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TREATMENT RESPONSE EVALUATION

Tumor burden based on RECIST?, relies on the Sum of the Longest Diameters (SLD) of the target lesions

e Up to 5 target lesions within a patient

e Up to 2 target lesions per location

SLD=18+20+15=53 mm

M Keriout Juwy 157, 2022 2/19
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SLD LIMITATIONS

= SLD aggregates the information at the patient level

s s
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2Mercier et al J Pharmacokinet Pharmacodyn (2020)
3Krishnan et al CPT Pharmacometrics Syst Pharmacol (2021)
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SLD LIMITATIONS

= SLD aggregates the information at the patient level

— SLD
—— Lymph lesions
. — Lung lesions
g e 2 — Liverlesigy
< 8 < 81 P @ No distinction across target lesions,
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s s o Intra-patient variability might be partly explained by
N S . . . e 2,3
£ € tumor location, that may impact lesion kinetics <7,
[~ [~ '\.\'\r"’"/ L. . .
24 MRS — and association with survival?.
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INCREASED VARIABILITY IN THE RESPONSE TO IMMUNOTHERAPY TREATMENTS?

@ Several studies reported the occurrence of Dissociated Responses (DR) to treatmen

£5:6,7,8,9

e BMC Cancer
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e ARCH ARTICLE = pSoL0r0/101007/540255.021-00362:3
® ORIGINAL RESEARCH ARTICLE

Dissociated responses at initial computed
tomography evaluation is a good
prognostic factor in non-small cell lung
cancer patients treated with anti-
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OBJECTIVES

o To quantify both inter-patient and intra-patient between lesions variability
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OBJECTIVES

o To quantify both inter-patient and intra-patient between lesions variability
o To compare the intra-patient variability during immunotherapy versus during chemotherapy

o To assess the benefit of target lesions follow-up in predicting the individual treatment outcome

M Kertout Jury 152 2022 5/19
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Phase 3 clinical trial IMvigor211'4:

931 patients suffering from advanced or metastatic bladder cancer who did not

respond to chemotherapy

Randomized (1:1) between an atezolizumab and a chemotherapy control arm

Benefit of atezolizumab compared to chemotherapy on overall survival in the

intention-to-treat population

Overall suwvival (%)

Overall survival

— Atezolizumab

— Chemotherapy

Events)  Medianoverall  12month overall
number  survival survival rate
of patients (months; 95% Cl) (95% CI)

324/467  86(78-96)  392%(348-437)
350464  B0(2-86)  324%(280-368)

Stratified HR 0-85, 95% €1 0-73-0-99

Number at risk
Atezolizumab 467 443 405 348 327 309 280250 245 218 201 192 177 166 138 113 90 76 53 47 34 20 13 5 1
Chemotherapy 464 428 307 364 330 200268244 219 191 175 156 140126 99 78 60 49 42 30 17 11 7 2 1

N Sy At S S e Ju
7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

M Keriour

14poyles et al The Lancet (2018)
15 Kerioui et al ESMO Open (2022)
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IMvigor211
Chemotherapy  Atezolizumab

Data description

Analysis population (N) 443 457
Number of target lesions 1064 1069
Number of measurements 2981 3716
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CLINICAL APPLICATION

Phase 3 clinical trial IMvigor211'4:

® 931 patients suffering from advanced or metastatic bladder cancer who did not

respond to chemotherapy
1

@ Randomized (1:1) between an atezolizumab and a chemotherapy control arm

@ Benefit of atezolizumab compared to chemotherapy on overall survival in the
intention-to-treat population

Overallsurvival IMvigor211

Events/  Medianoverall  12month overall

number  survival sunvival rate Chemotherapy  Atezolizumab
of patients (months; 95% Cl) (95% CI) s
Data description

80
_ — Atezolzumab  324/467  86(7:8-96) 392%(348-437) i i
g . —— Chemotherapy 350/464 80(73-86)  324%(280-36.8) Analysis population (N) 443 457
e e Stratified HR 0-85, 95% 1 0.73-0:09 Number of target lesions 1064 1069
ERN - Number of measurements 2981 3716
H

. N

® Focus on five locations: Lymph nodes, Lung, Liver, s

01234387 i bnbbubshyBhonnnls ® Baseline covariates: alkaline phosphatase concentration, hemoglobin
Numberat risk 1 il-to-] i 15
Atezolizumab 467 443 405 348 327 309 280250 245 218 201 192 177 166 138 113 90 76 53 47 34 20 13 5 1 Concentratlon’ neutrophll to lymphocyte ratlo and ECOG score
Chemotherapy 464 428 367 364 330 269268 244 219 191 175 156 140 126 99 78 60 49 42 30 17 11 7 2 1

14poyles et al The Lancet (2018)
15 Kerioui et al ESMO Open (2022)
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SEMI-MECHANISTIC MODEL FOR TUMOR SIZE DESCRIPTION

Claret simplified Tumor Growth Inhibition (sTGI) model®:

dTS(t)

In absence of treatment: =g xTS(1)

TS (mm)
Tumor parameters:
e TSp: baseline sum of longest diameters

e g: natural tumor growth rate

V
TS, <»/

t (days)

1()Clarcl et al J Clin Oncol (2013)
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SEMI-MECHANISTIC MODEL FOR TUMOR SIZE DESCRIPTION

Claret simplified Tumor Growth Inhibition (sTGI) model®®:

After treatment initiation: % =g xTS(t) —e xTS(?)

