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Presenter
Presentation Notes
I’m very pleased to have this opportunity to speak to you today.　　I’d like to talk about Joint Modeling approach for predictions of survival in lung cancer.


®
Executive Summary

* In oncology, integration of multiple data sources can contribute to:
v better prediction for important clinical outcomes

v' earlier decision making both on trial and individual level

e A statistical basis has been developed and validated to model:
v longitudinal response dynamics (Tumor size)
v time-to-event (Survival)

(That is so called )
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This slide shows executive summary for my presentation.  
We showed that integration of multiple data sources can contribute to better prediction for important clinical outcomes and earlier decision making both on population and individual levels in oncology.
We developed and validated what we call ”joint model” of longitudinal response dynamics (Tumor size) and time-to-event (Survival) 
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A problem with RECIST criteria
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Rich longitudinal tumor dynamic data are reduced to

categorical endpoints with a subsequent loss of information
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RECIST(Response Evaluation Criteria in Solid Tumors) has been a standard component of oncology trials.  Briefly, it defines progression as occurrence of 
>20% growth in TS over the minimum since baseline, 
the appearance of a new lesion not seen on the baseline scan, or 
clinically significant changes including progression of non-target lesions. 

However, despite that there are rich longitudinal tumor dynamic data, it leads to categorical endpoints with a subsequent loss of information.

https://oncolo.jp/dictionary/recist 
https://www.ganjoho.org/knowledge/oncology-class/oncology_class-8.pdf 
 
 



S
Research goal

This work develops a joint model of disease progression
and survival (PFS/OS) that incorporates

* |ongitudinal tumor burden

e appearance of new lesions
INn NSCLC patients, to interrogate the components of

RECIST and to predict survival.
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Our research goal is to develop a joint model of disease progression and survival (PFS(Progression Free Survival)/OS) that incorporates longitudinal tumor burden, appearance of new lesions, and changes in therapy following progression in NSCLC patients, to interrogate the components of RECIST and to predict survival.



.

Why monitor tumor growth dynamics ?

Dgpendent on. : Surrogate for OS
clinical and radiological ______---Z_____

criteria R "¢

-
-
-
-
-
-
-
-
-

> time

ASSsess ear|y and eaSily, 2Months to 1Year 3Months to 10Years
for earlier decision making, e.g.

« Early clinical development stage: Decide which compound is better to go with?
» After market stage: Choose what treatment would be better for each patient?
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Why monitor tumor growth dynamics ? 

This is because we can assess early and easily for earlier decision making by monitoring tumor growth dynamics and predicting PFS or OS.  At early clinical development stage, that would help Go/No-go for decisions for each compound.  After market stage, that would support to choose better treatment for each patient.






What does Joint model look like?

Joint modeling

Tumor dynamics model

y(t) =" m(t) y(t) === m(t)
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S — Eg » Directly relate a quantity tumor dynamics to the
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7 * Reduce the uncertainty of survival rate.
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treatment
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What does Joint model look like?
We modeled the observed TS measurements as realizations of a continuous-time process y(t)  comprising of a time-dependent Tumor size m(t) and measurement error (Z)
S is prediction model for survival.  

We developed a joint model of Tumor dynamic and Survival by incorporating tumor size m(t).    Joint model directly relates a quantity tumor dynamics to the outcomes OS or PFS which determine product success, and reduce the uncertainty of survival rate.


If the true causal structure includes the indirect effect via the tumor size, and provided that one can estimates the true mechanism, the error variance in survival should shrink.
m(t)をモデルに含めることで，サバイバルの予測精度を上げたい．（予測誤差を小さくしたい）


S
How to get tumor size being involved?

