction of genetic merit by environment, without 



considering G×E, can provide genotype rankings without significant differences to that produced from multi-

environmental models. 
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Current technologies in genomics have enabled to generate large volumes of data which could have thousands of 

variables characterizing a biological unit. The challenges involve genomic data coding, preprocessing and analytics. 

Identifying population genetic structure from genomic data is crucial for breeding and conservation. Several 

clustering algorithms are available to be used with genomic data to group several genotypes. When working with 

massive genetic data, computational and validation clustering problems are important issues. In this work, eight 

methods to identify clusters of maize genotypes from largely unlinked molecular marker data were compared using 

experimental data obtained from Single-Nucleotide Polymorphism (SNP) markers and encoded for analysis in three 

diverse ways. Each dataset contains more than 50K SNP markers for 300 to 500 stabilized maize lines. We assess 

the relative performance of the following clustering methods: Divisive Clustering Analysis (DIANA), Partitioning 

Around Medoids (PAM), Agglomerative Nesting (AGNES), Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA), K-means, Kernel K-means, Fuzzy K-means and Ward’s method. Genomic data were coded in three 

ways: binary (0 represents homozygous alleles, and 1 a mutation), allelic frequency (0 represents homozygous 

alleles and mutations were encoded with the frequency of changes) and categorical (R, M, Y, K, S and W represent 

changes of the type A/G, A/C, T/C, T/G, C/G and A/T, respectively). Distances were selected as dependent on data 

coding. The clustering validation for each algorithm was performed using indices of Dunn, connectivity, and 

silhouette. 
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Problem: clustering algorithms are widely used in studies that aim to empirically derive dietary patterns from Food 

Frequency Questionnaire (FFQ) data in order to investigate relationships between dietary patterns and other 

variables. One of the most popular algorithms for this task is the k-means clustering, which requires a pre-defined 

number of clusters indicated by k. There are a number of different methods for choosing k, but none of them seemed 

to work properly on the FFQ data of the Estonian Biobank (EB) cohort and this problem is possibly not unique for 

this dataset. In order to reduce subjectivity that comes from choosing k solely based on the interpretability of 

clusters, we aim to derive a more meaningful rule to rely on. 

 

Possible solution: We assume that a clustering algorithm provides meaningful dietary clusters, if the resulting factor 

variable has an effect on important health indicators. Therefore, we propose to determine k by assessing how much 

the prediction of the ultimate health risk, mortality, improves by increasing the number of clusters from k to k+1. 

Thus, we choose the number of clusters based on the likelihood ratio test (LRT) of the clustering variable in the Cox 

regression model predicting mortality. This should be accompanied with simulation study on the stability of the 

clustering solution, to test whether clustering the same individuals with different random seeds results in a stable 

clustering solution. 

 

Application: we analyze the data of 17 items from the FFQ of 49 276 adults in the EB cohort. All these 17 items are 

measured on a 4-point scale indicating consumption frequency per week, or coded relevantly. For all-cause mortality 

analysis, the data on 3155 deaths during an average of 8.1 years of follow-up is used. We show that the LRT statistic 

corresponding to the clustering variable increases notably from k=5 to k=8, whereas using 9 or 10 clusters does not 

provide much extra information compared to 8 clusters. Next we show that k=8 is a stable solution: on average 

0.72% (min=0.01%, max=3.67%) of individuals change clusters between two clustering solutions, which we 



consider well satisfying. We also show that the resulting 8 clusters are meaningful in the context of phenotypic 

variables, health risks and metabolic profiles. 

 
114 

Comparative evolution of people with and without disabilities in Brazil 

PAULO S. DE OLIVEIRA  

EESC/STT, USP, São Carlos, São Paulo, Brazil 

 
According to WHO in 2011, 1 billion people living with some disability, while in terms of Brazil, According to the 

IBGE, 45.6 million are disabilities people. The lack statistics on the subject contributes to the invisibility of such 

people. This is an obstacle to planning and  

implementing policies that improve yours lives. It is known that having a disability, according to specialists, 

increases the cost of  

living by about one and three mw of the income, on average. Complete primary school, or more, get a more 

advanced level of education is also a greater and tends to grow the worse the degree of development and country. In 

view of this scenario, for this IBGE's census data, we present a study on the population classified for each year of 

age, the proportion of disabilities people and people that do not have disabilities in variables as marital status, union 

nature, education level, income, work types and living conditions. 
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High-throughput sequencing technologies have revolutionized microbiome research by allowing the relative 

quantification of microbiome composition and function in different environments. One of the main goals in 

microbiome analysis is the identification of microbial species or taxa that are differentially abundant among groups 

of samples, or whose abundance is associated with a variable of interest. 

 

We present a novel method for microbiome abundance testing. Unlike most of the available methods in the 

literature, we acknowledge the compositional nature of microbiome data understanding that sequencing data only 

carries relative information, that is, the information is contained in the ratios between the components of the 

composition and the numerical value of each component by itself is irrelevant. In our proposal, we use one 

important concept in compositional data analysis, the notion of “balance” between two groups of components, which 

is defined as the normalized log-ratio of the geometric mean of each group of components. 

 

We propose “selbal”, a greedy stepwise algorithm that identifies two groups of taxa whose relative abundance, or 

balance, is associated with the response variable of interest. The algorithm starts with an exhaustive search of the 

balance composed by only two taxa that is most associated with the response variable. Next, the algorithm performs 

a forward selection process and, at each step, a new taxon is added to the existing balance so that the specified 

association criterion is improved. The algorithm stops when the maximum number of pre-specified variables 

included in the balance is reached or when an improvement in the objective function is not possible with the addition 

of more features into the balance. The function returns two groups of taxa whose balance can be used as a biomarker 

for clinical use. 

 

The concept of balance, as proposed in the compositional data theory, provides a new and interesting perspective for 

microbiome data analysis, since this mathematical concept is closely related to the biological concept of ecological 

balance in ecosystems. 

 

We illustrate the utility of “selbal” for different biomedical studies related to HIV infection and Crohn’s disease. 
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In allocating sample size to strata the variability within stratum, stratum population size and the cost of obtaining 

information per unit in each stratum must be taken into account. In this work, we proposed expression for optimum 

allocation of the number of sample size (s) and number of replication (r) that minimize the variance for specified 

cost, minimize the cost for specified variance; and the relative efficiency of optimum sampling to complete 

observation in a Split Plot Design (SPD). Numerical illustration was demonstrated to show the gain in efficiency of 

sampling relative to complete data set. 
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Background: Multi-state models are a flexible tool for analyzing complex time-to-event problems with multiple 

endpoints, especially in chronic diseases where the patients move through different states. It provides a more 

detailed insight into the disease process as compared to other statistical models. 

Methods: The primary objective of this research work is to study the significance of CA 15-3 as a disease marker in 

monitoring and evaluating the diseases progression of breast cancer patients using a multistate Markov model. 

Based on ranges of CA 15-3 marker (< 25 U/ml and ≥ 25 U/ml ) states have been defined and transition intensities, 

transition probabilities and expected state specific survival time have been estimated. Also, the effect of prognostic 

factors viz. age, tumor size, tumor grade, involve lymph nodes, ER status, PR status etc., on transition intensities 

have been explored. 

Results: The findings of our analysis suggested that the estimated survival time for patients in state 1 (CA 15-3 < 

25) is found to be 8.8 years and for state 2 (CA 15-3 > 25) is 2.1 years respectively. Hence the elevated CA 15-3 

values highly associated with lower survival of the patient. Covariates viz., age, lymph nodes, tumor grade and ER 

status are found to be significantly associated with hazard of death of breast cancer patients. 

Discussion/Conclusion: Despite some controversies, CA 15-3 level could provide independent prognostic 

information to be taken together with conventional markers measured in tumor tissues. This tumor marker can be 

used for monitoring patients post–operatively for recurrence in metastatic carcinoma.  

 

Keywords: Multistate model, Breast cancer, CA 15-3 marker, Prognostic factors, Cox ph model 
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Multiple comparisons methods are often used in data analysis of experiments. One of these methods is the Scott-

Knott (SK), which is a procedure of means grouping. Compared to other all-pairwise tests, such as Tukey, Newman-

Keuls and Duncan, the Scott-Knott method has the advantage to partition the treatments means into disjoint groups. 

Thus, in practice, the interpretation by using the Scott-Knott method is more direct and objective. However, some 

assumptions are necessary to use the multiple comparisons methods, such as normality, independence and 

homogeneous variances. In several experiments, particularly in agronomic experiments, the nearest plots can be in 

more similar condition than the distant plots. Then, there may be spatial dependence among plots, which is caused 

by the plots proximity. In this way, it is necessary to use multiple comparisons or means grouping methods which 



consider the lack of independence among plots. The objective of this study was to propose a modification in the 

Scott-Knott method by including the spatial dependence among plots. This test is called spatial Scott-Knott (SSK). 

The spatial dependence was considered in the covariance matrix, which was estimated by using Geostatistical 

methods. The statistic of the test was defined using the generalized maximum likelihood criterion and it has 

approximate distribution of chi square. The type I error rate and the power of the SSK test were evaluated by using 

simulation. It was simulated data of experiments with 8 treatments and 10 replicates, in which were considered 

several configurations of spatial dependence. In these configurations were used different values of range, sill and 

nugget effect. The SSK test had excellent performance in terms of the power and type I error rate. The SSK test 

adequately controlled the type I error rate, mainly in the simulations with lower nugget effect. The power of the test 

SSK was higher than SK in every configurations of spatial dependence. It was observed more influence of the 

nugget effect than the range and sill. In the situations with lower nugget effect were verified greater difference 

between the power of the tests. It can be concluded that, in situations with spatial dependence among the plots, the 

SSK test is more suitable and more efficient to discriminate the treatments means than the SK test. 
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Analysing sets of features in genomics data rather than individual features has proved beneficial in interpreting 

results. Since its proposal, many methods have been established for feature-set testing. These methods are broadly 

categorized based on the definition of null hypothesis: self-contained or competitive(Goeman 2007). Self-contained 

null is designed to test if “None of the features in the set are active”, and is rejected if any feature in the set is active. 

However, competitive null is designed to test if “Features in the set are at most as active as the background 

features”, it is rejected if more features in the set are active compared to features outside the set. Each approach has 

its own advantages and disadvantages. In case of few active features, the methods are similar but in general they 

yield different results. Despite favourable interpretation of competitive testing in genomics, current competitive tests 

face methodological issues and some even do not test the competitive null (Maciejewski 2014;Debrabant 2017). 

In this work, we suggest an alternative definition of the null hypothesis which encompasses both previous 

definitions. The unified null states “At least k out of n features in the set are active”, for any set of size n. If k=0, the 

self-contained null hypothesis is tested and if k>0, the competitive one; where in the latter k is number of active 

features in background. We propose a method to test the unified null and calculate adjusted p-values based on All-

Resolutions Inference(ARI). ARI is a multiple testing approach to control family-wise error rate (FWER) (Goeman 

2016). Moreover, we derive a point estimate of the number of active features. 

Our proposed method has a number of advantages. First, ARI provides a convenient hierarchical structure to 

simultaneously test the unified null for all k and all possible sets. Therefore, it is possible to test with both 

approaches for all possible sets with an overall control of FWER. Another advantage is the freedom in choice of 

feature-sets(e.g. GO). Unlike conventional approaches, the researcher is not restricted to a priori choice of database 

and few sets. Even after seeing the results, one is free to change the database or use self-defined sets without 

inflating the type-I error. We use simulated data to evaluate power properties of unified approach. We also illustrate 

its application with real RNA-seq data, and suggest an analysis pipeline. 
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In health care research it is common to encounter data characterized by a spike at zero followed by a right-skewed 

continuous distribution for the positive values. Examples include food consumption in a dietary study, health care 

utilization and health care expenditures. In the latter case the point mass at zero represents a population of ‘non-

users’ who therefore have no costs, while the continuous distribution represents the level of costs for those people 

who use health services. For statistical analyses in order to understand the influence of therapies, programs, 

demographic and disease-related variables, alternative approaches are needed to accommodate the discrete and 



continuous features of the data. 

 

For the identification of possibly influencing factors on semi-continuous right-skewed longitudinal data a two-part 

model is considered which is based on a two-stage design. The first stage involves modelling the risk for the 

occurrence of a positive outcome and the second stage models the intensity or the amount of nonzero outcomes. 

Within that model two sets of covariates / factors can be modeled simultaneously that contribute to separate stages. 

The hierarchical structure of the data is accounted for by including random effects. 

 

In a simulation study the performance of this model is evaluated in terms of type I error and the mean squared error 

(MSE) of the estimates, under different levels of sample size and correlation between covariates. The data 

generation process is thereby based on the distribution characteristics of an empirical data set coming from a 

controlled prospective intervention study which was investigating the cost-effectiveness of an intervention to reduce 

compulsory admission into inpatient psychiatric treatment. Finally, the results are compared to conventional linear 

mixed models. 
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This work is motivated by the study of dementia within the framework of risk stratification. The study of dementia 

is often done through analyses of cognitive decline, which is known to be heterogeneous in the population. Thus, we 

consider the profile regression method, a Bayesian model-based clustering approach capturing heterogeneity in 

longitudinal outcome data while simultaneously defining cluster profiles based on a sequence of correlated 

covariates. 

 

The aim of this work is to extend profile regression to handle the correlation between a longitudinal marker and 

survival data. To do so, we combine a longitudinal model, a survival one and a covariate one through latent clusters. 

We use a Dirichlet Process prior for the cluster allocation, so that the number of clusters does not require to be fixed 

a priori, bypassing the current debate on the choice of the selection criterion (BIC, AIC...). Given the cluster 

allocations, the longitudinal marker is modelled as a multivariate Gaussian variable with a Gaussian process prior on 

the mean. This non-parametric feature gives a great flexibility to model both the mean and the covariance of the 

repeated measurements, with only a few parameters, and handles individual-specific time-points. The survival 

outcome and the covariates are also modelled by cluster-specific models, associating different survival risks and 

covariate profiles to the longitudinal patterns. Posterior sampling is done via MCMC algorithms and a variable 

selection procedure is performed to identify the covariates which drive the clustering component. The Bayesian 

framework also allows to quantify the uncertainty associated with the cluster assignments to assess the 

discriminative ability of the model. 

 

We apply this model to the North American ADNI cohort on dementia for identifying meaningful clusters among 

the population, homogeneous in terms of cognitive evolution and risk of dementia, and defined by specific covariate 

profiles. This model gives insight into brain ageing heterogeneity and can facilitate early identification of the 

subjects at risk of dementia, thus providing a useful tool for clinical decision-making. 
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Analysis of disease incidence is of primary interest in medical research. For example, evaluating risk of Alzheimers’ 

disease (AD) and possible risk factors is an important goal in many longitudinal aging studies as AD is a global 

public health problem of enormous significance. An important challenge facing these studies is how to deal with 



selection bias and non-random or informative censoring. Participants with poorer health may be more likely to drop 

out before and during follow-up, therefore violates the random sampling and random censoring assumptions which 

are the basis of regular statistical analyses, and can result in biased results and potential misleading scientific 

conclusions. Auxiliary data, measures that are associated with the outcome and missing data, allow us to evaluate 

the random sampling and censoring assumption and to eliminate or reduce bias from non-random censored data. We 

evaluate factors associated with the impact of utilizing auxiliary information through extensive simulation studies, 

and examine empirically how using longitudinal cognitive data as auxiliary variables may help correct bias from 

non-random censoring in the estimation of disease (e.g. AD) risk. The method is applied to data from the Einstein 

Aging Study (EAS). 
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In scientific experiments where human behaviour or animal response is intrinsically involved, such as clinical trials, 

there is a strong possibility of recording missing values. Missing data in a clinical trial has the potential to impact 

severely on study quality and precision of estimates. In studies which use a cross-over design, even a small number 

of missing values can lead to the eventual design being disconnected. In this case, some or all of the treatment 

contrasts under test cannot be estimated. Such a situation has the potential to compromise the experiment severely, 

and could result in substantial loss of information about the aims of the study as well as incurring unwanted excess 

monetary and time costs from a repeated experiment. 

 

In this talk we consider experiments that use a cross-over design. Methods to limit the impact of missing data on 

study results are explored. It is shown that the breakdown number and, if it exists, perpetual connectivity of the 

planned design are useful robustness properties which help guard against the possibility of a disconnected eventual 

design. A procedure is proposed which assesses planned designs for robustness against missing values, and ranks 

designs in order of robustness with regard to missing data. This method is illustrated by assessing several designs 

that have been considered in the recent literature on cross-over studies, and a design is recommended for practice for 

the two-treatment, four-period design. 
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Missing outcomes are a commonly occurring problem in cluster randomised trials (CRTs) which can lead to biased 

and inefficient inference in ignored or handled inappropriately. Handling missing data in CRTs in complicated due 

to the hierarchical structure of the data. There are some situations where the outcome for an individual is neither 

perfectly known nor entirely unknown. This type of data is known as coarse data. A common source of such data is 

censoring, which occurs in time-to-event studies when an individual is lost to follow up or outlives the study period. 

Censoring can be considered as a special case of missing data. In CRTs, cluster-level analyses are widely used to 

analyse time-to-event outcomes. We investigated under which conditions the cluster-level analysis methods for 

analysing time-to-event outcomes in CRTs are consistent. We recommend using unadjusted cluster-level analysis 

when the event rates are small between the intervention groups if one is willing to assume that the covariate effects 

are the same between the intervention groups. In the case of adjusting for baseline covariates in the cluster-level 

analysis, adjusted cluster-level analysis can be used when the analyst can correctly model the dependence on 

covariates if the covariate effects are the same between the intervention groups. 
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Analysis of the X-chromosome (X-chr) has been largely neglected in genetic studies mainly due to complex 

underlying biological mechanisms. On the other hand, the study of human microbiome data (overdispersed counts 

with excess of zeros) has exploded recently due to advancements in next-generation sequencing technologies. We 

propose a novel approach to infer association between microbiome data and host genetic variants in the X-chr. The 

method accounts for random X-chr inactivation (XCI), skewed (or non-random) XCI (XCI-S), and escape of XCI 

(XCI-E); which are biological processes believed to regulate and compensate expression of X-linked genes. These 

X-chr mechanisms (XCMs) are hypothesized to vary across individuals and tissues. Inference is performed via 

semiparametric maximum likelihood (SML) in which the “true” biological mechanism is treated as an unobserved 

missing category. An appealing feature of the SML approach is that it accounts for mixtures of subpopulations that 

may follow different XCMs, which is induced by the nonparametric part of the formulation. An expectation-

maximization algorithm on zero-inflated and two-part mixture models is implemented to estimate overall genetic 

effects. Fisher information matrix is calculated using Louis’ method (1982) that allows to calculate computationally 

efficient score statistics for hypothesis testing. We investigate, via numerical studies, the performance of the SML 

approach compared to Clayton-like (CL) or PLINK-like (PL) strategies. Briefly, CL assumes XCI for every genetic 

marker in the X-chr, i.e. codes males as homozygous females, whereas PL analyzes every genetic marker under 

XCI-E, i.e. codes males as heterozygous females. In summary, the SML approach renders reduced bias and 

commensurate power compared to alternative analytic strategies while maintaining adequate type I error regardless 

the underlying XCM. To our best knowledge, this is the first formal statistical test for X-chr association in 

microbiome data. The proposed method has far-reaching applications as it can handle a variety of outcomes: 

continuous, binary, and (zero-inflated, overdispersed) counts. In particular, we illustrate its usage on a large-scale 

human microbiome study, the Genetic, Environmental and Microbial (GEM) project, to explore X-chr-wide genetic 

associations on multiple operational taxonomic units (OTUs). 
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This work described four algebraic methods (Least Square, Expectation-Maximization (EM), Multiple Imputation 

and Regression Imputation Methods) of estimating missing values generally in experiment and their application in 

Analysis of Covariance (ANCOVA). The missing values were first estimated then the analysis of covariance test 

was performed with estimated values. The p-values and Mean Square Errors adjusted (MSE(adj)) of the four methods 

were computed and compared with that of the incomplete data with method having its p-value and MSE(adj) furthest 

from that of the incomplete data considered the ‘best’. The Multiple Imputation method had its p-value and the 

Expectation Maximization (EM) method had its MSE (adj), respectively, furthest to that of the incomplete data. 
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Multiple correspondence analysis (MCA) is a useful tool for the statistical analysis of categorical variables, 

especially for the analysis of questionnaires. Commonly, the Guttman effect occurs when MCA is applied to the 



items of a questionnaire, a consequence of this is that the categories of the items are ordered along the first main 

component of the MCA. Using the coordinates of the first main component as weights of the items categories, it can 

be obtain a summary score (MCA-score) which resume the information gathered in the questionnaire. A good 

feature of this method that existing missing data can be handle by adding the no response as an additional category 

to a item. Therefore the score can be calculated for all the data, regardless if there are missing values or not. The aim 

of this work is to analyse the behaviour of the MCA-score under different patterns of missing data, missing 

completely at random (MCAR), missing at random (MAR) and missing not at random (MNAR). MCAR means that 

the probability that a value is missing is unrelated to the value itself and any values in the dataset, missing or 

observed; MAR means that the probability that a value is missing is unrelated to the value itself but is related to 

some observed values on the other variables; and MNAR means that the probability that a value is missing is related 

to the value itself. A simulation study was performed to compare true MCA-score and MCA-score with no 

responses as additional category under different scenarios and missing data patterns. A behavioural comparison with 

an integer score was also done, using different imputation techniques (multiple imputation and imputation by the 

mode); this widely used score adds the natural integer values as weight of the items categories, assuming underling 

linearity and uniformly distribution of items weights. We performed 1000 simulations of data bases with 1000 

individuals and 10 variables drawn from multivariate normal distribution. 4 types of variable categorization were 

applied and missing data was simulated for the different patterns of missingness (10% and 30% for MCAR; 10% for 

MAR; and 10% for MNAR). Missing patterns have been simulated also for a real data questionnaire from a study 

for frail elderly patients. 
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In phase III clinical trials, patients are often randomly assigned to a test or control arm to quantify the effects of a 

new treatment. However, most clinical trials are not ideal; some patients may drop out of the treatment for lack of 

efficacy or adverse events, resulting missing data of the primary endpoint. The International Council for 

Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH) has reinforced a framework to 

coherently align trial objectives and corresponding estimands to develop an addendum to the ICH-E9 guideline 

(ICH-E9(R1)). In the draft version of the ICH-E9(R1), there is a description of six strategies for addressing 

intercurrent events, that is, the events that occur after treatment initiation and either preclude observation of the 

variable or affects its interpretation. Here we focused on the “composite strategy.” A typical example of the 

composite strategy is to dichotomize a continuous outcome given a specific cutoff value. If patients’ outcomes are 

better than the cutoff, they are called “responders,” while these are worse than the cutoff or patients dropped out, 

they are called “non-responders.” Although such responder analyses effectively avoid to conduct a missing data 

analysis with a strong assumption of the missing mechanism (e.g. missing at random), dichotomization wastes 

information, by not distinguishing a bare success from an outstanding one. In this study, we propose a new 

composite estimand to mitigate such a problem. Specifically, we suggest to use the difference of the partial area 

under the curves (pAUC) of the empirical cumulative distribution function as an estimand. The pAUC has a useful 

interpretation that it is proportional to the mean responder proportions over a specific interval of cutoff. We will 

compare the proposed method with alternative composite strategies including the usual responder analysis and 

trimmed mean (Permutt and Li, 2017). 

 

Reference 

Permutt, T., and Li, F. (2017). Trimmed means for symptom trials with dropouts. Pharmaceutical Statistics, 16, 20-

28. 
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Precision medicine aims to select, according to a set of biomarkers, those patients that are likely to benefit from 

treatments. In oncology, the clinical endpoint is often a survival-type criterion and the Cox model is frequently 

applied to evaluate the efficacy of treatments in phase III trials. The lasso penalty and its extensions are commonly 

used to detect biomarkers effectively in large data [1]. Although most of these selection methods focus on a 

homogeneous set of biomarkers, genomic data can be grouped according to their biological pathway or to their 

different nature. 

We present different penalizations for the Cox model to correctly select biomarkers grouped by pathway in order to 

foster the selection of biomarkers which, in addition to showing an individual strong effect, belong to a group with a 

strong overall effect. We consider the case of prespecified and non-overlapping groups. We focus on two families of 

methods, one based on the sparse-group lasso (SG) [2] and one on the adaptive lasso or integrative lasso with 

penalty factors [3]. In the sparse-group lasso, different weights for the individual-biomarker lasso penalty vs. the 

group lasso penalty are investigated. For the adaptive lasso approach, we consider different weighting strategies 

consisting in the inverse of the group-wise mean of the univariate coefficients, the inverse of the univariate 

coefficient of the first (supervised) principal component of each group, possibly after a preliminary group-wise lasso 

selection. For all these methods the penalty parameter is chosen by cross validation. 

We study in simulations the selection (false discovery and false negative rates) and prediction (Uno's C-statistic and 

Brier score) characteristics of these penalties taking into account different patterns for the correlations of biomarkers 

within and between pathways. We illustrate the methods using gene expression data from 614 breast cancer patients 

treated with adjuvant chemotherapy. 

 

[1] Hastie, Tibshirani, Wainwright. Statistical Learning with Sparsity: The Lasso and Generalizations. 2015 

Chapman and Hall/CRC. 

[2] Simon, Friedman, Hastie, Tibshirani, A sparse-group lasso. J Comp Graph Stat. 2013 

[3] Boulesteix, De Bin, Jiang, Fuchs. IPF-LASSO: Integrative -Penalized Regression with Penalty Factors for 

Prediction Based on Multi-Omics Data. Comp Math Meth Med. 2017 
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Research in biomedicine has the main goal to identify the components that characterize the functioning, or the miss-

functioning, of living organisms. Understanding the relationship between these components (genes, proteins and 

other features), is a key step in order to gain a deeper knowledge on how they work in the biological systems. The 

integrative analysis of data coming from the distinct currently available omics technologies is nowadays a 

commonly used approach to achieve that goal. However, despite some recent efforts, there is not yet a unified 

definition of the omics data integration concept, nor any complete taxonomy of related methodologies (Gomez-

Cabrero 2014). Several tools (Berger 2014), mainly based on dimension reduction techniques (Culhane 2016) and/or 

network analyses (Mitra 2013), but also machine learning (Zhou 2011) and literature mining methods (Tsoi 2017), 

have been adapted to the omics challenge. Some recent approaches, such as the ones published in Guthke 2015 or 

derived from Horvath 2005, for gene regulatory networks, and Gholami 2016 for gene set integrative analysis, have 

focused on the addition of biological knowledge, but there is still a lack of methods able to properly integrate the 

massive multi-omics data with the knowledge gathered in biological annotation data bases, in such a way that the 

representation of results could be easy to understand from the point of view of clinical and biomedical researchers. 

To address this demand, in the work presented here, the base idea proposed by Busold et al. in 2005, of expanding 

the omics data matrices with the annotations from biological data bases, such as Gene Ontology (GO Consortium 

2017) or KEGG pathways (Kanehisha 2000), have been extended and combined with some other integrative 

analysis and visualization tools, most of them available as R and Bioconductor packages (R Core Team 2017 and 



Huber 2015). More concretely, we extended and weighted protein and gene expression data matrices, coming from 

samples of patients who suffered ischemic stroke, collected by the Neurovascular Diseases Lab at Vall d’Hebron 

Research Institute, with the aim to integrate expression data and annotated knowledge from both sources, and obtain 

a better understanding of the biological differences between infarcted and healthy contra-lateral brain areas. 
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Genetic variants can contribute to complex traits directly or through modulation of gene expression. Genome 

sequencing and genotyping costs have dropped dramatically in recent years, leading to an abundance of genetic data. 

However, transcriptome sequencing (RNA-Seq) costs have not seen concomitant improvement. Recent interest in 

genetic variants affecting protein abundances have led to the development of public RNA-Seq repositories such as 

the Depression Genes Network (DGN) or the Genotype-Tissue Expression (GTEx) repositories. These invaluable 

resources enable researchers to impute gene expression levels from genotype data using linear predictive models 

from PrediXcan and to perform powerful gene-based association tests. While the expression data are of high value, 

it is notable that 85% of the subjects in GTEx and 100% of subjects in DGN are of European descent, in contrast to 

the genetic diversity present in the world. Therefore, it is of great interest to quantify the extent to which PrediXcan 

predictive models trained on these expression data perform on ethnically diverse subjects. To do so, we compare a 

range of models from the PrediXcan PredictDB and other predictive models derived from recent developments in 

machine learning to measured expression on 39 African American transcriptomes derived from peripheral blood. 

We find across genes that prediction accuracy from models trained in Europeans demonstrate poor accuracy in 

African Americans (mean R2=0.06). In addition, 30% of genes have negative correlations between predicted and 

real gene expression, affecting interpretation and belief in the results from these methods. We discuss our findings in 

the context of prediction accuracy and consequences for using PrediXcan on non-European study subjects, 

particularly in the context of locus-specific ancestry in African Americans. Furthermore, we investigate the 

portability of transcriptome imputation across ethnicities using RNA-Seq data from gEUVADIS, a dataset complete 

with whole genome sequence to interrogate the spectrum of variation present in Europeans and western Africans. 

We emphasize that our results do not demonstrate a shortcoming of the PrediXcan models. Instead, they highlight 

the need for continued transcriptome generation in diverse populations from across the world to allow these 

techniques to benefit research for all individuals. 
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The increasing quality/reducing cost of high-throughput sequencing technology, in particular, 16S rRNA gene 

sequencing of the bacterial component (and to a lesser extent, ITS2 sequencing of the fungal component) of the 

human microbial community (microbiota), has enabled researchers to investigate human diseases. Subsequently, 

microbiota has been associated with numerous diseases, including inflammatory bowel disease, diabetes, cancer and 

cystic fibrosis. 

 

The microbiota sequencing data are measured as reads' counts (often with an excess of zeros), interpreted as a 



taxon's abundance in a microbial community. To make the microbial abundance comparable across samples, data 

are typically normalized to the relative abundances of all bacteria observed, that is an example of the so-called 

Compositional Data (CoDa). 

 

CoDa consists of a collection of nonnegative measurements that sum to a constant value, e.g. proportions that sum to 

1. Because knowing the sum, one component can be determined from the sum of the remainder, the parts that make 

up the composition are mathematically and statistically dependent. In general, CoDa are mapped from the 

constrained simplex space to the Euclidian space using nonlinear transforms to allow valid inferences. 

 

Also, the microbiota data are organized under a phylogenetic structure that, if deeply assessed, lead to high-

dimensionality. In parallel, in response to the needs, there is an intensive emergence of specific statistical methods 

and computational tools. Because of the recentness, it is still too soon to evaluate the applicability and accuracy of 

available methods. 

 

Simulation studies, in which a sample of random data is computationally generated many times mimicking a real 

data distribution, are a standard tool to compare the performance of competitive statistical methods. However, the 

complexity of microbiome data makes generating realistic data challenging. 

 

The objectives of this work are the following: 

●First, to review works proposed in the microbiota literature developing simulation studies adapted to high-

dimensional problems. 

●Secondly, to propose a simulation framework of microbiome data to address the lack of available benchmark 

simulated datasets to facilitate evaluation of new methods. As a base, we use data from the MucoFong program 

which aims to study the airway microbiota and mycobiota in the respiratory tract of cystic fibrosis patients. 
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Random forests have become increasingly popular for data analysis in metabolomics. Their advantages include the 

robustness to outliers and correlations between predictor variables and the ability to capture interactions between 

predictor variables, even in the case of more predictor variables than observations (p > n). This is of special interest 

since recent ‘omic’ technologies typically provide measurements of hundreds to thousands of metabolites 

simultaneously. As an emerging field in metabolomics, breath research focuses on volatile metabolites and aerosols 

in exhaled breath reflecting physiological and pathological processes in humans and animals. Moreover, volatiles 

emitted from sputum, serum, urine or fecal samples may be analyzed using the same technology opening up new 

perspectives for disease diagnosis (see 1). 

Depending on the disease under study, a single volatile compound may be indicative of the respective condition or 

otherwise a pattern of several compounds needs to be investigated. In the latter case, random forests proved 

successful in discriminating healthy from diseased individuals (2). On the downside, as random forests are basically 

an ensemble technique, they do not provide direct insights into interactions between predictor variables captured by 

the random forest (3). Mining trees of a random forest may reveal frequent patterns indicating potential interactions 

between variables. However, with highly correlated variables intriguing patterns might be obscured by synonymous 

variables. The present work aims at exploring random forests for highly correlated predictor variables with non-

linear interactions. Data from a controlled animal study on paratuberculosis is used for this work as a real-world 

example. 
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Prostate Cancer (PCa) is the most frequent neoplasia diagnosed in men, and one of the most common causes of 

cancer related death. Currently, its correct diagnosis requires invasive tests (such as biopsy), since the prostate-

specific antigene (PSA) measurement (a non-invasive tool for PCa detection) leads to high percentages of false 

positives and false negatives. This work aims to present a new signature for prostate cancer diagnosis, based on 

small non-coding RNA molecules (miRNAs) freely circulating in plasma. 

 

miRNA profiling of 120 samples (60 PCa, 51 benign hyperplasia (BPH), 9 healthy donors) was performed using 

microarrays. Univariate analyses (linear models with an empirical Bayes approach) and multivariate penalized 

logistic regression models were applied to highlight miRNAs differentially expressed in two classes comparisons 

and to combine them in a classification score. ROC curves, sensitivity, specificity, accuracy and AUCs were 

calculated to evaluate the performance of the new classifier. An independent dataset of 242 samples (68 PCa, 101 

BPH, 73 healthy donors), analysed by a different biological technique (RT-qPCR, real time quantitative polymerase 

chain reaction), was used as a validation set for the developed score. 

 

A preliminary threshold on PSA (PSA<=16 ng/ml) was applied and, on remaining 105 samples, 15 miRNAs (out of 

2006 analysed) resulted the most differentially expressed between PCa and controls and/or between PCa and BPH. 

The linear combination of two of them (selected using lasso) with PSA defined a score. This new classification rule 

allowed to reclassify samples with accuracy (0.61), sensitivity (0.87), specificity (0.35) and AUC (0.68) higher than 

those of PSA alone (0.57, 0.85, 0.28, 0.63 respectively, with the standard cut-off of 4 ng/ml). On the validation set, 

after changing sign and adding a correction factor on RT-qPCR miRNAs values to make the average and range 

comparable with miRNAs microarray measurements, the same classification rule still performed better than PSA 

alone in terms of specificity (0.57 versus 0.55) and AUC (0.76 versus 0.74). 

 

This study showed promising results using miRNAs circulating in plasma as biomarkers for prostate cancer 

diagnosis: the new signature formed by two miRNAs and PSA improved the performances of PSA alone and, in the 

validation dataset, it allowed to correctly identify all but one tumour misclassified by PSA. 
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The vast majority of molecular studies of complex diseases are conducted in only a single molecular context at a 

time, but increased attention to the multidimensional nature of biologic processes has triggered a rise in research that 

incorporates data from multiple ‘omic platforms. Many of these multiplatform studies employ approaches that rely 

on dimension reduction techniques for each platform before attempting combined analysis, likely resulting in 

information and power loss. Non-reductive multi-omic testing approaches have become more common, but many 

are restricted to candidate gene interrogations, and do not encapsulate the highly likely network-level interactions 



between risk conferring genes. Furthermore, literature for conducting formal hypothesis testing on an integrative 

gene set level is considerably sparse. Although effect estimation is informative when candidate gene sets have 

already been identified, or hypotheses are well defined, an efficient screening approach leveraging multi-omic data 

across gene sets is critical for hypothesis generation. We therefore propose an efficient variance-component based 

screening approach across multi-platform genomic data on the level of biologically related sets of genes. Our 

methods are applicable to various disease models regardless whether the underlying true model is known (iTEGS) or 

unknown (iNOTE). Our proposed testing procedure dominated two competing methods. In real data applications 

using lung cancer patients from The Cancer Genome Atlas, we identified a total of 28 gene sets with significant joint 

epigenomic and transcriptomic effects on one-year lung cancer survival after multiple testing correction. The testing 

procedure for the gene set is self-contained, and can easily be extended to include more or different genetic 

platforms. iTEGS and iNOTE implemented in R are freely available through the inote package at https://cran.r-

project.org//. 
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Toxoplasmosis is an infection which is transmitted only indirectly through environmental sources, e.g. contaminated 

food or infected animals like cats. The infection is most often asymptomatic in adults. A primary maternal 

toxoplasmosis infection during pregnancy can be transmitted to the unborn child and seriously damage the embryo. 

Therefore, in Austria a screening programme is implemented in prenatal care. The question raises how to plan 

serological surveys to monitor the burden of infection in countries in which toxoplasmosis screening is not included 

in prenatal care. 

 

Mathematical models have been advocated to be used at the planning stage of infectious diseases studies. A 

challenge in planning serological survey is the aim to simultaneously retrieve good estimations for the 

(sero)prevalence as well as for the force of infection. For environmental transmitted infections, the infected 

individuals can possibly be identified but these individuals are not infectious. However, serological data provide 

information about whether or not a person has been infected before the time point at which the serological sample 

was taken assuming life long immunity. 

 

We used a realistic-age-structured (RAS) model to simulate susceptible and infected compartments of a general 

population and drew samples to derive cross-sectional datasets. The corresponding titer levels of the samples were 

modelled using a two-component mixture. We investigated how good different sampling schemes (number of 

samples, years of sampling) can identify two different scenarios for an age-independent force of infection: no 

change and linear decrease over years. Parameters used for our simulations were calibrated to Austrian data and 

analyses were done using the rstan library for Bayesian modeling and inference in R. 

 

In the scenario of linear decrease, the estimations for the age-dependent seroprevalence for the different cross-

sectional datasets are in line with the underlying true seroprevalence and decrease over the years. The estimations 

for the force of infection, however, increase despite the fact that it is decreasing. Our analyses are a first step to gain 

important insights using mechanistic models for the design of serological surveys. 
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During the last decades, in the field of health sciences, especially in clinical trials, an attempt has arisen to apply, to 

longitudinal data, methodologies aimed at smoothing the problems caused by the violation of the assumptions of 

traditional methodologies. The analysis of repeated measures has been a challenge for applied statistics, mainly for 

two reasons. The first of these is the management of the interdependence of repeated observations on each 

individual; the second, the limitation of the classical methods that require having the same number of observations 



(complete data) for each individual. When measurements are repeated on the same subjects, a two-level hierarchy is 

established with repetitions of measures or occasions as units of level 1 and subjects as units of level 2. Such data 

are often referred to as longitudinal. A multilevel model was applied to evaluate the efficacy of Mazindol (1mg), as 

a coadjuvant in the treatment of obesity in the population of obese police officers between 18-60 years old in 

Tucumán (Argentina), in a double blind phase IV randomized clinical trial. All obese persons belonging to the San 

Miguel de Tucumán Police were included in the protocol, who signed an informed consent endorsed by the 

Bioethics Committee of the School of Medicine of the UNT. Finally the target population was 66 participants. The 

analysis was carried out in two strata due to the strong effect of sex (33 men and 33 women). Prior to the multilevel 

analysis, It was evaluated if there were differences in the values of weight and percentage of fat between the drug 

and placebo groups al the begining of the study. From the analysis of the different variables it was found that in the 

group treated with Mazindol, weight loss (approximately 9 kg) was significant in males (0.001) as well as the loss of 

the proportion of body fat controlled by physical activity (p = 0.026). 
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One of the most commonly used generalized linear mixed models in biostatistics is the logistic mixed model. It is 

not clear whether to consider or not the random effects in goodness of fit assessments. The objective of this work is 

to study, via simulations, the behavior of model predictions, when including or not the random effects, and when 

compared to the logistic regression (naïve) model. 

We wanted to generate three repeated measures of a binary outcome variable for 100 subjects. We generated 100 

random error observations from a tri-variate Normal distribution with mean 0 and exchangeable correlation (r=0.7) 

matrix, as well as 100 covariate observations from each of a N(0,1) and N(3,0.3) distribution. The first one was 

dichotomized at its median. We then constructed the 300 outcome variables using a linear combination of the 

generated variables, and these in turn were dichotomized so that we had correlated binary outcome variables, with a 

hierarchical structure of correlated observations within a person. 

We fitted a naïve model as well as a random intercept logistic regression model to the same data. We obtained the 

predictions in the link scale for each model. For the mixed model, predictions were calculated with and without 

using the random effects. We calculated the receiver operating characteristic (ROC) curve, the area under the curve 

(AUC), and Cohen’s kappa coefficient of concordance as indicators of model fit. We used McNemar’s test to assess 

asymmetry of misclassifications. All work was done in R. 

The highest AUC was for the mixed model predictions using the random effects (0.99) while the mixed model 

predictions that ignored the random effects and naïve model predictions had a lower AUC (0.887 & 0.885). 

Concordance between observations and predictions was stronger (0.84) for the mixed model predictions that 

considered random effects, while lower (0.65 & 0.68) for the other predictions. McNemar’s tests were non-

significant for all three situations; however, misclassifications were lowest when considering the random effects. 

