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Figure 3. Updated OS in the ITT population
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= Updated subgroup analysis of OS is presented in Figure 4 and was consistent with that reportaed at the time of the primary OS



1457PD: Efficacy evaluation of concurrent nivolumab addition to a first-line, concurrent chemo-
radiotherapy regimen in unresectable locally advanced NSCLC T Results from the European Thoracic

Oncology Platform (ETOP 6-14) NICOLAS phase Il trial T Peters S, et al

A Study objective
To evaluate the efficacy of nivolumab combined with 1L concurrent chemoradiotherapy in patients with

unresectable locally advanced NSCLC

Key patient inclusion criteria

A Unresectable locally
advanced stage IIIA/B
NSCLC

Platinum-based

chemotherapy* +
radiotherapy Nivolumab 480 mg q4w

R Nodal status N2 or N3 66 GY/33 fractions for up to 1 year
3 cycles + 4 doses

A ECOG PS 0i 1 nivolumab 360 mg q3w

(R =e))

Primary endpoints Secondary endpoints

AGrade 03 p frecwateo n i t i As Time to first grade @8 pneumonitis, ORR, OS,
1-year PFS rate time-to-treatment failure, safety

*Cisplatin + vinorelbine/etoposide/pemetrexed Peters S, et al. Ann Oncol 2019;30(suppl):Abstr 1457PD



1457PD: Efficacy evaluation of concurrent nivolumab addition to a first-line, concurrent chemo-
radiotherapy regimen in unresectable locally advanced NSCLC i Results from the European Thoracic
Oncology Platform (ETOP 6-14) NICOLAS phase Il trial T Peters S, et al

A Key results

PFS: Stage PFS: Histology
PFS events, 12-mo PFS,% Median, months  Log-rank PFS events, 12-mo PFS, % Median, months  Log-rank
Stage n (%) (95%Cl) (95%Cl) p-value Histology n (%) (95%CI) (95%Cl) p-value
HIA 13 (46.4) 66.3 (45.2,88.9)  27.4(7.3,NE) 011 19(67.9)  56.3(35.9,72.3) 13.5(10.1,22.0) 0.68
nB 33(66.0)  50.0(35.6,62.8) 12.1(8.9,17.8) ' NSQ 26 (55.3)  54.5(39.1,67.5) 12.9 (7.2, NE)
100 = 100 =
80 + 80 4
¥ 60+ S 60 +
i P
40 - * 40-
20 20
0+ 0+
|| || || || || || || || || || || || || || || || || || || || || || || || || || || ||
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 0O 2 4 6 8 10 12 14 16 18 20 22 24 26
No. at risk Time, months Time, months
A 28 27 24 21 19 18 16 14 10 9 8 8 3 3
MB 50 46 41 38 34 30 25 17 1311 9 7 2 1 NSQ 47 43 39 35 30 27 25 19 1210 8 6 4 3

Peters S, et al. Ann Oncol 2019;30(suppl):Abstr 1457PD



1457PD: Efficacy evaluation of concurrent nivolumab addition to a first-line, concurrent chemo-
radiotherapy regimen in unresectable locally advanced NSCLC T Results from the European Thoracic
Oncology Platform (ETOP 6-14) NICOLAS phase Il trial 7 Peters S, et al

A Key results (cont.)
I Overall, pneumonitis was reported by 34 patients (7 grade 3, 1 grade 5), oesophagitis by 24 patients (5
grade 3) and dyspnoea by 27 patients (2 grade 3)

I Intotal, 240 nivolumab TRAES were reported; 26 grade 3, 5 grade 4 and 4 grade 5 (colitis, pulmonary
fibrosis, autoimmune disorder, pneumonitis). Of these, 7% (17/240 TRAES) led to permanent discontinuation

A Conclusions
I In patients with unresectable locally advanced NSCLC combining nivolumab with concurrent chemoradiation
Is feasible, without any unexpected safety signal

I The PFS observed for combining nivolumab with concomitant definitive chemoradiation as 1L therapy
compares favourably to other studies in the same patient population

Peters S, et al. Ann Oncol 2019;30(suppl):Abstr 1457PD



Efficacy evaluation of concurrent nivolumab addition to a first-
line, concurrent chemo-radiotherapy regimen in unresectable

locally advanced NSCLC =NICOLAS phase Il trial.
S. Peters et al, ESMO 1457PD
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* Based on the formal hierarchical efficacy analysis, we

* Overall (N=79 patients), the estimate of 1-year survival

Primary endpoints:

* Pneumonitis-free rate of grade 2 3 (CTCAE V4.0)
any time during 6 months post radiotherapy.

