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Introduction
• Under FDA’s RWE Framework (Dec. 2018), 

– RWD:  “data relating to patient health status and/or the delivery of health care routinely collected from a variety of sources”

– RWE: “the clinical evidence about the usage and potential benefits or risks of a medical product derived from analysis of 
RWD”

• RWD sources
– EHR, e.g., ConcertAI

– Medical claims and billing data, e.g., Optum

– Patient registries, e.g., SEER

– Health surveys, e.g., NHANES

– Data collected using digital tools, e.g., mobile devices

• Strengths of RWD studies
– Provide researchers with the ability to conduct a variety of real-world data evaluations on a range of topics

– Give evidence of effectiveness in real-world settings

– Broaden the generalizability of findings

– Make it possible to study rare diseases and rare health events

– Retrospective studies are more economical and time efficient than RCTs
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Introduction (Cont’d)
• Fitness of RWD sources 

– BIO (2019), Dreyer (2014), Duke Margolis (2018, 2019a, 2019b), Kalincik (2017), Wang (2017)

• Kalincik (2017) proposed error rate, data density score and generalizability score  using the multiple sclerosis (MS) 
database (MSBase).

• Duke Margolis (2018, 2019a, 2019b)  summarized 

 data relevancy: “whether the data can adequately address the regulatory questions, in part or whole”, including 
representativeness of the population of interest, key variables and covariates

 Data reliability: “whether the data adequately represent the underlying medical concepts they are intended to 
represent”, including data completeness, conformance, and plausibility

‒ He (2021) further summarized the key elements of fit-for-use data sources, e.g., relevant patient 
population, availability of complete exposure window, longitudinality of data, etc

– Levenson (2022) proposed a stepwise semi-quantitative approach to assess fit-for-use RWD data sources 
with quantitative measures for data relevancy and reliability.
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Estimand framework in ICH E9 (R1)

As the fit-for-use RWD assessment is very much disease and research question specific, the focus of our assessment should be 
aligned with the Estimand framework of ICH E9 (R1) when addressing certain research questions.
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Five estimand attributes

• Population

• Treatment

• Variable (endpoint)

• Intercurrent events (ICEs)

• Population-level summary



Ascertainment of key variables

• Data relevancy: 
– Population: relevant patient population & disease identification, 

– Response/outcome: outcome variables identified and accurately captured,

– Treatment/exposure: exposure/treatment & window of exposure ascertained, 
comparator included,

– Confounders: confounders appropriately captured both at baseline or any time-
dependent variables during the study,

– Time: adequate duration of follow-up in the RWD. 

• Data reliability :
– Error rate in terms of data accuracy and consistency,

– Magnitude of missing data and assessment of data completeness,

– Level of data curation,  data provenance, data structure and compliance to standard, 
data plausibility in terms of the values, ranges, and consistency with other variables.
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Principles in evaluating relevancy and reliability
Dimensions Assessment Measures

1st Assessment Dimension: Relevancy based on a specific research question
Disease population definition based 

on the research question

Of all the patients in this RWD source, calculate the percentage of subjects meeting the disease 

definition criteria at the onset of inclusion for this research.  

Response/outcome Of the patients fitting the disease definition, calculate the percentage of subjects with 

response/outcome meeting the definition for the research question. 

Treatment/exposure Of the patients fitting the disease definition, calculate the percentage of subjects meeting the 

treatment/exposure definition of interest along with control information. 

Confounders Of the patients fitting the disease definition, percentage of subjects with information on key 

confounding variables collected, as an average of percentage for all identified key confounders  

Time Of the patients fitting the disease definition, describe time duration of variables from study entry to 

censoring in the database

Generalizability score Describe the representativeness of the disease population in the RWD source. Information on 
demographics and disease-specific indicators may be used. 10



Principles in evaluating relevancy and reliability (Cont’d)
2nd Assessment Dimension: Reliability based on a specific research question

Quality Assess the validity of the data elements, checking the logical plausibility of the data (e.g., a lab result 

is within the limits of biological possibility), and examining the data consistency for each patient 

(within related data fields and over time) as well as the conformance of the data to any applicable 

internal standards or external data models.