Predictions that considered the random effects had higher AUC, higher concordance with observations, and lower 

misclassifications. We note that the indicators for goodness of fit used assume independent observations, an 

assumption we did not satisfy by design. However, they provide supportive goodness of fit diagnostic indicators for 

model fit for mixed effects models. 
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In many cases, the scientific question of interest in a longitudinal clinical trial concerns a long-term follow-up time, 

e.g., when examining durability of response to treatment. In such cases, some individuals will not be included in 

interim analyses because they are incompletely observed. Delaying interim monitoring of such a trial until the 

primary time point of interest, which could be years after recruitment began, is unlikely, and, it can be argued, 



unethical. A common alternative is to base interim analysis on an earlier time point, which assumes that the effect 

observed at the earlier measurement time is similar to what would be observed given full support. Current 

methodology allows for unbiased inference in such settings as long as some participants have data over the full 

support. The goal of this research was to make inference about later time points before any participant has reached 

the primary measurement time. We establish a framework for decision-making in this setting, focusing on the 

development of an extrapolation function, an algorithm based on observed data to approximate information about 

unobserved future outcomes. Next, we present two extrapolation functions based on: (1) a simple linear model, and 

(2) a Bayesian model for multivariate normal data, and apply the methodology to simulated data. The operating 

characteristics of the extrapolation functions were examined and compared to the usual approach of basing inference 

on an earlier time point. There are realistic scenarios under which simple extrapolation functions perform better than 

the usual approach. Future work should include investigation of the behavior of a range of potential extrapolation 

functions. Input from experts in the biological process being studied may allow selection of extrapolation functions 

that are conservative and a good match for the expected trajectory of the data. 
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Alzheimer’s disease (AD), the leading cause of dementia, represents a worldwide epidemic with the incidence 

predicted to increase at least three fold by 2050. Currently, the Alzheimer's Disease Neuroimaging Initiative (ADNI) 

and the Australian Imaging, Biomarker and Lifestyle Study (AIBL) are attempting to understand the disease 

pathogenesis, to support the diagnosis and treatment in the earliest possible stage of AD. We describe these two 

studies to determine if they can be combined for future research and analysis purposes based on longitudinal 

relationships. 

 

An initial comparison of the protocols was carried out and recruitment strategies were shown to be marginally 

different between the studies. Inclusion criteria specified ages between 55 and 90 years in ADNI and >65 years in 

AIBL. Marginally different specifications for disease stage classifications of healthy controls (HC), mild cognitively 

impaired (MCI) and AD individuals were observed, for example, different Mini-Mental State Exam (MMSE) cut-

offs. However, both studies had AD diagnosis supported by the NINDS/ARDA criteria. Baseline analyses were 

compared between ADNI and AIBL cohorts. Overall, AIBL had more HC’s compared to ADNI (68% vs 30%), but 

fewer MCI individuals (15% vs 50%). The ADNI cohort had a higher level of education and generally, within a 

disease classification, there were minimal differences in baseline age, sex, MMSE, and Preclinical Alzheimer 

Cognitive Composite (PACC) scores. 

 

Longitudinal analyses, after conducting propensity score analyses using both matching and weighting were used to 

investigate the relationship over time of PACC, hippocampal volume, MMSE and amyloid-beta burden (SUVR). 

There were no significant differences in cohorts within the HC and MCI groups, but within the AD group, subjects 

in the ADNI cohort had generally higher predicted PACC and MMSE scores over time than those in the AIBL 

cohort. 

 

Our results suggest there is scope to combine the ADNI and AIBL cohorts to conduct more complex statistical 

analyses; however, consideration should be taken for some measures. 
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Sensory profiling or so-called descriptive sensory analysis is the most sophisticated methodology available to the 

sensory practitioner and probably the most important method in sensory analysis. These techniques are used for 

describing products in terms of the perceived sensory attributes and for identifying differences among products by 

trained sensory assessors. The Quantitative Descriptive Analysis (QDA) is one of the most used profiling methods. 

The QDA provides a complete description of every sensorial properties of a product. The validity of the results in 

sensory profiling depends on the performance of the sensory panel. So, these methods require an exhausting training 

of the panel. A sensory panel with good performance is achieved when each panellist discriminates the differences 

among products, repeats the evaluations by punctuating products similarly and agrees with others. Statistical 

methods are essential for evaluating the performance of panels because allow to identify the undesired variation 

among the panellists and lead to actions to treat this variation. The aim of this work is to improve the performance of 

the panellists by using more appropriated mixed modelling for training the sensory panel. It can be done analysing 

the sensory data with a novel model, called mixed assessor models (MAM). This model takes into account the 

inherent effects of individual differences in perceptive scale use in such data. The MAM approach is implemented in 

the R-package. The method will be illustrated with a QDA to describe the characteristics of chocolates with different 

% of cocoa. Two panels composed by 15 subjects each one was trained to evaluated 5 chocolates by considering 12 

different sensory attributes. One panel was evaluated with the classic 2-way ANOVA model. The second one was 

evaluated with the MAM. The classic model contains the assessor and product main effects and the assessor-by-

product interaction. This model cannot describe the complex variation in the data, since the interaction term does not 

distinguish between scale range differences and disagreement among the assessors like the MAM. We obtain a 

better insight into the subjects’ performance by using the MAM, since we can consider both, the scaling and 

disagreement effects. Besides that, we increase the power of detecting product difference, since we remove the 

scaling effect from the interaction term. 
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In the standard random effects model, inference for the variance components and functions thereof (e.g. the 

intraclass correlation, higher moments, etc) relies heavily on the normality of the random effects and error 

distributions. We relax these assumptions through the use of the Fleishman distribution, a four-parameter 

distribution which accounts for the third and fourth cumulants. The simplicity and speed in simulating from the 

Fleishman distribution allow us to tractably construct confidence intervals for parameters of interest based on a 

Fleishman parametric bootstrap. We develop a normality test for each of the random effects and error distributions 

by comparing the third and fourth cumulants to that of a normal distribution. We compare the performance of our 

methodology with existing techniques in simulation studies and apply our methods to the Childhood 

Adenotonsillectomy Trial (CHAT) sleep electroencephalogram (EEG) data in quantifying signal agreement among 

different channels. 
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In experiments in which the interest lies in the estimation of components of the variance, the experimental designs 

are analyzed by using linear mixed models. It is usual that in these designs the factors are observed in a reduced 

number of levels due to the limited resources available. Whether the designs are crossed or nested, the estimation of 

the random effects variances is based on few observations and the asymptotic results for the inference may be 

inaccurate. 

In this contribution we present a semi-parametric alternative based on bootstrap on mixed models where the power 

of adjustment is extended by applying the wild bootstrap variant. 

The application to real data is done on a chemiluminescent immunoassay study conducted with the aim of 

stablishing its reactivity specifications for internal laboratory use. The experimental design included sources of error 



such as instrument family, reader units, reagent and control lots, but also “noise” captured by day and run factors. 

This design was intended to include all the factors affecting the variance of results, i.e., to measure the ability of the 

assay to achieve the same result when a sample is repeatedly tested. 

An accurate estimation of the error, in terms of accuracy (bias) and precision (variance) is crucial to stablish 

appropriate acceptance criteria. Specifically, model variance components allow us to work with precision values. 

It is important to mention that due to material availability the number of levels for each of the considered factors is 

small. Therefore, it is essential to use methodologies that ensure robust estimates of the variance components. 

In this study, we compare three common approaches (asymptotic confidence intervals, parametric and semi-

parametric bootstrap) and our proposed method, wild-bootstrap for mixed models. Preliminary results show that the 

point estimate of variance components in all approaches is similar, but when building confidence intervals, wild-

bootstrap helps to obtain more robust intervals. 

This work is implemented in a new R package named “merBoot” that includes different approaches for applying 

Bootstrap techniques in Mixed Models. 
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Recent studies have adopted a joint modelling approach as a more stout technique in studying outcomes of interest 

simultaneously especially when the interest is in the association between two dependent variables. This has been 

necessitated by the fact that modelling such outcomes separately often leads to biased inferences due to existing 

possible correlations especially in medical studies. This paper demonstrates the application of linear mixed 

modelling approach using SAS analysis software to evaluate the correlation between adult and child HIV infections 

for each county in Kenya, while adjusting for several predictors of interest. Using HIV data extracted from the 

Kenya open data website for the year 2014, we visualize on each county the HIV prevalence on the Kenyan map. 

High infection incidences are observed for counties located in Nyanza province. We further fit a joint model for the 

two outcomes of interest using the linear mixed models approach to capture possible correlation between the two 

outcomes for each county. Results indicate that there is a correlation between infections in adults and children. 

Further, there is a significant effect of ART coverage, adults and children in need of ART and number of people 

undergoing testing voluntarily. Researchers or students who have little understanding in application of linear mixed 

models, both theoretical understanding and practical analysis in SAS as well as application on real datasets, will find 

this article useful. Findings from this article would interest the health sector, practitioners and other institutions 

working in HIV related interventions 
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Joint modeling of longitudinal and time-to-event data has recently attracted great attention to the statistical 

community, especially in medical research. The success of this joint approach is mainly due to improved statistical 

efficiency by using all the data simultaneously in a single model as well as the reduction of estimation biases. To our 

knowledge, however, the literature has not considered data scenarios where the occurrence of the event of interest is 

subject to competing forces by a terminal event, referred to as "semi-competing risks", and complex censoring 

including left-truncation and interval-censoring. Hence, our proposal is to combine a semi-competing risks 

framework with a longitudinal model, where the two components of the model are linked through a flexible 

trajectory function. We develop an illness-death multistate model for semi-competing risks data subject to complex 

censoring and structure the covariate effects either through the Cox proportional hazards or the accelerated failure 

time model. We perform estimation and inference by using the Bayesian approach, since it directly provides the 

(posterior) characterization for survival or cumulative incidence curves, longitudinal profiles, or any quantity of 

interest derived from joint model parameters. A robust and efficient computational scheme, based on Markov chain 

Monte Carlo algorithms, is developed and implemented. The proposed models and their estimation procedures are 



applied to an on-going community-based prospective study of incidence Alzheimer's disease in western Washington 

State. 
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Longitudinal measurements are becoming increasingly more popular in clinical research, because estimated 

temporal patterns can be used to improve prediction of outcomes. A popular approach in combining longitudinal and 

time-to-event data is the joint modelling approach. Often a set of multiple biomarkers is measured to discover new 

biomarkers predictive for the outcome. Costs associated with assessing all biomarker values, however, can become 

exceedingly high. If, in addition, event rates in the study are low and most information is to be expected from the 

patients experiencing the event (cases), it may be more cost efficient not to assess all biomarker measurements. For 

this research we are motivated by the BIOMArCS study, where patients admitted for acute coronary syndrome 

(ACS) are followed for one year to study the relation between temporal patterns of multiple biomarkers and 

recurring ACS. The BIOMArCS study follows a case-cohort design in which a random subcohort of patients is 

selected and supplemented with the other cases outside the subcohort. In standard survival models, weighting 

schemes have been proposed to account for the overrepresentation of cases in such designs. In the framework of 

joint modelling different approaches are needed. We propose to include survival information and any potential 

baseline covariate information of all patients in the analysis. The controls outside the subcohort will have missing 

values for the biomarker measurements. However, since the subcohort was chosen at random, the missingness 

mechanism is MAR, and hence results obtained from the joint model fitted in the constructed data set will remain 

valid. Simulations to evaluate this theory indicate that our model performs similar to the same model fitted on the 

full cohort data. The models are compared both in terms of the parameters estimates and predictions of survival 

probabilities. Estimating the model on the classical version of the case-cohort design shows clear bias and worse 

performance of the predictions. The procedure is also illustrated in the BIOMArCS study. 
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Multi-drug-resistant tuberculosis (MDR-TB) is defined as strains of tuberculosis (TB) that do not respond to at least 

the two most powerful anti-TB drugs. Nowa- days, MDR-TB continues to emerge and thus accurate assessment of 

the importance of treatments for MDR-TB is a critical issue. MDR-TB is often treated with multiple first and second 

line antibiotics. 

Our data consists of individual patient data from 31 international observational stud- ies which measured patient 

demographic information, medical history, medications used and therapeutic outcomes. In this study, we defined an 

adjusted variable im- portance metric to compare the apparent contribution of each medication to the overall 

recovery rate among patients who are not known to be resistant to the given antibiotic. 

While individual studies are able to evaluate subpopulation-specific associations be- tween treatment and outcome, 

our individual patient data network meta-analysis (IPD-NMA) allows for a global perspective on average 

medication importance in the treatment of MDR-TB. 

To these ends, we develop identifiability criteria and apply targeted maximum like- lihood estimation (TMLE) to 

estimate the adjusted recovery rate means for each treatment amongst patients who were not known to be resistant to 

the treatment. TMLE is a semi-parametric and double robust method. Throughout the analysis, transportability is 

utilized to translate the estimation from studies where a given an- tibiotic was used to studies where it wasn’t. 

Finally, we adopted a clustered sandwich estimator derived from the efficient influence function to compute 

variance estimates. Simulation studies were conducted to assess the performance of our estimator and verify the 

theoretical double robustness property. These simulations were also used to evaluate the validity of the sandwich 

estimator for variance estimation and the coverage rate of the derived Wald-type confidence intervals. 

The results show that Ciprofloxacin has the greatest treatment importance, fol- lowed by Amikacin and High-



generation Quinolones. They also show that Para- aminosalicylic acid, Pyrazinamide, and Group 5 level drugs are 

the least important. 
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Joint models for longitudinal and survival data enjoy a wide range of application areas and are, due to recent 

advantages in statistical software, starting to become essential elements in the toolbox of modern applied 

statisticians. In this work, we focus on the application of joint models in the clinical trial setting. There, the primary 

interest is in the treatment effect on a survival outcome. When relying on the joint modeling setting the overall 

treatment effect on the survival outcome is an aggregate of the longitudinal and the survival process. However, since 

the survival function has a nonlinear link function and random effects are involved, the aggregated treatment effect 

has the “subject-specific” (SS) or conditional interpretation, representing the overall treatment effect controlling for 

the random effects. Therefore, this estimate is not valid for population-based inference. We propose a method using 

Monte Carlo simulations to obtain a “population-averaged” (PA) or marginal estimate of the overall treatment effect 

on the survival outcome in the joint modeling setting. The proposed method is based on an extension of the 

approach of Hedeker et al. (2017, Biometrics, doi: 10.1111/biom.12707) for the marginalization of regression 

parameters of mixed models with a logistic link function. We demonstrate our method using simulated data. 

Additionally, we extend our proposal to allow for different parameterizations for the association between the 

longitudinal and survival outcome. 
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fMRI localizer tasks are often used to define subject-specific functional regions of interest (fROIs) that contain 

relevant features (i.e. volume units or voxels) to be included for subsequent analyses. In multiple studies, one can for 

example examine whether the signal in the subject-specific fROIs differs between two or more groups. A first 

challenge is finding an optimal way to summarize the activation in an fROI such that it is robust and powerful to 

detect important differences between those groups. The signal in fROIs can be summarized either by the mean, 

median, the first principal component of the signal or by the value of the peak voxel within the fROI. Tong et al. 

(2016) argue that a peak voxel does not necessarily represent the signal of an entire region, since it can be the result 

of an artefact. A better strategy is to aggregate the signal of the peak voxel and the signal of the voxels surrounding 

that peak (Poldrack, 2007). A second challenge is how to define an fROI. To define clusters of active voxels, 

(voxelwise) null hypothesis significance testing (NHST) procedures can be used. An important drawback of this 

approach is that a specific alternative hypothesis is almost never defined (Rouder et al., 2016) and hence, fROIs do 

not necessarily represent regions that show evidence for an effect that is not only statistically but also functionally 

significant. Instead, we focus on data-analytical techniques for neuroimaging that include functionally relevant 

effect sizes in their testing criterion. We consider alternative-based thresholding (Durnez et al., 2013; Degryse et al., 

2017), likelihood ratio testing (Kang et al., 2015) and maximized likelihood ratio testing (Bickel, 2012) for defining 

fROIs. Using simulations and real data, we evaluate the potential of four single-value summary measures that 

aggregate information within an fROI. We further examine the influence of the summary measure as well as the 

fROI defining method on the sensitivity and reliability of an analysis that compares fROI signals between groups.  
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Over the past decades, neuroscientists are becoming aware of the limited reproducibility of neuroimaging results. 

More particularly, functional Magnetic Resonance Imaging (fMRI) data is characterized by a low signal-to-noise 

ratio with a high cost to scan participants. This in turn leads to a low observed power in the literature to detect 

reasonable effect sizes (Poldrack et al., 2017). One solution is to systematically aggregate published studies to 

improve the control of type I and II errors. 

 

In this contribution, we investigate two approaches of pooling fMRI data across studies. A first method is to extend 

the hierarchical two-stage model typically used in an fMRI data analysis to aggregate trials and subjects within 

studies. For every spatial location in the brain, a General Linear Model (GLM) is fitted with a random effects term 

associated with studies. We use software from the neuroimaging literature to estimate all model parameters. Note 

that we need a brain image per study containing the parameter estimates for the GLM at every brain location as well 

as an additional map containing the corresponding standard errors. 

A second approach is to rely on methods for meta-analysis. At every brain location, we transform the test-statistics 

associated with each study to Hedges’ g and calculate its variance. Then we estimate between-study heterogeneity 

using the method of moments estimator (DerSimonian and Laird, 1986). Finally, we calculate a weighted average 

with the weights being the inverse of the sum of within- and between-study variability. An added benefit of this 

approach is that we only need the sample size and one brain image per study containing the test-statistic at each 

location. 

 

We calculate for both methods the average standardized bias for the effect size, length and coverage of confidence 

intervals for effect sizes using Monte-Carlo simulations. In addition, to create realistic fMRI data under the null 

hypothesis of no activation (i.e. only noise), we use data from resting state fMRI. Such data are obtained by 

instructing participants not to perform any task while in the scanner. The result is an image without any signal 

related to the design of a random experiment. 

 

Our results indicate that the three-level GLM model does not outperform meta-analysis techniques. Specifically, we 

observe more conservative empirical coverages associated with the three-level GLM model. 
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In the estimation of physiological kinetic parameters from Dynamic Contrast-Enhanced Magnetic Resonance 

Imaging (DCE-MRI) data, the determination of the arterial input function (AIF) plays a key role. 

This paper proposes a Bayesian method to estimate the physiological parameters of DCE–MRI along with the AIF 

in situations, where no measurement of the AIF is available. In the proposed algorithm, the maximum entropy 

method (MEM) is combined with the maximum a posterior approach (MAP). To this end, MEM is used to specify a 

prior probability distribution of the unknown AIF. The ability of this method to estimate the AIF is validated using 

the Kullback-Leibler divergence. Subsequently, the kinetic parameters can be estimated with MAP. The proposed 

algorithm is evaluated with a data set from a breast cancer MRI study. The application shows that the AIF can 

reliably be determined from the DCE-MRI data using MEM. Kinetic parameters can be estimated subsequently. The 

maximum entropy method is a powerful tool for reconstructing images from many types of data. This method is 

useful for generating the probability distribution based on given information. The proposed method gives an 

alternative way to assess the input function from the existing data. The proposed method allows a good fit of the 

data and therefore a better estimation of the kinetic parameters. In the end, this allows for a more reliable use of 

DCE-MRI. 
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Performance evaluation of a prediction model is an important and difficult task in machine learning. The 

predominant recommendation in the literature is that training, validation and evaluation should be carried out on 

independent data sets to avoid overly optimistic estimates of the generalization performance θ. It is usually assumed 

that only one model is selected in the validation step and hence only this model needs to be evaluated. In this case, it 

is usually not difficult to derive a statistical test for the null hypothesis H0 : θ ≤ θ0 which controls the type 1 error 

rate. 

If evaluation of M > 1 models is required, adjusting for multiple testing is necessary in the evaluation stage, in order 

to avoid an inflation of the global type 1 error rate. We are, however, not aware of any literature concerned with 

multiple testing in the context of model evaluation. 

In case the joint distribution of the test statistics is (approximately) multivariate normal, we propose to use the so-

called maxT-approach which is based on the distribution of the maximum test statistic. It is capable to benefit in 

terms of statistical power in case the test statistics are positively correlated, which is usually the case. 

We compared this approach to the established procedure of evaluating only the presumably best model from the 

validation stage with regards to type 1 error rate, statistical power and bias using computer simulations. We 

demonstrate that our procedure is capable of (approximately) controlling the type 1 error and investigate in which 

cases it yields increased power compared to the default approach. In particular, we investigate the relevant case in 

which the training data distribution is perturbed (compared to the test data distribution), emulating differenences in 

population or measurement characteristics between training and testing stage. 

We conclude that our approach is valuable when the goal is to identify with high probability, out of M > 1 candidate 

models, at least one model which is able to beat a given performance benchmark while controlling the type 1 error 

rate. 
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There is a great number of recent studies about bivariate data with dependence on extreme values, and is increasing 

its relevance in many areas. Two random variables have "extreme value dependence" if there is a high probability to 

occur extreme value in one, given that extreme value has occurred in the other. A tool in the study of this 

dependence are the copulas of extreme values, which are characterized by Pickands convex functions. Several non-

parametric estimators of Pickands functions have been proposed, for example, the use of B-splines. This paper 

proposes a new estimator using Bernstein polynomials, subject to three types of previously established restrictions. 

The performance of this new estimator to detect extreme dependence value is studied via simulation using data from 

the copulas: Gumbel, Clayton, Frank, Gaussian and t with 4 degrees of freedom. The adjust the Pickands function 

uses IMSE (Integrated Mean Square Error). A hypothesis test is developed showing good control of Type I error 

rate. However, it does not control the type II error rate. The fit via restricted Bernstein polynomials and the 

hypothesis test were implemented routines in software R, which have execution substantially faster than other 

existing routines. 
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This research aims to study the impact of the public spaces available for the practice of physical activity in the 

health of the population over 40 years old. The data were collected in the city of Cambé-Paraná-Brazil. The city was 

divided in six regions: Center, South, Northeast, East, North and West. In all the six regions were installed outdoor 

gyms, that could be used by anyone. Some of the results found were that people with less years of education and low 

income became more satisfed with these public gyms compared to people with more years of education and upper 



income. The public gyms were installed according the division in censitary regions. Using geoestatiscal tools, based 

on the data we propose a new criteria for the instalation of these gyms, ir order to make them available for people 

that will make more use of them. 
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This work presents local influence to study spatial correlated data using the reparameterized t-student distribution. 

This distribution has been used as an alternative to the normal distribution, when the data has discrepant values and 

a distribution with heavy tail would fit better. The reparametrized t-student distribution has the same covariance 

matrix as the normal distribution, which enable a direct comparison between both. Also, the parameter of form is 

limited, and supposing the existence of the second finite moment, it allows the feasibility of the parameters 

estimation by maximum likelihood and the implementation of the EM algorithm. Diagnostic techniques of local 

influence are used to identify the presence of influential observations that can interfere in the parameter estimation, 

model selection and map construction. To illustrate the results we consider an application to the soybean yield 

spatial variability through a reparameterized t-Student linear model, comparing the results by Gaussian spatial linear 

model. The maps constructed with both reparameterized t-Student and normal distributions presents some 

dissimilarities. The reparameterized t-Student distribution is an alternative in studying data with discrepant values, 

showing the ability to decrease the influence of these points. 
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Functional Data Analysis (FDA) is a branch of Statistics intended to deal with objects which are not scalars but 

function curves. Such curves are obtained through smoothing techniques, from discrete measurements of a 

phenomenon of continuous origin. Given that objects are functions, it is possible to use the properties of a Hilbert 

subspace of the infinite functional space of integrable square functions (L2 space). This fact allows using the 

common definitions on this vector space of functions, such as the norm and the internal product. 

 

FDA theory is still under heavy construction. One reason is that functions do not follow a specific known 

distribution, and so it becomes hard to make sound statistical comparisons of, for instance, two or more populations 

functional mean curves. This is true since it requires the use of test statistics considering the functional nature of the 

data, added to other phenomena such as non-independence between curves of two distinct populations and between 

curves within each population. 

 

Until now, as far as we know, functional test statistics are extensions of classic test statistics. This work sticks to this 

idea of extending known test statistics based on real numbers to the functional data setting. We discuss the problem 

of statistical comparison of curves and implement a test statistic for the comparison of two populations functional 

means. We consider the case of two non-independent populations of non-independent curves. An application on 

pollution data is shown. 
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Screening tests or diagnostic tests are important for early detection and treatment of disease. The most common 

parameters used to quantify diagnostic test accuracy are sensitivity, specificity, positive predictive value and 



negative predictive value. The sensitivity is the probability that a diseased individual has a positive result, and the 

specificity is the probability that a non-diseased individual has a negative result. On the other hand, the positive 

predictive value is the probability of disease when the diagnostic test result is positive, and the negative predictive 

value is the probability of no disease when the diagnostic test result is negative. These measures are useful 

clinically, and may influence the treatment decision. 

 

There are several methods to compare the measures of two diagnostic tests separately. However, there are many 

cases where not only one endpoint but multiple endpoints are required. In this research, we consider the following 

two cases: (i) one is a case that the effectiveness of a new diagnostic test is confirmed when the superiority of the 

new test to the other test is showed in at least one measure, and (ii) the other is that the effectiveness of a new 

diagnostic test is confirmed only when the superiority of the new test to the other test is showed in at least one 

measure and non-inferiority is showed in the other measure. For those type of trials, we propose new test statistics. 

In addition, we perform simulation studies to compare the performance between the proposed methods and existing 

methods. 
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Environmental authorities have defined fine particulate matter as particles suspended in air whose aerodynamic 

diameter is less than 2.5 µm (usually denoted as PM2.5). We have daily information on this air pollutant coming from 

three surveillance stations and we want to check whether the levels of PM2.5 are the same at the three places or not. 

 

Datasets consist of daily records of as much as 24 observations per day, and so we have the typical framework on 

which Functional Data Analysis plays a key role. The reason is that PM2.5 levels are originated from a continuous 

phenomenon and that we collect discrete observations from it. Then, using those discrete observations from a 

continuous phenomenon, we get a curve using smoothing techniques. This way, we have one curve, rather than one 

real number, per day. 

 

We conducted the analysis using a Functional Analysis of Variance. Statistical comparison of the means from more 

than two populations is a very well-known problem if we are dealing with scalar values. However, it is not the case 

as soon as we move toward the observation of variables whose values are curves, rather than scalars. 

 

Finally, since data from these stations were likely not to be independent, we needed to get estimations of the 

functional correlation between stations. Then we introduced such correlation structure into the analysis. Final results 

indicate statistically significant differences among the three stations. 
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Background: DNA microarrays offer motivation and hope for the simultaneous study of variations in multiple 

genes. Gene expression is a temporal process that allows variations in expression levels with a characterized gene 

function over a period of time. Temporal gene expression curves can be treated as functional data since they are 

considered as independent realizations of a stochastic process. This process requires appropriate models to identify 

patterns of gene functions. The partitioning of the functional data can find homogeneous subgroups of entities for 

the massive genes within the inherent biological networks. Therefor it can be a useful technique for the analysis of 

time-course gene expression data. We propose a new self-consistent partitioning method of functional coefficients 

for individual expression profiles based on the orthonormal basis system. 

Results: A principal points based functional partitioning method is proposed for time-course gene expression data. 

The method explores the relationship between genes using Legendre coefficients as principal points to extract the 



features of gene functions. Our proposed method provides high connectivity in connectedness after clustering for 

simulated data and finds a significant subsets of genes with the increased connectivity. Our approach has 

comparative advantages that fewer coefficients are used from the functional data and self-consistency of principal 

points for partitioning. As real data applications, we are able to find partitioned genes through the gene expressions 

found in budding yeast data and Escherichia coli data. 

Conclusions: The proposed method benefitted from the use of principal points, dimension reduction, and choice of 

orthogonal basis system as well as provides appropriately connected genes in the resulting subsets. We illustrate our 

method by applying with each set of cell-cycle-regulated time-course yeast genes and E. coli genes. The proposed 

method is able to identify highly connected genes and to explore the complex dynamics of biological systems in 

functional genomics. 
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To enable targeted therapies and enhance medical decision making, biomarkers are increasingly used as screening 

and diagnostic tests. When using quantitative biomarkers for classification purposes, this often implies that an 

appropriate cutoff for the biomarker has to be determined and its clinical utility must be assessed. In the context of 

drug development, it is of interest how the probability of response changes with increasing values of the biomarker. 

Unlike sensitivity and specificity, predictive values are functions of the accuracy of the test, depend on the 

prevalence of the disease and therefore are a useful tool in this setting. In this paper, we propose a Bayesian method 

to not only estimate the cut-off value using the negative and positive predictive values, but also estimate the 

uncertainty around this estimate. Using Bayesian inference allows us to incorporate prior information, and obtain 

posterior estimates and credible intervals for the cutoff and associated predictive values. The performance of the 

Bayesian approach is compared with the maximum likelihood estimator via simulation studies of bias, interval 

coverage and width. 
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When establishing an effective treatment using binary data from a two-stage design, one-sided tests for a proportion 

p are employed. Researchers typically use the parameter configuration at the boundary of the null hypothesis space 

to determine a rejection region. However, it is unclear whether the maximal type I error is achieved at the boundary. 

In this paper, we first prove that this is true for a large family of tests in adaptive two-stage designs because any test 

in the family has a nondecreasing power function in p. Secondly, similar results are established for m-stage designs 

with m>2. Thirdly, optimal lower one-sided 1-α confidence intervals for p are derived with and without using the 

sufficiency principle. 
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Orthogonal Array-based Latin Hypercube Designs (OALHDs) have not only become popular in practice among 

strategies used in the development of computer experiments but also useful whenever interest is focused on 

performing some traditional experiments. Design construction for computer experiments has become a new issue 

especially in this part of the world since it is more about experimental planning rather than modelling aspect in 

which some progress has been made. The Bush Construction Type II method was presented in this paper to 



construct a strong Orthogonal Array (OA) of strength three, using Galois Fields (GF) of order s which gave rise to 

the constructed Orthogonal Array-Based Latin Hypercube Designs (OALHD) for computer experiments. OALHD 

was used in this paper as a Latin hypercube design constructed based on orthogonal arrays in order to achieve better 

space-filling properties that would otherwise not be possessed by a random Latin hypercube design (LHD). 

Orthogonal Array (N, k) LHD were constructed at parameter values of OA (N, k) = (64, 6) and (125, 7). This study 

is an improvement on the early paper which adopted the Bush Construction Type I technique and it therefore aimed 

at proposing a novel approach that employed the maximin criterion in the k-Nearest Neighbour with Euclidean 

distance for constructing strong orthogonal arrays along with the Orthogonal Array-Based Latin Hypercube Designs 

(OALHDs). The OA (64, 6) LHD and OA (125, 7) LHD constructed have better space-filling properties and they 

achieve uniformity in each dimension. This study concludes that the constructed OALHDs can be used whenever 

interest is focused on performing either a traditional or computer experiment on real life situations. A program was 

written using MATLAB 2015 computer package to construct OALHDs. 
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Machine learning aims modeling the relationship between the response and features. Medical decision-making 

researchers would like to make decisions about patients’ course and treatment, by examining the repeated 

measurements over time. Boosting approach is now being used in machine learning area for these aims as an 

influential tool. The aim of this study is to show the usage of multivariate tree boosting in this field. The main reason 

for utilizing this approach in the field of decision-making is the ease solutions of complex relationships. 

 

To show how multivariate tree boosting method can be used to identify important features and feature-time 

interaction, we used the data, which was collected retrospectively from Ankara University Chest Diseases 

Department records. Data set includes repeated PF ratio measurements. The follow-up time is planned as 120 hours. 

A set of different models is tested. In conclusion, main idea of classification with weighed combination of classifiers 

is a reliable method which was shown with simulations several times. Furthermore, time varying variables will be 

taken into consideration within this concept and it could be possible to make accurate decisions in regression and 

survival problems. 
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Many epidemiological and clinical studies seek to relate a risk factor or treatment to a health outcome. In these kinds 

of studies either the risk factor (exposure) or the health outcome (disease) may be measured with error. While 

differential misclassification can usually be remedied by excellent study methods, nearly all observational studies 

will nevertheless include some non-differential measurement error. It is easy to appreciate that a true risk difference 

between exposed and non-exposed individuals will be blurred if some of the exposed individuals are put in the non-

exposed group and vice versa. As a consequence, when a statistically significant odds ratio is reported for a variable 

known to be measured with considerable error, it is common to state that the “true” OR is likely to be higher than 

the one found. Substantial misclassification leads to substantial loss of power that is generally not taken into account 

when studies are planned.This loss of power is often considered irrelevant when a significant result is found, but 

actually it is very important. 

 

We recapitulate and enlarge on a qualitative argument that Rhoads published previously making the case that the 

paradox is explained because significant results on poor measurements have a high probability of being false 

positives; Furthermore, the traditional formulation for misclassification on a continuous variable, which is based on 

an additive, normally distributed error term, is not suitable for badly measured variables because it leaves little room 

for variation of the true parameter; and a minimal estimate of the extent of misclassification can be developed by 

repeating the study measurements in a subsample of subjects. We develop estimates of stricter requirements for 



observed significance levels that are needed to reduce the chance of a false positive result to acceptable levels and 

describe related power and sample size implications. Finally, we examine a large number of variables measured at 

the Honolulu Heart Study as the example. 
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Background: In the absence of a clinical trial, ascertaining causal inference maybe done using observational and 

cross-sectional data. However, estimating of causal effect on health outcome differentials in cross-sectional studies 

has rarely been studied. Propensity score based methods that aim to match confounding characteristics between 

exposure and groups have been proposed and are commonly used. Alternatively, under certain conditions of 

exposure and risk factor association, valid causal effect estimation on health outcomes can be performed on 

prevalence outcomes. Using these methods and constructions, we estimate causal effects for child and maternal 

health outcomes using a representative survey. 

Methods: The 2010 Malawi Demographic and Health Survey data was used. A logistic regression model was used 

to derive propensity scores. For the exposure-risk factor association conditions, the target population P0 was defined 

as women who had HIV (exposure) five years (a0) before the survey and women who exclusively breastfed at the 

time of the survey. P1 was defined as all women who were alive at the time of the survey. Exchangeability was 

considered by making sure that exposure (HIV status) is independent of risk factors for low birth weight and 

exclusive breastfeeding. 

Results: All confounding variables were distributed similarly between exposure groups (p-values >0.05) therefore 

controlling for confounders. The causal effects were obtained based on the assumptions specified the target 

population P0 was defined and P1 was also defined. The age at exposure (Mother HIV) was defined as 5 years before 

the survey and at the time of the survey for exposure exclusive breastfeeding. Exchangeability was obtained by 

controlling for confounding using the propensity score. The assumption of Stable Unit Treatment Value Assumption 

(SUTVA) was not met as subjects might have been related within clusters. 

Conclusion: The assumptions needed to validate estimation of causal effects on prevalence were defined and met 

except for SUTVA. The p-score matching controlled for confounders which assisted in defining the exchangeability 

assumption. The study provides options that a researcher can use to assess causal associations between exposure and 

health outcomes using observational data in the absence of clinical trials. 
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Objective The purpose of this study was to determine attributions of metabolic syndrome on structural equation 

modeling(SES),interrelations between different factors ,and the relationship of latent variables. 

Methods Data were derived from the MJ Longitudinal health check-up based Population Database. This study 

surveyed 13 084 participants, aged from 20 to 70, who were asymptomatic for metabolic syndrome (MS) at 



enrollment. A follow up was conducted after a five-year period. We assessed the associations between distal and 

proximal risk factors,and the onset of MS after five years with SEM. 

Results The risk factors of MS can be classified into 4 main factors, including socioeconomic status (SES) , living 

habits, metabolic abnormality-related, and blood pressure factors. And the total effect of those factors on the onset 

of MS is 0.087, -0.182, 0.154 and 0.359, respectively. Additionally, SES is positively related with the pathogenesis 

of MS, especially educational with a standardized correlation coefficient of 0.897. As for metabolic-related factors, 

the standardized association coefficient of Waist circumference(WC ( β=0.964) and body mass index (BMI 

(β=0.824)) are relatively large.As regard to blood pressure, the standardized association coefficient of DBP is larger 

than SBP. 

Conclusion The onset of MS is closely related to SES, living habits and baseline physiological index. 

Educational,WC, BMI early play an important role in the onset of MS. 
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Recently, seamless phase or combined phase clinical trials have become more popular for reducing the estimated 

time it takes to complete the development of drugs. A seamless phase II/III clinical trial’s main purpose is to 

compare a number of drugs or doses in a single trial conducted in two stages. The first stage studies all of the 

experimental doses/drugs and selects the population with the largest sample mean. This selected treatment will 

continue to the second stage for further analysis. The problem is to obtain the best estimator of the mean of the 

selected population. In the analysis of two-stage trials, the issue of estimation bias introduced by treatment selection 

has long been known: the sample mean for the selected population is a positively biased estimator of the 

corresponding population mean, due to combining data from both stages. Since the maximum likelihood estimator is 

biased, a conditionally unbiased estimator has been proposed for a variety of settings. This estimator has also been 

shown to have uniformly minimum variance. However, it has mainly been investigated when the responses are 

normal. In practice, the responses may not have a normal distribution. For example, survival times could have a 

gamma distribution. In this paper, a conditionally unbiased estimator is derived for gamma responses. The 

derivation starts with an unbiased estimator based on the second stage data only. The Rao-Blackwell theorem is then 

used to construct a conditionally unbiased estimator with lower variance using the data from both stages. To assess 

the performance of the conditionally unbiased estimator, simulation studies have been carried out using R. The 

results show that, although this estimator is unbiased, it has a larger mean square error and variance than the 

maximum likelihood estimator. More specifically, the latter estimator has a smaller mean square error and variance 

when the treatment difference is small, but, for a large treatment difference, the difference in the mean square errors 

is minimal. Consideration of this conditionally unbiased estimator is important because reliable information is 

needed about the treatment effects in a clinical trial. 
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Neighbourhood effect is defined as the independent causal effect of a neighborhood on any health or social 

outcomes. Its estimation is not trivial because of the complexity of relationships between individuals and 

environment. 

In this work we use data from the Longitudinal Study of Turin, a city in northern Italy with 900.000 inhabitants. The 

study links together a huge amount of health data flows relative to all resident people from 1971 to 2015. 

In observational studies, individuals are not randomly assigned to each neighborhood, the distribution of people in 

the territory depends on individuals' characteristics. As a consequence, compositions of population in each 

neighborhood will be different and groups will not be comparable. In order to overcome this problem, multilevel 

models are commonly used to estimate neighborhood effects. However, parametric models may not succeed in 

balancing the distribution of covariates across neighborhood. 



We propose instead an approach based on inverse propensity score weighting considering different neighborhoods 

as treatments that are thus made comparable. In this way it is possible to estimate the neighborhood effect discerning 

it from a composition effect. 

In order to perform the analysis, several methodological problems have to be addressed such as the number and the 

size of the considered neighborhoods (that involves a multi-treatment approach with a huge number of treatments) 

and individual characteristics to be considered. Moreover, the inclusion of the longitudinal dimension in the analysis 

brings on some additional methodological problems: the selection due to censoring (produced by death and 

relocation of individuals out of the observed territory), individual's movements in the territory (individuals may 

change the neighborhood during the observation time), the worsening of health conditions during the considered 

period. According to the duration of the observed time lag, these elements may have different impacts on the 

analysis. Furthermore, they may be influenced by the staying neighborhood and individuals' behaviors during time 

and they may modify the probability to die or develop other chronic diseases. 

From the comparison of these estimates with neighborhoods' environmental indicators, it is possible to evaluate and 

partially explain health inequalities. 

 
28 

Estimating treatment effects when everyone receives treatment: Investigating the effects of Ivacaftor with the 

UK Cystic Fibrosis Registry 

Simon J. Newsome1, Ruth Keogh2, Rhian M. Daniel3  
1Department of Medical Statistics, London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, United Kingdom, 
3Division of Population Medicine, Cardiff University, Cardiff, United Kingdom 

 
Cystic Fibrosis (CF) is the most common life-threatening inherited disease in white people, and in the UK there are 

over 10,000 people living with the disease. Until recently, the only treatments available to people with CF helped to 

reduce the symptoms of the disease, but did not target the underlying cause. Ivacaftor has been hailed as the first 

disease-modifying treatment and has been offered by the NHS in the UK since 2012. Although it is only effective in 

a subset of people with CF, those with a so-called ‘gating mutation’, in this population it was shown to be so 

effective in clinical trials that almost all eligible people in the UK are now receiving this treatment. 

 

The clinical trials for Ivacaftor had a maximum duration of one year, whereas people continue to use this treatment 

indefinitely. For this reason, it is important to evaluate whether Ivacaftor continues to be effective long-term. The 

UK CF Registry is a national database that contains annual data on almost all people with CF in the UK. This 

provides an invaluable resource to monitor long-term effects, but with all eligible people receiving treatment there is 

no longer a group with whom to compare what would have happened if they had not received treatment. 

 

We identified two potential comparator groups. Firstly, we could compare those eligible for Ivacaftor with those 

ineligible for it, but this would assume that the severity of the disease is comparable between these two groups. 