« Hierarchically tested: 1-year progression-free
survival (PFS) (from chemotherapy start)

Hierarchical design: |F safety proven - Efficacy
evaluation:

* 1-.year PFS, sample size n=74

* Hy: PFSys 45% vs Hy: PFS, > 60% (1-sided
alpha=5%, power=83%)

* Success rule: at least 41 patients reach 1-year
without PFS event (i.e., maximum 33 PFS events)

uthors Conclusions

cannot reject the null hypothesis of 1-year PFS rate <45%
versus 60% (p=0.23).

rate is 50.1% (95% Cl: 38.3, 60.7%).
NICOLAS PFS with a median of 12.7 months, compares

favourably to studies in the same population, all reportin
s than 12 months median.




Efficacy evaluation of concurrent nivolumab addition to a first-
line, concurrent chemo-radiotherapy regimen in unresectable

locally advanced NSCLC ~NICOLAS phase |l trial.

S. Peters et al, ESMO 1457PD b ——
Screening, eligihiity * Pneumonitis-free rate of grade 2 3 (CTCAE V4.0)

any time during 6 months post radiotherapy.

and enrolment

Stage m E B » Hierarchically tested: 1-year progression-free
mA /8

NsSCLC

survival (PFS) (from chemotherapy start)
! ; ) : Hierarchical design: |F safety proven - Efficacy
] I ' | | | l evaluation:
Nivolumab: 360 mg QYW 4 doses, lollowed by 480 mg O4W up 10 | year
Whole body * 1-year PFS, sample size n=74
10G-PCT l I l
nl - ~ * Hy: PFSys 45% vs Hy: PFS, > 60% (1-sided
scans year 11 every 9 woeks, year 2: overy 17 woeks, beyond 2 years: every 6 months until PD
alpha=5%, power=83%)
* Success rule: at least 41 patients reach 1-year
- - e -rt‘} By stage without PFS event (i.e., maximum 33 PF
" “.\‘1 . !71 ‘
7 g g ™ i e
3 " " 8 §ie ‘ -\ Discussant Conclusions
} i T i \
] - B =c " -"~ o
} ST, U ST -y | The study failed the formal planned hierarchical
| S e m - la dmh mmime mvim efficacy analysis and not exciting efficacy data
4 Boso. i T ar * Pneumonitis: 7/79 had grade 3 and 1 grade 5 AND

overall toxicity was however not negligible

| In the future we need to strictly enforce exact Tand N

staging in all CT/RT trials this includes not only PET-CT
t also EBUS/mediastinal staging
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IMpowerl110: Interim OS Analysis of a Phase Il
Study of Atezolizumab (atezo) vs Platinum-Based
Chemotherapy (chemo) as 1L Treatment (tx) In
PD-L1i selected NSCLC

David R Spigel,! Filippo De Marinis,? Giuseppe Giaccone,? Niels Reinmuth,*

Alain Vergnenegre,® Carlos Henrique Barrios,® Masahiro Morise,’” Enriqueta Felip,®
Zoran Andric,? Sarayut Geater, ®Mu st af a ¥ Zl@Gigorefta Mogci,'?

Mark McCleland,'? Ida Enquist,’? Kim Komatsubara,? Yu Deng,*? Hiroshi Kuriki,?
Xiaohui Wen,1? Jacek Jassem,!3 Roy S Herbst!4
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Lucas, Porto Alegre, Brazil; S PUCRS School of Medicine, Porto Alegre, Brazil; “Nagoya University Graduate School of
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Background

A AnticPD1 monotherapy or PI1/PD1 inhibitors in combination with platinum
based doublet chemotherapy, with or without bevacizumab, are 1L standards of care
In metastatic NSCLE

ATumour PEL1 expression level and histology are used to determine
treatment regimens

A In the Phase Il BIRCH study, atezolizumab monotherapy demonstrated tolerability ant
efficacy in PELI¢selected patients with advanced NSCLC across lines of tRerapy

A The Phase 11l IMpower110 study (NCT02409342) evaluates atezolizumab
monotherapy as 1L treatment in AO¢selected patients, independent of tumour
histology

AWe report results of t nalysis In IMpowerl10

1L, first-line.
1. NCCN Clinical Practice Guidelines. NSCLC. V7.2019; 2. Planchard D, et al. Ann Oncol. 2018;29(Suppl 4):iv192-
iv237; 3. Peters S, et al. J Clin Oncol. 2017;35(24):2781-2789.