Data Density score Assess the amount of information as represented by data density, such as follow-up, clinical visit, 

and symptoms or outcome ascertainment, standardized as patient-year of follow-up over the 

planned study follow-up duration
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Research question

Hypothesis:

Treatment with drug A will result in 
improved overall survival as 

compared to treatment with drug B in 
patients with AML after 2 years

Research question

Can drug A improve overall survival 
versus drug B in treatment naïve 

subjects with AML?

Research objective

To evaluate if drug A improve overall 
survival versus drug B in treatment 
naïve subjects with AML at 2 years?
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Research question (Cont’d)
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In this implementation exercise, AML patients are 
identified from ConcertAI using ICD 9 and ICD 10 codes. 
The study cohort is defined as the AML patients taking 
on drug A or drug B as 1st line treatment. 

Study Design 
Index date Initial treatment date of Drug A or Drug B occurred at least one year after the patient’s 

first encounter in the database to allow larger number of patients to be included in this 
study cohort

Baseline 6 months prior to the index date

Follow-up Period Maximum of 2 years post the index date

Treatment drug A and drug B

Outcome Overall survival

Censoring rules for a subject in 
the specified order on the right

1. Switching between drug A and drug B within 2 years follow-up
2. Loss to follow up in the database within 2 years follow-up
3. 2 years of follow-up in the database without outcome event of death 

Inclusion criteria  Diagnosis of AML
 18+ at diagnosis date
 Entered ConcertAI at least one year before the index date
 Started Drug A or B as 1st of treatment 

Exclusion criteria  AML in relapse

Study variables  AML
 ICD 9: 205.0 205.00 205.01 206.0 206.00 206.01 207.0 207.00 207.01 207.21
 ICD 10: C92.0 C92.00 C92.01 C92.4 C92.40 C92.41 C92.5 C92.50 C92.51 C92.6 C92.60 

C92.61 C92.62 C92.A C92.A0 C92.A1 C93.0 C93.00 C93.01 C94.0 C94.00 C94.01 C94.2 
C94.20 C94.21 C94.4 C94.40 C94.41

Confounding variables1

 Age 
 Gender 
 Race
 Body mass Index (BMI)
 The Eastern Cooperative Oncology Group (ECOG) performance status scale
 Concomitant treatment: Posaconazole
 Comorbidities: Diabetes, CHF

Sample size  The study with approximately 2360 patients, 1180 in each group, will have 80% power to 
detect a 6% improvement in survival rate between drug A and drug B at 2-year, 
alpha=0.05, 2-sided. This assumes that the treatment with Drug B has an overall survival 
rate of 60% at 2-year, and 15% patients may be lost to follow-up or switched during the 2-
year follow-up period.



Quantitative assessment algorithms

To make the assessment for fit-for-use RWD source to 
answer our research questions, we developed the 
following algorithms to derive the assessment measures.

– Assessment of Data Relevancy
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Dimensions Variable Assessment score
1st Assessment Dimension: Relevancy based on a specific research question

Disease population ICD9
ICD10  

%patients (pt) in the population= (# of patients meeting the disease condition /
# of patients in the database1)*100

Response/outcome Overall survival %pt with events = # of patients with outcome event of death within 2 years / #
of patients in the study cohort)*100

%pt with switch = (# of patients switching drugs within 2 years / # of patients in
the study cohort)*100

%pt censored = (# of patients censored with follow-up <= 2 years / # of
patients in the study cohort)*100

%pt censored after 2 yrs = (# of patients censored with follow-up >2 years / #
of patients in the study cohort)*100

Treatment/exposure drug A, drug B For each treatment, we calculate the score before switching treatment
separately
Score A= (# of patients receiving drug A / # of total patients in the study
cohort)*100

Score B= (# of patients receiving drug B / # of total patients in the study
cohort)*100

Confounders Age, gender, race, BMI, 
ECOG, Posaconazole, 
Diabetes, CHF

For each identified key confounder, we checked on whether potential
confounding variables were collected in the study cohort

Time Description of follow up time 
from study entry to censoring 
in the database

The intent is to describe time duration for treatment/exposure,
response/outcome, and any time varying confounders and whether it is
sufficient to address the research questions

Generalizability score Describe the 
representativeness of the 
disease population in the 
RWD source. Information on 
demographics and disease-
specific indicators may be 
used. 