Alternatively, we could use people as their own controls, comparing the years immediately prior to starting Ivacaftor 

with the years immediately after the introduction of the treatment, but this approach assumes that there have been no 

other changes in this time period that affect the outcomes of interest. 

 

In this work, we examine how the UK CF Registry can be used to assess these assumptions and the further 

implications of using each approach. We investigate two different analysis methods, sequential conditional mean 

models and mixed models with two main outcomes of interest, lung function (a continuous outcome) and annual 

number of days using intravenous antibiotics (a count outcome). Furthermore, we assess the feasibility of time-to-

event analyses in this setting, looking at survival and time to diagnosis of CF-related diabetes. 
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It is becoming increasingly common that clinical researchers are designing longitudinal observational studies, 

enabling multiple treatment efficacy and safety comparison that would not have been observable in clinical trials. To 

adjust for time-dependent confounding, two techniques have been widely adopted, propensity score (PS) and inverse 

probability of treatment weighting (IPTW). There have been recent developments in Bayesian casual inference, 

where a Bayesian formulation of PS or IPTW was presented. Bayesian casual inference can incorporate prior 

clinical beliefs about treatment effectiveness, return probabilistic summaries and propagate PS estimate uncertainty. 

Existing Bayesian methods for longitudinal data include Bayesian estimation of marginal structure models (MSM) 

on an end-of-study outcome, and generalized propensity score (GPS) for dose-response studies. Limited literature 

explored Bayesian causal inference with repeatedly measured outcomes. 

 

In this paper, we explore Bayesian estimation of MSM with explicitly defined repeated outcome measurements. Our 

proposed method permits causal estimation of the treatment effect at each time point. Time-dependent IPTW are 

obtained from MCMC samples of the posterior predictive treatment assignment model at each follow-up visit. We 

use a simulation study to compare the proposed method with existing methods (outcome only generalized linear 

models and MSM), and illustrate our method through an efficacy case study of three consensus treatments on 

juvenile dermatomyositis using North America Childhood Arthritis and Rheumatology Research Alliance multi-

centre registry. 
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In many real problems, explanatory variables affect the response variable nonlinearly. A useful model is threshold 

regression model, namely, when the level of certain variable exceed some threshold, then it will cause a change in 

the response. And this framework can be generalized to multiple levels of affection. We study such model for 

logistic regression and develop an algorithm that employ the decision tree to determine the threshold cut point and 

got some theoretical guarantee under regular conditions. When this model is applied to a routine-body-examination 

data, a real requirement is to get a score model for the diabetes prediction or alert only based on the routine body 

examinations data. In this study, each continuous variable is split into multiple discrete levels, and the coefficients 

hence the scores should be closer for adjacent levels. A fused lasso model is applied on the thresholded data to get 

the score for the categorical levels of the explanatory variables. Corresponding theoretical properties are also 

obtained. Simulation study and real data analysis all show our model's good performance. 
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Network Meta-Analysis: On the Use of the Standard Contrast-Based Approach in Disconnected Networks 

Audrey Béliveau1, Paul Gustafson2  
1Statistics and Actuarial Science, University of Waterloo, Waterloo, Ontario, Canada, 2Statistics, University of 

British Columbia, Vancouver, British Columbia, Canada 

 
Network meta-analysis is a methodology used to compare the efficacy or safety of multiple medical interventions by 

synthesizing data across clinical studies. The term network is coined because each medical intervention can be 

represented as a node in a network and a link between two nodes indicates that at least one study compares the two 

medical interventions. Most of the current literature focuses on connected networks, which arise when there is at 

least one continuous path that connects all the nodes. When there is no such path, the network is described as 

disconnected. The most standard method for analyzing connected networks is the contrast-based method of Lu and 

Ades (2004). Although disconnected networks commonly arise, their analysis is usually avoided as there is not a 

current gold-standard method for analyzing disconnected networks. 

 

The Lu and Ades (2004) approach is deemed inappropriate for disconnected networks (e.g. see the empirical results 

of Goring et al., 2016) but there is currently a lack of theoretical work to justify this claim as a general assertion. In 

this paper, we show using a Bayesian framework that in general the contrast-based approach of Lu and Ades (2004) 

does not work in disconnected networks. The posterior variance on the relative effects of disconnected treatment is 

not updated significantly from the prior distribution. In this talk, we provide a brief overview of the theoretical 



developments and illustrate the theoretical results using simulated data. 

 

References: 

 

Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment comparisons. Stat Med. 

2004;23(20):3105-3124. 

 

Goring SM, Gustafson P, Liu Y, Saab S, Cline SK, Platt RW. Disconnected by design: analytic approach in 

treatment networks having no common comparator. Res Synth Methods. 2016;7(4):420-432. 
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Incorporating historical information in biosimilar trials: challenges and a hybrid Bayesian-frequentist 

approach 

Johanna Mielke, Heinz Schmidli, Byron Jones 
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For the approval of biosimilars, it is, in most cases, necessary to conduct large Phase III clinical trials in patients to 

convince the regulatory authorities that the product is comparable in terms of efficacy and safety to the originator 

product. As the originator product has already been studied in several trials beforehand, it seems natural to include 

this historical information into the showing of equivalent efficacy. Since all studies for the regulatory approval of 

biosimilars are confirmatory studies, it is required that the statistical approach has reasonable frequentist properties, 

most importantly, that the Type I error rate is controlled - at least in all scenarios that are realistic in practice. 

However, it is well known that the incorporation of historical information can lead to an inflation of the Type I error 

rate in the case of a conflict between the distribution of the historical data and the distribution of the trial data. We 

illustrate this issue and confirm, using the Bayesian robustified meta-analytic-predictive (MAP) approach as an 

example, that simultaneously controlling the Type I error rate over the complete parameter space and gaining power 

in comparison to a standard frequentist approach that only considers the data in the new study, is not possible. We 

propose a hybrid Bayesian-frequentist approach for binary endpoints that controls the Type I error rate in the 

neighbourhood of the center of the prior distribution, while improving the power. 
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GUIDING PHASE I DOSE-ESCALATION TRIALS WITH MORE THAN ONE DOSE REGIMEN 

Burak Kürsad Günhan1, Sebastian Weber2, Abdelkader Seroutou2, Tim Friede1  
1Department of Medical Statistics, University Medical Center Göttingen, Göttingen, Germany, 2Novartis Pharma 
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Phase I dose-escalation trials are conducted to assess the relationship between dose and toxicity to declare a 

recommended Phase II dose based on dose limiting toxicity data (DLT). Different Bayesian model-based approaches 

were proposed for Phase I studies including the Bayesian Logistic Regression Model (BLRM). Increasingly, many 

Phase I trials are conducted with flexible dosing regimens, for example starting with daily dosing and then changing 

to weekly dosing. However, standard methods like BLRM do not directly allow for more than one dose regimen to 

be evaluated. Usually, to combine different regimens, ad-hoc approaches such as dose rescaling and data down-

weighting are utilized which disregard the pharmacokinetic (PK) drug properties and lead to a need for larger 

sample sizes due to data discounting. To overcome this, we propose a new statistical model that uses PK principles 

to take into account varying dosing regimens in a model-based approach. We propose to use a latent pseudo-PK, 

which uses the preplanned dosing regimen and the half elimination rate from previous analyses. The pseudo-PK is 

combined with an effect compartment to allow for delays between the latent pseudo-PK and the effects of interest. 

The effect compartment is used as exposure measure, which is set proportional to the instantaneous hazard of the 

time-to-first DLT event process, which gives rise to a time-varying Poisson process. A fully-Bayesian approach is 

utilized via Stan with weakly informative priors. Our proposed model preserves the advantages of the BLRM, such 

as interpretable parameters to facilitate defining priors and it allows for the application of the escalation with 

overdose control principle (EWOC). The main contribution of our approach is the ability to estimate a recommended 

Phase II regimen and not a dose, only. Moreover, partially observed patients, without DLT who have not reached the 

end of their observation period, can be incorporated to the analysis. The operating characteristics (OC) of the 

proposed procedure were assessed in a Monte Carlo simulation study. Although, OC of the proposed procedure are 



similar to standard BLRM in fixed regimen scenarios, better results are obtained in the scenarios which include 

switching the dose regimen compared to the BLRM with ad-hoc methods. The proposed methods are motivated and 

illustrated by a real-life example. 
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Deep nonlinear regression models in a Bayesian framework 

Aliaksandr Hubin1, Geir Storvik1, Florian Frommlet2  
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Regression models are addressed for inference and prediction in a wide range of applications providing a powerful 

scientific tool for the researchers and analysts coming from different fields. In most of these fields more and more 

sources of data are becoming available introducing a variety of hypothetical explanatory variables for these models 

to be considered. Model averaging of different combinations of covariates in this context becomes extremely 

important for both good inference and prediction. Not less important, however, seems to be the quality of the set of 

explanatory variables to select from. It is often the case that linear relations between the explanatory variables and 

the response are not sufficient for the high quality inference or predictions. Introducing non-linearities and complex 

functional interactions based on the original explanatory variables can often significantly improve both predictive 

and inferential performance of the models. In this paper we introduce a class of deep non-linear Bayesian regression 

models and suggest algorithmic approaches for fitting them. In the experimental section we test some computational 

properties of the algorithm and show how deep regression models can be used for inference and predictions in 

various applications.  
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Early Phase Oncology Trials with Binary Endpoints: Single Arm or Randomized Controlled Bayesian 

Designs? 

Elias L. Meyer2, Francesca Michielin1, Ulrich Beyer1, David Dejardin1, Franz Koenig2  
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There is an ongoing debate whether to use single arm or two-arm randomized controlled designs for early phase 

oncology trials. It is well known that randomized controlled trials (RCTs) have many advantages. For instance, 

RCTs are robust with respect to patient selection bias and improvement of standard of care. However, if these two 

biases are either small or can be quantified and additionally extensive and/or high quality historical control data is 

available as a reference for the new experimental drug, early phase single arm trials could be a reasonable 

alternative. Single arm trials are usually easier to perform with less costs and smaller sample sizes. Furthermore, 

sometimes RCTs are simply infeasible. Therefore the choice of design is inevitably connected to the amount and 

quality of historical data. 

 

In this presentation we investigate selected early phase Bayesian single arm and two-arm RCTs which base their 

decision rule on whether or not to take the experimental drug to Phase III on posterior probabilities. The operating 

characteristics of the four designs are compared assessing the impact of the prior, historical data and sample sizes. 

Furthermore, based on an oncology case study we provide a framework, which takes variability and selection bias in 

the historical data into account, and tools to summarize the historical data available. Combined with certain 

operating characteristics, this information can subsequently be used at the design stage to help a sponsor choose 

between different design options. 
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Evaluating the statistical properties of Bayesian basket trial designs 

Kristen M. Cunanan, Alexia Iasonos, Ronglai Shen, Colin Begg, Mithat Gonen 
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Recent oncology trials are dominated with the development of targeted therapies. In certain cancer populations, 

these alternative treatment options have initially been shown to provide more effective and durable tumor responses 

with more favorable safety profiles, as compared to conventional approaches such as chemotherapy. But how can 



we identify these populations early on? In addressing this, creative yet complex oncology clinical trial designs have 

emerged. One such class of designs has been termed "basket trials", whereby treatment allocation is biomarker-

driven rather than disease-driven. In the simple basket trial setting, patients are enrolled into a trial if they have the 

required genomic mutation and then placed into baskets based on their anatomical diseases. The mutations are often 

infrequent and result in small sample sizes in each basket, especially for rare cancers. Consequently, implementing 

independent designs for each basket in parallel is not always feasible and often, not an optimal design for the setting. 

Depending on previous regulatory approval in other disease indications, investigators may be inclined to expect 

broad efficacy across all baskets at the onset of a trial; however, since these trials involve multiple disease 

populations, investigators can expect some heterogeneity in responses across baskets. A Bayesian adaptive design is 

an appealing approach for a basket trial to capitalize on the expected correlated efficacies between baskets, while 

screening out futile baskets. This strategy can potentially improve power and trial efficiency, as compared to 

independent designs. Adaptive basket trial designs using Bayesian hierarchical modeling and Bayesian mixture 

modeling have been proposed with varying degrees of model complexity. In our work, we investigate the impact of 

model complexity for different hierarchical and mixture models on the operating characteristics of the design for 

multiple clinical settings. In preliminary work, we found as the number of baskets and the heterogeneity between 

baskets increases, some methods perform poorly: resulting in large false positive rates in declaring the drug is 

effective in futile baskets. In this talk we present our findings from this investigation of potential gains of such 

complexities and delineate when they are needed. 
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Spatio-temporal quantile interval regression using R-INLA with applications to childhood overweight and 

obesity in sub-Saharan Africa 

Legesse Kassa Debusho  
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Overweight and obesity rates are reaching epic proportions in sub-Saharan Africa. The 

prevalence of childhood overweight and obesity in sub-Saharan Africa was 8.5% in 2010 and is 

expected to reach 12.7% by 2020. The consequences of overnutrition can be more devastating 

than those for undernutrition because it leads to chronic failure problems which in turn lead to 

increased medical expenditure. In this study we analysed childhood overweight and obesity in order 

to assess socio-demographic and socio-economic determinants of childhood overweight and obesity 

in sub-Saharan Africa. We also assessed the geographical variation of childhood overweight and 

obesity in sub-Saharan Africa with more emphasis on both spatial and spatio-temporal effects. All 

available Demographic and Health Survey (DHS) datasets since 2000 were used and the statistical 

inference was fully Bayesian using R-INLA package in the selected countries. Almost all studies 

on spatial quantile modelling of childhood overweight and obesity have emphasised on selecting 

only one specic response quantile level of interest and report the recommendations based on the 

only chosen response quantile. Unlike mean response modelling, quantile regression yields model 

estimates which are stochastic functions of quantile levels ν such that 0 < ν < 1. This implies 

that quantile regression modelling using estimates based on only one chosen quantile level might 

be inefficient and not robust enough. In this study, we used weighted mean estimates based on 

all quantiles in the quantile interval v = 0:90 ± 0:05 which corresponded to v = [0:85; 0:95] for 

modelling childhood overweight and obesity. We found out that the signicant determinants of 

childhood overweight and obesity ranged from socio-demographic factors such as type of residence 

to child and maternal factors such as child age, duration of breastfeeding and maternal BMI. We 

also observed signicant positive structured spatial effects on childhood overweight and obesity in 

some regions within the selected countries. 
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Tracking P. aeruginosa transmission routes in ICUs using mathematical models 
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The relative importance of transmission routes of P. aeruginosa infections among intensive-care unit (ICU) patients 

are studied using mathematical models. The aim is to analyse and compare various models using real data. 

An epidemic model, where patients can be either colonized or susceptible, was used. Once colonized, patients 

remain colonized. In a first step, two acquisitions routes were considered. The endogenous route is independent of 

other patients and may be due to e.g. mutation. Cross-transmission, usually due to temporarily contaminated hands 

of HCWs, is proportional to the fraction of colonizations in wards. Subsequently, we considered models adding 

environmental contamination. It is modelled by either one pool of bacterial load linked to contaminated objects in 

the room or by assuming that only prior bed occupants shedding resistant organisms have a direct impact on the risk 

of acquisition to subsequent bed occupants. Furthermore, incorporating information about covariates such as age and 

sex into the models may improve the quality of estimating the contribution of each route. 

Transmission may be reflected in fluctuations of the observed prevalence of colonizations. Predominance of the 

endogenous route is represented by regression back to the mean. When cross transmission is important, the 

acquisition risk for uncolonized patients is high if the prevalence is high and the prevalence is likely to remain high. 

Fluctuations due to environmental contamination are expected to be in between the two other routes. 

Based on a data-augmented MCMC method by Worby et al. (2013) the relative importance of the considered 

acquisition routes are determined using epidemiologic data from two ICUs in France. The data was collected 

between 20/04/1999 - 03/04/2017 and consists of over 8000 patients per ICU. The analysis is performed for both 

ICUs separately. Information about the day of admission and discharge, culture days and results are used as input 

data for the analysis. 

Preliminary results suggest that among cross-transmission and endogenous transmission, the latter one is the 

prevalent route in both ICUs – with approx. 72% and 84% relative importance respectively. Adding a general pool 

of bacterial load as environmental contamination to the model did not have a substantial impact on the results. In 

both ICUs only about 3% of the total transmissions were due to the environment. 
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Escalation with overdose control (EWOC) and adaptive randomization in cancer phase I/II trials with drug 

combinations 

Jose Jimenez1, Sungjin Kim2, Mourad Tighiouart2  
1Dipartimento di Scienze Matematiche , Politecnico di Torino, Turin, Italy, 2Cedars-Sinai Medical Center, Los 
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<!--StartFragment-->The use of drug combinations in clinical trials is increasingly common during the last years 

since a more favorable therapeutic response may be obtained by combining drugs that, for instance, target multiple 

pathways or inhibit resistance mechanisms. However, most of the existing methodology in phase I trials 

recommends a single maximum tolerated dose (MTD), which may result in a failed phase II trial since other MTDs 

may present higher treatment efficacy for the same level of toxicity. We are motivated by a phase I/II trial that 

combines cisplatin with cabazitaxel in patients with prostate cancer with visceral metastasis and that has been 

approved by the scientific committee of Cedars-Sinai Medical Center, and is now scheduled to open enrollment. We 

present a Bayesian adaptive phase I/II design with drug combinations. The design has a binary endpoint in stage 1, a 

time to disease progression (TTP) endpoint in stage 2, and its overall goal is to estimate the dose combination region 

associated with the highest median TTP among doses along the MTD curve. Conditional escalation with overdose 

control (EWOC) is used in stage 1 to allocate dose combinations to subsequent cohorts of patients and estimate the 

MTD set. Stage 2 starts allocating a first cohort of patients to dose combinations equally spaced along the MTD set 

recommended from stage 1, and then allocates subsequent cohorts of patients to dose combinations likely to have 

high posterior median TTP using adaptive randomization. We perform extensive simulation studies to evaluate the 

operating characteristics and robustness of our proposal.<!--EndFragment--> 
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Bayesian inference for stochastic diffusion model of HIV dynamic. 

Abdellah Abou-Bakre, Hamid El Maroufy 

Applied Mathematics, Sultan Moulay Slimane University, Béni-Mellal, Morocco 

 
We consider a model of HIV dynamic in a heterosexual population. We formulate a stochastic diffusion 

approximation process associated to the discrete model using Fokker-Plank equations. Our aim is to estimate the 



parameters of this model. Due to the low frequency and discrete observations, to reach our goal, we use Bayesian 

inference with MCMC simulations. The theoretical results are illustrated by numerical simulations. Finally, a real 

application to Morocco’s case has discussed. 
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Bayesian Inference for Stochastic SIR Epidemic Model with Random Environment 

Hamid El Maroufy1, Sidali Becheket2  
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The SIR (Susceptible-Infected-Removed) epidemic model is used for epidemics where after a random time of 

infection the infected individual is removed. We obtain diusion approximation of the stochastic SIR epidemic model 

with random environment. In a random environment, we assume that parameters (infection and removal rates) 

change over time according to a Markovian process. We provide exact Gillespie algorithm for simulating the model 

as well as the Euler-Maruyama scheme for simulating from the diusion approximation of the SIR-re model. We 

consider that the random environment is not observed and we propose to estimate its innitesimal generator throw a 

Bayesian MCMC (MarkovChain-Monte-Carlo) algorithm again with the infection and removal rates. Simulation 

examples are performed to illustrate the eectiveness of the MCMC algorithm. 
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Permutation based approach to identify possible extremeness in multivariate data 

MD JAYNAL ABEDIN1, Andrew Simpkin1, Dietrich Rebholz-Schuhmann1, John Newell2  
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Background: Extremeness in the multivariate context could give us a better way of identifying relatively rare or 

anomalous observations that are far more extreme than majority of the data points in the data cloud. Goldstein & 

Uchida (2016) compared 19 algorithms on 10 different benchmark datasets and recommended a k-nearest 

neighbours (kNN) method for anomaly detection. However, kNN is computationally expensive and there is a 

limitation in selecting optimal k. 

 

Methods: We propose a new algorithm to define probabilistic extremeness regions based on permutations which 

can identify anomalies in multivariate datasets. Under an assumed null hypothesis of no correlation amongst the 

variables a reference region can be generated using a permutation test by breaking the correlation structure while 

keeping the empirical variance constant. The normalised Euclidean distance from centre of the axis to each row of 

the data can then be calculated in addition to the row mean and standard deviation. The extremeness region follows 

the notion of Chebyshev’s inequality by calculating the minimum of the upper bound and maximum of the lower 

bound of 2 and 3 times the row standard deviations. We compared the performance of our proposed algorithm with 

kNN using a benchmark dataset. We assessed performance through Matthews Correlation Coefficient (MCC), F1 

score, sensitivity and specificity. 

 

Results: The proposed algorithm resulted in MCC =0.72 and F1 score 0.69 with sensitivity and specificity 100% 

and 97% respectively. While the kNN approach gave lower MCC (0.49) and F1 score (0.74) with lower sensitivity 

and specificity 90% and 94%. 

 

Conclusion: Defining extremeness or anomaly detection in multivariate data is useful because it will provide a 

signal of potentially atypical patterns in the data which ultimately lead to better decision making for further 

downstream analyses. Our proposed method performs better than the current gold standard approach in a benchmark 

dataset. 

 

Goldstein, M. and S. Uchida (2016). "A Comparative Evaluation of Unsupervised Anomaly Detection Algorithms 

for Multivariate Data." PloS one 11(4): e0152173. 
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Ridge logistic regression in case of separation 
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Logistic regression relates a binary outcome to a set of covariates. The estimates of regression coefficients, which 

can be interpreted as log odds ratios, are usually obtained by the method of maximum likelihood (ML). However, 

when the outcomes or exposures are rare a situation termed »separation« may occur. In this case the outcome can be 

perfectly predicted for some subjects and the ML estimate of at least one regression coefficient does not exist. To 

overcome the trouble of non-existing ML parameter estimates, Firth’s likelihood penalization method (Biometrika, 

1993) (FLP), originally intended for bias reduction, was proposed. Here we investigate whether ridge regression 

(RR) may be used as an alternative solution to separation. Unlike FLP, RR requires specification of a penalty 

parameter that controls the strength of penalty. Usually, its value is tuned by cross-validating the deviance. As we 

illustrate by a real data example, with separation, however, the tuned value is often zero. In this case, estimates are 

not shrunken and RR fails to solve separation issue. For a setting with one categorical covariate with K levels and a 

saturated model, respectively, we derive conditions under which this failure of the optimization occurs. In a 

simulation study we extend this setting by including several (noise) covariates and evaluate other criteria proposed 

to choose the unknown penalty parameter. We compare the general performance of RR to FLP in scenarios with 

high probability of separation. We show that for a good choice of penalty parameter RR coefficient estimates, while 

biased, have lower mean squared error than those obtained by FLP. However, different criteria can give different 

solutions that can be far from optimal and therefore, tuning should always be used with caution. 

Supported by FWF (Austrian Science Fund, I2276-N33) 
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A BAYESIAN APPROACH OF DRUG COMBINATIONS FOR PHASE I/II TRIALS IN ONCOLOGY TO 

SHORTEN TRIAL DURAIONS 
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Phase I trials are a phase to determine the recommended dose in the next phase, using maximum tolerated dose 

determined based on the presence or absence of toxicity. Phase II trials are a phase to confirm the optimal dose, by 

evaluating the therapeutic effect of the test drug. In phase I / II drug combination trials for anticancer drugs, the trial 

design to evaluate toxicity and efficacy has been studied by executing these two phases seamlessly. In the first 

phase, admissible dose combinations based on toxicity in terms of toxicity are identified. In the subsequent phase, 

patients are assigned among the identified admissible dose combinations using adaptive randomization. Adaptive 

randomization assigns more patients to more appropriate treatment group based on the accumulated patient data. 

Therefore, it is desirable to determine a more appropriate dose combination by taking into consideration not only 

efficacy but also toxicity, when patients are assigned using adaptive randomization. However, in attempting to 

determine a more appropriate dose combination in terms of both toxicity and efficacy using toxicity experience as 

the endpoint for safety, and the presence or absence of efficacy experience as the endpoint for efficacy, after 

confirming the evaluation of toxicity and efficacy, there is a concern that the trial duration may be prolonged. In this 

presentation, unobserved patient data when selecting the dose combination to the next cohort are treated as missing 

data. We propose a method to assign patients adaptively to more appropriate dose combinations in terms of both 

toxicity and efficacy based on estimated efficacy and toxicity probabilities using imputed missing data to shorten the 

trial duration without significantly compromising the performance of the trial. A simulation study has been 

conducted to evaluate operation characteristics of our proposal method and the conventional method. 
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Introduction 
In pharmacoepidemiology studies, immortal time arises when there is a delay between cohort entry time and real 

treatment prescription. In this follow-up period the study outcome cannot occur or if it occurs cannot be related to 

treatment. Confounding by indication is another problem that arises in observational studies when participants’ 

health status affects treatment allocation. 

 

Aim 
To examine immortal time and confounding by indication bias effect in the association between bisphosphonates 

(BP) and hip fracture risk in a cohort of real-world data of chronic kidney disease patients. 

 

Methods 
We conducted a population-based cohort study using data from the SIDIAP Database linked to the Catalan Renal 

Registry. To avoid immortal time bias, during the time between cohort entry and first prescription for treatment, BP 

users were classified also as non-users. To avoid confounding by indication a propensity matched (PSM) analysis 

was done. The predicted probability to receive BP for each subject was obtained using a saturated logistic regression 

model with variables that are a known common cause of BP use and hip fracture. We matched up to 5 BP non-users 

to each BP user using a maximum tolerated difference between matched subjects of 0.2 standard deviations. The 

association between BP and hip fracture was estimated in the whole cohort, in the cohort corrected for immortal bias 

and in the PSM cohort using a Cox model. 

 

Results 
The study cohort for hip fracture included 219,033 BP non-users and 10,714 BP users with a median follow-up of 

4.2 years. In a raw analysis over the whole cohort BP users presented a statistical significant association with a 

higher hip fracture risk (HR= 2.77, 95% CI 2.58 to 2.97). To avoid immortal bias, the 10,714 BP users were 

classified also as non-users. The association between BP and hip fracture remains statistically significant, but risk of 

fracture for BP users was lower (HR= 1.39, 95% CI 1.23 to 1.55). After applying PSM strategy cohort resulted in 

N=10,714 BP users matched to N=51,739 non-users. The association between BP and hip fracture was not 

statistically significant (HR= 1.05, 95% CI 0.92 to 1.19). 

 

Conclusions 
In our study, the association between BP and hip fracture was misled by immortal time bias and confounding by 

indication. To use a proper person-time approach and to perform a PSM analysis helped to correct this bias. 
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Regression cure modelling for interval-censored data: application to HIV infection in Danish homosexual 
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The dataset of HIV infection analysed by N. G. Becker and M. Melbye (1991) and B. Carstensen (1996) is revisited 

using a cure model approach. In this dataset, a cohort of homosexual men from two cities in Denmark has been 

examined for HIV-antibody positivity on six different dates. Among 297 people, 26 were left censored, 39 were 

interval censored and 232 were examined without HIV infection. In the previous analysis on this dataset, these 232 

individuals were treated as right-censored, implicitly assuming that they will all get infected in the future. We 

propose a different approach where we use a cure model to indicate that some patients will never experience an 

infection. 

 

From the recent work from O. Bouaziz and G. Nuel (2017), a Cox model is implemented using a piecewise constant 

hazard (PCH) baseline with unspecified number and location of cuts. The individual susceptibility is modelled using 

a logistic regression. Estimation in the cure model is achieved using either the EM algorithm or a direct estimation 

approach from the observed likelihood and an adaptive ridge procedure (F. Frommlet and G. Nuel, 2016) allows to 



automatically find the number of cuts of the PCH baseline and their location. Then, an ensemble method is 

implemented in order to construct valid confidence intervals for the regression parameters taking into account both 

the uncertainty from the estimates and from the choice of the cut points. This ensemble method also permits to 

derive a smooth estimate of the baseline survival function which makes our method very similar to the Cox cure 

model with nonparametric baseline. The method is shown to provide performant estimators of the regression 

parameters and the baseline function and can be applied to a wide variety of incomplete data problems with a cure 

fraction. 

 

N. G. Becker and M. Melbye “Use of a log-linear model to compute the empirical survival curve from interval-

censored data, with application to data on tests for hiv positivity“ (1991) 

 

O. Bouaziz and G. Nuel “L0 regularization for the estimation of piecewise constant hazard rates in survival 

analysis“ (2017) 

 

B. Carstensen “Regression models for interval censored survival data: application to hiv infection in danish 

homosexual men“ (1996) 

 

F. Frommlet and G. Nuel “An adaptive ridge procedure for L0 regularization” (2016) 
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The analysis of adverse events (AEs) of novel therapies has a key role in clinical studies where the time-to-event is 

the main end-point. The occurrence of toxicity may imply treatment discontinuation and can weaken the effect of 

treatment on the disease course. 

 

The descriptive methods commonly used are: simple proportions, crude incidences of AE and the exposure adjusted 

AE rates. The crude incidence of AE is the probability of developing the AE over the entire follow-up, while being 

free from the end-point. The AE rate is the epidemiological rate interpreted as number of AEs observed per person 

years spent free from the end-point. Both quantities accounts for the occurrence of the end-point as competing risk. 

The crude incidence of AE accounts for the indirect protection of the end-point. The AE rate is calculated over the 

number of person years free from the end-point. If the rate is allowed to vary over time, it becomes the standard 

cause specific hazard. 

 

We explain why the crude incidence of AE is useful only to describe the AE occurrence in time, whereas the cause 

specific hazard enables to compare the tendency to develop AE in the treatment groups. Given the difficulty to 

communicate the meaning of hazard estimates to clinicians, we propose a graphical representation of the incidence 

of AE based only on the cause specific hazard and thus useful to compare the AE occurrence in different treatment 

groups. 
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Whether to match prior to randomization is a controversial topic, but the question of how to match remains largely 

undiscussed. We suggest a method that allows investigators to randomize with some confidence in reasonable 

covariate balance. Our iterative method involves: identifying baseline covariates and choosing weights most 

important for balance; pairing units to be randomized by using an algorithm that gives minimal Mahalanobis 

distance; randomizing to treatment or control multiple times; for each randomization, finding mean differences 

between treatment and control arms for identified covariates; and iteratively adjusting weights until the distribution 

of possible mean differences are suitable. To aid the process, we plot the mean differences on an interactive parallel-



coordinate plot. The plot allows users to visualize any connections in the distributions of the mean differences 

throughout the covariates. As our method is both individualized and time-intensive, we implemented it in a user-

friendly Shiny web application. The application randomizes and graphs the mean covariate balance for the final 

randomization. 
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In clinical studies handling missing data correctly is critical to drawing unbiased inferences on treatment effects. In 

our research, we focused on longitudinal response with dropout in clinical studies, in which data has hierarchical 

structure. When applying multiple imputation (Rubin, 1987) to missing data in terms of such a longitudinal outcome 

variables, the hierarchical structure is usually ignored. We evaluated two multiple imputation (MI) strategies, one is 

multilevel using random-effects and the other is marginal, as such research is still limited. We developed 

programming code by means of Markov chain Monte Carlo (MCMC) for the imputation methods for longitudinal 

continuous response variables with monotone missing pattern. Specifically, the performance of marginal imputation 

models was compared with that of multilevel MI for various dependence structures. An example motivated by an 

actual clinical study was used in the evaluations. Simulation studies assuming a clinical study to compare two 

interventions on continuous repeated measurements were performed under various settings (e.g. sample size, 

covariance structures, fraction of missing information). In the simulation, missing data were created with logistic 

regression models, and resulting missing mechanisms were missing completely at random (MCAR), missing at 

random (MAR), missing not at random (MNAR), and a mixture of MAR and MNAR. In addition to two MI 

strategies, complete-case analysis, last observation carried forward (LOCF), and mixed-effects models were 

evaluated in this study. The bias in point estimates for the mean, the width of 95% confidence interval (CI) for the 

mean, coverage probability for the 95% CI were used as measures to evaluate the performance of the statistical 

analysis methods. The sensitivity of estimation with MAR methods (two multiple imputation methods and mixed-

effects models) under two scenarios (MNAR and a mixture of MAR and MNAR) was specifically evaluated. In 

many settings, the multilevel MI showed conservative results compared with other four methods. The details of 

results will be shown in the presentation. 
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In many public health and medical research settings, information on key covariates may not be readily available or 

too expensive to gather for all individuals in the study. In such settings, the two-phase design provides a way 

forward by first stratifying an initial (large) phase I sample on the basis of covariates readily-available (including, 

possibly, the outcome), and sub-sampling participants at phase II to collect the expensive measure(s). When the 

outcome of interest is binary, several methods have been proposed for estimation and inference for the parameters of 

a logistic regression model, including weighted likelihood, pseudo-likelihood and maximum likelihood. Although 

these methods yield consistent estimation and valid inference, they do so solely on the basis of the phase I 

stratification and the detailed covariate information obtained at phase II. That is, they ignore any additional 

information that is readily available at phase I but was not used as part of the stratified sampling design. Motivated 

by the potential for efficiency gains, especially concerning parameters corresponding to the additional phase I 

covariates, we propose a novel augmented pseudo-likelihood estimator for two-phase studies that makes use of all 

available information. In contrast to recently-proposed weighted likelihood-based methods that calibrate to the 

influence function of the model of interest, the methods we propose do not require the development of additional 

models and, therefore, enjoy a degree of robustness. In addition, we expand the broader framework for pseudo-

likelihood based estimation and inference to permit link functions for binary regression other than the logit link. 

Comprehensive simulations, based on a one-time cross sectional survey of 82,887 patients undergoing anti-retroviral 

therapy in Malawi between 2005-2007, illustrate finite sample properties of the proposed methods and compare their 

performance competing approaches. Finally, the methods are applied to a large implementation science project 



examining the effect of an enhanced community health worker program to improve adherence to WHO guidelines 

for at least four antenatal visits, in Dar es Salaam, Tanzania. 
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By jointly analyzing multiple variants within a genomic region, instead of one variant at a time, multiple regression 

improves power & robustness of genetic association hypothesis testing. Compared to single-variant analysis, 

multiple testing burden is reduced and when the global test statistic is non-adaptive to trait knowledge, it is free of 

selection bias. We proposed a multiple-linear-combination (MLC) regression statistic that exploits local linkage 

disequilibrium (LD) for dimension reduction. Application of MLC to quantitative HDL measures detected a well-

known CETP association with a stronger signal than a single-variant test, consistent with multiple independent 

signals in the gene. Within the family of generalized linear models, MLC test statistics extend directly to logistic 

regression of binary traits in case-control studies for example. 

 

In moving from gene-focussed to genome-wide region-based analysis, a critical question is how to specify 

appropriate regional units and corresponding variant sets to be evaluated by the global test. To this end, we apply a 

novel haplotype block detection algorithm which uses interval graph modeling to cluster correlated variants and 

partition the genome into a large number of non-overlapping and approximately independent LD block regions 

amenable to parallel processing. Compared to existing partitioning methods, this “BigLD” approach finds LD blocks 

of larger size that are more invariant & less data-dependent, with boundaries that agree better with known 

recombination hotspots. Given BigLD quasi-independent LD blocks across the genome determined according to 

relevant sample LD, MLC regression or other multi-variant methods can be applied within each such LD block. 

 

Applications to genotyped and imputed SNPs on selected chromosomes from high-density genotyping array 

platforms (oncoarray, human core exome array), together with 1000 Genomes European population data, indicate 

the algorithm is robust within the default parameter neighbourhood. Although the default BigLD algorithm is 

agnostic to gene boundaries, our applications suggest that it captures appropriate gene regions reasonably well, 

largely because partitioning depends on genetic distance. We recommend that partitioning be conducted in 

combined genotyped and imputed SNP datasets, and for controls alone in case-control settings. 
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One of main roles of omics-based association studies with high-throughput technologies is to screen out relevant 

molecular features, such as genetic variants, genes, and proteins, from a large pool of such candidate features based 

on their associations with the phenotype of interest. Typically, screened features are subject to validation studies 

using more established or conventional assays, where the number of evaluable features is relatively limited, so that 

there may exist a fixed number of features measurable by these assays. Such a limitation necessitates narrowing a 

feature set down to a fixed size, following an initial screening analysis via multiple testing where adjustment for 

multiplicity is made. We propose a two-stage screening approach to control the false discovery rate for a feature set 

with fixed size that is subject to validation studies, rather than for a feature set from the initial screening analysis. 

Out of the feature set selected in the first stage with a relaxed FDR level, a fraction of features with most statistical 

significance is firstly selected. For the remaining feature set, features are selected based on biological consideration 

only, without regard to any statistical information, which allows evaluating the FDR level for the finally selected 

feature set with fixed size. Numerical evaluation demonstrated substantial increment in the number of screened 



features (for biological consideration), compared with the standard screening approach. The increment of screened 

features would especially facilitate extensive and in-depth biological investigations. 
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When the goal is to relate a biomarker measured repeatedly during follow-up to a survival time outcome, the 

standard approach is the adaptation of the Cox model to the case of a time varying covariate (TVCM). This 

approach leads to an inference based on the partial likelihood where the biomarker values are assumed constant in 

intervals within measurement times, according to the last-observation-carried-forward (LOCF) principle. Further, 

the TVCM introduces bias due to failing to account for the measurement error of the marker. 

Joint models (JM), that analyze simultaneously the longitudinal profile of the marker and time-to-event data, was 

developed to make better inference about the association between the hazards of an event and longitudinal 

biomarkers subject to measurement error. Although appealing, such complex models are computationally intensive, 

and are rarely applied in biomedical research. In this context, simulation studies play a key role in clarifying relevant 

assumptions and improve understanding of such models. 

We conduct an extensive simulation study to investigate the performance of a JM relative to a TVCM under various 

scenarios. In particular, we assess how the misspecification of the longitudinal profile of the marker in time and the 

distributional shape of the baseline hazard influences the results of the models. Further, we focus on disentangling 

the bias due to the measurement error from that due to the LOCF in the TVCM, and compare its performance with a 

JM also in the presence of model misspecifications. 

Our simulations showed, as expected, a poorer performance of the TVCM in the presence of greater measurement 

error as reflected by large bias and small coverage probability. Results indicated that the bias due to measurement 

error remains substantial compared with that due to the LOCF. The results of the JM are severely biased when the 

baseline hazard or the shape of the longitudinal trajectories are grossly misspecified, illustrating the importance of a 

careful consideration of the JM assumptions. 
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On-farm experiments are conducted in producers’ fields using precision technologies that facilitate trial set up 

without additional tasks other than the necessary ones for crop development. Current availability of precise 

machinery equipped with proximal and remote sensors enable automation of changes in the assignment of 

agricultural inputs (seeds, fertilizers, pesticides) in a plot. The possibility of changing input rates automatically and 

monitoring associated yields enable local comparisons of the effect of different treatments on production. Advances 

in design techniques and statistical analyses of this type of trials are essential for rapid development, fine-tuning and 

evaluation/adoption of precision agriculture. One goal of experimental design in producers’ fields is to generate the 

sufficient amount of data to estimate productivity functions. On-farm estimated productivity function (yield as a 

response of treatment) for a given number of crop seasons, allows us to make environmentally and economically 

optimum prescriptions for crop management in the agricultural plot. Design-based and model-based approaches for 

treatment comparisons can be used in on-farm experiments. Experiment design requires considering the basic 

principles of randomization, replication and local control within a context of georeferenced data with continuous 

spatial variation at a fine scale. The underlying spatial variability among sites in a plot (variability in soil properties, 

topography, water availability, historical yield levels) can be used for stratification or identification of zones, in 

which treatments are compared under uniform conditions or, rather, as covariables of yield prediction models as a 

function of treatments. Relative efficiency of completely randomized, randomized complete blocks (RCBD), and 

strip designs were assessed by simulation. RCBD was the most efficient design to compare treatments, and the 

differences between RCBD and the other two designs were really high when site covariables were not accounted for. 



The benefits of adopting a site-specific predictive model approach, including site characteristics as covariables as 

well as interactions between them with input rates, are discussed through an illustrative case. 
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Advanced hepatocellular carcinoma (HCC) has limited treatment options and poor survival, therefore early detection 

is critical to improving the survival of patients with HCC. Current guidelines for high-risk patients include 

ultrasound screenings every six months, but ultrasounds are operator dependent and not sensitive for early HCC. 

Serum α-Fetoprotein (AFP) is a widely used diagnostic biomarker, but it has limited sensitivity and is not elevated 

in all HCC cases so, we incorporate a second blood-based biomarker, des-γ carboxy-prothrombin (DCP), that has 

shown potential as a screening marker for HCC. The data from the Hepatitis C Antiviral Long-term Treatment 

against Cirrhosis (HALT-C) Trial is a valuable source of data to study biomarker screening for HCC. We assume the 

trajectories of AFP and DCP follow a joint hierarchical mixture model with random changepoints that allows for 

distinct changepoint times and subsequent trajectories of each biomarker. The changepoint indicators are jointly 

modeled with a Markov Random Field distribution to help detect borderline changepoints. Markov chain Monte 

Carlo methods are used to calculate posterior distributions, which are used in risk calculations among future patients 

and determine whether a patient has a positive screen. The screening algorithm was compared to alternatives in 

simulations studies under a range of possible scenarios and in the HALT-C Trial using cross-validation. 
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The Irish Prostate Cancer Outcomes Research (IPCOR) study is clinically-led national registry which captures high-

quality data about newly diagnosed prostate cancer patients. The registry collects clinical data as well as patient-

reported outcome measurements (PROMs) from time of diagnosis and annually, throughout their treatment. 