IMpowerl10 Study Design

Maintenance therapy
(no crossover permitted)

Chemotherapy-naive\ 4 N
PD-L1i selected? Arm A : PD or loss
patients with stage IV Atezolizumab ?;%Z()O:'nzumg‘x of clinical
nsq or sq NSCLC 1200 mg 3w 94 benefit
\_ J

Stratification factors

o
7
=
L=
O
Y
'
2
>
-
)
p)

A Sex Arm B ™\
Nsq: cisplatin/carboplatin Nsq:
&PDL1 IHC expres@ + pemetrexed? L -
Sq: cisplatin/carboplatin + best supportive
. gemcitabine® care
N =572 4 or 6 cycles J

A Primary endpoint: OS in WT population
A Key secondary endpoints: investigatissessed PFS, ORR and DOR (per RECIST version 1.1)

IC, tumour-infiltrating immune cells; IHC, immunohistochemistry; nsq, non-squamous; PD, progressive disease; q3w, every

3 weeks; R, randomised; sq, squamous; TC, tumour cells; WT, wild-type. 2 PD-L1 expression (VENTANA SP142 IHC assay)
O 1% on PTCLA/Band &y IC vs TCO and IC1/2/3. ¢ 554 patients in the WT population. ¢ Cisplatin 75 mg/m? or
carboplatin area under the curve (AUC) 6 + pemetrexed 500 mg/m? IV q3w. € Cisplatin 75 mg/m? + gemcitabine 1250 mg/m?2
or carboplatin AUC 5 + gemcitabine 1000 mg/m? IV g3w. f WT population excludes patients with EGFR+ and/or ALK+ NSCLC.



W  PD-L1analysis

Analysis Definition of positivity PD-L1 expression

Nivoiumab Dako automated IHC assay - Original or new * 1% and 5% cutoff among >100 Pretreated
(anti-PD-1)"* (28-8 rabbit antibody) FFPE, tumor cells evaluable tumor cells + 56%: 1% cutoll
Analytically validated + 49%: 5% cutoff

1 line
«  70%: 1% cutoff

Pembrolizumab Dako automated IHC assay - Contemporaneous - % of neoplastic cells with
(ant-PD-1)% (22C3 mouse antibody) tumor biopsy membranous PD-L1 staining at
<1%, 1-49%_and :50%

23.2%: =50%
37.6%: 1-49%

39.2: <1ﬁ

= 16%: TC3 or IC3

¢ 37%: TC2/30rIC 2/3
68%: TC1/2/3 or IC 1/2/3
-§32%: TCO and ICO

.

.

TC3 or IC3 =TC 250% or IC 21(
PD-L1+

TC230rIC 213=TC or IC 25%
PD-L1+

TC1/2130orIC 1/2/3=TCor IC 21%
PD-L1+

TCO and ICO = <1% PD-L1+

Atezolizumab Ventana automated - Onginal or ng
(antl-PD-L1)’ clinical research IHC assay FFPE, Imi

Durvalumab First-generation or Ventana - Onginal or new g - 48%
(anti-PD-L1)%# IHC Automated Assay FFPE, tumor cells cIS at any Intensity
(in development)
A .
(antt-F using both tumor cell (TC) and

tumor-infiltrating immune cell (1C)

1 Antonia S, et al Poster presented at WCLC 2013 Abstract P2.11-03. 2. Brahmer J, ot al. Poster presented at ASCO 2014, Abstract 3112 3. Gettinger S, et al. Poster

presented at ASCO 2014, Abstract 8024 4 Topallan S, et al. N Enpl J Med. 2012;366:2443-2454. 5. Gettinger S, et al. Poster presented at ASCO 2015, Abstract 8025. 6

Garon EB, et al New Engl J Med 2015; 372:2018-2028. 7. Spira Al, ot al. Presentation at ASCO 2015. Abstract 80108. Brahmer J, et al. Poster presented at ASCO 2014,
Abstract 80219 Rizvi NA_ et al. Poster presentied at ASCO 2015 Abstract 8032 10. Gulley LJ, ot al. Poster presented at ASCO 2015, Abstract 8034



=
ECC . POPLAR: Both TC and IC are independent
2015 predictors of survival improvement

IC1/2/3 and TCO
N (86/287' 30%)?