 Male to female ratio based on the epidemiology of AML

 Age range of AML prevalence 

 Reported prevalence of general AML population as compared to the 
measure in the dataset 

Assessment of Relevancy of Fit-for-Use RWD Source



Quantitative assessment algorithms (Cont’d)

– Assessment of Data Reliability
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2nd Assessment Dimension: Reliability based on a specific research question

Quality Assess the validity of the 
data elements, checking 
the logical plausibility of 
the data (e.g., a lab 
result is within the limits 
of biological possibility), 
and examining the data 
consistency for each 
patient (within related 
data fields and over 
time) as well as the 
conformance of the data 
to any applicable internal 
standards or external 
data models.

 Completeness = proportion of missing data for key 
variables such as confounding variables as listed 
above 

 Syntactic accuracy= proportion of critical variables with 
values corresponding to their range 

 Consistency=proportion of the recorded variables 
congruent with other recorded variables (we could think 
of a few such variables, such as BMI = 40 when weight 
and height are not extreme).

Data Density 
score 

Assess the amount of 
information as 
represented by data 
density, such as follow-
up, clinical visit, and 
symptoms or outcome 
ascertainment, 
standardized as patient-
year of follow-up over 
the planned study follow-
up duration

 Cumulative follow-up = Median follow up in year as a 
standardized measure

 Clinical visit = (sum of #visits) / (sum of all exposure 
time of each patient in year)*2 as a standardized 
measure

 Disease symptoms = (sum of #reported symptoms) / 
(sum of all exposure time of each patient in year)*2

 Laboratory test = (sum of #lab tests) / (sum of all 
exposure time of each patient in year)*2

Assessment of Reliability of Fit-for-Use RWD Source



Results

19,064

1985-2021

Drug B:

1,629
Drug A: 

737

• Based on ICD 9/10 codes of AML, we first extracted a subset of the dataset 
with 19,064 AML patients. 

• 2,366 AML patients were identified in the final study cohort, of which 737
AML patients were treated with drug A and 1,629 AML patients were treated 
with drug B. 
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Results (Cont’d)

• Assessment of Data Relevancy

– Confounders

Patients with missing confounding variables were assessed, 
and the results are as follows (% shown as available data):

 Five patient characteristics: age (100%), gender (100%), 
race (80.81%), BMI (79.37%), ECOG (17.58%)

 One concomitant treatment: Posaconazole (12.85%) 

 Two comorbidities: diabetes (13.23%) and CHF (6%)

– Time

Follow-up period: Maximum of 2 years post the index date

– Generalizability

Male to female ratio: 1.24(1308/1058) (1.25 US)

Age at diagnosis: 63±14 years (68 years US)

AML prevalence of cancers: 0.8% (19064/2192910) (1% US)
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Dimensions Variable Assessment score
1st Assessment Dimension: Relevancy based on a specific research question

Disease population ICD9
ICD10  

%patients (pt) in the population= (# of patients meeting the disease condition / # of

patients in the database1)*100

Response/outcome Overall survival %pt with events = # of patients with outcome event of death within 2 years / # of

patients in the study cohort)*100

%pt with switch = (# of patients switching drugs within 2 years / # of patients in the

study cohort)*100

%pt censored = (# of patients censored with follow-up <= 2 years / # of patients in the

study cohort)*100

%pt censored after 2 yrs = (# of patients censored with follow-up >2 years / # of

patients in the study cohort)*100

Treatment/exposure drug A, drug B For each treatment, we calculate the score before switching treatment separately

Score A= (# of patients receiving drug A / # of total patients in the study cohort)*100

Score B= (# of patients receiving drug B / # of total patients in the study cohort)*100

Confounders Age, gender, race, BMI, ECOG, 
Posaconazole, Diabetes, CHF

For each identified key confounder, we checked on whether potential confounding

variables were collected in the study cohort

Time Description of follow up time 
from study entry to censoring in 
the database

The intent is to describe time duration for treatment/exposure, response/outcome, and

any time varying confounders and whether it is sufficient to address the research

questions

Generalizability score Describe the representativeness of 
the disease population in the RWD 
source. Information on 
demographics and disease-specific 
indicators may be used. 