 

The registry is bringing together clinical and proms data on a large scale for the first time in the Republic of Ireland, 

which will hopefully lead to an improvement of treatment regimes, patient care and maximise quality of life for men 

diagnosed with prostate cancer. 

 

One way the registry desiminates information is a personalised report for each clinician and hospital, involved in the 

study. We provide an introduction to the study and present some the methods used to generate these reports in R. 
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We revisit the concept of heritability and describe it as an auxiliary tool to express a well known multivariate normal 

result. We conclude that usual expressions of variance ratios are meaningless out of the context of normal 

distribution. Some indications of situation in which corrections are possible and others in which interpretation is 

dubious are given. Ways to express heritability in the scale of the linear predictor of generalized (linear) models and 

re-express the genetic gain by selection are also discussed. Binomial, Poisson and ordinal-type responses are then 

considered. Simulated data are used in all analyzes. 
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In studies related to sleep disorder the measurements of the latency to persistent sleep (LPS) is often measured. A 

clinical trial is done to evaluate the performance automatic systems (Morpheus) with various levels of human 

review/editing, in scoring polysomnographic (PSG) recordings from a clinical trial to study of transient insomnia. 

Clinical trial data in [1] is comprised of 164 PSG recordings collected during 2 nights of sleep from 82 subjects. Test 

subjects were under placebo during one night and a 10mg treatment of zolpidem was used during the other one. 

 

In the present work, we considered for the PSG measurements only two different methods: (1) full manual scoring 

(“Gold Standard”) and (2) automated scoring by Morpheus (“alternative method”). We proposed to evaluate the 

degree of agreement between measurements obtained from the alternative and Gold Standard methods, because the 

first one offers less time consumption especially in large multicenter clinical trials and the reduction in scoring 

variability may also reduce the sample size of a clinical trial. Therefore, the automated scoring by Morpheus can be 

introduced in replacement of the full manual scoring. 

 

The degree of agreement between measurements can be evaluated by the Concordance Correlation Coefficient 

(CCC) [2]. In practice it is common to assume that the data are normally distributed, however in the presence of 

outliers, the normality assumption is no larger valid, leading to biased estimates of the CCC, thus affecting the 

conclusions about the agreement between the measurements. 

 

To overcome the above problem, we propose to estimate the CCC based on the t-Student distribution. Further, to 

detect the sensitivity at the estimator of the CCC, different perturbations scheme are applied and local influence is 

studied. 

 

We apply our methodology for evaluating the agreements of the measurements of LPS with full manual scoring 

and automated scoring by Morpheus. 

 

Reference: 

[1] Svetnik V; Ma J; Soper KA; Doran S; Renger JJ; Deacon S; Koblan KS. Evaluation of automated and semi-

automated scoring of polysomnographic recordings from a clinical trial using zolpidem in the treatment of insomnia. 

SLEEP 2007; 30(11): 1562-1574. 

[2] Lin, L. (1989). A Concordance Correlation Coefficient to Evaluate Reproducibility. Biometrics, 45,255-248. 
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Distress is a state characterized by emotional burden, stress and worry that arises in some patients with a chronic 

disease. Diabetes and hypertension are two chronic diseases with a high worldwide prevalence that frequently 

coexist. The lack of an appropriate instrument to measure distress in Mexican patients has hindered its diagnosis, 

clinical treatment and study. The Diabetes Distress Scale (DDS17) is one of the most commonly used scales to 

assess distress in patients with diabetes. The General Health Questionnaire (12GHQ) has been used to evaluate the 

psychological welfare of patients with cardiovascular diseases. The aim of our study was to translate to the 

Mexican-Spanish language the DDS17 questionnaire and to validate it in order to assess distress in Mexican patients 

with type 2 diabetes, hypertension or both diseases. A total of 722 ambulatory patients were interviewed in two 



clinics in Mexico City: 235 with diabetes, 233 with hypertension and 254 with both diseases. Separate exploratory 

factor analyses were made for each group of patients. The four-factor structure of the scale could not be replicated 

perhaps because the original sequence of the items was altered. We used structural equations models to examine the 

goodness-of-fit and invariance of the three models developed for the studied populations. 
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There is an increasing debate in the literature related to clinical trials designed upon the assumption of proportional 

hazards. In particular if the assumption is deviated, log-rank based tests and designs derived from them, may exhibit 

poor power and hence need to improve. The literature contains proposals based on designing the trial using other test 

statistics or other underlying distributional assumptions, as well 

In this paper we present novel adaptive designs for survival outcomes. The central idea is to design the trial with two 

stages. At the end of the first stage a decision is made whether to continue but also whether the proportionality 

assumption is a reasonable one and if not the sample size of the second stage is determined using other test statistics. 

In particular we make use of the restricted mean residual life which also allows to investigate the maturity of the 

data in the sense that we have sufficient information to decide on the proportionality assumption. Simulation results 

demonstrate the gain in the number of patients using this adaptive approach. 
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In cancer research, the discovery of a new biomarker is of primary importance to improve patient management. The 

first step in developing a clinically useful biomarker is to identify its ability in discriminating patients at high risk of 

dying within the next t-years (e.g. 5-years) from those who will not. The standard methodology to quantify the 

discrimination performance of a biomarker, with right censored data, is to estimate time dependent ROC curves, 

ROC(t). To produce reliable evidence of the biomarker prognostic capability, large multi-center trials or individual 

patient data meta-analysis are often conducted. Unfortunately, such data are clustered and no methodology is 

available yet, to estimate time dependent ROC curves for censored correlated failure times. In short, the current 

methodology does not account for heterogeneity while estimating ROC(t). In this work, we fill this gap by proposing 

an extension to clustered data of the Song & Zhou method (Statistica Sinica, 2008). We consider a proportional 

hazards shared frailty for modelling the effect of the covariates and the biomarker on the right censored clustered 

outcome and a semi-parametric location scale that models the association between the biomarker and the covariates. 

In the evaluation of a biomarker performance, it is important to account for covariates related to the biomarker. In 

fact, the covariate-specific ROC curve naturally quantifies the added value of the new biomarker to discriminate 

between subjects that are so far considered as having similar risk profiles. 

We first evaluate the performance of the proposed method in a simulation study. Next, the usefulness of our 

approach is illustrated on our motivating example, which consists in the first meta-analysis on individual data of 

more than 2000 patients from 15 centers with non metastatic breast cancer. Its objective was to quantify the clinical 

usefulness of circulating tumor cells (CTCs) count as a prognostic marker of survival. Among the non metastatic 

breast cancer, patients with inflammatory tumor have a higher number of CTCs and a poorer prognosis. For refining 

medical decision making, it is essential to estimate the covariate-specific ROC curves that quantify the 

discrimination performance of CTCs count within subgroups of patients having the same tumor stage. 
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Pancreatic cancer has the worst overall prognosis of all cancers, with a 5-year survival less than 5%. Several 

metabolic and lifestyle factors are associated with pancreatic cancer risk, but there is need to identify biomarkers 

that may help with risk prediction and early diagnosis of pancreatic cancer. We designed a case-subcohort study 

within the China Kadoorie Biobank, a prospective cohort study of over 0.5M Chinese adults with blood samples 

collected at baseline, to examine the associations between circulating metabolites and the risk of developing 

pancreatic cancer. We performed nuclear magnetic resonance (NMR) metabolomics to quantify 225 metabolic 

markers on 700 pancreatic cancer cases that accumulated over about 8 years of follow-up and a subcohort of 700 

individuals. We used weighted Cox proportional hazards models to assess the associations between metabolic 

markers and pancreatic cancer risk. Some methodological issues and some preliminary results will be discussed. 
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Introduction: Recent studies have suggested an increased hip fracture risk in patients suffering from type 2 diabetes 

(T2DM), whilst failing to model the effect of T2DM status on subsequent post-fracture mortality. We used multi-

state cohort analyses to estimate the association between T2DM and the transitions to hip fracture, fracture-free 

death, and post-hip-fracture mortality. 

Methods: Cohort including all subjects aged <65 to 80 years and with a recorded diagnosis of T2DM on 1/1/2006; 

and T2DM-free controls matched (up to 2:1) by year of birth, gender, and primary care practice. Primary care 

diagnosis of T2DM on 1/1/2006. Subjects were followed from then to study outcome (hip fracture or death) date, 

and then from hip fracture to death. Statistical analyses Multi-state Cox regression models were fitted to estimate 

Hazard Ratios (HR) and 95% Confidence Intervals [95CI] for hip fracture, fracture-free death, and post-hip-fracture 

death according to T2DM status. Multivariable models were adjusted for age at T2DM diagnosis and at hip fracture 

respectively. All analyses were stratified by gender, which otherwise violated proportionality of hazards. 

Results: A total of 44,796 T2DM and 81,221 matched controls (53% women, mean age 72 years old) were followed 

for a median of 8 years: 23,816 died without fracturing, and 3,308 broke a hip, of which 829 subsequently died 

(Table 1). Median time to hip fracture was 4.7 years, with a median of 1.5 years from then to death. Adjusted HRs 

for fracture-free death were 1.40 [1.35-1.45] for men and 1.86 [1.79-1.94] for women. HRs for hip fracture were 

1.30 [1.13-1.49] and 1.50 [1.38-1.62], whilst HRs for post-hip-fracture mortality were estimated at 1.30 [1.05-1.62] 

and 1.69 [1.42-2.01] in men and women respectively. 

Conclusion: T2DM patients are at a 30% (men) to 50% (women) increased risk of hip fracture and at a 30% (men) 

to 70% (women) risk of dying after suffering such a hip fracture. The effect of T2DM on overall baseline (fracture-

free) mortality was of a similar magnitude (40% higher for men, 85% for women) to that following a hip fracture. 
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We consider a mixture cure rate model (MCM) for univariate right censored event time data. In a MCM the 

population is assumed to consist of two groups: (1) the ‘cured’ or ‘non-susceptible’ group, who will never 

experience the event of interest and (2) the ‘non-cured’ or ‘susceptible’ group, who will undergo the event of interest 

when followed up sufficiently long. When fitting a MCM, a parametric form (e.g. Weibull) is often imposed on the 

survival function of the susceptible group. We propose a new simple diagnostic test to verify the aptness of the 

assumed parametric form. The asymptotic behavior of the test is established and a bootstrap algorithm that facilitates 

the calculation of an approximate p-value is introduced. We evaluate the finite sample behavior of the test under 



various simulation settings, including (1) diverse parametric forms, (2) a high versus a low susceptibility rate and (3) 

a short versus a long follow-up period. The practical use is illustrated via an application to real life data on (1) the 

time to leukemia relapse after bone marrow transplant and (2) the time to drug use return after therapy. 
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There is increasing acknowledgement of the existence of patient subgroups within clinical research. As a 

consequence, many clinical trials look to perform subgroup analysis to assess whether a treatment is effective for 

those patients with, and those without, a specific biomarker. However, it is not always possible to measure a 

biomarker with perfect diagnostic accuracy meaning the observed subgroups will be subject to misclassification 

error. 

 

 

For time-to-event data, if an underlying Cox proportional hazards model is assumed for the effects with respect to 

the true subgroups, the survival distributions with respect to the diagnosed subgroups will not adhere to the 

proportional hazards assumption. This precludes the possibility of using simple adjustment procedures. Instead, we 

present a method based on formally modelling the data as a mixture of Cox models using an EM algorithm for 

estimation. Profile likelihood is used to construct individual and simultaneous confidence intervals of treatment 

effects. The resulting confidence intervals are shown to have close to nominal coverage for moderately large sample 

sizes and the method is illustrated on data from a renal-cell cancer trial. 
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The excess risk of exposed groups is an important instrument in epidemiology, as it provides a measure of the 

potential impact of a particular exposure on the public health setting. 

We present an excess risk regression model for matched cohort data in a competing risk setting, where the excess 

risk is described in terms of excess cumulative incidence. The model works within matched cohort studies, where 

individuals with a defined disease are matched at the date when the exposure starts, with unexposed persons 

according to characteristics, such as country, sex and age. 

 

By exploiting the fact that the data are matched, the method is able to naturally handle two time scales, namely age 

and duration time. An individual effect on the background risk, possibly depending on matching factors, is removed 

considering differences. 

 

We propose a regression model for the excess cumulative incidence curve on the lines of the binomial regression 

method proposed by Scheike et al. (2008). We adapt such approach with regard to the matched structure of the data 

and by taking into account potential correlation of the data and possible left truncation. 

 

We provide an accurate description of the model by proving large sample properties of the estimators and by 

reporting simulation-study results. Lastly, we highlight the features of the method with an application on childhood 

cancer survivors. 
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Recently, there has been an increasing interest in statistical analysis of interval-censored time-to-event data. This 

type of data is quite usual for clinical trials or longitudinal studies especially in practical settings of AIDS and cancer 

research where the individuals have pre-scheduled visits but the event of interest occurs between the visits. 

Moreover, in clinical trials, the units may be collected in clusters and they share some observed or unobserved 

characteristics, i.e. patients from multiple centres, teeth of multiple subjects. In dependent right-censored data 

setting, numerous extensions of familiar survival procedures have been proposed. A popular model accounting for 

the correlation among the observations is the shared frailty model. In this approach, it is assumed that there exists an 

unobserved latent variable shared by all individuals in the same cluster and named the frailty and is assigned a 

parametric distribution, typically, a gamma distribution due to its conjugacy in the Cox PH model. However, in the 

case of interval-censored time-to-event data, the inclusion of gamma frailties results in complicated intractable 

likelihoods. The use of the EM algorithm solves this issue because gamma distribution becomes conjugate for 

complete data likelihood. The EM algorithm also facilitates the use of more flexible distributions such as gamma 

shape mixtures (GSM) for the frailty. The combination of the EM algorithm and of a GSM distribution for the frailty 

provides a more flexible modelling framework for clustered interval-censored data. Therefore, we aim to present a 

shared frailty proportional hazards model with a flexible form for the time-to-event distribution and the GSM 

distribution for the frailty. 
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Recently, a novel method for assessing the effect of a partly unobserved, exogenous, binary time-dependent 

covariate on survival probabilities using generalised pseudo-values has been proposed (Pötschger et al., BMC 

Medical Research Methodology, 2018; DOI 10.1186/s12874-017-0430-5). The typical application of this approach 

is the investigation of the effect of stem-cell transplantation (SCT) on long-term survival probabilities. The 

comparison is based on the exogenous donor availability status of an SCT-donor which can be considered 

independent of patient’s prognosis. The analysis is complicated by the fact that donor availability status becomes 

either known after a waiting time needed for successful donor search or after a sufficiently long period of fruitless 

searching. Donor availability status may remain unobserved due to censoring or an early event. Furthermore, non-

proportional hazards come along frequently; thereby hazards increase shortly after SCT and decrease thereafter, 

expectedly below hazards of the conventional treatment. 

 

In practical applications, Cox-regression with a time-dependent covariate is almost exclusively used investigating 

either average instantaneous relative risks or time-varying hazard ratios. To allow the estimation of survival 

probabilities, the Cox-regression is usually accompanied by a landmark analysis based on Kaplan-Meier estimates. 

 

Contrarily, the generalised pseudo-value regression technique directly investigates long-term survival without 

relying on proportional hazards. 

 

The statistical properties, type I error and power, of (a) the generalised pseudo-value approach, (b) the Cox-model 

with time-dependent covariates either the standard approach or allowing for time-varying hazard-ratios and (c) 

landmark analysis are compared covering proportional- and non-proportional hazard situations. With non-

proportional hazards, the generalised pseudo-value approach leads to a higher power to detect differences in long-

term survival. Hence in summary, the generalised pseudo-value approach clearly outperforms the conventionally 

used methods. Hence we propose using the more powerful generalised pseudo-value approach for future SCT-

studies. 
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VARIANCE ESTIMATION FOR GENERALISED PSEUDO-VALUES FOR A TIME DEPENDENT 
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Recently, a novel methodology was suggested to compare survival of two cohorts by means of generalised pseudo-

values (Pötschger et al., BMC Medical Research Methodology, 2018; DOI 10.1186/s12874-017-0430-5). Patients in 

one of these cohorts may undergo an intervention over time, dependent of an exogenous time consuming search 

process, so that membership to one or the other cohort is a latent variable for the duration of the search process. A 

typical example is stem cell transplantation, where the search for a suitable donor from existing databases takes 

time. Cohort membership becomes known if the search process is ended either successful or unsuccessful. 

Furthermore, cohort membership remains unknown if donor search is ceased due to patient’s death. 

The pseudo-value calculation for the cohort with time-dependent intervention consists of two-parts: 1) the survival 

probability before the intervention (S0), depending on the time until intervention and 2) the survival probability 

from the intervention until the time of interest (S1) for the pseudo-value calculation. The survival probability S0 

before the intervention can easily be estimated by Kaplan-Meier. However, variability estimations for the 

calculation of proper confidence intervals and for testing group differences are not straightforward. Two approaches 

are compared here: 1) the variability of S0 is considered by random Bernoulli draws, a computationally intensive 

approach proposed in the manuscript of Pötschger et al. and an adapted inverse probability weighted approach of S0. 

The latter is not based on resampling and therefore computationally faster and easier to implement in software 

packages. 

The behaviour of the two methods with respect to the coverage of 95 % confidence intervals and type 1 error are 

presented and discussed. 
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In the natural sciences causation is often established by demonstrating that a certain condition is both necessary and 

sufficient for a particular outcome. A condition or cause is considered necessary for a disease, if without the cause 

the disease cannot develop. A cause is considered sufficient if the disease is unavoidable in the presence of the 

cause. 

Causation in this strict sense is rarely observed in clinical or epidemiological studies of prognostic factors. 

Therefore, it may be of interest to quantify the degree to which the effect of prognostic factors is necessary or 

sufficient for an outcome. We have developed new, intuitive measures, which capture the degrees of necessity and 

of sufficiency for prognostic factors of any variable type (nominal, ordinal, continuous) and even for sets of 

variables. Our concept is developed in detail for the case of a binary outcome, including the special case of a 2 x 2 

contingency table as well as the general case of continuous predictors, and for survival outcomes. The mathematical 

relationships with positive and negative predictive values, with Somers’ D, with the attributable risk (and 

generalizations thereof), and with the Schemper-Henderson measure of explained variation are highlighted. 

Simulated examples exhibiting various, also extreme combinations of degrees of necessity and of sufficiency are 

used to develop an intuitive understanding for the newly proposed measures. Finally, the degrees of necessity and of 

sufficiency due to prognostic factors are contrasted for published studies of lung and prostate cancer as well as of 

primary biliary cirrhosis. For example, application to the primary biliary cirrhosis data presented by Fleming & 

Harrington (1991) demonstrates that the two most important predictors of survival, bilirubin and albumin 

(proportion of explained variation of 0.32 and 0.19, respectively) exhibit a higher degree of sufficiency (0.65 and 

0.46, respectively) than of necessity (0.47 and 0.34, respectively). 
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Analysis of time-to-event data is an important subject in the field of medical research. When there are covariates that 

have the possibility to affect the survival time of patients, the modeling of patient’s survival time based on it is an 

important problem. Although the Cox proportional hazard model has been most widely used for this purpose, it 

requires proportional hazard assumptions, and sometimes, the interpretation of the obtained model becomes 

difficult. Tree-based methods are very helpful as a way of this purpose. Because the method uses a hierarchical 

structure, the relationship between covariates and survival model can be determined easily. 

One of the most widely used method for constructing these models is the classification and regression tree (CART) 

algorithm that is composed of three steps: splitting, pruning, and selection. Samples are recursively dichotomized in 

the splitting step. Various authors have proposed several criterions, and essentially these criterions divided into two 

types. One is the minimization of the risk within the node, and the other is the maximization of the degree of 

separation between nodes. For example, Log-rank test statistics, exponential log-likelihood loss, and residual-based 

methods are used. 

In this study, we consider the prediction accuracy-based splitting criterions for constructing a survival tree. The area 

under the curve of the receiver operating characteristic curves is widely used to evaluate the prediction accuracy of 

the model for binary outcome, and it is relevant to Kendall's tau and Mann-Whitney U test statistics. In survival data 

case, this idea is inherited by C-statistics, and it is used to evaluate the prediction accuracy of the model. We study 

the performance of the splitting ability of the criterion based on this statistics, and compare the survival trees 

constructed by this splitting criterion and other criterions through simulations. 
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A popular choice in cancer research when comparing survival between treatments is to consider the log-rank test. It 

is well-established that it is the most powerful non-parametric test to compare survival functions when the hazards 

are proportional over time. However, in the case of non-proportional hazards, the log-rank test may not be optimal 

any more. 

 

While a number of statistical approaches exist to compare treatment effects on survival when the hazards are not 

proportional, they are still underused. This lack of application can be explained by the fact that it is currently unclear 

which approach should be used to design and analyze studies comparing cancer treatments. 

 

In this study, a particular focus is on immunotherapy treatments. The issue of how to compare treatment effects 

when the hazards are likely non-proportional is of major interest for contemporary cancer research due to the 

groundbreaking achievements of immunotherapy, which is typically characterized by a delayed treatment effect. 

 

The aim of the present study was to compare the classical log-rank test and methods designed to deal with non-

proportional hazards. We critically reviewed the statistical properties of different approaches to deal with non-

proportional hazards including the log-rank test, methods based on the restricted mean survival time, generalized 

pairwise comparison and weighted log-rank tests and performed an extensive simulation study to investigate their 

size and power under various scenarios. 

 

Many of the proposed approaches to deal with non-proportional hazards are valid methods to detect any difference 

between the survival distributions but not to test the presence of an overall treatment effect. As expected, these 

methods were characterized by a type I error rate substantially exceeding the nominal rate when the survival 

distributions were different between the two arms but no overall treatment benefit in terms of the mean survival time 

was present. . We extensively compared the methods testing the presence of an overall survival benefit to the log-

rank test under different scenarios typical of immunotherapy trials. Finally, we also illustrated the use of the selected 

methods on an immunotherapies data from a cancer clinical trial. 
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In oncology trials, different clinical endpoints can be considered for the analysis of overall survival. In addition to 

the traditional time to death, progression-related endpoints such as progression-free survival and time to progression 

are often used for the evaluation of treatment effects on overall survival. A new approach [1] of modelling semi-

competing risks data, where we have a terminal event such as death and non-terminal event such as progression, 

considers the events to arise through the first passage times of a latent gamma process. An evaluation of this 

modelling approach in terms of the implied transition intensities of the observable process will be presented. In 

addition, the modelling approach will be extended to include covariates such as treatment. An investigation of the 

extent to which the extended approach can increase efficiency in assessment of treatment effects on overall survival, 

and under what circumstances, is conducted by simulating data in a range of scenarios. This approach will be 

illustrated using data from a clinical trial of treatments for colon cancer. 

 

References: 

[1] Sildnes, Beate and Lindqvist, Bo Henry. "Modeling of semi-competing risks by means of first passage times of a 

stochastic process." Lifetime data analysis (2017): 1-23. 
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We propose a multi-state model for analyzing semi-competing risks data with interval-censored or missing 

intermediate events. This model is an extension of the illness-death model, which includes three states: healthy, 

diseased, and dead. The diseased state can be regarded as the intermediate event. Two more states are added into the 

illness-death model to take into account missing events, which are caused by a loss of follow-up before the end of 

study. One is a state called the lost-to-follow-up (LTF), representing a lostto-follow-up, and the other is an 

unobservable state which represents the intermediate event experienced after the LTF occurred. We employ the 

additive and multiplicative hazards model with a log-normal frailty, and construct the conditional likelihood to 

estimate the transition intensities among states in the multi-state model. A marginalization of the full likelihood is 

accomplished using the adaptive importance sampling, and the optimal solution of the regression parameters is 

achieved through the iterative quasi-Newton algorithm. Simulation is performed to investigate the finite-sample 

performance of the proposed estimation method in terms of relative bias and coverage probability of the regression 

parameters. Our proposed method is also illustrated with the dataset initially analyzed by Helmer et al. (2001). 
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We propose a new of survival models for lifetime data in the presence of surviving fractions and examine some of 

its properties. Its genesis is based on extensions of the promotion time cure model, where an extra parameter 

controls the heterogeneity or dependence of an unobserved number 

of lifetimes. Further, we construct a regression model to evaluate the effects of covariates in the cured fraction. We 

have discussed inference aspects for the proposed model in a classical approach, where we explore the maximum 

likelihood tools. Besides, an expectation maximization algorithm is then developed for determining the maximum 

likelihood estimates of the parameters of the model. 



We also perform an empirical study of the likelihood ratio test in order to compare the promotion time cure model 

and the proposed model. Finally, the model is applied to a data set on colorectal cancer to illustrate the 

methodology. 
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Predicting the occurrence of a clinical event plays an important role in medical decision making. To predict the 

outcome, clinical markers are often used. Traditional ROC analysis measures discriminative ability of such a marker 

with a fixed disease status. However, when the disease status changes over time, time-dependent ROC analysis is 

more appropriate for measuring discriminative ability of the marker. To measure the overall discriminative ability of 

markers, many summary indices (Uno, Heagerty&Zheng, Song&Zhou, Gonen&Heller, etc.) were proposed. In this 

study, we compared these summary indices using simulated data with a variety of experimental conditions; 

violations of regularity assumptions (the proportional hazards assumption and the random censoring assumption), 

changing the maximum follow up time and sample size. 
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Randomly censored survival data are frequently encountered in applied sciences including biomedical and reliability 

applications. We propose Wald-type tests for testing parametric statistical hypothesis, both simple as well as 

composite, for randomly censored data using the M-estimators under a fully parametric set-up. We propose a 

consistent estimator of asymptotic variance of the M-estimators based on sample data without any assumption on the 

form of the censoring scheme. General asymptotic and robustness properties of the proposed Wald-type tests are 

developed. Their advantages and usefulness are demonstrated in detail for Wald-type tests based on a particular M-

estimator, namely the minimum density power divergence estimator. 
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Background: Obesity rates around the world are increasing. The effect of BMI on the occurrence of unintended 

pregnancies amongst users of combined oral contraceptives (COCs) is unknown. 

Objectives: To determine if rates of unintended pregnancies of COCs differ with BMI. Selected procedures to 

assess time-varying effects in multiple survival models are compared in a comprehensive application study. 

Design and methods: Meta-analysis of five prospective, observational cohort studies with primary endpoints of 

venous thromboembolism (VTE) in women using COCs. Studies were conducted between 2007 and 2017 using a 

similar methodology. More than 240,000 women contributing approx. 400,000 women-years, were included. Studies 

were conducted across Europe (EU) and the United States (US). All women were followed for 3-5 years. 

Results were analyzed within four age cohorts <25 years, 25-29, 30-39, and >= 40 years. BMI was defined 

dichotomously as <35 kg/m2 and >= 35 kg/m2 (US) and <30 kg/m2 and >= 30 kg/m2 (EU). 

Time-to-event (survival) analysis was undertaken using applications of the Cox model to allow for time-varying 

exposure to COCs. 

Results: In the US the estimated rates of unintended pregnancies were twice as high as rates observed across Europe 

with higher values. BMI has a significant effect on unintended pregnancy rates of COC. Increasing BMI decreases 

the efficacy of COC in EU and US. 

Conclusion: With this large-scale observational cohort study we were able to investigate the role of BMI on the 

occurrence of unintended pregnancies in women using COCs. 
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The Matanza-Riachuelo River Basin, in the Northeast of Buenos Aires Province, run through the most 

industrialized, crowded and polluted region in Argentina. We utilized a variation partitioning approach in 

conjunction with Moran’s Eigenvector Maps (MEM) and Asymmetric Eigenvector Maps (AEM) to model spatial 

patterns of heavy metals contamination in Matanza Riachuelo basin. We used MEM for overland spatial 

eigenvectors (spatial structures on a plane) and AEM for watercourse spatial eigenvectors, because AEM works 

better for modelling asymmetric spatial processes, such as the directional effects of a river network. For AEM, we 

constructed a tree-like structure, based on connections (edges or river links) among sites. The directional process in 

the spatial model was represented by means of an edge table that includes the information for both the connections 

among sampling sites and the direction of water flow. Log concentration of Pb, As, Cd, Cr, Ni and Cu in water were 

used as response variables. They were measured by the River Basin Authority (ACUMAR) during 2014 in 38 

monitoring stations along the basin. Spatial eigenvectors were used as independent spatial variables. Forward 

selection of spatial variables was carried out using a cutoff level of α= 0.05. The significance of the fractions 

explained by the spatial eigenvectors (AEMs and MEMs) were tested using 999 permutations at a significance level 

of 0.05. All statistical analyses were carried out in the R environment using the ‘vegan’ package. Heavy metals 

pollution showed a strong spatial pattern along the basin. The adjusted coefficient of determination (R2a) was 0.49 

for RDA based on MEM and 0.59 for AEM one. Asymmetric eigenvectors improved the model fit (the variance 

explained increased 20%), showing an unidirectional spatial gradient of pollutions from upstream to downstream 

along watercourses. They explained heavy metals variations more than overland. However, the improvement in 

variance explained changed among elements. Lead showed a low variance explained by AEM, possibly because it 

has low mobility in water. Thus, water flow is a strong force structuring spatially most of heavy metals pollution 

along the basin. 
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Background: Although mortality from all causes in Spain already showed a decreasing trend before the great 

recession, during this there was an even greater reduction. Right after this, there was a change in trend, with a 

significant growth in mortality. Nevertheless, that time trend observed in the period scale may not be equal to the 

trend in the age or in the cohort scales. In addition, some studies have found that when disaggregated, the trend in 

the period scale differs both for the specific cause of mortality and also according to some variables. 

Objectives: Our main objective is to use Bayesian multivariate age-period-cohort (APC) models to assess the 

temporal trends of mortality (all-causes and specific), in the three time scales and stratifying by sex, profession and 

region of residence of the deceased, in Spain in the period 1998-2014. Our second objective is to extend the 

Bayesian APC model in order to detect spatial clusters at the level of small areas. 

Methods: We have all the deaths occurred in Spanish cities of 20,000 inhabitants or more between 1998 and 2014. 

The number of deaths (all causes and specific) in each of the census tracks of the municipalities, stratified by 5-year 

groups, was the dependent variable. We use Bayesian multivariate APC, stratifying by sex, profession and region of 

residence of the deceased. We include correlated overdispersion parameters and correlated smoothing priors, both 

across those strata. In addition, we extend the model to incorporate spatio-temporal heterogeneity in small area 

(census tracts) rates. Inference is made through the integrated nested Laplace approximation (INLA). 

Results: Our preliminary results show that time trends in all-cause mortality differ in the three scales (age, period, 

cohort). Temporal trends in the period scale differ for sex, with a decrease in the age-specific mortality rate from 



2014 onwards in women and a significant increase in men. However, this growth only occurs in more precarious 

groups such as the unemployed, workers in the primary sector and unskilled workers. 

Conclusion: It is important to use APC models that capture significant cohort-based experiences and to take into 

account similar variables that act on the different time dimensions. 
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Indexing population density or monitoring distributional shifts in fish species in remote regions can be difficult due 

to the sparse or infrequent fishery surveys undertaken there. It is therefore important to use as much survey data as is 

available, but a challenge arises when those data come from surveys that employ different gear types which capture 

different size or age distributions of fish. Using data from surveys of Pacific halibut (Hippoglossus stenolepis) in the 

eastern Bering Sea, we show how data from longline and trawl surveys can be calibrated to give consistent, 

spatially-indexed estimates of indices of local density, where the calibration is based on minimising the differences 

between the distributions of fish lengths for fish caught using each of the two gear types. The resulting density index 

estimates can be combined within a spatio-temporal modelling framework that incorporates information on 

environmental variables to provide reliable indices of density for the region of interest. In our example, model 

output is used to map the changing distribution of Pacific halibut in the eastern Bering Sea. 
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In practice, the success of cancer screening programs may depend on successful identification of individuals at high 

risk. Selection of individuals using individual risk may superior to the selection criteria of cancer screening 

programs. The aim of this study is to construct an optimal stratified prediction procedure to identify individuals at 

high risk of specific cancers. 

 

We used the method developed by Hu, Cheng & Wei (2017) to create a box model and evaluate the performance of 

risk prediction for lung cancer incidence in a variety of settings and difference lung cancer screening studies. The 

method is applied to two randomized lung cancer screening trials in US and an occupational cohort study in China: 

1) the US National Lung Screening Trial (NLST); 2) the US Prostate, Lung, Colorectal, and Ovarian (PLCO) 

Cancer Screening Trial; and 3) Tin miner cohort study in Yunnan, China. The stratified scheme developed in this 

study may help for planning future cancer screening trials targeting on high-risk individuals in the general 

population. 
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Background 
Gender- and age contrasts in associations with risk factors are of great interest. Estimates are most often based on 

subgroup-analyses or ordinary interaction models. A comparison of relative risk estimates across subgroups with 



different absolute risk is, however, difficult. Analysis of combined categories of interacting factors, using a common 

reference, is an alternative for comparing risk across subgroups. However, estimates may suffer from residual 

confounding by age when comparing across broad age groups. The traditional approach for tighter age-adjustment 

must be modified. 

Method 
A new analytic approach was applied when exploring interactions between gender, age (20 yr categories) and risk 

factors of myocardial infarction (MI) in the Tromsø Study (1,2). Additional indicator variables (derived from 

recoded age) ensured comparisons of persons exactly 20 years older or younger in the analyses of combined 

categories. A total of 33,859 persons were at risk; 2,746 were diagnosed with MI. Incidence rate ratios (IRR) were 

calculated by Poisson-regression analyses. 

Results 
Incidence rates of MI increase with ages 35-94 years, with lowest risk for women and considerably lower risk 

among the youngest (doi: 10.1001/jamainternmed.2016.5451). In traditional analyses of total cholesterol (TC, 4 

categories) by gender and age (35-54, 55-74 and 75-94 years), the linear association with TC diminished with age in 

both genders, but the larger IRR among the youngest may relate to the low absolute risk. However, analysis of 

combined categories of interacting factors, applying the new analytic approach, confirmed the diminishing trend 

with increasing age. Moreover, young men with high TC (≥ 8 mmol/L) reached the risk level of 20 year older 

women. Without tight age-adjustment, risk estimates were biased downwards, in particular IRRs for oldest vs. 

middle-aged. 

Conclusion 
Analysis of combined categories of interacting factors provide useful complementary information, but non-standard 

analytic strategies for dealing with residual confounding may be needed. 

 

References 
(1) Albrektsen et al. Risk of myocardial infarction by gender: interactions with serum lipids, blood pressure and 

smoking. The Tromsø Study 1979-2012. Atherosclerosis 2017;261:52-59. 

(2) Albrektsen et al. Data on gender contrasts in risk of myocardial infarction by age. The Tromsø Study 1979-2012. 

Data in Brief 2017;13:779-784. 

 
166 

Prognostic risk score of genotypic characteristics in oral cancer based on logistic regression model  

María Fernanda Galíndez2, Andres Carrica2, Julieta Don1, Victoria Unamuno1, Ignacio Gonzalez Segura1, Viviana 

Centeno1, Dante Secchi2, Ana María zarate1, Jose Luis Barra3, Mabel Brunotto1  
1Biología Bucal, Universidad Nacional de Córdoba, Córdoba-Capital, Córdoba, Argentina, 2Patología Bucal, 

Universidad Nacional de Córdoba, Córdoba, Córdoba, Argentina, 3CIQUIBIC CONICET-Fac Cs Químicas- 

Química Biológica, Universidad Nacional de Córdoba, Córdoba, Córdoba, Argentina 

 
The prediction models represent the only way to stop or reduce the incidence of oral cancer in the population, 

especially some socio cultural vulnerable population; and allow the development of a preventive intervention 

protocol. These methodologies should be applied more rigorously to pre-cancerous lesions that can be considered 

early stages of oral cancer. The purpose of this work was to evaluate the genotypic characteristics of patients with 

oral cancer and precancerous in order to develop a statistical risk score, in order to improve their prevention, 

treatment and follow-up. In order to identify prognostic factors, models were built through classification methods 

such as logistic regression. The logistic regression can be assimilated to a classifier in the context of two classes. If x 

is a p-dimensional vector of covariates, and a variable indicating class 1 (1 if it belongs to class 1, 0 if not) and f (x) 

the conditional density of Y given x, then the fundamental assumption of the logistic proposal used in the context of 

the discriminant analysis is the linearity of the log of the ratio of conditional densities, this is log[f(x)/(1-

f(x))]=βo+β’x, , where βo and βx=( β1…βp)’ represents p + 1 parameters to be estimated. The latter assumption 

implies that the probability of belonging to class 1 conditional on the observed vector x is given by 

π1(x)=exp(βo+β’x)/[1+ exp(βo+β’x)]. The analyzed data are obtained from patients with oral cancer and 

precancerous lesions, who’s attended at Dentistry School of National University of Cordoba and participated of 

research oral cancer project about single nucleotide polymorphisms. 
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In many biomedical studies, the researcher is not only interested in explaining the effect of covariates on the mean 

of the response variable but would rather try to regress the complete distribution parameters on explanatory 

variables. Furthermore, there is an increasing interest on the study of multiple response in the regression models, as 

well as their dependence structure. A useful tool in this type of modeling are copula functions. 

 

In this work bivariate copula additive models for location, scale and shape (CGAMLSS) will be presented. This type 

of models extend the use of the generalized additive models for location, scale and shape (GAMLSS) to situations in 

which two responses are modeled simultaneously conditional on some covariates. In the CGAMLSS regression 

models a bivariate response is constructed from various copula functions that allow for different dependence 

structures and let us consider several marginal distributions (and not just the gaussian). Finally, each parameter of 

the bivariate response can be specified through a flexible additive predictor incorporating several types of covariate 

effects. 

 

The performance of the CGAMLSS estimates under different copula missespecifications will be evaluated through a 

simulation study. In addition, CGAMLSS models was applied in an important case study on cardiovascular disease. 

In this biomedical study, the use of CGAMLSS revealed hitherto unreported effects about the association between 

the arterial stiffness and central blood pressure. 
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Background: In-hospital mortality is a common outcome in hospital benchmarking, being one of the goals is to 

identify correctly hospitals with high mortality (HM). To identify these hospitals statistical techniques should take 

into account patients and hospital characteristics. To do so, most of them fit a mixed logistic regression model. The 

most commonly used method consists of comparing one-sided confidence interval with the expected mortality 

derived from the model (Naïve). Another common method replaces the crude mortality rate by its Bayes estimate to 

mitigate small sample effect (Bayes). But with a large sample size, both methods could classify a hospital as having 

HM even if the actual mortality is slightly above the expected. Other less used methods are PCER and Funnel based 

on percentiles and Funnel plots, respectively. None of these methods is completely accurate in classifying hospitals 

based on their in-hospital mortality. 

Goal: To develop a new and more accurate method to identify HM hospitals in myocardial infarction management, 

and to compare the new method to the existing approaches on a real data set and by a simulation study. 

Methods: The new method (Rank) models the number of observed deaths as a mixture of a binomial and a logit-

normal distribution, and can be interpreted as the probability of observing more deaths in a hospital with the same 

characteristics and same sample size picked at random. We applied the five methods to real data from the ATHOS 

Study, which included 7,107 patients with myocardial infarction from 31 Spanish hospitals. We used the 

EURHOBOP model to compute the expected values. By a simulation study, we assessed the performance of each 

method in terms of false positive (FP) and false negative (FN) rates. 

Results: From the 31 ATHOS hospitals, Naïve and Funnel methods identified two, Bayes identified one, while 



PCER and Rank identified none as having HM. From the simulation study, Rank and PCER provided very low FP 

(<5%) regardless the sample size, Funnel provided a moderate FP (~10%), and Naïve and Bayes achieved a 

FP>20% when sample size was moderately large (∼400). Finally, PCER performed significantly worse than the 

others in terms of FN: 50% for PCER and <25% for the rest of methods. 

Conclusion: The developed statistical method to identify HM hospitals is more accurate than the existing ones and 

could be used for hospital benchmarking. 
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Support vector machines (SVMs) are interesting methods for the prediction of financial time series because they use 

a risk function consisting of the empirical error and a regularized term which is derived from the structural risk 

minimization principle. Even though we can think of SVMs as a linear algorithm in a high-dimensional space, in 

practice, it does not involve any computations in that high-dimensional space. This work aimed to compare the 

traditional GARCH models and their extensions with different types of innovations to the vector support for forward 

predictions in the analysis of the volatility of financial time series of Brazilian commodities. 
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In this work, we propose to incoporate functional data within the framework of the distributional regression models. 