Tumor parameters:
e T'Sp: baseline sum of longest diameters

e g: natural tumor growth rate

Treatment induced parameters:

e ¢: tumor growth inhibition

t (days)

Treatment initiation

1()Clarcl et al J Clin Oncol (2013)
M Kertout Jury 152 2022
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SEMI-MECHANISTIC MODEL FOR TUMOR SIZE DESCRIPTION

Claret simplified Tumor Growth Inhibition (sTGI) model®:

After treatment initiation: 45U = g x TS(1) e x ™% x TS(1)

Tumor parameters:
e TSp: baseline sum of longest diameters

e g: natural tumor growth rate

£xexp(=¢ xt) Treatment induced parameters:

O

TS, 4
’ e ¢: tumor growth inhibition

e c: the treatment effect duration

t (days)

Treatment initiation

16Clarcl et al J Clin Oncol (2013)
M Kertout Jury 152 2022
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SEMI-MECHANISTIC MODEL FOR TUMOR SIZE DESCRIPTION

Claret simplified Tumor Growth Inhibition (sTGI) modell®:

After treatment initiation: % =gxTS(f)—ex e~ TS(¢)

Tumor parameters:
e T'Sp: baseline sum of longest diameters

e g: natural tumor growth rate

exexp(—cxt)

N

rs. A Treatment induced parameters:
0

e ¢: tumor growth inhibition

e c: the treatment effect duration

—» t(days)

Treatment initiation

1()Clarcl et al J Clin Oncol (2013)
M Kertout Jury 152 2022
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MODELLING TUMOR SIZE AND SURVIVAL

Motivations:
e To inform on the underlying mechanism of response to treatment

e To characterize the impact of the biomarker kinetics on the time-to-event process (and to improve prediction)

e To account for the bias due to early end of longitudinal follow-up in the most-at-risk patients'7-13

TS dynamics

06

01
Sunvival Probabilty

Instantaneous
risk of death

Time (days)

17 Desmée et al AAPS 7 (2016)
18j0rnsson et al AAPS 7 (2016)
19K«:noui et al Br J Clin Pharmacol (2021)
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MODELLING TUMOR SIZE AND SURVIVAL

Motivations:
e To inform on the underlying mechanism of response to treatment

e To characterize the impact of the biomarker kinetics on the time-to-event process (and to improve prediction)

e To account for the bias due to early end of longitudinal follow-up in the most-at-risk patients!’-18

= Nonlinear joint model of Tumor Size dynamics and survivall®

Link function

NG

¢ J/
S(1) = exp <7 f ho(u) exp(B X TS(w)) du)
o )

Link parameter

TS dynamics

dinter-patients
variability

o

@
E

T
TS(t)

1 mean population parameters

Instantaneous
risk of death

Time (days)

17 Desmée et al AAPS 7 (2016)
18j0rnsson et al AAPS 7 (2016)
1()Kenoui et al Br J Clin Pharmacol (2021)
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MODELLING HIERARCHICAL DATA
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00000000

[ Analysis population ]

Patient 1

Bladder

2OKcnoui et al Stat in Med (2020)
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Jury 152 2022
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MODELLING HIERARCHICAL DATA

[ Analysis population ]

[ Patient 1

Bladder

- Bayesian inference using Hamiltonian Monte-Carlo (HMC) algorithm in Stan software?

2OKcnoui et al Stat in Med (2020)
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MULTILEVEL JOINT MODEL

Vij k1 is the 1" measurement of the k" target lesion in location j in patient i

Yijet = TSWi Wi j 1) + (01,]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l
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MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01.]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l

Wi jk=Hxexp (fj +n;+ Pi,j,lc] with 7; ~ W(O,wf) and p; ;. ~ JV(O,w%)
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MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01.]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l

Wi jk=Hxexp (fj +n;+ Pi,j,lc] with 7; ~ W(O,wf) and p; ;. ~ JV(O,w%)
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MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01,]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l