Relation between survival and hazard:

t
0
jth(u)du

0

» S(0) =1

hazard
survival

time

Proportional hazard model:
Tumor size Treatse”t « Hazard is proportional to the baseline hazard
N * The function f is a regressor function

h(t) = ho(t) - explf (m(t),2)]  + The tumor dynamics m(t) and the treatment
Baseline hazard Z are included in the proportional part inside
the function f
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This is the basic story of survival time analysis, 

Hazard (h(u)) is a key function for prediction of survival (S(t)) . Survival is manifested as a function of hazard (always non-negative). 
Hazard is proportional to the baseline hazard.  The function 𝑓 is a regressor function.  The tumor dynamics 𝑚(𝑡) and the treatment 𝑍 are included in the proportional part inside the function 𝑓.


https://okusuribako.blogspot.com/2019/03/basics-for-survival-model-1.html 

これは生存時間解析の基本的な話しになりますが，
サバイバルはハザード（必ず非負）の関数としてあらわされます．
ハザードは何らかのベースラインハザードを仮定して，腫瘍サイズや治療によって全体のハザードが決定されると考えるのが一般的です．
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Data from Iressa IPASS Study

Gefitinib (N=609) or Carboplatin + Paclitaxel (N=608)

Hazard ratio for progression or death
e Overall:

e In EGFR-mutant (N=261):

e In EGFR-wild type (N=176):

e 174 subjects progressed due to the appearance of new lesions
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Data from a phase III study, IPASS,  were used for model development. We estimated the model using a Hamiltonian Monte Carlo MCMC algorithm implemented in Stan software. 

In IPASS study, open-label study, we randomly assigned previously untreated patients who had advanced pulmonary adenocarcinoma and who were nonsmokers or former light smokers to receive gefitinib or carboplatin plus paclitaxel. The primary end point was progression-free survival, PFS.


From the PAPER:
https://www.nejm.org/doi/full/10.1056/nejmoa0810699

RESULTS
The 12-month rates of progression-free survival were 24.9% with gefitinib and 6.7% with carboplatin–paclitaxel. The study met its primary objective of showing the noninferiority of gefitinib and also showed its superiority, as compared with carboplatin–paclitaxel, with respect to progression-free survival in the intention-to-treat population (hazard ratio for progression or death, 0.74; 95% confidence interval [CI], 0.65 to 0.85; P<0.001). In the subgroup of 261 patients who were positive for the epidermal growth factor receptor gene (EGFR) mutation, progression-free survival was significantly longer among those who received gefitinib than among those who received carboplatin–paclitaxel (hazard ratio for progression or death, 0.48; 95% CI, 0.36 to 0.64; P<0.001), whereas in the subgroup of 176 patients who were negative for the mutation, progression-free survival was significantly longer among those who received carboplatin–paclitaxel (hazard ratio for progression or death with gefitinib, 2.85; 95% CI, 2.05 to 3.98; P<0.001). The most common adverse events were rash or acne (in 66.2% of patients) and diarrhea (46.6%) in the gefitinib group and neurotoxic effects (69.9%), neutropenia (67.1%), and alopecia (58.4%) in the carboplatin–paclitaxel group.
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Model

e Tumor measurement model
_ 2
yij = mi(ti) + &, &ij~N(0,07)

e Tumor dynamic model
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TS measurement model:
We modeled the observed TS measurements as realizations of a continuous-time process  𝒚 𝒊𝒋  comprising of a time-dependent TS dynamics model  𝒎 𝒊 ( 𝒕 𝒊𝒋 ) and measurement error 𝝐.
Tumor dynamic model:
In this analysis, we considered a nonlinear exponential growth model for time-dependent tumor size.
Hazard for survival:
We used a standard proportional hazards model to describe relative mortality risk for each subject. 
Hazard for the survival model includes new lesion appearance, Tumor size, change in tumor size. 
Base line covariates  𝒘 𝒊  correspond to categorical baseline ECOG, categorical patient EGFR mutation status (mutated or wild type), and the randomized treatment arm.




Selected result: Survival Model Coefficients
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This slide shows Posterior estimates of survival model coefficients. 

Posterior estimates of survival model coefficients of the joint model fit to IPASS trial data. Plots show median value as the point estimate, with 50% and 90% credible intervals around each estimate. 

Gefitinib dose not work for EGFR-neg patients. Interaction effect between EGFR-NEG and Chemotherapy is weak.  Appearance of new lesion strongly increases the hazard.  
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Simulation example, Gefitinib
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This slide shows Prospective predicted survival (PFS) probabilities by subject.

Prospective survival projections for two subjects in the same ECOG status and randomized treatment group. Results are shown first using data updated after the 2 months of treatment (Left-tumor load, Right-survival).  Observed tumor size values are shown in plots using points. Posterior predicted values are summarized as median value, with 50% confidence intervals shaded. 