This type of models are a generic framework for performing regression analyses where every parameter of a 

potentially complex response distribution is related to an additive predictor. In the Bayesian inference framework, 

structured additive distributional regression models extend the use of generalized additive models to situations in 

which the response distributions are non-standard, and where not only the mean but multiple parameters are related 

to additive predictors. Further, they allow additional flexibility by specifying structured additive predictors for each 

parameter of interest, and thus adjust for several types of covariate effects. 

 

In this biomedical study, we propose the use of the methodologies developed to model the joint distribution of two 

proteins -glycated haemoglobin and fructosamine- that are useful in the control of individuals with diabetes. The 

predictor will also include the results of continuous glucose monitoring, which collects glucose measurements every 

5 minutes over a week. The glucose levels will be included as a functional covariate in a scalar-on-functional 

regression model. 
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In the last decade, pertussis -a highly contagious bacterial disease- has re-emerged in the European Union (EU) and 

European Economic Area (EEA), despite high and stable vaccine coverage. Infants are the most severely affected by 

this disease. In 2015 the European Center for Disease Prevention and Control (ECDC) set up PERTINENT 

(Pertussis in infants European Network), a novel sentinel system to be developed in Europe. EpiConcept coordinates 



PERTINENT aiming to estimate the disease burden and to estimate pertussis vaccine effectiveness (VE) among 

hospitalized infants aged < 1 year in 41 hospitals from 7 European sites, one of them Catalonia. 

 

In Catalonia, PERTINENT began to be put into practice in January 2016, coordinated by the Catalan Public Health 

Agency including patients from Sant Joan de Deu hospital (HSJD). Cases were eligible infants <1 year of age 

attended at HSJD, testing positive for Bordetella pertussis by PCR or culture. For each case, 3 controls are randomly 

recruited using as reference the date of sample collection. A test negative design (TND) case-control study was 

applied. 

 

In epidemiology, VE is routinely obtained as VE = (1-OR)*100, where the OR associated to vaccination is 

estimated via logistic regression. Logistic regression estimates obtained with small samples and via the classic ML 

procedure are known to be biased. In addition, with small samples, the so called separation problem may also arise 

[1] producing unreliable estimates. Hence, alternative procedures are needed. 

 

In this work, various approaches to (optimally) estimate the OR (VE) -- including the Firth-type and the Log-F(m,m) 

procedures -- are entertained and also compared with the classic ML estimation [1,2]. Results are illustrated with the 

data collected in Catalonia; the R-Language is used. 
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The estimation of a nonlinear dose-response relationship is relevant in various applications, including the evaluation 

of the toxicity of a novel compound. In toxicological studies, the interest lies on both the parameters describing the 

dose-response relationship, but also, often more importantly, on the lowest observed effect concentration (LOEC), a 

quantity representing the smallest dose at which a certain drop or increase in the response can be inferred. 

 

A difficulty which frequently arises in this modelling framework is that residuals may be characterized by 

heteroscedasticity and/or non-normality. The Box-Cox transform both sides approach introduced by Carroll and 

Ruppert (1984), can be adopted to alleviate this problem while preserving parameter interpretability. The 

methodology has been applied by Ritz and Van der Vliet (2009) in the context of toxicological studies. 

 

We focus on a log-logistic dose-response model, as motivated by availability of toxicological data concerning gene 

expression levels of seven genes, measured after exposure to multiple drugs at different concentrations in an in vitro 

study. Each experiment is replicated three times, and thus interest is also placed on summarizing the results from the 

replicate experiments, in particular in terms of LOEC. 

 

We approach estimation from both a frequentist and a Bayesian perspective. A simulation study is carried out under 

both paradigms. We adopt the Box-Cox transform both sides approach to improve the distributional properties of the 

residuals under both paradigms. For the frequentist approach, bootstrap confidence intervals are obtained to account 

for the impact of nonlinearity, and the results of multiple experiments are summarized via a meta-analytic approach 

(Jiang and Kopp-Schneider, 2014). Highest posterior density intervals are chosen to summarize inferences under the 

Bayesian approach, after joint estimation of the individual experiment parameters via a hierarchical model. We 

compare relative strengths and weaknesses of each approach on estimation, and finally apply the methods to the 



available data. 
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In economics, models of decision-making under risk are widely investigated. Since many empirical studies have 

shown patterns in choice behavior that classical models fail to predict, several descriptive theories have been 

developed. Due to an evident phenotypic heterogeneity, obsessive compulsive disorder (OCD) patients have shown 

a general deficit in decision making when compared to healthy control subjects (HCs). However, the direction for 

impairment in decision-making in OCD patients is still not clear. Hence, bridging decision-making models widely 

used in the economic literature with mental health research may improve the understanding of preference relations 

in severe patients, and may enhance intervention designs. We investigate the behavior of OCD patients with respect 

to HCs by means of decision making economic models within a typical neuropsychological setting, such as the 

Cambridge Gambling Task. In this task subjects have to decide the amount of their initial wealth to invest in each 

risky decision. To account for heterogenous preferences, we have analyzed the micro-level data for a more 

informative analysis of the choices made by the subjects. We consider two influential models in economics: the 

expected value (EV), which assumes risk neutrality, and a multiple reference points model (MRP) which is an 

alternative formulation of Disappointment theory. We find evidence that OCD patients adhere to EV more than 

HCs. Hence, OCD patients appear to be more risk neutral, namely, less sensitive to risk than HCs. Moreover, OCD 

patients seem to be less influenced than HCs by the probability of winning. OCD patients seem to base their 

decisions less than HCs on disappointment avoidance. 

 
160 

Efficient secondary analysis in two phase studies 

Haibo Zhou  

Biostatistics, Univ. of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States 

 
Two-phase sampling design has been widely used to reduce the cost for studies with time 

 

to event outcome. In the real studies, it is seldom that there is only one endpoint of interest. 

 

Investigators often would like to re-use the existing data to study the association between 

 

the exposure variables and a secondary endpoint. This is referred as secondary analysis. 

 

In this talk, we propose a restricted maximum likelihood estimator based on the empirical 

 

likelihood corresponding to the two-phase sampling design. We jointly model the time-to-event 

 

outcome and the outcome of interest in secondary analysis. The advantage of our method 

 

is that it is efficient and yet require no strong parametric assumptions on the covariate 

 

distributions. 
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Mosquito-borne diseases such as Chikungunya, dengue fever, yellow fever and Zika are transmitted to humans by 

Aedes aegypti mosquito, which represents the main urban insect responsible for the propagation of epidemics in 

Brazil. To prevent such diseases it is necessary to avoid oviposition and / or the development of mosquitoes. In this 

sense, it is important to identify which environmental factors most affects the number of eggs generated by the 

oviposition process of A. aegypti and consequently to propose new methods of prevention and control of those 

diseases related to the mosquito. Generalized linear models are very useful framework for analysing count and 

proportion data. These type of data are often overdispersed, characterised by a larger variance than assumed by 

Poisson and binomial models, respectively, and for this reason it is important to model overdispersion properly in 

order to avoid incorrect inferences. These basic models can be extended to incorporate overdispersion in several 

ways, for example including a random effect component. Random effects may be included in the linear predictor for 

different reasons, e.g., to incorporate correlation between observations taken within the same subject or to model 

overdispersion. In this work, we use the concept of generalized linear mixed models to evaluate the influence of 

some environmental variables such as temperature, precipitation, atmospheric pressure, humidity and wind velocity 

in the occurrence of the number of eggs deposited by the mosquito. The dataset was provided by the project 

"Prevention of Proliferation of Aedes aegypti mosquito and its viruses", of the Federal University of Technology - 

Paraná, Apucarana, PR, Brazil, from March 2016 to February 2017. For the fitted model, we consider the negative 

binomial mixed model adding an observation level random effect to incorporate overdispersion. Also, we obtained a 

better fit for that mixed model than other standard models proposed in the literature. 
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Meta-analysis has become the gold standard in medical research analysis in the past few decades. The random-

effects model is generally the preferred method to conduct a meta-analysis, as it incorporates between-study 

heterogeneity - the variability between study estimates as a result of differences in study characteristics. Several 

methods to estimate the heterogeneity variance parameter in this model have been proposed, including the popular 

DerSimonian-Laird estimator. 

 

Many medical meta-analyses contain few studies, have small sample sizes, or are concerned with rare-event data, 

where event probabilities are so low that often a small number or zero events are observed in the studies. An 

example of this is adverse drug reactions in a clinical trial. In such cases, most pre-proposed heterogeneity variance 

estimators perform poorly, and standard analysis techniques can result in the incorrect estimation of overall 

treatment effect. 

 

We propose some novel methods that we believe are appropriate for the estimation of heterogeneity variance in the 

case of rare-event data. These are based on generalised linear mixed models (GLMMs), and include the use of the 

Poisson mixed regression model and the conditional logistic mixed regression model. We are conducting a 

simulation study to compare our novel GLMM-based techniques with a selection of pre-proposed heterogeneity 

variance estimators for use in random-effects binary outcome meta-analyses. Our aim is to investigate a variety of 

realistic scenarios found in sparse-event data, simulating meta-analyses for each scenario, and then determining the 

performance of the heterogeneity variance estimators in terms of measures such as bias and mean squared error. 

 

From the results produced so far in our simulation study, we have found that our novel GLMM-based estimating 

methods appear to perform well in terms of the estimation of heterogeneity variance with rare-event data, when 

compared to pre-proposed estimators, especially when study sample sizes in the meta-analysis are highly 

unbalanced. 
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The Birnbaum-Saunders (BS) distribution is a lifetime distribution developed on the basis of cumulative 

damage assumed to follow normal distribution. In the recent decades there has been increasing interest on BS 

models and various works have emerged, as well as, generalizations have been proposed. In particular, the BS 

model in which the Student-t distribution (BS-t model) is used to explain the cumulative damage, instead the 

normal distribution, has the advantage of its parameter estimates be less sensitive to outlying observations. In 

this paper we discuss robust modeling and diagnostics under marginal BS-t regression models with correlated 

data. Specifically, we propose an estimating equation for analyzing clustered, repeated measurements and 

longitudinal BS-t data and we derive an iterative process for the joint estimation of the regression coefficients, 

shape and correlation parameters. Some diagnostic procedures are also derived, such as residual analysis, 

Cook's distance and local influence curvatures. Finally, we applied the procedures developed in the paper to a 

real data set in which the outlying observations receive the smaller weights from the estimation procedure, 

and consequently the parameter estimates become less sensitive to such observations. 
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Parametric regression models using generalized estimating equations (GEE) have been widely applied for analyzing 

clustered, repeated measures and longitudinal data and various extensions have been proposed under the 

semiparametric approach. In this article some diagnostic procedures are derived from an appropriate penalized GEE. 

A back-fitting iterative process is developed for the parameter estimation and the asymptotic variance-covariance 

matrix for the regression coefficient estimators are derived approximately. From the smoother obtained in the 

iterative process, some leverage measures are derived. Naive and robust Pearson-type residuals are proposed and 

simulation studies indicate that their empirical distributions become closer to the normality as the sample size 

increases. By fixing the smoothing parameter vector a penalized fit function is proposed as well as an appropriate 

influence measure. Normal curvatures of local influence are derived from the influence measure under some usual 

perturbation schemes. Finally, a data set previously analyzed under parametric GEE is reanalyzed under 

semiparametric GEE. The proposed diagnostic procedures are applied for modeling checking. 

 

Keywords: additive models, effective degrees of freedom, leverage, local influence, Pearson- type residuals, natural 

cubic splines, smoother. 

 

Acknowledgements 

This article was partially supported by FAPESP and CNPq, Brazil. 

 
150 

 

Derivation of Growth Reference Curves for a cohort of South African children 

Francesca Little  

Statistical Sciences, University of Cape Town, Cape Town, South Africa 

 



Growth reference curves are commonly used for assessing and monitoring the growth and development of infants 

and young children. In 2006, the WHO released a new set of charts as a result of the Multicentre Growth Reference 

Study (MGRS). The aim was that these charts would provide a single international standard for physiological 

growth of breast-fed, economically advantaged children from birth to 5 years of age. These charts have been adopted 

by many countries globally and in South Africa. However, since then several studies have examined the 

appropriateness of these charts for implementation globally. Natale and Rajagopalan (2014) compared 55 countries 

or ethnic groups, including over 11 million children, to data from the WHO MGRS and noted some variation in 

height and weight curves, as well as significant differences between national and ethnic groups with respect to head 

circumference. 

 

We compared growth of a small cohort of South African children to WHO reference curves to illustrate consistent 

differences with respect to head circumference, weight and height. We then used methodology based on the Box 

Cox power exponential distribution (Rigby & Stasinopoulos, 2004) and the LMS approach of Cole and Green 

(1992) to derive South African specific reference percentiles and a set of associated z-scores. Initial results show 

that South African infants have larger head circumference measurements and lower height measurements than 

expected using the WHO reference standards. We proceeded to assess the impact of different antiretroviral treatment 

regimens on the growth of a cohort of HIV-infected infants using z-scores based on both the WHO reference 

standard and the derived South African specific reference standards. 
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In a relative potency assessment, it is necessary to make assumptions about the similarities between substances and 

their dose-response profile. For example, in a parallel line bioassay which uses the dose-response data within the 

linear response range, we need to demonstrate that the dose-response slopes of the study substances are 

approximately parallel. When using multiple animals for testing, it is also crucial to confirm that this parallelism 

exists not only for the averages but also within each animal [2]. 

Meanwhile, when applying a linear mixed effect model to the analysis of parallel line assays, the between-substance 

difference of the slopes can be treated as a random effect. Thus, under a balanced assay design, we can derive an 

efficient score test to assess the quantile of the slope difference [1], which enables us to determine whether the 

majority of animals have their slope difference within the acceptable range. Also, it is straightforward to utilize the 

additional measurements (e.g., the reactivity of specimen at baseline) as covariates in an ANCOVA-type analysis. 

We applied this method to the assessment of intrasubject parallelism with the intention to eliminate the conservatism 

of the moment based approach [3]. We present an example that uses the proposed method, along with the results of 

simulation studies. 
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Many people like eating chocolate, but may have some concerns on health risk, especially to people with 

Cardiovascular or Neurovascular diseases. The objectives of this paper are to use Multivariate Statistics to define a 

health biometric on choosing a healthy chocolate to patients with heart disease. Chocolate, made from cocoa beans, 

contains flavonoids which contain antioxidants. Flavonoids are the most abundant polyphenols in human diet. 

Polyphenols have antioxidant properties which can prevent aging and is also beneficial to heart disease and diabetes 

patients. People with heart diseases should eat less of saturated fat, trans fat, sodium, and cholesterol. They should 

eat more dietary fiber. Cocoa flavanols promote healthy blood flow circulation from head to toe. The heart, brain, 

and muscle depend on a healthy circulatory system. Data has been collected on 20+ chocolate ingredient contents 

from 60+ different types of chocolate. Multivariate correlation study has found that (1) strong negative correlation 

between Cocoa and Sugar, and (2) strong positive correlation between Diet Fiber and Iron. Most dark chocolate 

contains more cocoa, and less sugar. Dietary fiber and iron are high in correlation because of the high cocoa percent. 

The above two correlations can be further explained by conducting the Hierarchical Clustering Analysis on 

separating the Dark Chocolate, Milk Chocolate and White Chocolate. The Cocoa and Calcium are the deciding 

factors to separate these three Chocolates. Based on Chocolate Science, Heart Disease Risk, and Multivariate 

Analysis, a Health Biometric Index has been defined as = [(Cocoa% * 2) + (Dietary_Fiber * 2) - (Sugar * 2) + 

Calcium – (Saturated_Fat * 2) – (Cholesterol * 2) – Sodium*1 + Iron*1]. The weighting coefficients are 

approximated based on heart disease risk factors. To further improve the index accuracy, each variable raw data has 

been transformed to Z-standardized scale in order to remove any larger variance scale bias. Among 60+ chocolate 

products analyzed, the products with highest health index all have >80% cocoa percent, 0 milligram cholesterol, 

higher dietary fiber, and lower sugar. These healthiest chocolate can actually help prevent heart disease as well as 

cancer, and diabetes. The Multivariate Statistics can help connect big data and explain the Many Sciences in a 

predictive or/and empirical modeling. 

 
143 

Association between climate variability and Dengue in the Cauca River watershed 

Delia Ortega Lenis1, 2, Daniel Cuartas1, Diana Caicedo1, Fabian Mendez1  
1Public Health, Universidad del Valle, Cali, Valle, Colombia, 2Sciences, Universidad Santiago de Cali, Cali, Valle, 

Colombia 

 
The dengue rate in Cali in 2002 was 201.2 cases per one hundred thousand inhabitants, in 2010 it increased again to 

285 cases, and for 2013 the highest rate was presented with 734,4 cases, showing possible epidemics for those years 

affecting a large part of the population. Regarding this, there are several factors that increase the incidence of 

dengue, among these climate variables which can not be controlled directly but without predicting their behavior. 

The Objective is to determine the impact of climate variables on Dengue occurrence. 

A time series analysis was carried out to establish the relationship between climate variables and Dengue, through 

the estimation of a mobile average autoregressive model (ARMA) for each of the municipalities with respect to 

reported cases of dengue. Dynamic regression models were estimated for Dengue series in function of climate 

variables in order to quantify their effect. 

The results of this analysis show that climate variability is strongly associated with the occurrence of dengue cases, 

we found significant effects of climate variables such as relative humidity, precipitation, maximum and minimum 

temperature in 29 cities of the 39 with different lags in epidemiological weeks in a range between 0 and 8 weeks. 

The highest correlation was presented with maximum temperature with a delay of one week, however in the 

dynamic model an increase of 2.64 cases was found if the minimum temperature increases 6 weeks before. 

 

For decision makers it is important that they understand the effects of climate variability on events such as Dengue 

in order to establish priorities in adaptation, prevention programs and policies. 
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In recent clinical and medical research, a prediction of outcomes related with prognosis has been highlighted due to 

new paradigm to precision medicine. Corresponding to the new trend, statistical models and methods for the 

prediction of outcomes have been lit again in a number of publications. 

For risk/prognosis prediction and classification, categorizing risk or predictive factor measured on continuous scale 

is preferred and frequently conducted in medical data analysis in merit of intuitive interpretation and convenience of 

direct application to real world practice in clinical, epidemiologic research and practice. but there are no standard 

methods or tools to help decide how many cutoff points are optimal so far. 

In case that outcome variable is time to event data, Some of statistical methods exist in the literature. The 

fundamental approaches of the previous researches are 1) to find cut-off point of a continuous predictor iteratively 

by maximizing log rank statistic or likelihood of Cox model for all possible partitioned subgroups, 2) to split total 

dataset using gini index, entropy and information gain correspondingly to decision tree methods. However, test 

statistic and p-value are highly dependent to sample distributions of predictive biomarker values or scores of a 

prediction model, sample allocation ratio, which provide inconsistent cut off estimates according to the biomarker’s 

distribution & sample risk allocation. Another weak point of current methods is that best cut off estimates may vary 

according to the selection of the internal validation set from whole data set. These erroneous approaches are 

frequently repeated in developing prediction model. In this presentation, we present an example that inconsistent cut 

off estimates may occur, and propose an alternative approach to adjust the inconsistency using resampling and spline 

technique. 
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Prediction has become essential in modern medicine for preventive tackling of the most prevalent diseases. Building 

a function to predict an event or with the time until it happens (response variable) using variables associated with it 

(independent variables), commonly turns mathematically into fitting a logistic regression or a survival model such as 

Cox proportional hazard risk regression, respectively. In order to do fair usages of prediction functions, metrics that 

validate their ability to discriminate, calibrate or reclassificate among other properties are crucial. This study is 

divided in two parts: (1) a systematic literature review of metrics used nowadays, and (2) application to real data of 

those most identified metrics or new metrics that provide an improvement to the most used ones. 

The most cited metrics in the literature were: Area Under the Curve-Receiver Operating Characteristic (AUC-ROC) 

and AUC increment (ΔAUC) for discrimination; Hosmer & Lemeshow test (H&L) for calibration; and categorical 

Net Reclassification Index (NRI), continuous NRI (NRI(>0)) and Integrated Discrimination Index (IDI) for 

reclassification. On the other hand, rarely cited metrics that provide and improvement in most common metrics 

were: the Brier Score (BS) related to calibration, pseudo R2 which measures model's prediction power, and Net 

benefit increment (NB) which is easier to interpret than other more cited metrics related to difference in 

discrimination capacity (e. g. ΔAUC).  

Selected metrics were applied to two sets of real data coming from the same population. Three strategies were 

adopted: an internal validation (model fitted and metrics computed on the same data), split validation (model fitted 

on a random partition of the data set and metrics computed on the rest of data) and external validation (model fitted 

on one set and metrics computed on the other). Metrics performance were overestimated when doing internal and 

external validation, while for split validation the metrics behaved differently according to the construction and 

validation data obtained randomly. 



It is recommended the usage of AUC-ROC accompanied always by ΔAUC in order to achieve correct conclusions. 

BS and H&L test are sensitive to sample size. Finally, reclassification metrics should be only informative and 

should not be the ground base for deciding whether the models predict correctly or not. 
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The aim of this study is to forecast the monthly number of dengue cases which consist of three types, i.e. dengue 

fever (DF), dengue hemorrhagic fever (DHF), and dengue shock syndrome (DSS) using the univariate and 

multivariate Box-Jenkins models. Amongst the models fitted, the best are chosen based on the Akaike information 

criterion (AIC) and Bayesian Schwarz criterion (SBC) with minimum value. The results of this study show that the 

best fitted for the univariate Box-Jenkins models of DF, DHF and DSS cases are seasonal ARIMA(0,1,1×(0,1,1)12, 

ARIMA(0,1,1) ×(0,1,1)12 adjusted by population size, and ARIMA (0,1,3)×(0,1,1)12, respectively. The best 

multivariate Box-Jenkins model for DF cases is bivariate model: vector ARMA(1,1) of DF correlated with DHF 

removed seasonal components. While the best multivariate Box-Jenkins model for DHF cases is trivariate model: 

vector AR(2) of DF, DHF correlated with DSS removed seasonal components. The best multivariate Box-Jenkins 

model for DSS cases is bivariate model: vector AR(2) of DF correlated with DSS removed seasonal components and 

adjusted by population size. For a comparison the results show that the multivariate Box-Jenkins model 

outperformed the univariate Box-Jenkins model for all three types of dengue. 
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The prediction error of biomedical classification rules is often estimated by means of resampling-based procedures 

such as cross-validation, and its estimate is commonly used to contrast the performances of several prediction 

algorithms. A crucial but challenging question is whether the observed differences between two (or more) estimates 

are statistically significant or not, i.e., whether they are compatible with the null-hypothesis of no true difference. To 

answer this question, a good understanding of the error estimates' distribution is required. In the case of resampling-

based procedures, however, the estimation of the variance is difficult: the learning and test sets considered in the 

successive resampling iterations overlap and, therefore, the iteration-specific error estimates computed in the 

resampling iterations are dependent. Their covariance structure is complex, thus making the estimation of the 

variance of their average very arduous in general. An unbiased variance estimator, suggested in the literature, can be 

recast as a U-statistics variance. However, its kernel size depends on the sample size, preventing asymptotic 

statements. Here, we solve this issue by decomposing the variance estimator into a linear combination of U-statistics 

with fixed kernel size, and consequently obtaining the desired asymptotic. We show that it is possible to construct a 

confidence interval for the true error and derive a statistical test which compares the error estimates of two 

classification algorithms. The confidence interval’s coverage probability and the test are illustrated by means of both 

a simulation study and real data application. 
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Analysis and modelling of lifetime data is an important part of statistical study, especially in medicine. Several 

models have been proposed for modelling survival data. There exist different modelling distributions such as 

exponential distribution, Gamma distribution and Weibull distribution. 

 



Lindley family distributions are proposed for modelling right-skewed data. It may be used for different kind of fields 

especially useful for modelling lifetime data, waiting time and mortality. The Lindley family of distributions have 

great flexibility in modelling data. 

 

The one-parameter Lindley distribution is a mixture of θ parameter Exponential distribution and (2, θ) parameter 

Gamma distributions. The two-parameter Lindley distribution is better than one-parameter Lindley distribution for 

modelling lifetime and waiting time data. The Poisson-Lindley distribution is obtained by compounding the Lindley 

distribution and Poisson distribution. 

 

In this study, we compared the Lindley distributions with the exponential distribution, the Gamma distribution and 

the Weibull distribution on the actual data. Although the one-parameter Lindley distribution can not model well 

enough, the two-parameter Lindley distributions are better fit than the other distributions. We also generated random 

numbers with Monte Carlo methods to use on hypothetical distributions. Results are the same as single data. 
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Data arising from electronic health records (EHR) are often sparse, irregularly spaced and subject to potentially non-

ignorable missing mechanisms. On a big scale, such features can lead to systematic errors in the development of 

prediction models. A particular problem arises in the case for longitudinal series of markers measured over long 

periods of time before a clinical event of interest. Due to an excessive number of possible patterns of missing data, 

traditional approaches for small sets of regularly spaced data with a small number of missing patterns do not apply. 

We develop joint models for large EHR-based sequences of longitudinal markers and multivariate binary outcomes 

of interest for prediction that accommodate non-ignorable missing data mechanisms. In particular we will adapt 

pattern-mixture models in combination with mixed effects models, smoothing splines and functional principal 

components to work with EHR data. We apply these methods to EHR data from the Martini Klinik in Hamburg, 

Germany, comprising 83,000 longitudinal prostate-specific antigen (PSA) measures from 24,000 prostate cancer 

patients who underwent a prostatectomy. The interest lies in prediction of a multivariate binary pathological result, 

which in addition to the PSA, may also be subject to non-ignorable missing data mechanisms. The number of PSA 

measurements ranges from 1 to 58 covering time periods between less than a day to over 15 years. Focus is placed 

on methods that will scale up to a live prostate cancer network database. 
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Colon cancer is one of the most frequently diagnosed malignancies and a common cause of cancer-related mortality. 

The development of validated prediction models for mortality after surgery is a current topic of research. However, 

the investigators do not know which prediction techniques may potentially provide more accurate, stable and valid 

results. The aim of this work is to compare the results obtained using statistical modelling, machine learning and 

combining both, applied to the prediction of the post-surgical risk of 1-year mortality for patients with colon cancer. 

Logistic regression (LR) is the standard practice for prediction in this setting. Classification and regression trees 

(CART) are highly appreciated by clinical researchers because they provide an easy-to-interpret output. Other 

machine learning methods, such as random forest (RF) or neural networks, have received increasing attention in 

medical research for prediction. First, we have selected RF and genetic algorithms for variable selection and coding. 



Second, we have used the information obtained in the previous step to run LR (approach 1) and CART (approach 2). 

Finally, we have applied the so called super learner, an ensembling machine learning approach that combines 

multiple algorithms into a single one (approach 3). 

The three afore mentioned approaches have been applied to patients diagnosed with colon cancer who had surgery 

for the first time and who survived 30 days after the surgery. The variables identified as the main predictors were: 

presence of residual tumour, ASA risk score, pathological tumour staging, Charlson comorbidity index, surgical 

complications, adjuvant chemotherapy and recurrence of tumour. Predicted risk of mortality for each patient was 

estimated using 10-fold cross validation. Results obtained from the three approaches were compared in terms of 

mean squared error and area under the ROC curve. 

Combining statistical and machine learning techniques in an ad hoc manner, as we did in approaches 1 and 2, 

provides more accurate results than the super learner, which combines several techniques in a weighted fashion. The 

tree provided by approach 2 is the option preferred by clinical researchers as a simple, interpretable, valid and 

accurate prediction rule of 1-year mortality among colon cancer patients who survived for at least 30 days after 

surgery. 
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Introduction: The main objective in a case control study can be the identification of risk factors or obtaining a 

prediction model. For this purpose, logistic regression (LR), support vector machines(SVM) and decision tree based 

methods (decision tree (DT) and random forest (RF) ) can be used. The LR method is better known because it has 

been in use for many years and is preferred because of the easy interpretation of the coefficients (risk increase). In 

recent years, the popularity of DT applications for classification in health research increased. The DT method is 

useful because, it is highly reliable and easy to understand how the decisions are taken and convenience is taken to 

interpret the results. The advantage of community based decision trees (RF) is the collective evaluation of multiple 

decision trees rather than a single decision tree. SVM is a theoretically well motivated algorithm: developed from 

Statistical Learning Theory (Vapnik & Chervonenkis) in the early 60s. SVM have empirically good performance and 

successful applications in many fields.  

In our Pubmed review we observed that 666 DT, 255 RF, 336 SVM and 51776 LR have been mentioned in case 

control studies in the last 10 years and 338 DT, 197 RF, 249 SVM and 31038 LR in the last 5 years. This shows that, 

despite their good skills, tree based methods and SVM are still not widely in use. 

Objective: we aim to compare the performance criteria of logistic regression, decision tree based methods and 

support vector machines using different data sets given in the literature for machine learning. 

Material Method: Each data set will be divided into 70% training and 30% test data set. LR, DT, RF and SVM will 

be applied to training data sets and sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), overall accuracy (OA), area under curve (AUC) and the F measure (F) will be compared on test data sets. 

Keywords: Logistic Regression, Decision Tree, Support Vector Machine, Case Control. 
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In the past decade, the boom of high-throughput technology changed the way basic science research is carried out. 

Fifteen years ago, one could measure expression of only a handful of epitopes, proteins, or genes in a single 

experiment; whereas nowadays the multiplex microplate-based assays allow measuring in parallel tens, hundreds or 

even thousands of biological molecules. Although sample processing has been rigorously standardized in a wet lab, 

the application of principles of experimental design is not readily used in part due to overconfidence on the precision 



of the technology. The easiest way to account for location and batch effects, which can be due to a variety of subtle 

experimental conditions, equipment fluctuations, sample processing habits have been well documented for a wide 

range of assays, is by randomizing experimental conditions, samples, and plates. It is important that the analysis of 

any scientific study is considered at the design phase, as even the most sophisticated statistical methods cannot 

always “rescue” a poorly designed experiment. This golden rule readily followed in clinical trials is not 

commonplace in a basic science lab, where researchers with limited coding experience or statistical understanding of 

randomization methodologies plan experiments, making randomization for a moderate number of samples beyond 

their skills. We have developed PlateDesigner, a web application, to meet the needs of basic lab researchers and 

streamline proper experimental design of microplate experiments, ensuring that measures can be adjusted for 

technical variability and study results remain valid. PlateDesigner is a GUI application that is written in R/Shiny 

and is hosted online by the Icahn School of Medicine at Mount Sinai. PlateDesigner is straightforward to use and 

highly customizable. Researchers can control the position of technical replicates, add control samples, such as 

background, quality and intra-plate controls, and dilution samples needed to estimate standard curves. Samples are 

randomized so that experimental conditions are well-balanced and properly grouped within plates (eg., samples from 

different visits of the same patient will be in the same plate). The plate design can be exported in a convenient pdf 

format, as well as machine-readable file that can be uploaded to a microplate reader’s software, thus avoiding error-

prone manual entry. 
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Restricted maximum likelihood (REML) method is frequently used to estimate variance-covariance matrices of 

overall average effects in multivariate random effects meta-analysis. However, it has been reported that the 

conventional asymptotic measure of precision calculated by REML can be biased, especially when the number of 

studies included in meta-analysis is small. This paper proposes a new bias-corrected estimator for the variance-

covariance matrix of the overall average effect by applying the method of Kenward and Roger (1997) in the context 

of multivariate random effects meta-analysis. We show that this estimator is less biased than the conventional 

REML-based estimator and that the coverage probabilities of the overall average effects are improved with the new 

estimator by both theory and simulation studies. A real data example is also discussed for illustration in practice. 
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The European Society for Medical Oncology (ESMO) has developed the ESMO Magnitude of Clinical Benefit 

Scale (ESMO-MCBS), a tool to assess the magnitude of clinical benefit from new cancer therapies. Grading is 

guided by a dual rule comparing the relative benefit (RB) and the absolute benefit (AB) achieved by the therapy to 

prespecified threshold values. The ESMO-MCBS dual rule evaluates the RB of an experimental treatment based on 

the lower limit of the 95%CI (LL95%CI) for the hazard ratio (HR) along with an AB threshold. This dual rule 

addresses two goals: inclusiveness: not unfairly penalising experimental treatments from trials designed with 

adequate power targeting clinically meaningful relative benefit; and discernment: penalising trials designed to detect 

a small inconsequential benefit. 

We present results based on excessive simulation in order to investigate in detail the behavior of the dual rule and 

compare with other proposals in the literature. Extensions to the one-arm phase II studies are also reported. The 

findings support the use of the proposal and in particular the MCBS approach better exhibits the desired behavior 

achieving the goals of both inclusiveness and discernment. 
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Determination of genomic regions that account for the relationship among molecular loci is an 

inferential problem with different solutions proposed in the literature and has become more 

important as we are entering on the era of large-scale genome sequencing. However, this 

problem can be considered as an open research area when some extra information has to be 

included in the modeling, as population substructure and dependence among individuals. In this 

work, based on Single Nucleotide Polymorphisms (SNPs) platforms data, variable range 

Markovian fields are used to infer genomic dependence windows, and the impact of including 

extra information is evaluated. To absorb stratified sampling in the model, consensus windows 

are obtained by using a maximal principle that allows data integration of individuals from 

different continental populations. In addition, to take into account information of kinship 

(familial dependence by declaration) we are working on the formulation of an extension of the 

variable range Markovian field to p-dimensional fields. An application is performed based on 

a Brazilian study conducted with 68 trios whose children have a congenital heart disease and 

parents do not. For all individuals, we have Single Nucleotide Polymorphisms (SNPs) genotype 

data obtained from the Affymetrics 6.0 platform. 
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In clinical trials, the choice of an adequate sample size is a crucial issue. While traditionally clinical trials were 

performed with fixed sample size, application of designs with the option of interim sample size recalculations 

become increasingly popular. Adaptive group sequential designs allow a sample size recalculation after a planned 

unblinded interim analysis in order to adjust the sample size during the ongoing trial. Various adaptive approaches 

exist differing, e.g., by the decision boundaries, the sample size recalculation rule, and the first-stage sample size. 

 

In the planning phase, one is faced with the challenge to choose the most appropriate method for the present study. 

However, comparison of these methods is not straightforward. Performance scores for evaluation of these 

approaches were proposed by Liu et al. (2008) and Jennison & Turnbull (2015). However, their scores reflect only 

some specific aspects of the recalculation rule. Therefore, we developed a score which includes all important 

elements and which is suitable to compare the performance of adaptive recalculation rules. 

 

Furthermore, we applied the resulting score to obtain optimal recalculation rules. Dependent on the study design, 

different distribution assumptions have to be made and, therefore, different recalculation rules are obtained. These 

rules differ from those sample size recalculation procedures proposed before. The suggested performance score, the 

optimization, and the resulting recalculation rule are illustrated with an example. 
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In digital PCR experiments one observes many thousands of digital outcomes (0/1 values) which represent the 

presence or absence of some target nucleic acid. From this digital signal one may estimate the absolute 

concentration $\hat c$ in the original sample. This is done by calculating the average copies of target nucleic acid 

per partition, $\hat \lambda$, and dividing by the partition volume $V_p$ (assumed a known constant). Much effort 

has been directed towards correct estimation of the average number of copies per partition $\lambda$. One approach 

is the use of the GLMM framework that is flexible in the sense that it allows for correct analysis of many different 

experimental designs [1]. 

 

Correct estimation of the partition volume $V_p$ is slowly getting more attention. While determination of the 

average partition volume is mainly an imaging endeavor, simulation studies have shown that ignoring the partition 

volume variability leads to biased estimates of the concentration estimates and of the variance estimates of the 

concentration [2]. 

 

It is typically assumed that for accounting for this volume variability it is necessary to know the partition status (0/1) 

along with the volume for every single partition. Acquiring this knowledge is impossible or requires a significant 

investment of time. As such, it is still common practice to assume that $V_p$ is a fixed constant. 

 

We show that, in addition to typical digital PCR assumptions, knowledge of the overall partition volume distribution 

is sufficient to eliminate the bias introduced by partition volume variability. Our approach is based on calculating 

conditional distributions of volumes for each of the possible outcomes (0/1). Sampling from these distributions 

subsequently allows the use of these volumes as an offset within the GLMM framework [1]. 

 

We provide simulation results and compare our method with the common practice of ignoring volume variability 

and a method assuming a gamma distribution for partition volumes [3]. 
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Drug development is a long and costly process which suffers from the major shortcoming that frequently failure is 

often only determined during the final stage. Recently, it has been recognised that more care needs to be taken 

during the early stages of development to avoid going into lengthy and costly confirmatory studies with ineffective 

or harmful treatments. To achieve this goal it is essential to implement efficient methods for the design and analysis 

of such early development studies. The expertise in this area is, however, limited at the moment and adequate 

methodology is only partially available. Using a cross-sectorial, transnational approach, the IDEAS network brings 

together leading public and private sector researchers in the field with ample experience in training to educate, 

promote and support the future leaders in medical statistics in general and in the design and analysis of early 

developmental studies in particular. 

 

Cross-sectorial, transnational teams will support researchers with individual methodological projects and devise an 

individually tailored training programme for them. Clinical advisors supplement the supervisory team and ensure 

practical relevance and uptake of the methods devised. The training activities are comprised of a well-rounded mix 

of specialist, methodological components and generic, transferable skills. A mandatory set of network-wide training 

activities is supplemented by individual training components and cross-sectorial secondments, and particular 

attention is given to interaction and collaboration between researchers and supervisors across public and private 



sector partners. At the end of their training the researchers will be uniquely qualified with expertise in the field, 

benefit from experience in both public and private sector and in the future can rely on a network of subject experts. 
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Background 

The small number of biostatisticians in Japan has been pointed out as one reason for the low quality of clinical 

research and the misconduct occurring in trials. 

The Japan Agency Medical Research and Development (AMED) developed a fund to establish a training course for 

biostatisticians, and Kyoto University and the University of Tokyo were selected as the educational centers in 2016. 

At Kyoto University, this educational program has been developed for student to think ethical issues that a 

biostatistician would face and to foster professionalism. 

 

Objectives 

The present study aimed to develop a professionalism educational program for biostatisticians, implement it in the 

MPH course, and evaluate it. 

 

Methods 

Core members involved in the development of the program were faculty members specializing in bioethics and 

biostatistics. 

The program comprised two sessions of a 3-hour module once a week and one session of a 4.5-hour module (10.5 

hours total). The contents were as follows: 

1.Planning a legitimate clinical trial 

1-1: What is a legitimate clinical trial? 

1-2: Consider the research protocol 

2. What did biostatis ticians do in the thalidomide tragedy? 

2-1: How the association between thalidomide and birth defects was misinterpreted 

2-2: The thalidomide lawsuit from the viewpoint of the biostatistician 

3. Fostering professionalism 

3-1: Development of the ICH E9 “Statistical Principles for Clinical Trials” 

3-2: Have students create their own principles based on the “Standards of Conduct for Statisticians.” 

Evaluations were self-completed by each student in the class. 

 

Results and Discussion 

Seven graduate students took the course and submitted evaluations. With regard to the program composition and 

content, positive evaluations were obtained from all students. Some students stated that “I understand the role that 

biostatisticians have played, and the composition of the whole course that has students focus themselves on how 

they should be as biostatisticians helped to ultimately dig into my own thoughts.” 

 

Conclusions 

This program is thought to be beneficial as a course that encourages students hoping to be biostatisticians to think 

about their own roles and responsibilities. 

 

This research is partly supported by the Project Promoting Clinical Trials for Development of New Drugs 

(17lk0201061h0002) from the Japan Agency for Medical Research and Development, AMED. 
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Comparison of methods for estimating therapy effects by indirect comparisons – a simulation study 
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In medical practice, physicians often face situations where various therapy options exist. Ideally, all these therapies 

were previously compared in one (or several) trials. However, often only two- (or even one-) arm trials were 

conducted comparing a subset of all possible therapies. In this situation, the question arises whether and how we can 

draw reliable and valid conclusions on the choice of the best treatment option. This is the case for methods for 

indirect comparisons. 

Naïvely combining the results from different trials can lead to severe bias due to cross-trial differences in baseline 

characteristics. In our investigation, we consider the method of Bucher [1] and the matching adjusted indirect 

comparison (MAIC) method [2]. The method by Bucher preserves the within-study randomization and needs a 

common comparator. A problem may be the insufficient comparability of studies according to patient characteristics 

and comparator therapies. The MAIC approach is based on a matching procedure that selects a weight for every 

patient and thus adjusts individual patient data with respect to baseline characteristics. However, individual patient 

data needs to be available for at least one trial to conduct an indirect comparison by MAIC. 

We performed a simulation study for a wide range of practically relevant scenarios aiming to investigate the above 

described methods for indirect comparisons for time-to-event and binary endpoints. We assess and compare the 

statistical properties of the methods, including bias in the estimated therapy effects, type I error rates, and power. 

Furthermore, the characteristics of the methods are illustrated using real data examples. 

 

[1] Bucher HC et al. The results of direct and indirect treatment comparisons in meta-analysis of randomized 

controlled trials. J Clin Epidemiol 1997; 50(6): 683-691. 