TC41/2/3 and ICO
(331287; 11%)°

v'

0 (8 T,,!'“[ ,3, M.. '3;"3 "}4 s .«.-s "’2 ;;2 . i
R e | PD-L1inIC only X3 LAEN
TC2/3 or IC2/3 (37%) B , =
TC1203 or IG112/3 (63%) N> 0S
TGO and 1C0 (32%) o2 PD-L1 status HRP (95% CI)
e o | TC1/2/3 and ICO 0.37 (0.12,1.13) e
S————.| IC1/2/3 and TCO 0.63 (0.36,1.12) A—
Hoponifimbe? TC1/2/3 and IC1/2/3 0.60 (0.34, 1.08)
TC1/2/3 or IC1/2/3 0.59 (0.40, 0.85)
“Number of patients with both TC and IC cutoff levels > 1 divided by the total number of patients In the study; Percentage of total study population.
bUnstratified HR. 23

Data cut-off May 8, 2015.
Vansteenkiste J_et al, atezolizumab In NSCLC (POPLAR)



Statistical Testing Plan

Arm Avs Arm B

OSIAINTC3 orIC3WT
n =205

|

ArmA vs Arm B

OS IAINTC2/3 or IC2/3 WT
n =328

|

Arm Avs Arm B

OS IAIn TC1/2/3 or IC1/2/3 WT
n =554

A The primary OS endpoint was tested
hierarchically in the following order:
TC3 or IC3WA TC2/3 or IC2/3 WT
A TC1/2/3 or IC1/2/3 WT

A The secondary endpoint of PFS can be
formally tested only when the primary
endpoint Is positive among all 3
populations

IA, interim analysis. WT, wild-type (excluding patients with EGFR+ and/or ALK+ NSCLC).

Data cutoff: 10 September 2018.



OS: TC3 or IC3 WT TS 0

Arm A (atezo) | Arm B (chemo)
100 Landmark n =107 =08
90 6-mo OS 76.3 70.1
30 - (95% Cl), % (68.2, 84 4) (60.8, 79.4)
2 12-mo OS 64.9 50.6
= (95% CI), % (55.4,74.4) (40.0, 61.3)
= 60 -
c
e - 11 e S s
n | i ' WE———
s Y i i 5% CI: 0.40, 0.89): P = 0.0106"
®  30- | |
3 | ; Median follow-up,
20 - ; | 15.7 mo (range, 0-35)
10 - Median OS, 13.1 mo | | Median OS, 20.2 mo —t
. (95% CI. 7.4, 16.5) | | (95% CI: 16.5, NE)
{IZ} I2 dlf EIS é 1ID 'I|2 1|4 1|6 1IS 2|0 2|2 2|4 ZIE:— 2|8 3ID 3l2 3|4 3|6 3IE!
No. at risk Months
Atezolizumab 107 94 85 80 66 61 48 40 34 25 18 16 1 7 6 5 2
Chemotherapy 98 89 75 65 50 40 33 28 19 12 9 7 6 4 3 3 3 1 Spigel ESMO 2019
NE, not estimable. 2 Stratified. ® Stratified log-rank. Spigel et al. IMpower110 Interim OS5 Analysis