 Male to female ratio based on the epidemiology of AML

 Age range of AML prevalence 

 Reported prevalence of general AML population as compared to the measure in 
the dataset 

Assessment of Relevancy of Fit-for-Use RWD Source

12.41% (2366/19064) 

56.26% (1331/2366)  

0.21% (5/2366) 

13.06% (309/2366)

30.47% (721/2366)

31.15% (737/2366)

68.85% (1629/2366)



Results (Cont’d)

• Assessment of Data Reliability
– Quality
 Completeness

Age, BMI, ECOG were considered as the critical variables to evaluate 
the data completeness: 100%, 79.3%, 17.6%, respectively. 

 Syntactic accuracy

The death date was compared with the last observation date in 
ConcertAI: 57.44% (1359/2366) AML patients had death date prior to 
the last observation date.

 Consistency

Recorded BMI and calculated BMI (kg/m2) were used to evaluate 
consistency. Among 2,366 AML patients, 1,348 had both recorded BMI 
and calculated BMI. But 25% (337/1348) had the BMI difference greater 
than 1 between the calculated BMI and recorded BMI.

– Data density
Data density was evaluated across four domains in this study: 
cumulative follow-up, clinical visit, laboratory test and disease 
symptoms, where fatigue, fever and weight loss were considered the 
disease symptoms.

 cumulative follow-up: the median follow-up time is 1.02 years.

 Clinical visit: the standardized average number of clinical visit per 
patient is 31 visits in 2 years 

 laboratory test: the standardized data density score for lab test is 
12, i.e., on average, each patient from the study cohort had 
about 12 lab tests in 2 years.

 disease symptoms: the standardized score is 2.6.

19
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2nd Assessment Dimension: Reliability based on a specific research question

Quality Assess the validity of the data 

elements, checking the logical 

plausibility of the data (e.g., a lab 

result is within the limits of 

biological possibility), and 

examining the data consistency 

for each patient (within related 

data fields and over time) as well 

as the conformance of the data 

to any applicable internal 

standards or external data 

models.

 Completeness = proportion of missing data for key variables such as 
confounding variables as listed above 

 Syntactic accuracy= proportion of critical variables with values 
corresponding to their range 

 Consistency=proportion of the recorded variables congruent with other 
recorded variables (we could think of a few such variables, such as BMI = 
40 when weight and height are not extreme).

Data Density score Assess the amount of 

information as represented by 

data density, such as follow-up, 

clinical visit, and symptoms or 

outcome ascertainment, 

standardized as patient-year of 

follow-up over the planned study 

follow-up duration

 Cumulative follow-up = Median follow up in year as a standardized 
measure

 Clinical visit = (sum of #visits) / (sum of all exposure time of each patient 
in year)*2 as a standardized measure

 Disease symptoms = (sum of #reported symptoms) / (sum of all exposure 
time of each patient in year)*2

 Laboratory test = (sum of #lab tests) / (sum of all exposure time of each 
patient in year)*2

Assessment of Reliability of Fit-for-Use RWD Source
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Conclusions

• First assess sufficient number of subjects in addressing the research 

questions.

• Next select key variables for their relevancy and generalizability assessment.

• Lastly select key variables relevant to the research questions to assess the 

reliability, from completeness, syntactic accuracy and consistency.

• The assessment revealed that this RWD source may not be fit-for-use for the 

research question:
– A few key confounding variables have large amount of missing data.

– The median follow-up time is only 1.02 years for a 2-year study. It means that 50% of
patients in this cohort has discontinued at one year, making assessment of overall
survival at 2-years quite inaccurate.
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