[2] Signorovitch et al. Matching-adjusted indirect comparisons: a new tool for timely comparative effectiveness 

research. Value in Health 2012; 15(6): 940-947. 
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In this work the techniques of multivariate analysis, factorial analysis and cluster analysis were used to synthesize 

the information, and facilitate the understanding of the temporal and spatial variability of the precipitation of the 

cities of the State of Sergipe in Brazil. The months of march to october are the highest levels of precipitation, and 

the different groups formed are concordant cities of the coastal, wild and backwoods regions of the State. 
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Periodontitis is a multifactorial inflammatory disease, caused by dental biofilm and other local and systemic factors. 

Chronic periodontitis is a more prevalent type of periodontitis in the population. For their treatment, traditional 

mechanical methods as scaling and root planning (SRP) are applied. At present newer ones, such as antimicrobial, 

bactericidal and laser, are used in combination with traditional method. Published clinical trial papers present 

conflicting results about the best therapy for chronic periodontitis, which is why it is necessary to determine the 

evidence on this matter. Meta-analysis is a form of research synthesis that allows researchers to quantitatively 

integrate the results from a set of studies on the same issue. The aim of this work was applied meta-analysis method 

on clinical trial studies in order to identify the best method to improve clinical outcomes in the therapy of chronic 

periodontitis. This study was done according PRISMA guidelines. It was conducted a meta-analysis of studies of 

randomized clinical trials from the MEDLINE, Scielo and Cochrane databases, in which the investigators evaluated, 

the Plaque Index (PI), Bleending Index (BI), the Probing Depth (PD) and Clinical Attachment Loss (CAL) in test 

groups and in control groups of adult patients, between July 30th 2016 and July 30th 2017. Meta-analysis was 

performed using Standardized Mean Difference (SMD). The heterogeneity was investigated by the Q-test and the I2 



statistic. The meta and metafor packages of R software 3.4.3 (2017) was used. The measurements Clinical 

Attachment Loss, Probing Depth, Bleeding Index and Plaque Index showed a high heterogeneity. The subgroup 

analysis was used for investigating whether studied characteristics may explain heterogeneity. Therefore the studies 

were grouped according to the type of treatment that the patients received (physics or bactericide methods), thus the 

heterogeneity of some variables was diminished. Conclusion: the PI improved by traditional method SRP meanwhile 

BI improved with physic methods. 
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On the design of three-arm non-inferiority trials including a placebo 
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At first, the design and the analysis of three-arm non-inferiority trials have been focused on the fraction approach 

(e.g., Kock and Tangen 1999, Pigeot et al.,2003; Kock and Rohmel, 2004), which aim to show that the experimental 

treatment preserve a prescpecified fraction f of the active control treatment effect to placebo. The fraction approach 

has been modified and/or extended to several situations. However, in many "common" two-arm non-inferiority trials 

conducted so far over the world, the non-inferiority margin Δ has been defined as a prespecified difference of 

treatments. On the other hand, Hida and Tango (2011, 2013) proposed a method with Δ for inference of the 

difference in means and in proportions, in which the following inequality must be satisfied: θP < θR - Δ < θE where θP 

, θR and θE denotes the expected value of treatment outcome under the placebo, reference and experimental 

treatment, respectively. The first inequality arises from the condition that the acceptable minimum value of θE must 

be larger than θP of placebo, indicating that the superiority of the reference over the placebo should be more than Δ. 

To this substantial superiority condition, Rohmel and Pigeot(2011), Stucke and Kieser(2012) and others expressed 

their concern. Kwong et al.(2012), on the other hand, are against the fraction approach and revised our approach. 

Schlomer and Brannath (2013) proposed group sequential designs based on the fraction approach although they 

acknowledge that there are some debate in the literature. In this presentation, I critically review designs proposed in 

the literature and propose a statistically sound design by clarifying the meaning of assay sensitivity in three-arm 

non-inferiority trials with or without the requirements of regulatory guidelines. 
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Hantaviruses are rodent-borne hemorrhagic fever viruses. Old World hantaviruses are the etiological agents of 

hemorrhagic fever with renal syndrome (HFRS) in Asia and Europe, whereas New World hantaviruses cause 

hantavirus cardiopulmonary syndrome (HCPS) in the Americas. Hantaviruses are transmitted from rodents to 

humans predominantely by the inhalation of viruses in small-particle aerosols from rodent urine, feces or saliva. 

Bites by infected rodents, exposure to broken skin or mucous membrane and person-to person transmission (saliva 

or sneeze of an infected person) may be potential sources of infection. Each previously known serotype is associated 

with a single species of rodents reservoirs. Rodents maintain persistent and asymptomatic hantavirus infection. 

Several different hantaviruses circulate in South America, and eight of them are present in Argentina. Six of these 

genotypes are related with human disease. Each genotype is primary associated with a single genus of sigmodontine 

rodents. According to the virus genotypes and their reservoirs, five endemic zones can be placed in Argentina. 

During an outbreak in this country, Andes virus was identified as the etiologic agent of HCPS in one of the endemic 

zone in Southern Argentina, with Oligoryzomys longicaudatus as the rodent reservoir. Andes virus is the only 

hantavirus for which person-to-person transmission has been documented. Our goal is to present and develop the 

first mathematical deterministic model from a system of ordinary differential equations. We consider: (i) the four 

clinical stages in humans: Incubation, prodromic-cardiopulmonary, convalescence and immune, (ii) population of 

rodents classified in susceptible and infected individuals and (iii) the most important transmission routes (person to 

person transmission, through aerosolized particles from rodents infected to humans, and intraspecific agonistic 

encounters among rodents via biting or saliva). Moreover, we show and analyze a numerical simulation in an 

endemic zone of Southern Argentina, where Andes virus is the only genotype present associated with Oligoryzomys 

longicaudatus as the unique reservoir. The model proposed and the results obtained allow describing the 



consequences of the presence of infected individuals in any of the two populations considered in the dynamics and 

the output of the infection. 
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We propose a framework for simultaneous inference on multiple endpoints in the presence of dependent 

observations. A generalized estimating equation (GEE) model is fit for each endpoint marginally, taking into 

account dependencies within the same subject. Wald tests and generalized Score tests for linear contrasts of 

regression coefficients of these multiple marginal models are derived, utilizing the asymptotic joint multivariate 

normality of the stacked vector of parameter estimates derived from the marginal estimating equations. We consider 

several small sample adjustments of the procedure and we performed a simulation study to assess the small sample 

properties of the tests, both in terms of type I error rate control and power. With both, the Wald- and the Score test 

approaches, test decisions for the test of global null hypotheses may be based on different types of test statistics. We 

investigate in particular quadratic form and maximum-type statistics and contrast their operating characteristics. 

Besides tests of global null hypotheses, multiple testing procedures controlling the family-wise type I error rate are 

derived based on the closed testing procedure. Applications of the procedures include Tukey and Dunnett tests 

applied to multiple endpoints that are measured repeatedly. The endpoints may have different scales of measurement 

and may vary in the number of repeated observations per subject. The proposed hypothesis tests are implemented in 

the R package mmmgee and are illustrated with small-sample, parallel group and cross-over studies in 

ophthalmology and dermatology, where pairwise comparisons of multiple, repeatedly measured endpoints are 

performed. 
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This talk discusses the design of a complex clinical trial where several 

sources of multiplicity are present. There are (i) multiple doses of the 

experimental treatment that are compared to a reference treatment, (ii) 

multiple interim analyses with the potential discontinuation of some treatment 

arms and (iii) different endpoints characterizing treatment success. 

We will illustrate how these multiplicities can be dealt with by means of the 

closed test principle, methods from group sequential testing and combination 

test methodology and how these elements may be combined to yield 

an approach that achieves high power while controlling the familywise error 

rate (FWER). This will include a discussion on how knowledge of the correlation 

between some of the involved test statistics can be dealt with as well 

as the optimization of the weights given to the trial stages in the underlying 

combination test. 

We illustrate the use of this design with a trial of a BACE-inhibitor used in Alzheimer’s disease. Rejection 

probabilities under important alternatives to the null hypothesis of no drugf effect will be investigated analytically 

and by simulation. 

 

Reference: E.Glimm, M. Bezuidenhoudt, A. Caputo and W. Maurer (2018): A testing strategy with adaptive dose 

selection and two endpoints. Submitted to Statistics in Biopharmaceutical Research. 
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Homozygosity for the p.C282Y substitution in the HFE protein encoded by the hemochromatosis gene on 

chromosome 6p (HFE) is a common genetic trait that increases susceptibility to iron overload. McLaren et al. used 

bivariate mixture modeling to analyze the joint population distribution of transferrin saturation (TS) and serum 

ferritin concentration (SF) measured for participants in the Hemochromatosis and Iron Overload Screening (HEIRS) 

Study. They identified four components (C1, C2, C3, and C4) with successively increasing means for TS and SF. 

They found that bivariate mixture modeling of TS and SF reflects the genetic locus of HFE and may isolate 

p.C282Y homozygotes from the general population. In the current study, we used data from another large cohort, the 

Australian HealthIron study of genetic and environmental modifiers of hereditary hemochromatosis, to validate the 

component analysis approach, to examine stability of component proportions over time and to determine if TS and 

SF values from an individual move between components at baseline and follow-up. Because the sampling fractions 

from each p.C282Y/p.H63D genotype stratum are not equal, we used frequency weights based on the inverse of the 

probability of selection for invitation to participate. In the weighted female analytic cohorts, C4 captured most of the 

C282Y homozygotes, and C2 was the largest component. We identified four components from the weighted male 

analytic cohort and C4 captured most of the p.C282Y homozygotes. The bivariate mixture modeling approach 

suggested that the model is transferable from one white population to another, although estimated means within 

components may differ. 
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Clinical trials allowing for confirmatory testing of pre-defined subgroups in addition to investigating the treatment 

effect in the overall study populations have gained popularity (Song and Chi, 2007; Spiessens and Debois, 2010; 

Ondra et al, 2016; Lipkovich et al, 2015). However, often too optimistic assumptions are taken on the actual size of 

the biomarker defined subgroups in the planning phases of trials. For example, if the observed prevalence is lower 

than expected, we might experience power loss or a delay in the trial conduct. In oncology trials, there are often 

several genetically defined subpopulations available. Instead of pre-defining the test of a single subgroup, we 

investigate clinical trial designs in which the subgroup to be tested is selected based on the prevalence observed in 

the trial, e.g. by selecting the largest subgroup. The observed prevalence is used to derive multiplicity adjusted tests 

using methodology proposed by Spiessens and Debois (2010) or optimal tests (Niewczas et al, 2018). In addition, 

we further investigate other data-dependent subgroup selections, e.g. ordering the subgroups based on their pooled 

variance estimate (Kropf and Läuter, 2002). We discuss the conditions under which such data-dependent multiple 

testing strategies ensure type I error rate control. The data-driven testing procedures are motivated by the cancer 

study SAFIR-02 (NCT02117167) and will serve as a case study. The operating characteristics of the different 

strategies are compared via clinical trial simulation. 
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Fuzzy rough set theory is a novel method that deals with imprecision and incompletion included in medical data. 

Many fuzzy rough set approaches have shown their effectiveness in medical diagnosis. This paper surveys the novel 

approaches of fuzzy rough set for medical data and discusses about the necessity and usefulness of fuzzy rough sets 

in medical diagnosis. 

 
92 

Comparing and combining a biomarker and a molecular clock based method to estimate unknown HIV-1 

infection dates 

Nikos Pantazis, Evangelia-Georgia Kostaki, Christos Thomadakis, Dimitrios Paraskevis, Giota Touloumi 

Dept. of Hygiene, Epidemiology and Medical Statistics, National and Kapodistrian University of Athens, Medical 

School, Athens, NA, Greece 

 
Despite its public-health and clinical significance, timing of HIV acquisition is unknown for most HIV+ individuals. 

We developed a method which permits individual-level estimation of this time using biomarkers data (CD4 cell 

count-CD4 and HIV-RNA viral load-VL). HIV infection dates can be also estimated using molecular clock methods. 

In this work we compare estimates derived from these two approaches and combine them to increase their accuracy. 

The biomarker based method (BBM) assumes that CD4 and VL follow a bivariate mixed model after HIV infection 

up to initiation of antiretroviral treatment (ART) or AIDS onset. Using post-diagnosis and pre-ART/AIDS data from 

CD4 and VL measurements and applying the Bayes’ rule, the posterior distribution of the infection time can be 

derived with the prior distribution being uniform between the dates of starting being at risk for HIV and diagnosis. 

Parameters of the CD4/VL model were estimated using a large dataset of individuals with known infection dates 

(CASCADE study). Molecular clock analysis (MCA) provides an estimation of dates on a phylogenetic topology 

(tree) assuming a constant nucleotide substitution rate. Using MCMC phylodynamic analysis, infection dates were 

approximated as the median of the times which corresponded to the most recent common ancestor of the most 

closely related sequences. Both methods were applied using data from the Greek AMACS study and drug resistance 

testing in 413 individuals. The methods were then combined by using results from the MCA to inform the prior 

distribution in BBM. 

Estimated infection dates showed substantial agreement (Lin’s coefficient=0.613), with the median (IQR) difference 

between the BBM and MCA methods being 0.3 (-2.3, 2.0) years. For a subset of study participants having an HIV- 

test <3 years before their diagnosis (n=42), the midpoint between the last HIV- and first HIV+ tests was compared to 

the BBM and MCA estimates (Lin’s coefficient=0.773 and 0.804, respectively). Combining both methods led to an 

improved agreement with the midpoint estimate (Lin’s coefficient=0.904). It should be noted that information from 

HIV- tests was not used in either BBM or MCA in any of the previous applications. 

Both BBM and MCA appear to estimate unknown HIV infection dates reasonably well but their combination may 

improve their performance and should be used when possible. 
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This work was motivated by a real problem of comparing binary diagnostic tests based upon a gold standard, where 

the collected data showed that the large majority of classifications were incomplete and the feedback received from 

the medical doctors allowed to consider the missingness as non-informative. Taking into account the degree of data 

incompleteness, we used a Bayesian approach via MCMC methods for drawing inferences of interest on accuracy 

measures. Its direct implementation by well-known software demonstrated serious problems of chain convergence. 

The difficulties were overcome by proposal of a simple, efficient and easily adaptable data augmentation algorithm, 

performed through an ad hoc computer program. 
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Missing values complicate analyses in many studies. Nevertheless, the availability nowadays of methods, such as 

Multiple Imputation (MI) in standard software, has enabled researchers to perform statistical analysis accounting for 

missing data. More recently, fully Bayesian approaches and extensions of MI also have become available in 

statistical packages. These have been shown to be superior to standard MI, particularly in settings with longitudinal 

data, non-linear and interaction terms. 

 

In all these approaches, missing values are imputed by draws from the (posterior) predictive distribution of an 

incomplete variable, conditional on (all) other variables. Therefore, an important requirement is that these predictive 

distributions fit the data well. 

 

In the literature, relatively little work has been done to investigate robustness of MI to imputation model 

misspecification, with inconsistent conclusions. In MI with chained equations, the predictive distributions are 

specified directly and can thus be evaluated directly, however, in practice often no effort is made to check the 

validity of the postulated model. 

 

Previously, we have proposed a fully Bayesian approach that allows simultaneous analysis and imputation by 

specifying the joint distribution of the response and all incomplete variables as a sequence, i.e., product, of 

conditional distributions, of which one is the analysis model of interest. The posterior predictive distribution (PPD) 

used to draw imputations is derived from this joint distribution and does not generally follow any known 

distribution. Hence, direct evaluation of its fit to the data is not possible. 

 

In our current work we hypothesise that, in order for this sequential imputation to provide valid results, it is 

necessary that all conditional distributions involved in the PPD are specified correctly. We investigate if the severity 

of bias introduced by misspecification depends on the conditional distributions in which it occurs, e.g., in the 

analysis model or the conditional distribution of the variable to be imputed, and consider misspecifications in both 

the shape and the mean structure of a distribution, as may occur by not considering skewness or multimodality, 

omission of important interaction effects, or wrongly assuming associations to be linear. Findings are contrasted to 

results on robustness of MI and recommendations for evaluation of the model fit made. 
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We have developed a procedure for imputing missing values for time-dependent covariates in a discrete time Cox 

model using the chained equations method. The procedure multiply imputes the missing values for each time-period 

in a time-sequential manner, using completed covariates from previous time-periods as well as the survival outcome. 

It can be applied using the MI procedure in SAS with FCS statement or using similar packages in other software, 

e.g. the mice package in R. In this presentation we will compare this multiple imputation method to the approach of 

jointly modelling longitudinal and survival data [1]. This latter approach can be executed using the package 

JointModel in R. 

We use simulations based on data of glucose control variables among diabetics, from the Clalit Health Maintenance 

Organization database (n=546,000) [2], using these methods to evaluate the association of glucose control with the 

risk of cancer. We examine different patterns of missing data in the glucose control variables (completely missing at 

random, missing at random and non-missing at random) and the impact of these patterns on the performance of the 

two methods. 



 

Keywords:  
Joint models, missing data, missing covariate, incomplete covariate, multiple imputation, MICE imputation, fully 

conditional specification imputation 

 

1. Rizopoulos D. Joint models for longitudinal and time-to-event data: With applications in R. Chapman & 

Hall/CRC , 2012.  

2. Dankner R, Boffetta P, Balicer RD, Keinan-Boker LK, Sadeh M,Berlin A, Olmer M. time-dependent risk of 

cancer after a diabetes diagnosis of a cohort of 2.3 million adults. Am J Epidemiol. 2016; 183(12):1098-106. 
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Human papilloma virus (HPV) infection is emerging as an important risk factor for anogenital and head and neck 

cancers. The survival is increasing due to the improvement of oncological treatments and the implementation of 

screening and prevention programmes. In this context, the cross sectional Retrospective International Survey on 

HPV Time Trends and the International Survey on HPV prevalence and type distribution in Vulvar, Vaginal, Anal, 

Penile and Oropharyngeal neoplasie were designed. The aim of these projects was to assess the prevalence of viral 

DNA and other markers of HPV-related carcinogenesis in formalin fixed, paraffin-embedded samples of the 

different anogenital and head and neck cancers. The project was designed at the Catalan Institute of Oncology 

(ICO), Spain, and coordinated by ICO and DDL in The Netherlands. The previously mentioned study is the 

motivating dataset of our research. Specifically, the Head & Neck study included 3680 participants recruited 

between 1990-2012 from 29 countries. 76.2% were males and 22.4% females, with 1.4% of missing data in gender; 

aged 16-98 years, with 4.4% of missingness in the age of diagnosis. 

 

This contribution has two main objectives, a) to introduce an algorithm for dealing with non-ignorable missing data 

patterns when the partial observed information is in the outcome of interest and/or a covariate of interest and b) to 

apply this methodology in a particular case of Head & Neck cancers where the presence of partial information is in 

the age at diagnosis, as a response variable, and in the gender, as a covariate. The proposed algorithm is a two-step 

iterative method that combines the estimation of logits models for the conditional probabilities of being observed in 

the variables of interest with an inverse-probability-weighted imputation method of the partially observed dataset. 

Concerning the application to the Head & Neck dataset, the mean age at diagnosis of cancers according to HPV 

genotypes is analyzed through a sensitivity analysis technique based on a four-dimensional vector of parameters of 

non ignorability for modeling the scenarios of nonresponse, as a Missing Not at Random nonrespone mechanism 

approach. Benefits and limitations of the proposed methodology will also be introduced and discussed. 
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Next-generation sequencing experiments (NGS) are often performed in biomedical research. In this work we 

consider a number of issues which appear in the detection of disorders from NGS experiments. More specifically, 

we focus on statistical methods which may help to detect insertions and deletions in DNA sequencing. In such a 

setting, it is critical to take several sampling biases into account, such as the guanine-cytosine (GC) content bias or 

the phasing and prephasing phenomena. Depending on the available information on the sequencing experiment, 

several population parameters like the expected coverage at base level and the GC bias function may be unknown, 

so suitable estimation procedures for these parameters and their practical limitations will be discussed. The 

introduced methods will be investigated both theoretically and through simulations. A real data illustration will be 

provided. 
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The global next generation sequence (NGS), RNA-sequencing (RNA-seq), has been widely applied to address 

scientific questions especially in health science areas. Rapid growth of RNA-seq research activities are driven by not 

only technological advancement but also increasing number of RNA-seq grants and precision medicine initiatives. 

There were some unified efforts to propose a single analysis pipeline that seamlessly processes major steps of RNA-

seq experiment, including experimental design, quality control, read alignment, quantification of gene and transcript 

levels, visualization, differential gene expression, alternative splicing, functional analysis, gene fusion detection and 

eQTL mapping [Conesa, 2016]. A typical RNA-seq experiment aims to find differentially expressed genes between 

two or more conditions, and many tools designed to detect differential expression has been developed. However, the 

fundamental issues of how to design an experiment such as the choice of treatment design that facilitates the 

efficient data collection and statistical analysis have been underdiscussed. The comparative experiments with clearly 

defined objectives can be successfully addressed by appropriate choice of treatment designs [Kuehl, 1994]. We 

discuss the limitation of RNA-seq technology in statistical experimental design perspective, source of variations in 

RNA-seq experiments, and replications. Finally, we discuss the choice of experimental design and efficiency of 

experiments. 
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The group test GlobalAncova was developed within the scope of gene expression microarray analysis, i.e. for testing 

the global effect of an experimental design on the expression pattern of a geneset. Here we propose several 

extensions and generalizations of the method. The key to moving from testing merely continuous variables on to 

generalized linear models is the use of difference in deviance for model comparison instead of difference in residual 

sum of squares. Suitable transformation of the test statistic even allows for testing mixed-type data. 

A promising application for group approaches as GlobalAncova is in hierarchical testing. In very high-dimensional 

data, however, hierarchical procedures are computationally demanding. To this end we suggest a “shortcut” to a 

standard hierarchical testing approach in order to make it more feasible for large datasets. 

We further elaborate on other application areas for group tests, like exploratory data analysis and prediction.  
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The continued increase in accessibility to RNA sequencing (RNA-Seq) technology has led to more complicated 

study designs that demand analysis methods beyond the scope of what current methods were designed to handle. For 

example, studies that take repeated measurements of subjects over time would typically require Generalized Linear 

Mixed Models (GLMMs) or Generalized Estimating Equation methods for robust analysis. The most popular 

analysis tools for RNA-Seq data, edgeR and DESeq2, are designed for use on studies that only include fixed effects, 

and thus do not contain the machinery to account for the correlation between repeated measurements/clustered 

samples or other random effects. One solution that has been suggested is to include individual subjects as fixed 

effects when using edgeR or DESeq, but this strategy can lead to complications with estimating specific parameters 

(e.g. a difference between two groups is not estimable in this scenario). 

 

In this work, we propose using a Bayesian hierarchical model for analyzing RNA-Seq data that will naturally allow 

for the inclusion of random effects. Since RNA-Seq data is quantified as counts, we use the commonly chosen 

Negative Binomial (NB) distribution with a log link to model the observed data. Model parameters are estimated 

using MCMC methodologies with a Weighted Least Squares proposal distribution for better mixing of regression 

parameters (available in MCMSeq R package). Additionally, by including the NB dispersion parameter in the 

MCMC sampling, the regression coefficients and their credible intervals take into account the fact that the 

dispersion is also being estimated. Both edgeR and DESeq2 treat this value as fixed and known when testing, and 

this has been posited to contribute to hypothesis tests not attaining their nominal type I error rate for these methods. 

We compare the MCMC results to edgeR, DESeq2, and traditional generalized linear (mixed) models in terms of 

power, type I error rates, FDR, and MSE of regression coefficients for data sets simulated under either a generalized 

linear model framework (no random effects) or a GLMM framework (paired observations per individual). 

Preliminary results show that the Bayesian model better controls type I errors at the small alpha levels needed to 

effectively adjust for multiple comparisons (e.g. 0.001), and also better controls FDR for both simulation 

frameworks. 
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A child is considered to have faltering growth when increases in their length or weight start to decline relative to a 

suitable comparison population. Identifying kids that have faltered is important in terms of individual child health, 

and to facilitate timely interventions for improving long-term health outcomes. However, there is currently a lack of 

consensus on the operational definition of faltering and the choice of statistical models for characterizing growth 

over time. Cole's classic conditional standard deviation scores (SDS) is a popular approach but can be problematic, 

since it only utilizes two data points and the assumption of constant interval duration is rarely satisfied in practice. In 

this article, we provide an empirical assessment of the ability a variety of statistical growth models in capturing 

different patterns of faltering growth. Models considered include the classical conditional SDS, conditional random 

slopes, and broken stick. Our work is illustrated with a data from the Healthy Birth, Growth and Development 

knowledge integration (HBGDki) project funded by the Bill and Melinda Gates Foundation. 
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Restricted growth (stunting), which impair children’s potential for growth and development, is the most prevalent 

form of undernutrition in the globe and the best proxy for child health inequalities. Argentina's government 

implemented programs Plan Nacer (2004) and Programa Sumar (2013) with the goal of equitably increasing the 



access and quality of prioritized health services for pregnant women and children up to 5 years. We present here an 

evaluation of the impact and potential of these programs on the nutritional status of the target children population. 

Between 2005 and 2015; 941,233 set of anthropometric measures (including birth and visit dates, age, gender, 

weight and height) corresponding to 114,676 younger than 5 years children were collected at 291 health centers 

located throughout the Misiones province, Argentina. We defined the prevalence of stunting (HAZ, height-for-age Z 

score) as the proportion of children who fell below an SD of −2. We fitted a generalized additive mixed model 

(GAMM) to model non-linear trends and seasonal variation in prevalence of stunting. Age, gender of children and 

health center were added as fixed variables. A numeric variable “visit month” was added with a cyclic cubic spline 

smooth, to forces the spline to connect the estimate at December with the estimate at January. A random effect 

“individuals” was included to account for within-individual correlation. Over the study period, stunting prevalence 

showed significant declining inter annual trend, varying from 22.9% in 2005 to 9.5% in 2015. A significant seasonal 

variation of prevalence was registered, being higher in winter months. The stunting prevalence was also higher in 

boys than in girls, and for both genders, decrease in a non-linear way with age. These findings support substantial 

decreases in stunting prevalence in the population analyzed. Programs provide high-quality and big-data sources that 

could be coupled to robust monitoring and evaluating frameworks to generate updated population-based evidence. 

We consider this as a key focus of policy makers and planners aiming to improve child survival, health, and 

nutrition. The maintenance of these strategies over time becomes essential to achieve sustained improvements in 

health-related indicators in the post -2015 sustainable development agenda. 
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Data are often summarized by calculating and modelling the means and computing Confidence Intervals (CIs). On 

the other hand, Predictive Intervals (PIs) where an individual future measurement is expected to lie may be more 

useful and more representative of the population. Typically, as sample size increases, a CI collapses to the point 

estimate, while a PI moves closer to population distribution quantiles. Furthermore, a confidence level may be added 

to a PI, to obtain a Tolerance Interval (TI) type II (or beta-gamma content). Tolerance intervals are therefore a good 

alternative to PIs especially for small sample sizes. The concepts of CI, PI and TI will be here revisited in the 

framework of linear mixed models. The advantages and convergence of these intervals will be discussed from tiny 

to big data. The literature about PI and TI in mixed models is scarce as often the methodology is developed for 

specific designs (i.e. one way balanced structure) by using analytical (explicit) formulae. These formulae are not 

appropriate in case of missing data, unbalanced or more complex designs, and this is a main limitation to their use. 

We will propose PIs and TIs formulae that are generalizable under a wide variety of designs with a variance 

component structure (fixed, random, nested, crossed, balanced or unbalanced designs). The methodology will be 

based on the Hessian matrix which leads to a straightforward generalized solution. A comparison between 

unbounded and bounded variance components will be made to study their impact on the different intervals and on 

the coverage probabilities. The degrees of freedom calculated by MLS (modified large sample) method or 

Satterthwaite for PI or TI will also be discussed. Performance of our methodology will be evaluated by means of 

simulations and applications to CMC and non-clinical statistics. 

 

Francq BG, Govaerts B. Delta method and bootstrap in linear mixed models to estimate a proportion when no event 

is observed: application to intralesional resection in bone tumor surgery. Statist. Med. 2016, 35 - 3563–3582. 
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In this paper, we propose a composite likelihood (CL) approach as an alternative to 

full likelihood to simplify inference in the Poisson mixed model 

with nonnormal crossed random effects. The distribution of the random effects is assumed to be generalized log-

gamma (GLG). Poisson-GLG models are defined through the hierarchical framework of the generalized linear 

mixed model. 



 

The composite likelihood (CL) approach is an alternative to complex full 

likelihood for inferences in the GLMMs models. An overview of CL methods and their applications are presented 

by Varin et al, (2011). Under usual regularity assumptions the CL estimator are consistent and the efficiency loss 

with respect to the ML estimation method is moderate and the Fisher information is replaced by Godambe 

information matrix (Cox and Reid, 2004). 

 

Following Bellio and Varin (2005), we used this inference function to obtain the composite likelihood (CL) 

estimates by assuming the generalized log-gamma distribution for the random effects. Simulation studies are 

performed to evaluate the Asymptotic behavior of the CL estimator. The Gauss Hermite with pruning method has 

successful effort in the reduction of the computational cost to approximate the integrals. 
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Introduction: Multilevel models are a common strategy of statistical analysis for both spatially correlated data or 

geographic correlation studies. They also allow to analyze data collected at different level of spatial aggregation and 

provide a useful framework to model sources of variability. Cancer is the second leading cause of death in Argentina 

and several socio-economic and environmental exposure factors were identified associated with this disease in this 

country. Argentina has around 90% of urban population and the standardized mortality ratios (SMR) distribution has 

been described as aggregate. For small areas, standardized mortality ratios are very instable and maps of this 

measure can be misleading. 

Objective: To assess heterogeneity within clusters, identifying which of the selected factors are important for 

explain the spatial distribution of cancer mortality. 

Methods: Standardized mortality ratios (SMRi=(Yi/Ei)x100,000, Yi and Ei observed and expected number of deaths) 

of cancer in Argentina, calculated over 1996-2015 period, for 511 counties nested into 24 provinces, within 5 

regions, were analyzed spatially using statistical indexes (global and local measures) in order to confirm aggregated 

and different distributions between neighboring regions. Three main cut-points were chosen over time (1996, 200 

and 2010, two later ones coinciding with national census) for disease mapping. Multilevel Poisson model (three-

levels) were performed by region to estimate factor effects using socio-economic characteristics (percentage of 

households with unsatisfied basic need -UBN-, and others) and environmental exposure factors at the different 

levels (county and province). Prediction of random effects (Empirical Bayes) were obtained to explore small area 

phenomenon, disease mapping and model diagnostics. 

Results: Significant autocorrelations at county and province level were identified by Global and local spatial 

measures. Poisson model with two random intercepts was suitable for taking into account variability when at least 

one neighboring was fixed for every province. For the North and Center regions, significant effects were obtained 

for percentage of households with UBN. 

Conclusion: Geographical differences in socioeconomic conditions could explain spatial distribution of total cancer 

mortality in of Argentina, mainly in regions where structural poverty is keeping up over time. 
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Linear mixed-effects models have an instrumental role in the analysis of experiments in biological sciences. Effects 

of experiments are usually modelled as fixed, whereas effects of blocks and experimental units are modelled as 

random. The analysis and inference in these models include estimating variance components. The restricted 

maximum likelihood (REML) method proposed by Patterson and Thompson (1971) and Harville (1977) is a 

common procedure for variance component estimation. Using this method, variance estimates may or may not be 

bounded at zero. 

Different methods for calculating the denominator degrees of freedom are available, including the Kenward and 

Roger (1997) method. The accuracy of the numbers of degrees of freedom is critical for the inference on the 

treatment effects in linear mixed-effects models. 

The mixed procedure in SAS has a default boundary constraint of zero, resulting in inaccurate values for the degrees 

of freedom when variance component estimates are non-positive. Similarly, using the lmer function in R, variances 

are always bounded. When, due to the boundary constraint, variance components are estimated to zero, the 

denominator degrees of freedom is computed differently in SAS as compared to R, despite both software employing 

the Kenward and Roger (1997) method. This results in different degrees of freedom, causing a disparity when 

comparing the same data computed by different software programmes. 

Here we present a study examining different software programmes and the effects on the frequency of Type I error, 

based on whether the variance is bounded or not. We focus on randomized block experiments and split-plot 

experiments, and discuss implications for inference on treatment effects in agricultural experiments. 
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Health is affected by distribution of economic and social resources around the world, between and within areas. 

Although poverty and health are inversely associated, economic hardships such as recession and austerity can make 

it more challenging and inequitable. Responding to the 2008 recession, the UK government initiated austerity policy 

which is likely to aggravate heath of vulnerable groups. Stockton on Tees is an area of disadvantageous North East 

England, UK, which is burdened with high level of health inequality (within areas). This paper assesses the post-

austerity changes in mental health inequality among participants in Stockton on Tees. 

 

A longitudinal survey (4 waves) was done between 2014 and 2016 among participants from 20 most deprived Lower 

Super Output Areas (LSOAs) and 20 least deprived LSOAs in Stockton-On-Tees (wave1 n =397; 438 respectively). 

The Office of National Statistics (ONS) data on Index of Multiple Deprivation were used to identify least and most 

deprived LSOAs. The analysis used two mental health outcomes: the Warwick-Edinburgh Mental Wellbeing Scale 

(WEMWBS) and the SF8; and used deprivation status (1=most deprived LSOAs; 0 = least deprived LSOAs) as the 

primary explanatory variable. We used linear mixed effects model (LMM) to account for correlation between the 

repeated observations per participant. Survey waves were treated as categorical variable and random intercept was 

used to capture intra-individual correlation. The final most parsimonious model was obtained by combining all 

explanatory variables with either significant change over time or significant association with deprivation indicators. 

Likelihood ratio test was used to remove redundant explanatory variable without substantial loss of information. 

 

People living in the most deprived areas have much worse mental health (statistically significant) than those living 

in the least deprived areas. For SF8MCS and WEMWBS, the average score for the participants from the most 

deprived areas were 3.71 (2.26, 5.15) and 5.16 (3.55, 6.77) lower than those from the least deprived areas, 

respectively. These gaps remained constant over the study periods, independent of the neighbourhood of the 



participants. Results from analyses of the data applying weights (weighted LMM) and multiple imputations (MI) 

resulted in similar findings as analysing the available data. 
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Abstract 

Understanding the process of global cognitive decline in older adults is of great importance for better planning not 

only in a personal level for the affected individuals but also for health service and social security service providers. 

Since the cognitive decline becomes evident over time, longitudinal models are implemented for its study. However 

these models have the disadvantage that during the follow up period, due to several reasons, some individuals drop 

out of the study. This drop out not only reduces the sample size but are also likely to be an importatn source of bias 

in results from the statistical analysis. 

 

The objective of this study was to model the global cognitive decline of a set of older adults over time. To 

accomplish this objective data from the study "Origins of Variance in the Old-old: Octagenarian Twins" with a 

cohort of 702 individuals between 79 and 98 years old was used. The global cognitive function was assessed using 

the Mini Mental State Examination (MMSE), evaluated over time in two-year intervals. Joint longitudinal survival 

models were implemented since these are based on the assumption that the survival time of individuals and their 

results of MMSE are related. 

 

Based on results we conclude that the baseline MMSE values depended on the age of individuals and the rate of 

decline was affected by their educational level. The inclusion of survival analysis as part of the cognitive decline 

process updates inferences. 

 

To the best of our knowledge, this is the first implementation of this modelling approach in Uruguay. We hope that 

it can be extended and implemented in this area to improve existing knowledge about cognitive ageing. 

Furthermore, this statistical methodology may be used in other research areas including organ donation, HIV 

research, and others. 
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Case-control studies (CCS) are one of the epidemiologic study designs most used worldwide. These require an 

adequate planning to avoid bias and obtain reliable risk estimates of the effect of an exposure on a health event. Bias 

derived from confounding, selection bias and information bias are the most common systematic errors in CCS. The 

present work provides a methodological framework to quantitatively assess systematic errors in a breast cancer 

CCS, carried out in Argentina (2008-2015). 844 subjects (318/526 cases/controls) were included. Dietary pattern 

was considered as exposure variable. Confounding was analyzed applying regression models approach for observed 

and unobserved variables. In this former case simulated scenarios of different a priori variability’s distributions 

imposed were proposed (standard deviation equal to 0, 1, 2 and 3). In addition, some a priori association 

coefficients between the unobserved variable and some observed variable were proposed, assuming they could have 

similar distributions (coefficients equal to 0.2; 0.3; 0.4; 0.5). Information bias, derived from missing data in 

covariates, was handled applying multiple imputation by chained equations (MICE), considering the MAR 



mechanism. 20 datasets were generated, and the imputation method was performed when variables had more than 

10% of missing values. Relative variance increase was chosen as the diagnostic measure. No confounding effect of 8 

proposed variables was found. Regarding the effect of not measured confounding variable, the modifications in the 

risk estimates were not relevant. A possible confounding effect of the unmeasured variable was only observed when 

a greater variability and coefficients were imposed. In respect of selection bias, differences regarding conventional 

estimates were small and concentrated in the associations and the confidence intervals amplitudes. Analysis of 

complete information (CC) was carried out in 32% of women included in the study and 83% of them were 

considered when MICE was applied. Both approaches showed a promoting effect of the "Traditional" dietary pattern 

(CC OR:1.33; CI 95%:1.015-1.755; MICE OR:1.4; CI 95%: 1.184-1.657). Nevertheless, effects of other covariates 

were only observed when MICE was applied. These covariates were BMI (OR:1.03; CI 95%:1.004-1.067) and 

breastfeeding practice (OR:0.54; CI 95%:0.365-0.813). 
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Alzheimer’s disease (AD), the leading cause of dementia, represents a worldwide epidemic and is predicted to 

increase at least three fold by 2050, hence curing this disease is a global priority. To achieve this an understanding 

of the entire disease course is necessary, however, data available on AD progression is sparse, especially in later 

stages of disease, where it may be unethical or difficult to measure patient outcomes like cognitive states. Previous 

research has suggested that disease markers in particular follow an increasing nonlinear sigmoidal shape, but due to 

the nature of the data, there is frequently a lack of available information to accurately estimate the upper asymptote 

and consequently disease progression is difficult to describe. 

 

We compare commonly used frequentist methods of non-linear mixed models and Bayesian techniques on simulated 

and real world data, to investigate the estimation of the upper region of the sigmoidal curve and ultimately disease 

progression. We observe when using frequentist methods, we often experience computational issues in fitting 

models, or bias and/or large variance in the estimates of the upper asymptote. When adopting Bayesian techniques, 

using informative priors, we are able to more accurately estimate the upper region of the curve in situations where 

little or no data is available, demonstrating the potential flexibility in this approach when trying to accurately 

estimate AD progression. We demonstrate both of these methods using the Alzheimer's Disease Neuroimaging 

Initiative (ADNI) data and show estimated disease progressions are comparable to those described previously in the 

literature. 
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It is said that greater visit to visit HbA1c variability is associated with increased cardiovascular events of type 2 

diabetic patients (Hirakawa et al., 2014), and standard deviation (SD) and/or coefficient of variation (CV) in a 

patient was used as the measure of variability.  

However, these reports did not reach to a consistent result, since neither different frequency of visits nor variabilities 

of blood pressure and lipid parameters were not taken into account. Conventional way of estimating variability is 

only to calculate individual CV/SD in a patient whose number of measurements is more than a certain number, 

neglecting the timing of measurements. Thus far, it has been unknown whether the critical issue is large variability 

or high absolute value in HbA1c. 

Recently, it has been revealed by Sakamoto et al. (2018) that HbA1c, blood pressure, BMI, and body weight, HDL-

C and LDL-C have certain circannual rhythms. 



It is very probable that evaluating variability or absolute value in HbA1c, taking circannual rhythms into 

consideration, will improve accuracy and precision for risk prediction. However, it seems difficult to take HbA1c 

measurement every month in general practice due to medical cost. 

Population PK/PD modeling is realistic method to estimate time profile if only spars sampling data are available. 

Population PK is frequently applied to appropriate use of anti-biotic drugs in general practice. In our research, we 

build 

population PDs models in type 2 diabetic patients with spars sampling data to reflect circannual rhythms. We 

assume non-linear mixed effect models, where certain combination of a periodic non-linear function and linear 

functions are applied for population mean PDs models. Month (season), age, sex, and duration of diabetics are 

modelled as fixed effects, and subject as a random effect. Patient records from scientific activities as part of the 

Japan Diabetes Clinical Data Management (JDDM) Study Group are used to build a model and for model validation. 

We will discuss about a new measure of variability, taking circannual rhythms into consideration. 
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In stepped wedge designs (SWD), clusters are randomized to the time period during which new patients will receive 

the intervention under study in a sequential rollout over time. By the study's end, patients at all clusters receive the 

intervention, eliminating ethical concerns related to withholding e�cacious treatments. This is a practical option in 

many large-scale public health implementation settings. Little statistical theory for these designs exists for binary 

outcomes. To address this, we utilized a maximum likelihood approach and developed numerical methods to 

determine the asymptotic power of the SWD for binary outcomes. Computations are complex and accurate, efficient 

algorithms were developed. We studied how the power of a SWD for detecting risk di�erences varies as a function 

of the number of clusters, cluster size, the baseline risk, the intervention e�ect, the intra-cluster correlation 

coe�cient, and the time effect. We studied the robustness of power to the assumed form of the distribution of the 

cluster random effects, as well as how power is affected by variable cluster size, and found little impact of either. 