Data cutoff: 10 September 2018. hitps/fbit. ly/2IxENHC



TC3 or IC3 WT: OS in Key Subgroups

Median OS. mo
Subgroup? n (%) OS HR (95% Cl)> ArmA  ArmB
< 65 years 102 (49.8) —e— 0.59 (0.34, 1.04) NE 13.1
65-74 years 80 (39.0) | 0.63 (0.34, 1.19) 17.8 10.4
75-84 years 22 (10.7) 1.04 (0.19, 5.70) NE 16.2
Male 143 (69.8) —@— 0.57 (0.35, 0.93) 23.1 13.1
Female 62 (30.2) 0.69 (0.34, 1.39) 17.8 141
White 169 (82.4) — — 0.67 (0.44, 1.03) 17.8 13.1
Asian 35(17.1) : 0.38 (0.13, 1.13) NE 14.1
Never used tobacco 24 (11.7) | 1.83 (0.63, 5.31) 8.0 15.9
Current tobacco user 49 (23.9) 0.35(0.14, 0.88) NE 10.2
Previous tobacco user 132 (64.4) —_— 0.60 (0.36, 1.00) 23.1 13.1
Non-squamous histology 155 (75.6) —@— 0.62 (0.40, 0.96) 20.2 10.5
Squamous histology 50 (24.4) { 0.56 (0.23, 1.37) NE 15.3
ECOGPS 0 73 (35.6) : 0.42 (0.20, 0.92) NE 15.7
ECOG PS 1 132 (64.4) —@—H 0.69 (0.43, 1.10) 16.5 13.1
All TC3 or IC3 WT patients 205 (100) —@— 0.59 (0.40, 0.89)° 20.2 13.1
0.1 1.0 7.0
Hazard Ratio >
aThe 1 patient in the O 85 yeargvodrs A (@ezo) sFaypyrs Army B {chemoy -

1 patientds
Data cutoff: 10 September 2018.

r abdJestratfeeds © Stratifiech o wn .

21



OS: TC2/3 or IC2/3 WT

BARCELONA Ongress
2019

Arm A (atezo) | Arm B (chemo)
00 Landmark n =166 N = 162
90 - 6-mo OS 79.3 76.1
30 (95% CI), % (73.1, 85.5) (69.3, 82.8)
S 12-mo OS 60.7 56.0
f—; - o Cl), % (52.6, 68.7) (47.7, 64.3)
gl T HR,2 0.72 (956 Cl: 0.52, 0.99); P = 0.0416"<
W i :
f=£ 40 - E !
$  30- | : .
o) ! ! Median follow-up,
201 | | 15.2 mo (range, 0-35)
10 - Median OS, 14.9 mo | ' Median OS, 18.2 mo
0. (95% Cl: 10.8, 16.6) | + (95% ClI: 13.3, NE)
EIZI é ﬁll é Eli 1ID 1|2 1|4 1IE~ 1IE! 2|D 2|2 2|4 2|6 2|E!~ 3|O 3|2 3|4 3|6 3|S
. Months
No. at risk

Atezolizumab 166 151 139 128 108 92 66 54 42 30
Chemotherapy 162 150 131 117 95 75 57 46 32 17

2 Stratified. ® Stratified log-rank. © Not crossing the pre-specified
alpha boundary. Data cutoff: 10 September 2018.

Spigelet al. IMpower110 Interim OS5 Analysis

https-//bit ly/2IxRNHQ



OS: TC1/2/3 or IC1/2/3 WT

BARCELONA mu Ngress
2019

Arm A (atezo) | Arm B (chemo)
00 Landmark =277 =277
90 - 6-mo OS 76.2 75.7
30 - (95% CI), % (71.1, 81.3) (70.5, 80.9)
S 12 57.6 54.3
- -~ 5% ClI), % (51.2, 64.0) (47.7, 60.8)
= .
E I .. HR,> 0.83 (99% CI: 0.65, 1.07); P =0.1481b<
7} ! ;
s |
o 30- | : -
O | ! Median follow-up,
20 1 | | . 13.4 mo (range, 0-35)
10 - Median OS, 14.1 mo . . Median OS, 17.5 mo
0l (95% CI: 11.0, 16.6) . ' (95% CI: 12.8, 23.1)
EII I2 éf é é 1ID 1|2 1|4 1|5 1IE!~ ZIG 2|2 2|4 ZIE ZIE 3|D 3|2 3|4 3|5 3|S
: Months
No. at risk

Atezolizumab 277 252 226 204 170 134 93 74 58 37 22 17 11 7 6 5 2
Chemotherapy 277 254 223 199 153 108 79 63 43 24 10 7 6 4 3 3 3 1

2 Stratified. ® Stratified log-rank. © For descriptive purposes only.

Spigelet al. IMpower110 Interim OS5 Analysis
Data cutoff: 10 September 2018.

https-//bit ly/2IxRNHQ



ALL-CAUSE AEs
> Koo difference between arms

Arm A (atezo) Arm B (chemo)

n =286 n =263
Anaemia
Nausea
Neutropenia
Constipation
Thrombocytopenia
Vomiting
Increased blood creatinine
Decreased platelet count
Leukopenia
" Decreased neutrophil count

More Frequent
With Chemo

N

[

\ Increased AST
Pruritus
Hypothyroidism

| | I

50% 40% 30% 20% 10% O  10% 20% 30% 40% 50%

<
<«

More
Frequent With
Atezo

AST, aspartate aminotransferase.