Wi k=px exp(:fj +1; +Pi,j,k] with 7; ~W(O,w§) and p; j 1 ~W(O,w%)
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MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01,]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l
Vi jk =1 *exp (cfj +1;+ Pi,j,k] with 77; ~ W(O,wf) and p; ;1 ~ W(O,w%)

Patienti
\

Lesionk

TR

M Keriout Juwy 157 2022 10/19



INTRODUCTION METHODS ResuLts ConcrusioNn
0000 [e]e]e]e] } 00000000 [e]

MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01,]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l
Vi jk =1 *exp (cfj +1;+ Pi,j,k] with 77; ~ W(O,wf) and p; ;1 ~ W(O,w%)
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MULTILEVEL JOINT MODEL
Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01,]' +0,j% Ts(fi,ml/i,j,k)) €i,jk,l
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MULTILEVEL JOINT MODEL

Vi jk,1is the th measurement of the k" target lesion in location j in patient i
Yijet = TSWi Wi j 1) + (01.j +0,j% Ts(fi,ml/i,j,k)) €i,jk,l
4 Ki,j y ()}
h(t,w;) = ho(D) x exp (ax z;) xexp| ) fjx ) TS(tw; i) | with ho(t) = 1 (Z)
j=1 7 k=1

~
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N
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MULTILEVEL JOINT MODEL

Vij k1 is the 1" measurement of the k" target lesion in location j in patient i

= Inference in both treatment arms separately
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= Regardless of treatment, the lymph nodes and lung lesions were smaller at baseline than the liver and
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= In the atezolizumab arm, the liver lesions natural growth was much faster than in the other locations

L1py-Inter-Patient Variability

2 ILV=Inter-Lesion Variability
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= Tumor regrowth was slightly larger in patients treated with atezolizumab as compared to chemotherapy

L1py-Inter-Patient Variability

2 ILV=Inter-Lesion Variability
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INDIVIDUAL LESION KINETICS
TSy (mm) | g (day™) & (day™)
—~45 Treatment
o 0.006 @ Chemotherapy
S 40 0.009 A Atezolizumab
2
g3 0.004 .
o 0.006 Location
Ezo ++ + @ Lymph
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g% 0.003 @ Liver
7 A ’ 4
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Other
Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other

= The shrinkage of the tumor size was larger in the lymph nodes and the lung lesions than in other location...

L1py-Inter-Patient Variability
2 ILV=Inter-Lesion Variability
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TS, (mm) | g(day™) € (day™) ¢ (day™) |
—~45 0.04 Treatment
o 0.006 @ Chemotherapy
540 0.009 0.03 A Atezolizumab
23
g3 0.004 .
[} 0.006 0.02 Location
Es + A @ Lymph
2 0.002 + + 0.01 @ Lung
B2 R 0.003 A + & Liver
I3
o A + Bladder
£l ¢ ¢ + 0.00 A Other
Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other

= ... but the durability of the treatment effect was smaller in these locations, as compared to the liver
1
2

IPV=Inter-Patient Variability
ILV=Inter-Lesion Variability
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TSy (mm) | g(day™) & (day™) < (day™1) |
—~45 0.04 Treatment
o 0.006 @ Chemotherapy
540 0.009 0.03 A Atezolizumab
23
g3 0.004 .
[} 0.006 0.02 Location
Es + A @ Lymph
2 0.002 + + 0.01 @ Lung
B2 R 0.003 A + & Liver
I3
o A + Bladder
£l ¢ ¢ + 0.00 A Other
Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other Lymph Lung Liver Bladder Other

= The shrinkage of the tumor size was lower in patients treated by atezolizumab than in the chemotherapy arm, especially in the liver lesions.

L1py-Inter-Patient Variability
2 ILV=Inter-Lesion Variability
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= ... but the duration of the response was longer in patients treated with atezolizumab regardless of tumor location

L1py-Inter-Patient Variability
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ILV=Inter-Lesion Variability

M Keriour

Jury 152 2022

11/19



INTRODUCTION

METHODS

ResurTs

0000 00000 ©0000000
INDIVIDUAL LESION KINETICS
TSy (mm) g(day™) € (day™) < (day™1) |

=45 0.04

5] 0.006

=

L0 0.009 0.03

2

£ 0.004

] 0.006 0.02

€30

; b ) }

T2 0002 0.003 A +

2

3 A ¢k +

£l ¢ ¢ + 0.00 A

Lymph Lung Liver Bladder Otner Lymph Lung Liver Bladder Ofher Lymph Lung Liver Bladder Ofher Lymph Lung Liver Bladder Ofher
TS, (mm) g(day™t)

O o040 + o

X

w

035 075

§

8030

E 050

5025

8

g 020 025
o

1PV I 1PV I

= Both IPV! and ILV? were similar during atezolizumab and chemotherapy in the baseline tumor size and in the tumor growth

