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Drug-disease modeling framework 
Bruno et al. Clin Pharmacol Ther, 93:303-5, 2013 
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Models-based tumor growth inhibition (TGI) metrics (tumor growth rate) as biomarkers to 

capture treatment effect and predict for OS benefit in ‘drug-independent’ TGI-OS models 

©2017, Genentech 

Model Development (historical studies) 

To assess if this paradigm is working for cancer immunotherapy in NSCLC and mUC:  

TGI-OS models based on Phase II data to predict Phase III studies  

OS Simulation TGI data  
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Non-Small Cell Lung Cancer:  

POPLAR and OAK 

Bruno et al, Am Conf Pharmacomet (ACoP7), Seattle, Oct 2016 

FDA-AACR Workshop, Washington, July 20, 2017 
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POPLAR study 
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Typical TGI profiles in POPLAR 5 

Patients with model-predicted SLD at week 6 < 

model-predicted SLD at time 0 (start of treatment) 

83 patients (67.5%) in docetaxel, 73 patients 

(56.6%) in atezolizumab) 

All patients 

More shrinkage in docetaxel and 

slower growth (KG) in 

atezolizumab 

Deep and durable response in 

atezolizumab in (model-predicted)  

‘non-progressors’ at week 6 
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Evaluable for TGI if at least one post-baseline tumor size measurement:  

277 patients randomized (91.0%)  

Bi-exponential model by Stein et al. CCR 17:907-17, 2011 
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POPLAR TGI-OS Model 
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  Value SE z p 

(Intercept) 1.224 0.600 2.04 0.041 

# Met Sites -0.163 0.0528 -3.09 0.002 

Albumin 0.0519 0.0102 5.11 3.22e-07 

logKG -0.752 0.0875 -8.59 8.38e-18 

Log(scale) -0.338 0.0639 -5.29 1.23e-07 

Final OS lognormal model 

Negative sign: 

survival probability 

decreases when 

covariate increases 

SE=standard error of parameter estimate; z=Wald statistic; p=Wald test (χ2); Scale=standard 

deviation of log(OS) 

Survival probability decreases when log(KG) 

increases 

 

Treatment effect no longer in the multivariate model 

Difference in logKG explains treatment effect 

©2017, Genentech 
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TGI-OS POPLAR model prediction of the atezolizumab to 

docetaxel hazard ratio in POPLAR and OAK 
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Model predictions (dots) and 95% prediction interval (1000 replicates, bars) with observed (squares) 

TC/IC: PD-L1 expression in tumor/tumor-infiltrating immune cells  

Teff: T-effector and interferon-γ gene signature (courtesy Marcin Kowanetz) 
©2017, Genentech 

751 of the 850 patients 

randomized (88%)  

evaluable in OAK 

 

Predictions conditional 

on TGI and baseline 

albumin and # met sites 
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Metastatic Urothelial Carcinoma:  

IMvigor210, IMvigor211 

Bruno et al, ASCO-SITC, San Francisco, Jan 25, 2018 
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  Estimate SE z p 

(Intercept) 3.609 0.286 12.6 1.25e-36 

logKG -0.676 0.0598 -11.3 1.44e-29 

Alk Phos -0.00199 0.00063 -3.16 0.00158 

Ecog>0 -0.377 0.101 -3.74 0.00018 

# Met Sites -0.138 0.0454 -3.04 0.00234 

Log(scale) -0.315 0.0555 -5.67 1.39e-08 

 IMvigor210 TGI-OS model (lognormal distribution) 
9 

SE=standard error of parameter estimate; z=Wald statistic; p=Wald test (χ2); Scale=standard 

deviation of log(OS) 

Areas: 95% prediction interval of survival distributions 

Lines: Kaplan-Meier curves with censored data (+) 

Cohort 1 

Cohort 2 Cohort 1 

cisplatin-ineligible patients with locally 

advanced and metastatic UC 

Cohort 2 

patients with locally advanced and 

metastatic UC who have progressed 

following treatment with platinum-

based chemotherapy 

Negative sign: 

survival probability 

decreases when 

covariate increases 
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Imvigor211 HR predictions based on IMvigor210 TGI-OS model 

Bullets and segments: HR predictions; red squares: observed HR  

• Predictions using IMvigor210 TGI-OS model conditional on IMvigor211 baseline 

characteristics and estimated KG 
 

• Observed HR are within the 95% prediction intervals 

745 of the 902 patients 

treated (83%) evaluable 

in IMvigor211 

 

Predictions conditional 

on TGI and baseline 

ECOG, Alk Phos and  

# Met Sites 
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A framework to help decisions in early  

Phase Ib combination studies 

Marchand  et al, ACoP 8, Fort Lauderdale, Oct 16, 2017 
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Expected impact of combinations on TGI profile and HR 
12 
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Effect size HR 95%PI 

0% 1.00 [0.95;1.06] 

20% 0.87 [0.83;0.92] 

30% 0.81 [0.76;0.85] 

40% 0.73 [0.68;0.78] 
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Expected impact of combinations on TGI profile and HR 
13 
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A Phase Ib study of drug X in combination 

with atezolizumab: 

 

59 patients with median follow up:  

11 weeks (1-47 weeks) 

KG vs. covariate adjusted single agent:  

-18% (effect size) 
 

Expected HR vs. single agent:  

0905 (0.745-1.12) 

Effect size HR 95%PI 

0% 1.00 [0.95;1.06] 

20% 0.87 [0.83;0.92] 

30% 0.81 [0.76;0.85] 

40% 0.73 [0.68;0.78] 
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Summary 

TGI-OS modeling frameworks based on Phase II studies are 
validated to predict atezolizumab vs. chemotherapy HRs in 
Phase III studies in both NSCLC and mUC 

• Survival probability decreases when growth rate increases 

• Treatment effect no longer in the multivariate models 

• Difference in growth rates across arms predicts atezolizumab OS 
benefit compared with chemotherapy 

• In both all comers and by diagnostic subgroups 

 

On-treatment growth rate has potential: 

• To be an early exploratory endpoints in CIT combination studies 

• To support interim analysis of Phase III studies 
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Backups 
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OAK study 
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IMvigor210, Cohort 1 
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IMvigor210, Cohort 2 
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TGI-OS POPLAR model prediction of the atezolizumab to 

docetaxel hazard ratio in POPLAR and OAK 
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Model predictions (dots) and 95% prediction interval (1000 replicates, bars) with observed (squares) 

TC/IC: PD-L1 expression in tumor/tumor-infiltrating immune cells  

Teff: T-effector and interferon-γ gene signature (courtesy Marcin Kowanetz) 
©2017, Genentech 

751 of the 850 

patients randomized 

(88.4%)  evaluable 

in OAK 