Conclusions

A Atezolizumab monotherapy showed statistically significant and clinically meaningful OS improvement in
the TC3 or IC3 WT population vs platinrbased chemotherapy
(HR, 0.59 [95% CI: 0.40, 0.82% 0.0106)

A The OS testing boundary was not crossed in the TC2/3 or IC2/3 WT population. Therefore, the TC1/2/3 or
IC1/2/3 WT population was not formally tested

A IMpower110 will continue to the OS final analysis

A In the TC3 or IC3 WT population, atezolizumab showed meaningful improvement in PFS, ORR and DOR vs
chemotherapy

A The safety profile of atezolizumab was consistent with prior observations; no new or unexpected safety
signals were identified

A Additional biomarker analyses will be presented at a future congress
A PDL1 IHC by SP263 and 22C3, and bTMB

A Atezolizumab represents a promising 1L treatment option in patients with®Bigh NSCLC



BARCELONA mn Ngress
2019

Conclusions (authors and discussant Dr. Naiyer Rizvi)

* The safety profile of atezolizumab was consistent with prior observations: no new
or unexpected safety signals were 1dentified

* Atezolizumab represents a promising 1L treatment option in patients with PD-L1—
high NSCLC

* Outcomes with other PD-L1 diagnostic antibodies than SP142; 22C3 IHC? TC3 vs.
[C3?TC2/1C2?

Spigelet al. IMpower110 Interim OS5 Analysis
https/ibit. ly/2lkRNHG



Tumor Mutational Burden (TMB)

The elephant in the room

Dead or Will it get you to the right place?
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Immunotherapy- who to give?

SELECT THE RIGHT PATI CANCER CELL - TISSUE
FOR EFFICACY

PD-L1 IHC

Biomarkers Neo-antigens Driver mutations
for 10
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14 o
-~ PD-1 B IR L
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) specific T cells i
40
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IMMUNE 2\
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CELLS N
Immune phenotype N
MICROBIOTA TiLs
5. Saaath TCR sequencing
S, 1 Q:;E Cytokines signature m
IHC: immunohistochemistry; MSI: microsatellite instability;
TMB: tumor mutational buden; TILS: Tumor Infiltrating Lymphocytes; AF: Allelic Fraction Adapted from Schumacher T, Nature 2016 and Sacher J Thorac Oncol. 2017

elle, adapted Ferrara R, et al. WCLC 20$aadaBouzid E, et ann Oncol2017:28(7):1608.611; Champiat S, et &lin Cancer Re2017:23(8):19201928,



TMBandrelevancan immunotherapy
treatment

Tumor celis with high TMB may have
Mutated ,, high necantigen load...
“ w ® )
22290
Tumor proteins 4

‘4 ..which can lead

~MHC ™ toincreased T-cell reactivity...
Neoanbgen

CO8 T1cell 4 immune response

StenzingeGenesChromosomeg£ancer 2019



TMB Is independent of Pl expressionevel

TMB (no. of missense mutations)
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Association Between Tissue TMB and
Clinical Outcomes with Pembrolizumab
Monotherapy in PD-L1-Positive Advanced
NSCLC in the KEYNOTE-010 and 042 Trials

Roy S. Herbst', Gilberto Lopes?, Dariusz M. Kowalski®, Makoto Nishio*; Yi-long Wu?>,

Gilberto de Castro Jrf, Paul Baas’, Dong-Wan Kim#, Matthew A. Gubens®, Razvan Cristescu®,
Deepti Aurora-Garg'®, Andrew Albright'®, Mark Ayers'0, Andrey Loboda'®, Jared Lunceford™®,
Julie Kobie'®, Gregory Lubiniecki'’®, M. Catherine Pietanza'?, Bilal Piperdi'?, Tony SK Mok