We predicted that Survival for Subject 808 would be longer than that for subject 762. We were most interested in seeing that the reduced survival and the reduced progression with gefitinib were largely mediated by TS dynamics among patients with EGFR mutations.
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Simulation example, Gefitinib
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Results are shown using data updated after the 5 months of treatment (Left-tumor load, Right-survival). 

In Subject 762, tumor size increased  after 3 months.  On the other hand, in 808, tumor size continued to shrink.
Again, we predicted that Survival for Subject 808 would be longer than that for subject 762. 
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Simulation example, Gefitinib
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Results are shown using data updated after the 11 months of treatment. We obtain similar prediction of survival between 2 and 11 months in 2 subjects.  Their therapeutic prognoses differ only because of differences in tumor dynamics.  The important point is that we could obtain similar prediction for survival at 2 months with that at 11 months.
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Simulation example, Gefitinib (2 studies)
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This slide shows simulation examples in a population level for Gefitinib in 2 studies, IPASS (Phase 3) and IFUM (Phase 4).

In left graph, we validated this Joint model on IPASS data which we used in model development.
In right graph, this model successfully predicts IFUM OS using 3-month data cut-off.
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Simulation example, Gefitinib and chemo.
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This slide shows simulation examples in a population level for Gefitinib and chemo. 

2-month tumor size data predict 2-year PFS outcome for both an EGFR inhibitor & chemotherapy, in NSCLC patients.
We found that Gefitinib is Ineffective for EGFR-Neg  from 2-months tumor size/dynamics data.
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Conclusion

« Successfully validated a statistical method

v' Development of joint models of tumor dynamics and survival can be used to predict
survival based upon tumor dynamics in a new trial

v" Magnitude of contribution of tumour size to survival varied across drugs and EGFR
mutation status

[t can contribute to:
v"making better clinical development strategy (Go/No-go decision)
v’ delivering better treatment tailored for each patient

 Next Step:
v Evaluate how to broaden this approach across tumour types and drugs

v Develop multivariate joint modeling (ctDNA, new lesions, individual lesion dynamics and
other factors related to OS)
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We successfully validated a statistical method
Development of joint models of tumor dynamics and survival can be used to predict survival based upon tumor dynamics in a new trial
Magnitude of contribution of tumour size to survival varied across drugs and cancers

It will be able to contribute to:
making better clinical development strategy
Delivering better treatment tailored for each patient

Next Step:We are planning to 
evaluate how to broaden this approach across tumour types and drugs
Develop Multivariate joint modeling (ctDNA, new lesions, individual lesion dynamics and other factors related to OS)
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This slide lists my collaborators. Thank you very much for your kind attention.
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Likelihood function for joint model

19

Maximize the joint distribution of “Survival time(S;)” and “ Tumor size(y;)”, and
It can be divided into 3 parts, given “the tumor size model (m;)”, for patient i.

n n n n 1 2 3
HP(Si;yl') = ij(sir)’irmi)dmi = HJP(SL'Jdmi)P(mi) dm; = l_[jp(Silmi)p(J’ilmi)p(mi)dmi
i=1 i=1 =1 =1

Si
1.Survival model: p(Silmy) = (ho(Sy) - explf (m;(S), Z)])% exp <—f ho(w) - explf (m;(w), Z)] du)
0

(Proportional hazard model)

where A; is indicator variables A;= 0 means censored and A;= 1 means occurrence of an event

nj
2. Tumor size model:  p(y;|m;) = HP(Yijlmi)
j=1

3.Model variability: p(m;) = p(m;|m)
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とばす，（ポスターで発表）
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Numerical methods used

Integrate out the inter
individual tumor size model Baseline hazard function

Integrate the hazard from O

L to survival time
variability

Si
J * dm,; ho(t) h(u)du

Gauss-Konrad quadrature

MCMC sampling Cubic spline with 6 nots with 13 quadrature points
e Standard numerical

e Divide interval into 6 parts method for definite integral

« Approximate by 3 order ¢ Weighted sum of function
Method : . polynomial curve for each value at a certain argument

« Using sampling instead of ; )
integration interval points |

e Connect them smoothly,  The argument points and

up to 2"d order derivative weights are prespecified to
to be equal be the most efficient for

any functions

20
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