We also found that the approximate weighted least square (WLS) approach of Hussey and Hughes (2007) for binary 

outcomes under-estimates the power in some regions of the parameter space, and over-estimates it in others. Both 

short-term studies where time effects can reasonably be ignored, and longer-term studies where they must be 

considered, are studied, and results are somewhat different for these two. The new method was applied to the design 

of a large-scale intervention study of postpartum intra-uterine device insertion services for preventing unintended 

pregnancy in the 1.5 years following childbirth in Tanzania, where it was found that the previously available method 

under-estimated the power. 

 
64 

Power and Sample Size for Hierarchical Cluster Randomized Trials with S:T Repeated Measures Design 

Shin-ichi Takayama1, David Richards3, Toshiro Tango2  
1Clinical Development Department, Kaken Pharmaceutical Co., Ltd, Tokyo, Japan, 2Center for Medical Statistics, 

Tokyo, Japan, 3 Institute of Health Research, University of Exeter Medical School, Exeter, United Kingdom 

 
A cluster randomized trial (cluster-RCT) is a randomized controlled trial in which the unit of randomization is a 

group, and outcome measurements are obtained for subjects of the group. Consequently, a cluster-RCT yields data 

with hierarchy levels. A cluster-RCT has advantages over individually randomized controlled trials, including 

increased administrative efficiency, lessened risk of experimental contamination, and likely enhancement of subject 

compliance [1]. 

Tango proposed a new repeated measures approach called S:T repeated measures design combined with the 

generalized linear mixed-effects models in the context of randomized controlled trials [2]. The letters, S and T, 

denote the numbers of repeated measures before and after randomization, respectively. The main contributions of 



the design are as follows: (1) it can easily handle missing data by applying the likelihood-based ignorable analyses 

under the missing at random assumption and (2) it may lead to a reduction in sample size, compared with the 

conventional repeated measures design. 

In this talk, we present sample size formulae for three level data structures based on a S:T repeated measurement 

model in a cluster-RCT. The derivations are based on a distribution of a test statistic that used the maximum 

likelihood estimate (MLE) of the parameter of interest, the intervention effect, in a mixed-effects linear regression 

model. A simulation study is then presented to examine the statistical power achieved with sample sizes based on 

our algorithm, and is followed by applications. 

 

[1]Donner A, Klar N. (2004): Pitfalls of and controversies in cluster randomization trials. Am J Public Health; 

94(3): 416-22. 

[2]Tango T. (2016): On the repeated measures designs and sample sizes for randomized controlled trials. 

Biostatistics; 17: 334-349. 

 
60 

Flexible Bayesian Additive Joint Models for Longitudinal and Time-to-Event Data: Applicacion to Liver 

Transplantation Data 

Carmen Cadarso-Suárez1, Carla Díaz-Louzao1, Francisco Gude2  
1Department of Statistics, Mathematical Analysis, and Optimization. , University of Santiago de Compostela, Spain, 

Santiago de Compostela, A Coruña, Spain, 2Hospital Clinico Universitario de Santiago, Santiago de Compostela, 

Spain 

 
In patients who underwent liver transplantation, it is important to assess what factors could predict the risk for death 

after this procedure. Age, sex, body mass index, alcohol intake and parenteral nutrition, among others, were 

analyzed. Glucose levels just before the surgery and once a day during the following week were also included. In 

order to study the risk of death of these patients, joint modelling approaches were used. This procedure is an 

appropriate way to study the relationship between the longitudinal and the time-to-event processes. 

 

In Orthopedic Liver Transplantation data, both longitudinal trend and the risk for death show non-linear profiles. 

This, together with the fact that the relationship between the biomarker and the survival process may vary over time, 

has led us to implement the methodology presented in Köhler et al. (2017), which consists of a new approach to the 

problem from the Bayesian point of view. 
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Donation after circulatory death (DCD) tends to lead to less favourable kidney transplant outcomes than donors that 

decease by brain-stem related injury (DBD). This is in part believed to be due to DCD donors by nature having to 

incur a withdrawal from life-support to death phase, which has various implications such as cellular decay. For this 

reason, this time period is of clinical interest and remains not well understood. From a transplantation point of view 

this particularly important because the proportion of DCD donors is increasing. 

 

This research is motivated by a data set of 132 DCD donors, which consists of repeated measures of highly volatile 

physiological variables taken throughout the withdrawal to death phase. Such variables include: blood pressure, 

heart rate, mean arterial pressure and oxygen saturation. Interest lies in how various characteristics of these 

intermittently measured variables relate to the survival and transplant outcomes of the corresponding kidney 

recipients. This presents the challenge of modelling the relationship between a longitudinal and a survival process of 

different individuals at different time periods. To address this, we consider both a two-stage and an extended joint 

modelling approach, that we compare by the means of a Monte-Carlo simulation study. These approaches are then 

applied to the motivating data set. 
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in paralell group RCTs with the help of biomarkers. 
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Precision Medicine develops strategies to provide to each patient and his/her disease the best fitting treatment. 

Biomarkers are used to inform the individual treatment choice. The analysis of a biomarker treatment interaction in 

a regression model is the formal process to derive a treatment decision rule. Alternatively, the potential outcome 

(PO) paradigm is an alternative approach to derive a multivariate distribution of counterfactual outcomes under 

several treatments. An example how to disentangle counterfactual distributions from parallel group randomized 

controlled trials (RCTs) using biomarkers is provided by Huang et al. (Biometrics, 2012, 68(3):687-96) for binary 

outcomes or by Laubender & Mansmann (https://epub.ub.uni-muenchen.de/22207/) for a Gaussian model. 

 

The talk generalizes the concept of a bivariate Gaussian PO-model using copula theory. It also discusses how this 

idea can be generalized to time-of-event data and follows the PO model of Rubin & Holland 

(https://en.wikipedia.org/wiki/Rubin_causal_model). The basic idea is to look at bivariate distributions which are 

only marginally observed. In this specific missing-data problem, it is demonstrated that dependence structures 

formalized by copulas and specific functional relationships between biomarkers and treatment outcomes allow to do 

a full ML estimate of all parameters. Since I use structural models, it is important to consider aspects of model 

diagnostics. Simulation studies will show how effective the PO approach is. Finally the purely marginal approach 

using interaction terms in regression models is compared to the PO strategy. Implications for study designs will also 

be discussed. A short comment will be given how PO models allow to construct informative graphs which do 

support clinical decision making following Shen et al. (Methods Inf Med, 2017, 56(1):13-27). 
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On average, it is approximated that 370,000 children are born every day around the world, 

but their probability of survival and their ability to make steady progress and attain success 

greatly depend on where in the world they were born. However, when considering 

development of children, several domains or developmental areas are considered: social/ 

emotional, cognitive, self-help, motor and language. These domains have been studied 

in detail and described for children from various backgrounds. A cross-sectional study 

comprising of 96 Flemish and 620 Ethiopian children with language and motor skill data 

collected based on Denver II test were considered. The goal of this analysis was to explore 

the relationship between fine motor skills, gross motor skills and language skills in children 

and to investigate if this correlation depends on age, nutritional status and whether 

the correlation is different for children without or with developmental problems. 

Data were analysed using multiple linear regression models for each outcome (development 

domains) separately and simultaneously, through a joint model. Results indicated 

that there is a correlation between fine motor, gross motor and language skills, which 

depend on development, social-economic status, nutritional status and age. These correlations 

seem not to depend on gender. In addition, the correlation between fine motor, 

gross motor and language skills are observed to be higher for risk development children 

compared to normal for Flemish children. Furthermore, Ethiopian children from families 

with higher social-economic status were observed to have a higher correlation among development 

domains compared to those with lower social-economic status. On the other 

hand, Ethiopian children from healthy or non malnourished observed to have a higher correlation 

between language and fine motor; language and gross motor compared to severe 



malnourished. 

However, after categorizing age of a child into age groups, correlation was observed to be 

less between fine motor and gross motor at the younger age (5-18 months) compared to 

(19-18 months) and (31-43 months) for Flemish, similar information was observed for the 

Ethiopian children. In addition, insignificant correlation observed between gross motor 

and language at the younger age (2-18 months) for Ethiopian children. 
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One from the challenges in real systems for face recognition is the low-quality/resolution images especially in video 

surveillance, in this problem we have a system trained with high-resolution facial images, and we need to find the 

identification of suspects from low-resolution images taken in unconstrained environments. Motivated by the 

success of deep learning in image representation, we proposed a deep learning Supervised Autoencoder model 

(SAE) for face reconstruction and recognition. in our work, we learned tow deep layers the first one to reconstruct 

the high-resolution from low-resolution facial images, the other layer for classification, the proposed model is tested 

on three useful databases AR, ORL and YALE. 
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Yuan Ma1, 2, Xiuhua Guo1, 2, Mengyang Liu1, 2, Sijia Tian1, 2, Wei Feng1, 2, Xiaonan Wang1, 2, Xiangtong Liu1, 2, 

Xinghua Yang2, Deqiang Zheng1, 2, Lixin Tao1, 2, Feng Zhang1, 2  
1school of public health, Capital Medical University, Beijing, China, 2Beijing Municipal Key Laboratory of Clinical 

Epidemiology, Beijing 100069, China, Beijing, China 

 
Objective: The objective of the study was to explore valuable medical imaging traits in 18F-FDG PET/CT images 

from patients of different non-small cell lung carcinoma (NSCLC) subtypes for personalized medicine promotion, so 

that a high value to the medical decision-support could be made. 

Methods: We retrospectively analyzed 299 PET/CT images of 52 non-small cell lung cancer patients from two 

different university hospitals to assess the feasibility of image features in discriminating subtypes. We quantified 

features of texture and color to describe characteristics of histological subtype of NSCLC and explored the 

association between radiomics and clinical data. A SVM classification model was applied on these traits including 

the combination of features of texture and color, only texture features, only color features to discriminate the 

subtype respectively. The accuracy, AUC, sensitivity, specificity and F score were computed respectively to 

evaluated classification results. 

Results: Two texture features in ADC group were greater than that in SqCC group while all the five color features 

of SqCC group were greater than that of ADC group. Among these predictive features, the mean of Energy, the 

mean of IDM and the standard deviation of IDM, and the color features from RGB space including the local sample 

mean of red and green components appeared as significantly correlated to both SUVmax and tumor diameter. The 

seven discriminative features for differentiation between ADC and SqCC were all correlated to SUVmax or tumor 

diameter. Texture features performed best with AUC of 0.89 while the combination of texture and color features got 

an AUC of 0.85 and color features got an AUC of 0.80. 

Conclusions: The positive relationship between medical image features and clinical data has been found and the 

detection results of these images traits we extracted are promising. 
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In this work, we are interested in analyzing, from a statistical point of view, the fluctuations in the duration of the 

gait cycle (the stride interval) between healthy young adults and patients with neuronal diseases such as Parkinson's 

disease, Huntington's disease and Amyotrophic Lateral Sclerosis. 

 

Amyotrophic Lateral Sclerosis (ALS) is a disorder primarily affecting the motoneurons of the cerebral cortex, brain 

stem, and spinal cord. By other hand, Parkinson’s disease (PD) and Huntington’s disease (HD) are 

neurodegenerative disorders of the basal ganglia. Gait typically becomes abnormal during the course of these 

diseases. However, it is unknown whether the loss of motoneurons also perturbs the stability and stride-to-stride 

dynamics of gait. 

The temporal fluctuations in the stride interval provide us a non-invasive technique to evaluate the effects of 

neurological impairments on gait and its changes with age and disease.  

There exist several previous studies attempting to address the relationship between fluctuations of the gait cycle and 

condition of the individual. In particular, Hausdorff et al. (1997) perform an extensive descriptive analysis and 

hypothesize that these stride-interval correlations would be altered by changes in neurological function associated 

with aging and certain disease states. Analysis of stride-to-stride variability provides then a noninvasive technique 

for quantifying gait dynamics. 

 

The aim of our work is to study the stride interval time-series of different groups (HD, ALS, PD and control). We 

perform a time series analysis to study complexity of gait for healthy patients and neurodegenerative disease 

subjects. We address the modelisation problem using short and long memory time series model. We also carry out 

forecasting for these different models. The long memory component of the model is estimated using ARFIMA 

model. 

 

We apply our method to real data obtained from the Physionet databank funded by the National Institute of Health. 

The results show that the dynamics of healthy subjects are more complex than pathological subjects within short 

range of persistence. We also show that another important aspect of the proposed methodology is the possibility of 

forecasting using these time series models. This has an important relevance in the medical field since it can help 

prevention in healthy patient. 
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Eletroencephalogram is a way of recording the electrical activity of brains. It is important to obtain information from 

it to diagnose several diseases or disfunctions but moreover, it can be a way to move robots or prosthetic devices. 

That means that the devices can be moved not by manual control but by mere ``thinking'' (only by human brain 

activity) which can be an important advance, for instance, for disabled persons. Recently, there are experiments that 

show the feasibility of using brain-machine interfaces (BMI) for controlling and interacting with robots and 

wheelchairs. 

 

In this sense, an essential issue is the supervised 

classification of electroencephalography (EEG) data. EEG data is recorded by C electrodes that are placed along the 

scalp so that each EEG data is the collection of the signals of the electrodes (C channels) along a fixed time span. 

Given that we have the signals classified into two classes, each one related with an action as, for example, lift right 

hand, lift left hand a classification problem arises: if a new EEG is obtained, which movement does it represent? 

 

To this end, Common Spatial Patterns (CSP) method is widely used. It is based on the simultaneous diagonalization 

of the covariance matrices for both classes that allows projecting the EGG data into a low-dimensional subspace. 

Once the EEG data are represented in a low-dimensional subspace, a classification step must be carried out. 

 

In this work, an extension of the CPS method is presented. The geometry behind CSP is related to the euclidean 

distance and we addressed the problem so that any type of distances can be introduced. Therefore, the most 

convenient way to measure the dissimilarity between signals can be considered in the analysis. 
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One of the characteristics of wavelet analysis into genomic data is the extraction of features that are hidden. The 

wavelet transform is a technique of seeing and represents a signal which is decomposed at different levels of 

resolution, where each level brings a detailing. Mathematically, it is represented by a function oscillating in time or 

space. As a feature, it has sliding windows that expand or compress to capture low and high frequency signals, 

respectively (Percival and Walden, 2000). We applied the discrete non-decimated wavelet transform, NDWT, to the 

GC-content sequences of the Mycobacterium tuberculosis (MTB) genome strains. The GC-content is an important 

parameter of bacterial genomes used to scan the basic composition of the genome as well as to understand the 

evolution of the coded sequence. 

This paper proposes a clustering method to similarities of genomes based on the energy and elastic net method. The 

energy (variance) obtained at each level provides a new set of information that can be used to search similarities 

between sequences. The elastic net simultaneous does automatic variable selection and continuous shrinkage, and it 

can select groups of correlated variables. The proposed methodology is applied to MTB sequences, being 4 Drug 

Resistant, 4 Drug Susceptible, 1 Multi Drug Resistant and 1 Extensively Drug Resistant, obtained from NCBI 

(2017). 

The results obtained considering energy and the elastic net were similar. We note two important groups, the first one 

consisting of sequences 6 (MDR) and 7 (XDR), which strains correspond to a single patient in KwaZulu-Natal, 

South Africa. The second group formed by sequences 3 (DS) and 4 (DR) which strains were sequenced for 

comparative genomic studies. In some situations the Seq-1 (DS) which strain was isolated in Russia belonging to the 

AI family (according to RFLP genotyping), and it is sensitive to all common drugs used in the treatment of 

tuberculosis formed a group. 

Saini and Dewan (2016) based on the calculation of the energy of complete genomic sequences showed that the 

genomic sequences of MTB could be grouped only into two groups. The first group with DS and DR sequences 

(lower energy) and the second group with MDR and XDR sequences (highest energy). Our methods were able to 

identify more than two groups. It was possible to detect particularities of sequences 3 (DS), 4 (DR) 6(MDR) and 

7(XDR) with the proposed methodology. 
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This study sought to establish the main factors associated with educational attainment in high school seniors (grade 

11) in the city of Bogotá, Colombia. Additionally, it focused on determining if there is some kind of spatial 

relationship between educational achievement and factors, which depends on the location of the observation unit 

that, for this investigation, was the educational establishment. From the analysis of the records of the SABER 11 test 

that is applied to all students in Colombia, different variables were selected in order to measure the educational level 

of the parents, socio-economic level of the student, characteristics of the educational institution, among others. 

Indicators were constructed to allow each of the individuals under investigation to be profiled. Based on this, a 

multiple regression model was fitted to explain the results of the SABER 11 tests, in this way the main factors were 

identified. Among of the most important ones, the highest educational level reached by the mother and a proxy 

variable of the expectation of continuity towards university education were the factors with the highest weigth. After 

the determination of the main factors and by the fitt of a Geographically Weighted Regression, the existence of 

spatial heterogeneity in the results was identified, this means that the character of the relationship between the 

dependent and independent variables varies according to the spatial location. 
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This research was conducted to investigate on spatial structure and estimation of crown cover and density of a 

coppice oak (Quercus brantii Lindl) forests in the Zagros region of western Iran, using Kriging and IDW (Inverse 

Distance Weighting) interpolation methods. Field sampling was performed based on a 100 m×100 m systematic grid 

using circular samples of 1500 m2 area. Overall, 54 sample plots were measured in 54 hectare. Experimental 

variograms for forest stem density and crown cover were calculated and plotted using the geo-referenced inventory 

plots. The calculated variograms of stem density and crown cover showed medium spatial autocorrelation, which 

fitted by spherical models. Estimations were made by ordinary block (38 m×38 m) Kriging and IDW (power =2), 

and cross-validation results showed that all the estimations are unbiased. Therefore, Kriging and IDW are able to 

estimate and map of crown cover and density of this kind of coppice forests, accurately. 
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n recent years, several approaches to diagnostic classification into three or more groups using a generalization of the 

Youden index have been proposed in the medical field (e.g., Nakas, et al, Statistics in Medicine 2011; Yin, et al, 

Biometrical Journal 2016). Although they mention the general model with the costs of false diagnoses and 

prevalence of diseases, they actually considered simplified models both in the theoretical development and in their 

examples by ignoring the costs and prevalence. However, such simplified models seem to be quite unrealistic. This 

presentation aims to propose a method for selecting diagnostic cut-off points considering different but possible 

values of costs or cost ratios to different types of false diagnoses and prevalence. 

 

To estimate the optimal cut-off points c1 and c2 (c1 < c2), we extended Tango's method (Tango, Statistics in 

Clinical Laboratory Data, 1986) that considers different costs for different types of false diagnoses or 

misclassifications and obtains the optimal cut-off points by minimizing the total costs. The method is illustrated with 

data from a screening program for pre-disease condition, in which an individual is diagnosed as Healthy [H] or Pre-

disease [M] or Disease [D]. In this application, a test result is assumed to have a mixture of the three independent 

normal distributions. The variability of the estimated optimal cut-off points was examined by allocating several 

realistic values of costs to different types of false diagnoses. A simulation study is also presented to examine the 

performance of the proposed method. 
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A common question of interest in clinical studies is to predict the binary status of a subject (for example, diseased 

and non-diseased) by means of a quantitative baseline biomarker. Physicians are often interested in the 

categorization of this biomarker to simplify the prediction process, which leads to a cut-off estimation problem. 

When instead of the subjects' status we have their times to an event of interest, the cut-off estimation should take 

into account that data might be right-censored. Here we compare some approaches for cut-off estimation in this 

context. 

 

We consider the following five methods to estimate optimal cut-offs in the context of survival data: 1) Logrank 

maximization: the cut-off is estimated as the value of the marker that maximizes the logrank test; 2) Contal-



O'Quigley: this modification of the previous approach maximizes another rank statistic; 3) Youden index 

maximization, standard approach: subjects in the sample are classified in two groups according to their survival 

status at a pre-specified time-point and the cut-off is calculated through maximization of the Youden index; 4) 

Youden index maximization, survival approach: the cut-off is calculated through maximization of the Youden index 

using time-dependent ROC curves; 5) Barrio et al.: this method maximizes the C-index using Cox models. 

 

These methods are illustrated by applying them to a real case example where it was of interest to estimate the 

biomarker cut-off that best predicted survival. Confidence intervals for the cut-off estimates are computed using 

percentile bootstrap. Furthermore, the estimating properties of the previously mentioned approaches are compared 

by means of a simulation study. 
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The receiver operating characteristic (ROC) curve is the most popular tool for evaluating the diagnostic accuracy of 

continuous biomarkers. Often, covariate information that affects the biomarker performance is also available and 

several regression methods have been proposed to incorporate covariates in the ROC framework. In this work, we 

propose robust inference methods for ROC regression, which can be used to safeguard against the presence of 

outlying biomarker values. Simulation results suggest that the methods perform well in recovering the true 

conditional ROC curve and corresponding area under the curve, on a variety of data contamination scenarios. 

Methods are illustrated using data on age-specific accuracy of glucose as a biomarker of diabetes. 
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In a fully-paired screening trial design, every study participant receives both screening tests. In an unpaired design, 

study participants are screened with only one test. In a partially-paired design, some participants receive both tests, 

while others receive only one. For a trial designed to compare the diagnostic accuracy of two tests, total sample size 

is usually smallest for a fully-paired design. However, when conducting screening studies in a busy clinic, the fully-

paired design may not be feasible. Conducting two examinations on all participants can slow clinic flow. A partially-

paired design strikes a balance between efficient study design and clinical acceptability. 

For the partially-paired design, we propose a novel F test for comparing the full areas under the receiver operating 

characteristic curves for two screening tests. The F test is a modification of the Welch-Satterthwaite t test that allows 

for missing data. Considering the fully-paired and unpaired designs to be special cases of the partially-paired design 

extends the utility of the test. The proposed F test has an accurate Type I error rate even with the small number of 

cases common in cancer screening trials. 

A non-central F approximation gives power for the partially-paired design, and for the special cases of the fully-

unpaired and fully-paired designs. Sample size is evaluated by numerical inversion of the power function. Monte 

Carlo simulations demonstrate the accuracy of the power and sample size approximations. We provide an example 

power and sample size calculation for a partially-paired oral cancer screening trial. 
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Causal mediation analysis is an important tool used for shedding light on the mechanism underlying cause and effect 

relationships. 

Recently, there has been an increased interest in the mediation analysis in fields 

characterized by high-dimensional datasets. For instance, we considered a problem of assessing 

whether DNA methylation mediates the effect of smoking on lung cancer risk. 

In this case, the role of mediator is played by a high-dimensional vector. 

We propose a global test for the hypothesis that any linear transformation of this high-dimensional vector acts as a 

mediator. 

We also consider the problem of testing multiple vectors of potential mediators simultaneously, and propose a 

procedure that provides asymptotic control of the familywise error rate or the false dicovery rate. 

We apply our approach to data from a large Norwegian cohort study. 
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Today’s evaluation of center performance in patient care draws heavily on outcome indicators of quality-of-care. 

To allow for an unbiased assessment and fair comparisons of healthcare centers in those terms, patient mix 

adjustment should involve enough important confounders, measured reliably on the relevant patient population 

Electronic health records can in principle provide such a rich source of confounder data. They come with two 

problems however. 1) More covariates thus added introduce more records with missing data, especially among high-

risk patients. 2) For reasons of confidentiality acces may be limited to aggregate patient data. The first problem will 

yield complete case analyses that embellish centers with incomplete registration. It is unclear how much of this can 

be alleviated through MAR methods and raises the question of whether such additional confounder control can 

avoid undue bias. We take advantage of complete mortality outcome to examine this selection versus confounder 

bias trade-off on standardised hospital risks. 

In the Swedish Riksstroke register, well-known for generally quite high coverage, we find that under missingness at 

random, complete case analysis produces underestimated center-specific risks and misclassifies more hospitals as 

outlying centers. Unfortunately, centers with the better registration coverage tend to be penalised by the appearance 

of their quality indicator. Here, relatively small differences in missingness across hospitals have non-negligable 

impact in ways that matter. We examine when an added covariate risks introducing more bias through the level of 

missingness it brings and how the analysis could avoid stimulating incorrect or incomplete registration for better 

apparent results. 

Secondly, we study how standardised center risks can be obtained from aggregate covariate data per center. For 

linear models, this follows immediately from the estimating equations and in a derived way for generalised linear 

models with iteratively re-weighted least squares algorithms (see Lee, Brown and Ryan, 2017). Theoretically, Cox 

regression models could also be fit if specifically weighted averages were available per center each time a patient 

dies. In practice more feasible updating schemes will be needed and we study their impact on the obtained 

standardised measures. 

 

This paper presents joint work with Arnout Van Messem and Marie Eriksson 
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Statistical mediation analysis in cardiovascular epidemiology – challenges and case studies 
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Statistical mediation analysis, that is to investigate whether and how much of the effect of a variable of interest goes 

through pre-specified intermediate variables, has experienced a substantial upturn over the last decade, particularly 



through the adoption of ideas from the field of causal inference, and herein specifically the counterfactual 

framework. However, practical applications of these new methods are still scarce. After explaining challenges and 

some of the pitfalls of mediation when applied to observational data and ways to circumvent them, we will illustrate 

the application of novel causal inference mediation analysis methods on three case studies from the field of 

cardiovascular epidemiology. We will describe our impression and the challenges of applying some of these 

methods to large cohort data. 

The case studies use data of two prospective, population-based cohorts, namely the Vorarlberg Health Monitoring 

and Promotion Programme and the Malmö Diet and Cancer Study, consisting of about 180,000 and 23,000 

participants, respectively. The three methods for mediation which we applied are (i) natural effect models (proposed 

by T. Lange), (ii) a regression-based approach allowing also for interactions (proposed by T.J. VanderWeele), and 

(iii) the inverse odds ratio-weighted approach (proposed by E.J. Tchetgen Tchetgen). All statistical routines needed 

for analyses were programmed from scratch in R software; example R code is provided. 

In the first case study we assessed if sex/gender differences regarding mortality of coronary heart disease (CHD) are 

mediated by traditional cardiovascular risk factors. Secondly, we investigated age dependencies in metabolic 

mediation of body mass index on CHD mortality. Lastly, we asked if CHD risk conferred by family history/genetics 

measured as a genetic risk score is mediated by traditional metabolic risk factors. In all three applications, we 

observed that substantial parts of the total effect can be explained by the mediators under consideration. 

We demonstrate the feasibility of novel mediation methods from the field of causal inference for the analysis of 

epidemiological studies and the consistency of results among different methods. 
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Dynamic Modeling of Multivariate Latent Processes and Their Causal Relationships: Application to 

Alzheimer's Disease 

Bachirou O. Taddé, Hélène Jaqmin-Gadda, Daniel Commenges, Jean François Dartigues, Cécile PROUST-LIMA 
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Alzheimer’s disease gradually affects several dimensions including the cerebral anatomy with brain atrophies, the 

cognitive functioning with a decline in various functions and the functional dependency with impairments in the 

daily living activities. Hypothetical schemes have been proposed to describe the multiple dimensions involved in 

AD and define expected dynamic relationships between dimensions. However because of their complexity, they 

have not yet been translated into statistical models that simultaneously combine the dynamic and multidimensional 

aspects, and explore the causal relationships. 

We propose a new dynamic model that accounts for all these features. The model defines dimensions as latent 

processes and combines a multivariate linear mixed model and a system of difference equations to model trajectories 

and causal relationships of the system of latent processes in finely discrete time. Parameters are estimated in the 

maximum likelihood framework enjoying a closed form for the likelihood. The estimation procedure and the impact 

of the time discretization on the causal interpretations are evaluated in simulations. 

The model is illustrated on data from cognitive aging studies to assess dynamic causal relationships in years 

preceding dementia diagnosis. Are considered dimensions such as cerebral anatomy, global cognitive functioning 

and functional dependency, or different subtypes of cognitive functions such as episodic memory, speed, verbal 

fluency and executive functioning. 

 

Keywords: causality, mixed models, difference equations, latent process, longitudinal data 
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Statistical Inference of Covariate-Adjusted Randomized Clinical Trials 
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Covariate-adjusted randomization is frequently used in comparative studies, such as clinical trials and causal 

inference. However, since the randomization inevitably uses the covariate information when forming balanced 

treatment assignments, the validity of classical statistical inference following such randomization is often unclear. In 



this talk, we derive the theoretical properties of statistical inference post general covariate-adjusted randomization 

under the linear model framework. More important, we explicitly unveil the relationship between covariate-adjusted 

and inference properties. We apply the proposed general theory to various randomization procedures including 

complete randomization (CR), re-randomization (RR), pairwise sequential randomization (PSR), and Atkinson’s 

DA- optimality biased coin design (DA-BCD) and compare their performance analytically. We then proposed a new 

adjusted approach to obtain valid and more powerful tests. These results open a new door to understand and analyze 

comparative studies based on covariate-adjusted randomization. Simulation studies provide further evidence of the 

advantages of the proposed framework and theoretical results. This talk is based on joint research with Wei Ma, 

Yichen Qin and Yang Li. 
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A Four-Way Decomposition of Socioeconomic Status and Mortality After First Myocardial Infarction 

Ronnie Pingel  
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This study use Swedish registry data (n=162 000) to analyze how education and income are related to 1 year 

mortality among MI survivors. The excess relative risk of death 1 year after admission among those having low 

education is 50% higher compared to those having high education. We then decompose this excess relative risk of 

education into the component that 

is due to only the mediation of income, due to only interaction between education and income, due to both mediation 

and interaction of income and education, and the controlled direct effect of education. The results show that 30% of 

the excess relative risk is due to a controlled direct and 50% is due to the pure indirect effect. We find no evidence 

of interaction between education and income. Thus, by unifying mediation and interaction, we are able to gain 

greater insight how socioeconomic variables are related to each other. 
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Bayesian inference of causal effects in randomized trials with a binary outcome 
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The principal purpose of randomized trials is to draw inferences in terms of causal effects. When two treatment arms 

are compared in terms of a binary outcome, causal effects can be identified by assuming exchangeability, which is 

often taken as given when randomization is applied. In this presentation, we propose a Bayesian method to causal 

inference that does not rely on this assumption; we employ the mechanism of randomization to this end. In detail, 

we apply a randomization-based approach in which trial subjects are viewed as a finite population of interest and 

probabilities arise only via random assignment. Thus, we do not require that the observed data constitute a random 

sample of an infinite population and we do not need to apply large-sample approximation. We also exploit the 

response type, which is the pair of potential outcomes for each subject under the treatment and control conditions. 

Then, we express the average causal effect (ACE) within a sample using the numbers of subjects that exhibit four 

types of response. A likelihood function is constructed by reference to the mechanism of randomization and all 

possible combinations of the numbers of subjects of the four response types. The posterior distribution of the ACE is 

derived from the posterior probabilities for the response types. In a similar manner, we derive the posterior 

distributions for the number of subjects of each response type. We applied our proposed method to data from a 

randomized clinical trial of preventative antibacterial therapy prescribed for patients who had suffered acute 

ischemic strokes. The results show that our proposed method stably derived unimodal posterior distributions for the 

ACE. The expected a posteriori estimate was somewhat more conservative than the crude risk difference, and the 

95% credible interval was narrower than the Wald 95% confidence interval. Although our proposed method requires 

considerable computational effort, the advantages are that our method can draw inferences about the ACE and the 

response types without making assumptions. Consequently, our proposed method is a potentially valuable form of 

statistical analysis by which to infer the ACE in randomized trials with a binary outcome. The system can be 

extended to deal with cases featuring an ordinal outcome, and to infer survivor average causal effects. 
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Calibrated inverse probability of treatment weights by covariate balancing for marginal structural models 



Sean Yiu, Li Su 
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Marginal structural models (MSMs) estimated by inverse probability of treatment weighting (IPTW) offer an 

approach to quantifying the causal effect of treatment sequences on repeated outcome measures in the presence of 

time-varying confounding. However, if weights are from maximum likelihood estimation (MLE), the treatment 

process after weighting will in general not be statistically exogenous, i.e., after weighting treatment assignment still 

depends on measured confounders conditional on treatment history, even if the treatment assignment model is 

correctly specified. This is because, with correct specification IPTW achieves sequential randomization of treatment 

assignment, but this will only remove systematic, and not chance, imbalances of empirical confounder distributions. 

For a particular sample, these chance imbalances lead to estimation error of the sample average treatment effect 

(Imai et al., 2008, JRSSA, 171: 481-502). Therefore, when the IPTW estimator is applied to different samples, its 

estimation error will result in increased variance (inefficiency) and mean squared error after taking expectations 

even if it is unbiased. 

 

In this work, we propose to improve the IPTW estimator of the MSMs by calibrating initial estimates of the weights 

(e.g., from MLE) such that the calibrated weights satisfy covariate balancing restrictions implying that the treatment 

process is statistically exogenous in the current sample after weighting, as characterized by a chosen treatment 

assignment model. The calibration is implemented by convex minimization where the solution to the restrictions is 

unique and asymptotically equivalent to the initial weights if they are consistently estimated, thereby maintaining 

the consistency of the IPTW estimator. Simulation shows that our method improves the efficiency of the IPTW 

estimator when the initial weights are from MLE and the treatment assignment model is correctly specified, and can 

be more robust under treatment assignment model misspecification as it directly optimizes covariate balance. We 

apply our method to a natural history study of HIV for estimating the cumulative effect of highly active 

antiretroviral therapy on CD4 cell counts over time. 
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Analysing interrupted time series with a control 

Christian Bottomley1, Valerie Isham2  
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The population-wide implementation of a public health intervention is often evaluated using data collected pre and 

post implementation. However, estimates of intervention impact from these studies are only valid if underlying 

disease trends have been adequately accounted for. We show how a control series can be used to account for secular 

trend by assuming the control and intervention series share a common trend. And we show how models of this type 

can be fitted using standard regression methods. 
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In observational studies, it is difficult to assess the effectiveness of a particular treatment because treatment is not 

randomly assigned to a patient as in randomized controlled trial. Therefore, the choice of treatment may be related to 

other covariates that in turn may affect the outcome of interest. Using the counterfactual framework, we introduce 

the inverse-probability weighting with regression adjustment (IPWRA) treatment-effects estimator to estimate the 

efficacy of treatment using observational data. 



 

Consider a subject who did not receive the treatment with an observed outcome Y0. The counterfactual for this 

subject is defined as the potential outcome Y1 that this subject would have experienced if he had received the 

treatment. Therefore, the treatment-effect estimator estimates the average treatment effect (ATE) as the mean of the 

difference Y1-Y0. The IPWRA estimator uses weighted regression coefficients to compute averages of treatment-

level predicted outcomes in a three-step approach. First, it estimates the parameters from the probit treatment model 

including covariates that may affect treatment status and computes the inverse of the estimated probability that an 

individual received the treatment. Second, it uses the estimated inverse-probability weights to fit a weighted 

regression model of the outcome for each treatment level and to predict the treatment-specific outcomes for each 

subject. Finally, it computes the means of the treatment-specific predicted outcomes. The difference of these means 

provides the estimated ATE. 

 

We applied this method to retrospective observational data from a cohort of multidrug-resistant Tuberculosis (MDR-

TB) patients in Armenia to assess the effect of adding bedaquiline (a new drug for MDR-TB) to a conventional 

regimen on the treatment success. Among the 140 patients, 49 (30.6%) received bedaquiline in a non-randomized 

design. To estimate ATE, we used IPWRA including socio-demographic and clinical characteristics of the patients 

as covariates in the probit treatment model and adherence to treatment in the logistic outcome model. The estimated 

ATE showed that patients who received bedaquiline had a significant increase in success rate of 30.2% (95%CI 

15.8–44.5%). 
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Model-based Standardization Using an Outcome Model with Random Effects 
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Model-based standardization uses a statistical model to estimate a standardized, or unconfounded, population-

average effect. With it, one can compare groups had the distribution of confounders been identical in both groups to 

that of the standard population. Typically, model-based standardization relies on either an exposure model or an 

outcome model. Inverse-probability of treatment weighted estimation of marginal structural model parameters can 

be viewed as model-based standardization with an exposure model. We develop an approach based on an outcome 

model, in which the mean of the outcome is modeled conditional on the exposure and the confounders. In our 

approach, there is a confounder that clusters the observations into a very large number of categories, for example, 

zip code in an analysis which includes place of residence, or individual in an analysis which includes repeated 

exposures. We treat the parameters for the clusters as random effects. We use a between-within model to account for 

the association of the random effects with the exposure and the cluster population sizes. We illustrate the new 

method with two data analyses. First, we use 2008 Florida BRFSS Survey Data to estimate proportions of Floridians 

by age and gender reporting alcohol use within the last 30 days, adjusted for confounding by unmeasured zip code 

level variables. Second, we use Truven Health MarketScan Research Data to compare proportions of acute 

respiratory tract infection diagnoses with an antibiotic prescription for ED versus outpatient visits, adjusted for 

confounding by unmeasured patient level variables. Our approach represents a new way of thinking about 

population-average effects with mixed effects models. 
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Plackett models for longitudinal count data 
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There is a broad interest in the specification and estimation of models for dependent discrete data. The specification 

of flexible multivariate discrete distributions remains a difficult exercise. In this talk, we consider a class of bivariate 

distributions built on the Plackett copula with dependence specified in terms of the generalised pairwise odds ratio 

parameter. This model class can be employed to analyse dependent discrete data arising in a variety of contexts, 

including time series, longitudinal studies and spatial data. 

Since the model is specified using only bivariate aspects of the data, inference and model selection is conducted with 



pairwise likelihood methods (Varin, Reid and Firth, 2011). Simulation studies are performed in order to investigate 

the finite sample properties of the estimator and the proposed methodology is illustrated through applications to real 

data sets. 
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A study was carried out to examine the impact of staffing levels on the quantity and quality of daytime care received 

by patients in two NHS trusts on the South Coast of England. All interactions occurring between randomly selected 

patients and members of staff during 2-hour observation periods were counted and their social/conversational 

content rated according to the Quality of Interactions Schedule (QUIS) as poor (QUIS categories: negative 

protective or negative restrictive) or not (QUIS categories: positive social, positive care, or neutral). Nurse and 

health care assistant (HCA) staffing, along with the total number of patients on the ward during each observation 

period were recorded. 

At each combination of nurse staffing (standard categories <6, 6-8 and ≥8 patients per nurse) and HCA staffing 

(tertiles of patients per HCA), the rate of interactions per patient observed hour was examined in a negative binomial 

model at the patient level, and the odds of a poor quality interaction was examined in a multilevel logistic model 

incorporating patient and observation period as random effects. All models were additionally controlled for the 6 

wards involved as fixed effects, as well as patient and other contextual factors. 

3078 interactions took place involving 270 patients in the 119 of the 120 study observation periods with adequately 

recorded staffing level information. Overall, interactions took place at a rate of approximately 5 interactions per 

patient observed hour and 10% of them were QUIS rated to be of poor quality. Lower staffing levels (either nurse or 

HCA) were associated with a lower rate of interactions, and lower quality interactions. From the logistic model, 

there was some indication that the quality of an interaction wasn’t simply explained by additive effects of the 

staffing level factors which tended to overestimate risk when both nurse and HCA staffing were low. In both models 

there was substantial variation across observation periods and/or the patients involved. 
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Futility stopping based on exact conditional power 

Julia Singer, Timea Gombos 
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Reading the vaste literature on conditional power analysis techniques applied in interim analyses of clinical studies 

one might have the impression that this issue is overdiscussed. While it is well known in the planning phase of a 

study that the method chosen for power evaluation has to be consistent with the method chosen for final analysis, the 

same principle is often disregarded in case of conditional power. The majority of conditional power calculations for 

futility stopping are based on the Brownian motion characterizing the distribution of interim Z-test values (1). 

For instance, in case of a trial having a binomial primary endpoint with small expected proportions or having a 

small-sized trial an exact test is usually chosen as a primary analysis. In such cases an exact conditional power 

calculation based on the same binomial test as the primary one is appropriate. 

The authors developed a method to compute exact conditional power for any binomial tests comparing two 

independent proportions, and for different assumptions about the distribution of data in the remainder of the study. 

This is a generalization of the method presented by Wesley&Wesley (2), and a SAS code was developed for its 

implementation. 

This method will be presented with its applications for different exact binomial tests to compare two independent 

proportions. The importance of consistency between the final analysis method and the one applied for conditional 

power calculation will be presented through examples. 

References: 

(1) Lachin MJ: A review of methods for futility stopping based on conditional power. Statist. Med. 2005, 24: 2747-

2764 



(2) Wesley R, Wesley M: A program to compute power of Fisher test at interim point in a clinical trial. Computer 

Programs in Biomedicine 1982, 14: 67-72 
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Background. In low-income countries, sexually transmitted infections (STIs) account for up to 17% of economic 

losses related to health, yet demographic and socio-economic factors related to transmission are poorly understood. 

We examined associations between socio-economic factors and prevalence of STIs in Uganda. 