Yale University School of Medicine, Yale Cancer Center, New Haven, CT, USA; ?Sylvester Comprehensive Cancer Center at the
University of Miami, Miami, FL, USA; *The Maria Sklodowska Curie Memorial Cancer Centre and Institute of Oncology, Warsaw,

Poland; *Department of Thoracic Medical Oncology, The Cancer Institute Hospital of Japanese Foundation for Cancer Research,

Tokyo, Japan; *Guandong Lung Cancer Institute, Guangdong General Hospital, and Guangdong Academy of Medical Sciences,
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Netherlands; #Seoul National, University Hospital, Seoul, Republic of Korea: *University of California, San Francisco, CA, USA;

10Merck &Co., Inc, Kenilworth, NJ, USA; ""State Key Laboratory of Translational Oncology, Chinese University of Hong Kong, Shatin,
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Background

« Pembrolizumab improved OS vs chemotherapy in patients with previously treated

(KEYNOTE-010) and treatment-naive (KEYNOTE-042) PD-L1+ (TPS 21%), advanced
NSCLC1.2

1. Herbst RS et al. Lancet 2016; 367:1540-50. 2. Mok TSK et al. Lancet 2079; 393:1819-30.



Methods Clinical Utility of TMB

Rationale for WES TMB cutpoint

- Exploratory TMB cutpoint was identified as a biologically optimal threshold across multiple
tumor types in pembrolizumab studies using platform?.2

« WES platform:

« Comprehensive, gold standard method of sequencing cancer genetics including somatic
alterations?

« Benchmark method in ongoing TMB assessment harmonization efforts 34
« Consistent analytical pipeline across the pembrolizumab translational program

Clinical Utility of tTTMB
» Assessed using prespecified exploratory cutpoint of 175 mut/exome

* Derived using GEP and WES TMB data from multiple tumor cohorts across the
pembrolizumab clinical program?.2.>

* Yields most statistically significant difference in distribution of an 18-gene GEP in a
mixed-tumor dataset'.2.°

* Most closely approximates 13 mut/Mb by FoundationOne CDx (legacy F1CDx,

Foundation Medicine proprietary pipeline QSR_F1Dx_v1.03) and 10 mut/Mb (updated
pipeline F1Dx_v3.2)

1. Cristescu R et al. Science 2018;362:pii-eaar3593. 2. Panda A et al. JCO Precis Oncol 2017 ,doi:10.1200/P0O.17.00146. 3. Stenzinger A et al. Genes Chromosomes Cancer 2019; 58:578-
588. 4. Fabrizio D et al, J Immunotherapy Cancer 2018;6:434. 5. Ayers M et al. J Clin Invest 2017;127:2930-40.




Association of tTMB (log,,) With Efficacy

(KEYNOTE-0103)

Nominal Pembro Chemo
P Value® (n =164) (n = 89)
0S 0.006 (one-sided) 0.410 (two-sided)
PFS 0.001 (one-sided) 0.579 (two-sided)
ORR 0.009 (one-sided) 0.330 (two-sided)

tTMB was associated with outcomes for pembro
a continuous variable but not with chemo based on
a=0.05 mgmﬂcance level and AUROC analysi

aAll patients were POt e one-sided for pembro as the
a priori hypothesis was that tTME was pDSItWEh’ assnmated with improved outcomes of pembro. P
values are two-sided for placebo because there was no a priori hypothesis regarding the direction
of the association between tTMB and outcomes of chemo. TMB was assessed as a continuous,
logsp-transformed variable.

Data cutoff date: Mar 16, 2018.

ROC Curves of ORR for tTMB

AUROC (95% Cl)
0.61 (0.50-0.71)
0.40 (0.21-0.58)

Pembro
Chemo
1.0-

o
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I

Sensitivity
o
+

I I I I I T I T

DD 02 04 06 08 1.0
1-Specificity



Clinical Utility for OS (KEYNOTE-01023):
tTMB Cutpoint of 175 mut/exome

tTMB 2175 mut/exome
HR 0.56 (95% C1 0.38-0.83)

0S, %

100

90+
80+
704
60
50
404
30+
204
104

Median (95% CI)

Pembro
(n=81)
Chemo (n=51)

14.1 mo (10.0-19.2)

7.6 mo (5.0-10.7)