1 IPV=Inter-Patient Variability

2 ILV=Inter-Lesion Variability
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= Both IPV and ILV of the tumor shrinkage parameter were larger in patients treated with atezolizumab than in those receiving chemotherapy

1 IPV=Inter-Patient Variability

21'LV=Intcr—Lcsion Variability
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= In the response duration parameter, ILV was twice larger in patients treated with atezolizumab than in those treated with chemotherapy
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ASSOCIATION BETWEEN ORGAN TUMOR BURDEN AND SURVIVAL

Organ-specific association parameters # (mm™)
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= The association between lesion dynamics and survival strongly depended on the tumor location, especially
in patients treated with atezolizumab
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POSTERIOR PREDICTIVE CHECKS OF SURVIVAL CURVES (BASED ON 1000 REPLICATES)
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= The model was well able to replicate the observed survival curves in both treatment arms
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OCCURRENCE OF D1ssOCIATED REsPONSES (DR)

6 months 12 months
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N total 279 294 144 187
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N total 279 294 144 187
>1 lesion 191 209 85 137
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DR(2) 34 (18%) 35 (17%) 6 (7%) 25 (18%)

e DR(1) at least one target lesion progressing (+20% from NADIR) and one target lesion without progression
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o DR(2) at least one target lesion with a positive slope (=~ > 0) and one target lesion with a negative slope (dTS(t) <0)
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OCCURRENCE OF D1ssOCIATED REsPONSES (DR)

6 months 12 months
Chemotherapy Atezolizumab Chemotherapy Atezolizumab
N total 279 294 144 187
>1 lesion 191 209 85 137
DR(1) 41 (21%) 39 (19%) 15 (18%) 27 (20%)
DR(2) 34 (18%) 35 (17%) 6 (7%) 25 (18%)
DR(3) 12 (6%) 15 (7%) 7 (8%) 23 (17%)

e DR(1) at least one target lesion progressing (+20% from NADIR) and one target lesion without progression
T T
(d dS[( H 0) d S(l

e DR(2) at least one target lesion with a positive slope and one target lesion with a negative slope (=5~ <0)

o DR(3) at least one target lesion progressing (+20% from NADIR) and one target lesion responding (-30% from basellne)

DR (1) DR (3)

+20% x nadir,

+20% x nadir,
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DYNAMIC PREDICTIONS

=> We aim to predict the conditional survival probability S; (s + f|s) = P(X; > s+ t|X; > 5,9 (s)) up to the prediction horizon
s+ t following methodology by Desmée et al?!

SLD (mm)
Lesions size (mm)

s s+t s s+t

Survival probability

s s+t s s+t

21 Desmée et al, BMC Med Res Methodol (2017)
22Blanche et al Stat Med (2013)
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=> We aim to predict the conditional survival probability S; (s + f|s) = P(X; > s+ t|X; > 5,9 (s)) up to the prediction horizon
s+ t following methodology by Desmée et al?!
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= Area under the ROC curve?? to assess the model ability to

discriminate between individuals

AUC(s, 1) =P(S;j(s+1]9) < Sj(s+ t\S)|1{Xi<s+t} = l,l{Xj<s+t} =0,X;>sX;>5)
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TiME-DEPENDENT AUC IN THE SUBPOPULATION OF PATIENTS WITH MORE THAN ONE TARGET LESION
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TiME-DEPENDENT AUC IN THE SUBPOPULATION OF PATIENTS WITH LIVER/BLADDER LESIONS
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Main results:

e The intra-patient variability in the lesion kinetics parameters represented between 12 and 78% of the total variability

e The intra-patient variability in the durability of the treatment effect was markedly larger during atezolizumab than
during chemotherapy (accounting for 40% vs 12% of the total variability respectively)

e Accounting for the intra-patient variability may improve the prediction of death and surpassed a model relying only on
SLD, in both treatment arms

23 Netterberg et al Clin. Pharmacol. Ther. (2018)
248at0 et al Invest New Drugs (2021)
25Shimizu et al Cancers (2022)
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e The intra-patient variability in the lesion kinetics parameters represented between 12 and 78% of the total variability

e The intra-patient variability in the durability of the treatment effect was markedly larger during atezolizumab than
during chemotherapy (accounting for 40% vs 12% of the total variability respectively)

e Accounting for the intra-patient variability may improve the prediction of death and surpassed a model relying only on
SLD, in both treatment arms

Perspectives:
e Integrating immunological measurements?® or markers to anticipate the durability of response to treatment
e Evaluating whether the occurrence of DR has an impact on the outcome of treatment?42

e Apply this methodology in other cancer types and other treatments

23 Netterberg et al Clin. Pharmacol. Ther. (2018)
248at0 et al Invest New Drugs (2021)
25Shimizu et al Cancers (2022)
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