 

Methods: We used data from the nationally representative Uganda Demographic and Health Survey (UDHS 2011) 

on sexually active adults aged 18-49. The primary outcome was self-reported STIs and/or associated symptoms in 

the 12 months preceding the survey. Principal component analysis was used to construct the wealth index, a 

composite measure of each household’s cumulative living standard, using household asset data. Interactions and 

departures from the trend line in wealth quintiles were assessed for effect modification. We used log binomial 

regression instead of logistic regression because the prevalence of the composite outcome was common (>10%). 

 

Results: We included 7,428 women (median age 28, interquartile range [IQR] 23-36) and 1,828 men (median age 

30, IQR 23-37) in the analysis. We observed a significantly increased STI risk in higher wealth index quintiles (test 

for trend, p<0.01; adjusted risk ratio [ARR] 1.22, 1.61, 1.56 and 1.46 for poorer, middle, richer and richest wealth 

quintiles, respectively). The association between wealth index and STI risk was not modified by gender and HIV 

testing in the adjusted model (test of homogeneity, p=0.21 and p=0.53, respectively). Among employees, payment in 

cash (ARR 1.29; 95% CI: 1.12, 1.50; p<0.01) or in kind (ARR 1.37; 95% CI: 1.04, 1.80; p=0.03) was associated 

with higher STI risk. Increased STI risk was also associated with self-report of multiple lifetime sexual partners 

(ARR 1.61; 95% CI: 1.44-1.79; p<0.01). In contrast, older age (>46 years) was associated with reduced risk of 

having an STI (ARR 0.74; 95% CI: 0.59–0.93; p=0.01. Compared with no formal education, secondary (ARR 0.81; 

95% CI: 0.67-0.99; p=0.04) and higher education (ARR 0.67; 95% CI: 0.50-0.88; p=0.01) were associated with 

lower STI risk. 

 

Conclusions: Socioeconomic factors appear to have inverse effects on STI risk in Uganda. Increased disposable 

resources, acquired through employment, may convey the highest risk, whereas increasing formal education level 

decreases risk of STI acquisition. 
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Objectives: The purpose of this paper is to construct network model of HCC SNP data for analytic prognosis and 

optimize patient treatment plan which could be useful for estimation life expectancy and find the biomarker to 

influence to the mortality. Using visualization graph we can easy interpretation and get the significant biomarker. 

All the network models will be evaluate performance implementation effectiveness and diagnosability 

 

Methods: We used several network models including two-stage analytical schemes: (1) regression-based network 

inference (2) post-hoc analysis. In the first stage, we estimate probabilistic neighbors, typically called a conditional 

independence graph, on the basis of gene expression of HCC, the Liver Cirrhosis and Hepatitis respectively. We use 

lasso regression to estimate probabilistic neighbors with the optimal penalty parameter to control the probability of 

including falsely estimated neighbors. Such neighbors indicate functional interactions between genes. In order to 

observe transcriptomic effects associated with HCC and Liver Cirrhisis and Hepatitis, we investigate probabilistic 

neighbors that are shown only in either of groups, which focus on interactions active in one group, but inactive in 

the other groups. After that, we calculate a degree of each gene (called hub gene), the number of neighboring genes 



around hub genes. In the second stage, both univariate and multivariate Cox Proportional Hazards (CoxPH) model 

were used to assess survival rates related to hub-gene expression. In addition, differential expressed (DE) genes 

between groups are selected by empirical Bayes moderated t-statistics. We use the bioconductor “limma” R 

package. 

Remarks: Utilizing the benefit of lasso based network analysis, we focus on networks' differences between Liver 

disease groups. It is interesting that comparing HCC and Liver Cirrhosis and Hepatitis several biomarkers as an 

important gene in HCC compared to Hepatitis. In theory, the lasso-based network is constructed on the basis of 

conditional independence graph estimated by the penalized linear regression. The directional network (e.g., 

Bayesian network) does not always take advantage of bright fortes, in that on account of markov equivalence it is 

demanding to estimate a number of directionalities all at a time in reality.. 

 

Keyword: regression-based network, lasso based network analysis, HCC 
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For square contingency tables, Tomizawa, Seo and Yamamoto (1998) proposed the measure to represent the degree 

of departure from complete symmetry. The measure is expressed as the weighted arithmetic mean of Patil and 

Taillie's (1982) diversity index. We shall propose two measures based on geometric and harmonic means for the 

models which have weaker restrictions than complete symmetry. We also obtain the approximate confidence 

intervals of the proposed measures. Examples are given applying the proposed measures to the data of number of 

decayed teeth. 
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Purpose: We propose a novel method of detecting heterogeneous structures for big data. In this analysis, we search 

sub-clusters in a big data and their related biomarkers, simultaneously. 

 

Background: To establish a ‘precision medicine’ approach, analysis of medical big data may be useful. However, 

as a big data may not have a homogeneous structure, we need to detect subtypes for an individual patient. 

Furthermore, we need to detect specific biomarkers which are associated with relevant subtypes to predict subtypes 

for new patients. 

 

Methods: We assume that an individual subject in big data has high throughput omics data, such as ‘peaks’ in mass 

spectrometry data. 

 

First, we select sets of pairs of peaks which have highly correlation values. Using these peaks, we next select 

subjects with very high correlation values. These selected subjects are highly reliable in a sense of similar peak 

patterns. Then, we form ‘core clusters’ by combining the paired-subjects with other paired-subjects, if the two pairs 

share only one same subject. After we examine sets of the core cluster’s specific peaks, we can combine several 

‘core clusters’ which have common peaks. We call these combined core clusters ‘sub-clusters’. Second, we 

construct a multiple logistic regression model for each ‘sub-cluster’. Finally, based on these logistic model, we 

predict a subtype for each subject in the remaining data set.  

 

We examined performance of this method using simulation data. Just like breast cancer’s subtypes, we set several 

pure cancer subtypes and one normal group without cancer. Furthermore, we added some mixed-type subtypes 

which have two kinds of cancer specific peaks. We set 100 subjects and 7 subtype specific peaks and additional 3 



common cancer peaks among total 1097 peaks for each cancer subtype. 

 

Results: The core cluster detection analysis showed good performance for predicting correct subtypes. We can 

easily check the performance of this analysis by displaying a graph of sorted correlation values of all combinations 

between two peaks. The detailed cut-off rules for correlation values and results will be indicated in the presentation. 
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[Purpose] To describe Bayesian sample size determination for testing a specific hypothesis of whether the 

elimination of a drug is influenced by a characteristic expressed as dichotomous variables; gender, genotype, and 

presence or absence of a disease condition. The assumed situation is that a basic model had been developed in 

previous population pharmacokinetic (PPK) studies. Bayesian approach is used as a tool by which the external 

information is incorporated into the current analysis. 

[Methods] Sample sizes were determined based on simulation and Bayesian estimation of a coefficient of clearance 

(CL) for a population with a smaller value of CL. Drug concentrations were simulated with a following study 

design: one sample per subject at the same sampling time; the same number of subjects are enrolled from two 

populations. A true value of a coefficient for a smaller CL was set to be 0.8. Prior information on the basic PPK 

model was used in Bayesian estimation to imitate a situation that previously reported parameter estimates were used. 

The sample size, in which an upper limit of a 95% credible interval for the coefficient of CL was lower than 1.0, was 

determined. The influence of sampling time and simulation configurations on sample size were examined. Non-

informative prior distribution was used for the coefficient of CL. PPK model and parameter values used in 

simulation were determined based on the values of Warfarin-s. SAS 9.4 and MCMC Bayesian method by 

NONMEM 7.4 were used. 

[Results and Discussion] Required sample size was dependent on the following factors: sampling time; magnitude of 

inter-individual variance of CL and apparent distribution volume; variance of prior distribution for a population-

mean (PM) CL used in the Bayesian estimation; and difference in PM CLs of two populations. Ratios of difference 

in PM CLs to inter-individual variation and variance of prior distribution of PM CL were critical for sample size. 

With a sampling time of 40 hr postdose, total sample size with a power of 0.80 was 60. 

[Conclusions] Determining sample size using Bayesian modeling with prior information appears to be a pragmatic 

approach for detecting a difference in CL of two populations, under a study design with a minimum burden on 

subjects, easy to conduct and less costly, but poorly informative. 

 
5 

A Bayesian cure rate model with dispersion induced by discrete frailty 

Vicente G. Cancho, Katherine E. Zavaleta, Márcia Macera 

Departamento de Matemática Aplicada e Estatística, Universidade de São Paulo, São Carlos-SP, Brazil 

 
In this paper, we propose extending the proportional hazards frailty models to allow a discrete distribution for the 

frailty variable. Having zero frailty can be interpreted as being immune or cured (long-term survivors). Thus, we 

develop a new survival model induced by discrete frailty with zero-inflated power series distribution, which can 

account for overdispersion. Moreover, this proposal allows for a more realistic description of the non-risk 

individuals, since individuals cured due to intrinsic factors (immunes) are modeled by a deterministic fraction of 

zero-risk while those cured due to an intervention are modeled by a random fraction. We put the proposed model in 

a Bayesian framework and use a Markov chain Monte Carlo algorithm for the computation of posterior distribution. 

A simulation study is conducted in order to assess the proposed model and the computation algorithm. We also 

discuss model selection based on pseudo-Bayes factors as well as developing case influence diagnostics for the joint 

posterior distribution through ψ-divergence measures. The motivating cutaneous melanoma data is analyzed for 

illustration purpose. 
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Quantitative Risk Assessment Using Bayesian Network Analysis  
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The implementation of quantitative microbiological risk assessments (QMRA) requires a stringent approach to the 

uncertainty and variability inherent in the system under review. The traditional statistical approach is to convert the 

relevant parameters –based on empirical data and expert opinion– into probability distributions which are then 

assembled into a network structure and analyzed through Monte-Carlo simulation. This approach is increasingly 

being supplemented or replaced by the use of Bayesian networks with the aim of optimizing information yield and 

taking advantage of the specific capabilities of Bayesian statistics to integrate uncertainty and data. Here at first, a 

network of priori distributions is built that can then be updated to a network of more informative posterior 

distributions by providing data for one or more nodes of the network. This process can be repeated several times as 

new information or data become available and thus leads to updated posteriori model results. The hierarchical 

structure of the model allows for information collection on higher levels of node hierarchy, representing unobserved, 

latent influencing factors. Another advantage of Bayesian network analysis is the feasibility of upstream tracing of 

model parameters whereby, for instance, likely initial parameters of high risk scenarios can be determined. We 

demonstrate a generic model for health risk scenarios where uncertainty and variability stem from misclassification 

when applying imperfect diagnostic tests and stratification of data pools. The model is implemented in R and JAGS. 

We illustrate the advantages of the Bayesian network approach for quantitative microbiological risk assessment 

using an example in which we quantify the risk of Salmonellosis due to contaminated poultry products imported into 

the European Union via legal and illegal routes from different world regions based on data with high uncertainty. 
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It is difficult to enroll an adequate number of participants in clinical trials involving children or patients with rare 

diseases. In order to deal with this issue, the Bayesian approach of incorporating historical data from the previous 

studies into the current study is proposed, when the efficacy of a new treatment is being evaluated. Thus, the use of 

historical data is an attractive approach in drug development. In fact, the US Food and Drug Administration allows 

the use of historical data for the evaluation of the efficacy of medical devices or for some specific fields. The use of 

historical data, especially for the control group, is expected to reduce the required number of participants in a newly 

planned study; this allows an increase in the number of participants assigned to a new treatment group. However, the 

type I error rate tends to be inflated if heterogeneity exists between the historical and new data (i.e., between-trial 

heterogeneity). 

 

We improved the existing Bayesian approaches to maintain the type I error rate below the significance level even in 

the presence of between-trial heterogeneity. There are two types of Bayesian approaches for incorporation of 

historical data. One method is based on power prior derived from a prior distribution, including information present 

in the historical data. The other is a Bayesian hierarchical model that provides a framework for the meta-analysis.We 

focused on the Bayesian hierarchical models, i.e., the Meta-Analytic-Predictive (MAP) method, the Robust MAP 

method, and the Empirical MAP method. We improved these methods by determining the proportion of historical 

data, depending on the between-trial heterogeneity, and evaluated the type I error rate and the power of the methods 

through simulation studies. 

 

We considered several scenarios regarding the number of participants and success probability for the control group 

and the number of participants enrolled in a newly planned study, assuming a clinical trial comparing the efficacy of 

two treatment groups using the binary primary endpoint. The simulation studies showed that these methods can 



reduce the type I error rate compared to the existing methods, although the methods do not adequately control the 

type I error rate. 
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QUANTIFICATION OF PRIOR IMPACT IN BAYESIAN CLINICAL TRIALS IN TERMS OF PRIOR 
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Bayesian methods are getting increasingly popular in clinical trials due to their advantages in case of small sample 

sizes and in adaptive designs. Furthermore, their capability of borrowing information across strata or from previous 

studies is attractive. The choice of the prior distribution and its impact on posterior inference is often difficult to 

evaluate and to communicate to practitioners. In this context, the quantification of the impact of a prior in terms of a 

sample size is particularly convenient. 

A recent data dependent approach (Reimherr et al, 2014) allows to explicitly quantify the amount of additional 

information (or uncertainty in case of severe prior-data conflict) introduced by a prior on posterior inference. Such 

additional information (or uncertainty) is translated in terms of number of added (or subtracted) virtual samples from 

the true data model. We adapt their approach to the situation of a clinical trial planning stage and present graphical 

tools that illustrate how the impact of a given prior in terms of effective sample size changes as the assumed data 

generating process is modified. In addition to conjugate priors, mixture priors will be considered. In the context of 

clinical trials, mixture priors are frequently used to improve robustness, or as an approximation of meta-analytic 

predictive priors in evidence synthesis from multiple data sources. In case of robust mixture priors, the presence of a 

flat component allows to mitigate the impact of an informative component in situations of serious prior-data conflict 

while the informative component may have a strong impact on inference when no conflict is observed. Therefore, 

the approach seems well-suited to better understand and communicate the role of such priors in the inferential 

process. 

We provide an efficient R implementation that easily supports user specified models based on JAGS and Stan code. 

 

Reimherr et al (2014). arXiv:1406.5958 
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The research is motivated by a basket trial in precision medicine in which adults with a specific molecular tumor 

profile are treated with targeted therapy and response to therapy is assessed. The population of children with this 

specific molecular profile is up to 10 patients during the recruitment period and hence too small to warrant a 

separate pediatric trial. This motivates the implementation of a pediatric stratum in the adult study. The setting of 

this study suggests that information from the adult study can be used for the pediatric stratum as “historical 

information”. 

The concept of power priors is especially suited for this situation since it determines how much of the information is 

used from the adult trial. Specifically, the power prior parameter dynamically weighs the amount of information 

borrowed from the adult trial based on the conformity between the outcomes of the two studies. We will consider 

adaptive power priors and will use a full Bayes as well as an empirical Bayes approach (Gravestock et al., 2017). 

We will use restrictions to account for the difference in sample size between the adult and the pediatric arm to avoid 

domination of adult information in final inference. Borrowing of information is known to be associated with a 

potential inflation of type I error in the case of a prior-data conflict. We will investigate type I error inflation as well 

as power gain. We will consider average power in the pediatric stratum trial, weighing dissimilarity of the adult and 

the pediatric population according to the physicians’ expectation. 

Reference: 

Gravestock I, Held L; COMBACTE-Net consortium (2017). Adaptive power priors with empirical Bayes for 

clinical trials. Pharm Stat. 16(5): 349-360. 
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HIV infection is a chronic viral infection that causes a complete destruction of the human immune system resulting 

in acquired immunodeficiency syndrome (AIDS). If untreated, it can reduce the cluster of CD4 positive T-cells and 

increases the HIV viral load and cause AIDS. The Zambia HIV prevalence rate is among the highest in the sub 

Saharan region. According to WHO, HIV/AIDS is a major causes of death in Zambia, with about a million deaths 

attributed to HIV/AIDS related causes. To date, there is no HIV vaccine, no established cure for HIV/AIDS, but 

drugs exists called antiretroviral (ARV) known to slow the spread of the virus and capable of shutting down viral 

reproduction as well as reduces the immune suppression caused by HIV. The protocol in the use of ARVs is taking a 

combination of three drugs from different classes of ARVs in order to suppress the reproduction of the virus. 

However, in the recent past, the administration of ARV has been faced with challenges of Transmitted Drug 

Resistance Mutation strains (TDRMs) in the treatment of HIV naïve patients. In this presentation I outline a 

scientific method of determining an optimal ARV combination using a Bayesian statistical methods. The developed 

approach can assist medical personnel responsible of prescribing ARVs to use a scientific method in deciding the 

optimal ARV combination a patient can be given in the presence of TDRMs test, based on the developed Transition 

Probability Matrix chart for each combination. Results obtained indicated that the probability of patients remaining 

on first baseline combinations: 1, 2, 3, 4, 5 and 6 are: 0.96, 0.99, 0.97, 0.91, 0.96, and 0.96 respectively. 

Key words: Transmitted Drug Resistance Mutation strains, Prior distribution, likelihood distribution, posterior 

distribution, Markov Chain Monte Carlo (MCMC), Gibbs samplers, Transmitted probability Matrix. 
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In a large proof-of-concept randomized placebo-controlled prophylactic HIV vaccine trial, an interim evaluation of 

the pooled HIV incidence rate (ignoring treatment, to preserve the blinding) through the end of the primary follow-

up period is planned two months prior to the projected completion of accrual. The goal is to assess the need for a 

sample size increase if the predicted pooled incidence rate will be lower than that assumed at the trial design and 

required for maintaining power in the primary vaccine efficacy analysis. 

The assumed placebo-arm incidence rate before trial start is based on historical information from recent HIV trials in 

the same study population. However, it may be subject to change in the actual trial due to many factors, e.g., a 

different prevalence and/or efficacy of pre-exposure prophylaxis use. Therefore, a statistical model for stable and 

robust prediction of the incidence rate is needed to assess whether the specified sample size is adequate for 

preserving power. To that end, a Bayesian model is proposed for predicting the pooled incidence rate, at the end of 

the primary follow-up period given interim incidence data. 

To incorporate historical information adjusting for potential prior data conflicts, a robust mixture prior (Schmidli et 

al., 2014) with an informative and an uninformative gamma component is used. By the mixing property (e.g. 

Bernardo & Smith, 2000, p. 282), the resulting posterior distribution places increasing mass on the informative 

component when there is high concordance between the interim observed and the prior assumed incidence rates, and 

increasing mass on the uninformative component otherwise. As such, this robust mixture may be useful in settings 

where large amounts of prior information are available, but the concordance between past incidence rates and the 

current incidence rate is unknown. 

We conducted simulation studies to assess operating characteristics of various Bayesian models with respect to a 

trial monitoring rule used for triggering accrual expansion. We considered priors expressing varying deviations from 



the true incidence rate. The robust prior outperformed an informative and an empirical Bayes prior. Here, we discuss 

the underlying statistical methodology as well as results from the simulation studies. Lastly, an implementation in an 

ongoing HIV vaccine efficacy trial will be presented. 
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BAYESIAN BIOMARKER-DRIVEN OUTCOME-ADAPTIVE RANDOMIZATION WITH AN 

IMPERFECT BIOMARKER-ASSAY 
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Bayesian biomarker-driven outcome-adaptive randomization (AR) designs for clinical trials have become popular. 

These designs extend traditional fixed-randomization (FR) designs by allowing the randomization-ratio to change 

continuously within strata defined by biomarker values, based on the currently available outcome information. It has 

been advocated that the adaptation allows simultaneous identification of predictive markers and marker-specific 

treatments. 

In practice, patients are assigned to strata based on results of an assay. One can expect that assay’s accuracy is 

important for the performance of these designs. Hence, we investigated the impact of assay’s accuracy on the 

operating characteristics of a Bayesian biomarker-driven AR design. 

We considered a design proposed by Barry et al. (2015). A simulation study was conducted, assuming a trial with a 

binary clinical outcome (response), two treatments, and two biomarker-based strata. Denote by Pst the probability of 

response for treatment t (t=1 or 2) in stratum s (s=1 or 2). Four different scenarios in terms of true underlying 

response probabilities were considered. These included 1) a scenario with no efficacious treatment 

(P11=P12=P21=P22=0.25), 2) a scenario with one of the treatments being more efficacious (P11=P21=0.25, 

P12=P22=0.5), 3) a scenario with one of the treatments being more efficacious in just one stratum (P11=P21=P12=0.25, 

P22=0.5), and 4) a scenario with treatment-stratum interaction (P11=P22=0.5, P12= P21=0.25). Furthermore, we 

compared the case of a perfect assay, to the case of an imperfect assay with sensitivity and specificity of 0.8 and 

0.75, respectively. For each combination of the scenario’s and assay-accuracy settings, 400 AR and FR trials were 

simulated. These trials were characterised by a maximum sample size of 100 patients and a stopping rule for futility. 

Results show that the use of an imperfect assay affects the operational characteristics of both the FR and AR design. 

In particular, the advantages of using AR, as compared to the FR design may be drastically reduced if the biomarker 

assay is imperfect. The magnitude of this effect depends on the sensitivity and specificity of the assay, as well as the 

distribution of the biomarker in the patient population. Thus, with an imperfect biomarker-assay, the decision to 

apply a biomarker-based AR design may require careful reflection. 
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The two components of the body weight (i.e. fat mass and lean mass) appeared to be of high interest to consider in 

predicting metabolic health related risks. This term describes a cluster of risk factors that increase the chances of 

developing heart disease, stroke, and diabetes. 

We aimed to determine which variables and their cut-off values are more valuable to predict abnormal body 

composition phenotypes (sarcopenia and/or lipodistrophy). Individuals with abnormal fat distribution (lipodistrophy) 

were defined using the Fat Mass Ratio (>=1.961 for men and >=1.329 for women). Individuals with sarcopenia were 

defined according to the Appendicular Lean Mass Index (>7.26 kg/m2 for men and >5.5 kg/m2 for women). 

This study was a cross-sectional analysis conducted in a HIV care unit. It included 1475 outpatients whose 

mean(SD) age was 51(10) years (60% aged ≥50), and 24% were female. 

The available variables (87) were demographical and Dual Energy X-ray Absorptiometry (DEXA) scan values 



assessing fat and lean mass and bone mass density. Two groups of variables were considered separately: the crude 

measurements obtained from the DEXA scan analyses and some computations of them (fat mass index (FMI), fat 

free mass index (FFMI), and body mass index (BMI)). 

The methods used were scatterplots and calculations of correlation coefficients for the concordance assessment and 

multivariate analysis to identify outliers and to determine the profile of patients with abnormal body composition 

phenotypes. Non supervised and supervised multivariate techniques, such as principal component analysis (PCA), 

kernel PCA, random forests, CART and support vector machine techniques, were applied. A combination of 

variables that contain a large amount of information from the data set and the cut-off values to classify the patients 

according to the body composition were identified. 

These approaches can help in a large variety of clinical settings. In our case, few differences were observed among 

measures related to the same body tissue (fat, lean and bone) and their information can be represented by a small 

number of variables. The assessment of them is advisable due to their impact on health outcomes. 
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In infectious disease research, candidate preventive interventions are usually assessed by randomized clinical trials 

on disease outcomes. These clinical trials have become the gold standard for assessing the efficacy of these 

interventions. Although designed to maintain internal validity and yield unbiased estimates, these randomized 

clinical trials tend to be small, and may be compromised by insufficient power due to factors such as, improper 

selection of design parameters, or suboptimal performance of trials’ conduct, which in turn will reduce their actual 

population impact. One way to possibly circumvent the power loss is by harnessing external data that may contain 

valuable information on the related diseases, and patient characteristics. In fact, nowadays with rapid development 

of high-throughput technology, high-capacity computing tools, and efficient computer networking, massive amounts 

of external data (“big data”) have been amassed. Although these big data sets may not have the same scientific rigor 

as that of the randomized clinical trials, they still may contain valuable information about disease outcomes caused 

by the pathogen of interest, patient characteristics, and/or candidate preventive interventions. The methods 

developed here will improve estimation on the efficacy assessment and risk prediction in the randomized clinical 

trials, taking advantage of the information in this external big data, by assuming that the population in the large 

study can approximate the targeted population or that they share similar prediction equation. We develop both 

regularization and data-driven weighting methods to improve estimation and risk prediction here. Among the 

regularization methods, we use the L1 and L2 norm penalty based shrinkage method as well as their combination, 

the elastic net. We also propose a novel weighted shrinkage estimator, based on the usual first-order approximation 

and its higher order approximations, and compare it with other shrinkage estimators, such as the James-Stein type 

shrinkage estimator. We anticipate that these methods will be applicable to a broad spectrum of infectious diseases. 
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Cancer immunotherapy has demonstrated significant clinical activity in cancer. T cells represent a crucial 

component of the adaptive immune system and are thought to mediate antitumoral immunity. Antigen-specific 

recognition by T cells is via T cell receptor (TCR), which is the product of somatic V(D)J gene recombination, plus 

the addition/subtraction of nontemplated bases at recombination junctions. Next generation sequencing is used as a 

platform to profile TCR repertoire. Currently most of the analyses quantify the diversity across single clones, 

however, due to the low overlap of clones across samples, such analyses are limited to single samples. We 

developed an analysis pipeline to track and examine TCR repertoire across time by focusing on V and J gene 



segments, which overcomes the limitation and thus can obtain statistical inferences across subjects directly. 

We analyzed TCR sequences from serial peripheral blood mononuclear cells samples from either healthy subjects or 

prostate cancer patients receiving the immunotherapy sipuleucel-T. Pielou’s evenness of the consolidated abundance 

of V and J gene segments combination show that the treated prostate cancer patients possessed more clonal 

expansion than the healthy subjects. The treated prostate cancer patients were successfully distinguished from the 

healthy subjects with 12 V and J gene combinations explaining the majority of variance of the patients by applying 

principle components analysis (PCA) to the consolidated abundance of V and J gene segments combination. 

Furthermore, we use a customized clustering workflow to cluster the combination of V and J gene segments based 

on their abundance change across time where gap statistics was employed to estimate the optimal number of clusters 

and k-means algorithm was used for partitioning. We found that for all of the prostate cancer patients assessed, 

TCRBV06/TCRBJ01, TCRBV05/TCRBJ02 and TCRBV06/TCRBJ02, which were in the same cluster with the 

highest frequencies, expanded after first treatment with sipuleucel-T and were maintained at high frequencies. 

The use of additional information of V and J gene segments enables to investigate the profiling of TCR repertoire 

from a different angle and add another layer of understanding of TCR repertoire. The application of PCA and the 

customized clustering complete our initial workflow for TCR sequencing data. 

 

Showcase 
 
Flexible variable selection for recovering sparsity in nonadditive nonparametric models 
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Variable selection for recovering sparsity in nonadditive and nonparametric models with high dimensional variables 

has been challenging. This problem becomes even more difficult due to complications in modeling unknown 

interaction terms among high dimensional variables. There is currently no variable selection method to overcome 

these limitations. Hence, in this paper we propose a variable selection approach that is developed by connecting a 

kernel machine with the nonparametric regression model. The advantages of our approach are that it can: (1) recover 

the sparsity, (2) automatically model unknown and complicated interactions, (3) connect with several existing 

approaches including linear nonnegative garrote and multiple kernel learning, and (4) provide flexibility for both 

additive and nonadditive nonparametric models. Our approach can be viewed as a nonlinear version of a 

nonnegative garrote method. We model the smoothing function by a Least Squares Kernel Machine (LSKM) and 

construct the nonnegative garrote objective function as the function of the sparse scale parameters of kernel machine 

to recover sparsity of input variables whose relevances to the response are measured by the scale parameters. We 

also provide the asymptotic properties of our approach. We show that sparsistency is satisfied with consistent initial 

kernel function coefficients under certain conditions. An efficient coordinate descent/backfitting algorithm is 

developed. A resampling procedure for our variable selection methodology is also proposed to improve the power. 
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Group testing, where individuals are tested initially in pools, is widely used to screen a large number of individuals 

for rare diseases. Triggered by the recent development of assays that detect multiple infections at once, screening 

programs now involve testing individuals in pools for multiple infections simultaneously. Tebbs, McMahan, and 

Bilder (2013, Biometrics) recently evaluated the performance of a two stage hierarchical algorithm used to screen 

for chlamydia and gonorrhea as part of the Infertility Prevention Project in the United States. In this article, we 

generalize this work to accommodate a larger number of stages. To derive the operating characteristics of higher-

stage hierarchical algorithms with more than one infection, we view the pool decoding process as a time-

inhomogeneous, finite-state Markov chain. Taking this conceptualization enables us to derive closed-form 

expressions for the expected number of tests and classification accuracy rates in terms of transition probability 

matrices. When applied to chlamydia and gonorrhea testing data from four states (Region X of the United States 

Department of Health and Human Services), higher-stage hierarchical algorithms provide, on average, an estimated 



11 percent reduction in the number of tests when compared to two-stage algorithms. For applications with rarer 

infections, we show theoretically that this percentage reduction can be much larger. 

 
Modeling the Evolution of HIV/AIDS Disease Progression: A Parametric Semi-Markov Model with Interval 
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The introduction of highly active anti-retroviral therapy (HAART) for the treatment of AIDS patients has made 

significant improvements in patient survival and quality of life during late 1990 (WHO, 2008). Thus, this work 

focused on estimation of HIV/AIDS Disease progression using parametric Semi-Markov Models and to assess 

factors affecting HIV/AIDS Disease progression of individuals who are following ART therapy during 2008-2015 

with time-dependent covariates in Yirgalim General Hospital, Ethiopia. The findings of this study indicate that 

HIV/AIDS Disease progression can vary greatly according to patient’s gender, Body Mass Index, and Weight 

Gain/Loss during the follow-up, Age of the patient and other unknown factors associated. By including time-

dependent covariates, we show that these factors had significant differences in HIV/AIDS Disease progression. 

Finally, these results underscore the need for selecting appropriate waiting time distribution for each transition in 

order to accurately estimate disease progression. In our study, we found that Parametric Semi-Markov models are a 

powerful approach for studying chronic diseases and using appropriate waiting times for specific transitions of 

disease progression. 
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Genome-wide association studies (GWAS) have successfully identified loci of the human genome implicated in 

numerous complex traits. However, the limitations of this study design make it difficult to identify specific causal 

variants or biological mechanisms of association in the presence of linkage disequilibrium (LD) within associated 

loci. Functional annotation provides an independent source of data regarding the potential relevance of each single 

nucleotide polymorphism (SNP). We propose a novel method, AnnoRE, which uses GWAS summary statistics, 

local correlation structure among genotypes, and functional annotation from external databases to prioritize the most 

plausible causal SNPs in each trait-associated locus. Our proposed method improves upon previous fine mapping 

approaches by estimating the effects of functional annotation from genome-wide summary statistics, allowing for 

the inclusion of many annotation categories. By implementing a multiple regression model with differential 

shrinkage via random effects, we avoid reductive assumptions on the number of causal SNPs per locus. The 

proposed approach is applicable to both studies with individual level data and those with only GWAS summary 

statistics. 

In simulations, AnnoRE gave higher ranking to the true causal variant than previous methods across a range of 

annotation and LD scenarios. The alternative software PAINTOR gave higher ranking in scenarios where the causal 

variant was included in highly relevant annotation categories, but was sensitive to choice of annotations included in 

the model. Application of this method to a large GWAS meta-analysis of body mass index identified six loci with 

significant evidence in favor of one or more variants. In an additional 24 loci, one or two variants were strongly 

prioritized over others in the region. The use of functional annotation in genetic fine mapping studies helps to 

distinguish between variants in high LD, and to identify promising targets for follow-up studies. 
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According to the Biodiversity and Ecosystem Functioning theory, with a higher species diversity, there is an 

increase in the number and intensity of ecosystem functions, which include processes of energy flow, nutrient 

cycling, decomposition, and organic matter production. This is due to a more efficient use of resources, which allow 

for different pathways for ecological processes across time and space. For forest restoration practitioners, the 



application of this theory would be very useful, because when developing a plan for forest restoration, it is desirable 

to reestablish ecological processes that can maintain a forest over time, without the need for any kind of 

management, such as manuring, irrigation of pest control. An important variable in this context is light interception, 

which is an indicator of self-sustainability of a forest. Higher light interception boosts photosynthesis and, 

consequently, biomass and carbon storage by trees. 

 

To assess whether higher tree diversity promotes (i) higher light interception and (ii) a more even distribution of 

light, both horizontally and vertically in a forest, an experiment was conducted in patches of restored Atlantic Forest 

in Brazil. There were three different levels of species richness, 20, 60, and 117 species, with four replicates in a 

completely randomized design. In each plot, twelve subplots were sampled at 0, 1, 2, 3, and 4 metres high, hence 

giving a form of longitudinal (height) study. The observed variable was the percentage of light interception by the 

canopy. The statistical analysis of this experiment is challenging, since we have a continuous bounded response 

variable along with multilevel and longitudinal structures. 

 

The main goal of this work is to propose and compare two approaches to analyse continuous bounded data. First, we 

propose conditionally specified beta mixed models, where we include random effects to incorporate the correlation 

between observations made within the same plot, as well as among the longitudinal observations made within each 

subplot. Second, we propose marginally specified models, where we model the marginal covariance structure 

directly using a linear combination of known matrices. Finally, we discuss different computational strategies for 

fitting these models and pinpoint advantages and potential drawbacks of both approaches. 
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Aphasia is a post-stroke communication impairment identified in approximately one third of stroke survivors. 

Assessing the level of severity (mild, moderate or severe) for patients with aphasia is a necessary precursor in 

determining the optimal rehabilitation pathway for each patient. This research aims to develop an algorithm to 

automatically identify the degree of aphasia severity through natural language processing and machine learning 

techniques. 

Predictive analysis was conducted based on 51 speech transcripts from English-speaking stroke survivors with 

aphasia. Eleven numerical linguistic measures (based on sentence structure, syntax and characteristics of normal 

speech) were derived from these speech transcripts. These measures were used to classify aphasia severity using 

machine learning techniques. The metrics used to assess the predictive power of each model include overall 

accuracy, balanced accuracy and measures of misclassification costs that were specifically developed to tackle the 

3-class classification problem considered in this work. 

A support vector machines model with 6 predictors yielded the highest accuracy (82.4%) with a balanced accuracy 

of 65.7%. However, a K-Nearest Neighbours model with 2 predictors had slightly lower accuracy (80.4%) but 

higher balanced accuracy (73.2%) and lower misclassification costs. The optimal model balances each of these 

metrics. 

Future work will include obtaining additional relevant measures of speech, determining the effects of these measures 

on aphasia severity and finding the optimal classification model. 
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Accurate estimation of HIV incidence rates is crucial for the monitoring of HIV epidemics, the evaluation of the 

impact of prevention programs, and the design of prevention studies. Cross-sectional HIV incidence estimation 

based on a sensitive [e.g., enzyme-linked immunosorbent assay (ELISA)] and less-sensitive (e.g., BED capture 

enzyme immunoassay, SediaTM HIV-1 limiting antigen avidity enzyme immunoassay) diagnosis tests of HIV 

infection offers important advantages over the standard cohort study. Cross-sectional sample usually consists of 

samples from different communities. However, small sample sizes limit the ability to estimate community-specific 

incidence and existing standard methods typically ignore heterogeneity in incidence across communities. We 

propose a permutation test for the null hypothesis of no heterogeneity in incidence rates across communities, 

develop a random effects model to account for this heterogeneity, and provide a way to estimate the coefficient of 

variation. We evaluate the performance of the proposed methods through simulation studies and apply the proposed 

methods to the data from the National Institute of Mental Health (NIMH) Project ACCEPT, a phase III randomized 

controlled trial of community mobilization, mobile testing, same-day results, and post-test support for HIV in Sub-

Saharan Africa and Thailand, to estimate the overall and community-specific HIV incidence rates. 

 
Current impacts and future risks of climate change for health 

Kristie L. Ebi  

Department of Global Health, University of Washington, Seattle, Washington, United States 

 
Changes in the mean and variability of temperature, precipitation, and other weather variables, and sea level rise are 

increasing the burden of health outcome sensitive to weather or climate, including morbidity and mortality 

associated with extreme weather and climate events, and with changes in air quality arising from changing 

concentrations of ozone, particulate matter, and aeroallergens. Altering weather patterns are facilitating changes in 

the geographic range, seasonality, and incidence of selected infectious diseases in some regions, such as malaria 

moving into highland areas in parts of sub-Saharan Africa and Asia. Changes in water availability and agricultural 

productivity are affecting undernutrition, particularly in parts of Asia and Africa. Recent large-scale migrations may 

be partially due to climate change. 

 

Climate change is projected to have far-reaching consequences for human health across the 21st century. While 

climate change will likely benefit some health outcomes in some locations in the short term, the overall balance will 

be detrimental by mid-century. Development choices will alter the underlying vulnerabilities to climate change, 

affecting the magnitude and pattern of risks. 

 

Mathematical and statistical models are needed to understand the extent to which weather, climate variability, and 

climate change are affecting current and may affect future health burdens in the context of other risk factors, within 

a range of possible climate and development pathways, and the temporal and spatial patterns of any changes. 

Multiple modeling results can be used to bracket the ranges of when, where, and with what intensity negative health 

consequences could arise. Such understanding is needed to guide designing and implementing adaptation and 

mitigation policies and programs. 
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The Columbia River Basin, USA is home to numerous anadromous salmon species of ecological, economic, and 

cultural significance. Substantial population declines have occurred over the last century due to anthropogenic 

disturbances such as barriers to movement (e.g. dams), land-based pollution, and climate change, among others. 

Federal, state, and tribal resource agencies have made massive investments in data collection to understand 

population status and trends for threatened and endangered species. Often, these data are fragmented across dozens 

of agencies, making it difficult to visualize spatial patterns of abundance or to use the data in analyses of restoration 

effort effectiveness at broad scales. Our goal was to create an online modelling and visualization platform to 

automate the regional monitoring, modelling, assessment, and reporting process across multiple organisations. 

Biologists from different agencies visit an online portal where they upload standardized files with their data that 



describe the abundance of juvenile salmon at discrete locations. Geospatial covariates are linked to these 

professional “crowd-sourced” data, computationally efficient spatial statistical stream-network models fit, and 

predictions, with estimates of uncertainty are generated at 100m intervals throughout a river network. Block kriging 

is used to generate local estimates of population size in particular rivers, sub-basins, or across the entire basin, 

depending on assessment and reporting needs. As new data are submitted, the models are automatically updated and 

new predictions generated, which are then visualised online and provided as freely available spatial datasets. As a 

result, regional biologists have access to information about juvenile fish abundance at broad network scales, which 

are most relevant for population persistence and management decisions. In addition, model outputs are always based 

on the most up-to-date data available, which provides critical information needed for agile and proactive 

management. Although this platform has been developed for juvenile fish, the concepts are equally relevant for 

other large terrestrial and marine systems, where massive spatio-temporal datasets are being collected, potentially in 

real time, by multiple organisations. 
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In many studies in community ecology, multivariate abundance data are often collected. Such data are characterized 

by two main features. First, the data are high-dimensional in that the number of species often exceeds the number of 

sites. Second, the data almost always cannot be suitably transformed to be normally distributed. Instead, the most 

common types of responses recorded include presence-absence records, overdispersed species counts, biomass, and 

heavily discretized percent cover data. One promising approach for modelling data described above is generalized 

linear latent variable models (GLLVMs). By extending the standard generalized linear modelling framework to 

include latent variables, we can account for any covariation between species not accounted for by the predictors, 

species interactions and correlations driven by missing covariates. 

 

The main challenge with using GLLVMs is computationally efficient estimation and inference. Since the responses 

are not normally distributed and the marginal likelihood involves integrating out the unknown latent variables, the 

likelihood does not possess a closed form. However, the most well-known methods for overcoming this issue like 

Gauss-Hermite quadrature, Expectation Maximization method and Bayesian Markov Chain Monte Carlo estimation 

are computationally very intensive, especially with multiple latent variables or with large number of responses. 

More recently a fast variational approximation method has been proposed to approximate the likelihood but the 

method is rather case specific. We show how estimation and inference for the overdispersed counts and continuous 

but non-negative data can be performed efficiently using the Laplace approximation method, and use simulations to 

study the finite-sample properties of the resulting estimates. To illustrate how our methods can be used in 

unconstrained ordination and in making inference on environmental variables, we apply them to ecological datasets. 
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Max-stable processes are natural models for spatial extremes because they provide suitable asymptotic 

approximations to the distribution of maxima of random fields. In the recent past, several parametric families of 

stationary max-stable models have been developed, and fitted to various types of data. However, a recurrent problem 

is the modeling of non-stationarity. In this paper, we develop non-stationary max-stable dependence structures in 

which covariates can be easily incorporated. Inference is performed using pairwise likelihoods, and its performance 

is assessed by an extensive simulation study based on a non-stationary locally isotropic extremal-t model. Evidence 

that unknown parameters are well estimated is provided, and estimation of spatial return level curves is discussed. 

The methodology is demonstrated with temperature maxima recorded over a complex topography. Models are 

shown to satisfactorily capture extremal dependence. 

 