N — —

0 [ |

| I I B B |

I

r T 1T T 1

0S8, %

tTMB <175 mut/exome

HR 0.85 (95% Cl1 0.56-1.30)

100

90+
80
704
60
504
404
30
204
10+

Median (95% CI)

Pembro (n=83)
Chemo (n=38)

9.3 mo (8.3-12.5)
7.2 mo (4.5-14.3)

L

0

0 4 8

12 16 20 24 28 32 36 40 44 48 52

r 1T T 1T 1T 1T

r 1T 1T 1T T"1

0 4 8 1216 20 24 28 32 36 40 44 48 52

No. at Risk Time, months

81 57 37 30 26
a1 25 13 8 8

19 5
5 2

3All patients were PD-L1-positive (TPS 21%). Data cutoff date: Mar 16, 2018.

Time, months

No. at Risk
83 51 27 17 14 T 2
38 17 ] 7 7 2 0



Association of tTMB (log,,) With Efficacy
(KEYNOTE-0422)

ROC Curves of ORR for tTMB

_ Pembro Chemo
:*';m'"ﬂ (n = 414) (n = 379) AUROC (95% Cl)
VAT Pembro 0.67 (0.61-0.73)
oS <0.001 (one- 0.060 (two-
sided) sided)¢ 1.0
PES <0.001 (one- 0.174 (two- 0.8-
sided) sided)* >
S 0.6
<0.001 (one- 0.035 (two- =
ORR . . 2 4]
sided) sided) g
tTMB was associated with outcomes for pembro as a 0.21
continuous variable but not chemo in general, based on a = 5 0'
0.05 significance level and AUROC ol
aall patients were PD-L1-positive (TPS =1%). "Wald test. P values are one-sided for pembro as the a priori L L L
hypothesis was that {TMB was positively associated with improved outcomes of pembro. P values are two-sided for 0.0 0.5 1.0
placebo as there was no a priori hypothesis regarding the direction of association between tTMB and outcomes of .
chemo. TMB was assessed as a continuous, log,-transformed variable. #TMB showed negative directions of 1—SpECIfICITY

association with OS5 and PFS in the chemo arm.
Data cutoff date: Sep 4, 2018.



Clinical Utility for OS (KEYNOTE-0423):
tTMB Cutpoint of 175 mut/exome

tTMB 2175 mut/exome
HR 0.62 (95% CI1 0.48-0.80)

100
90- Median (95% CI)
Pembro 21.9 mo (17.0-26.7)
80+ (n=180)
70- emo (n=165) 11.6 mo (9.9-14.2)
s 60+
vy 50—
O 40-
30+
20+
10
0 r r 1 1 1 1 T1 1 T 1 T 1
0 4 8 1216 20 24 28 32 36 40 44 48 52
No. at Risk Time, months
180 132 105 66 23 5 1
165 111 78 32 17 4 0

3All patients were PD-L1-positive (TPS 21%). Data cutoff date: Sep 4, 2018.

0S, %

tTMB <175 mut/exome
HR 1.09 (95% C1 0.88-1.36)

90 Median (95% CI)

Pembro (n=234) 12.0 mo (9.2-14.8)
Chemo (n=214) 12.3 mo (11.3-16.2)

No. at Risk
234 141 97 61 28 3 1
214 144 97 58 22 4 1

0 4 8 1216 20 24 28 32 36 40 44 48 52
Time, months
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Pembrolizumab Plus Platinum-Based
Chemotherapy for Metastatic NSCLC:
Tissue TMB (tTMB) and Outcomes in
KEYNOTE-021, 189, and 407

Luis Paz-Ares,’ Corey J. Langer,? Silvia Novello,? Balazs Halmos,* Ying Cheng,®
Shirish M. Gadgeel,® Rina Hui,” Shunichi Sugawara,® Hossein Borghaei,?
Razvan Cristescu,’® Deepti Aurora-Garg,'? Andrew Albright,'® Andrey Loboda,°
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Study Designs

KEYNOTE-021 Cohort C (N = 24)'

Pembrolizumab
2 mg/kg Q3IW for 2 years
+

Carboplatin and
Pemetrexed 500 mg/m?®
Q3IW for 4 cycles

Key Eligibility Criteria

Untreated stage INB or IV
nonsquamous NSCLC

Mo activating EGFR
mutation or ALK
translocation

ECOG PS5 041

Pemetrexed 500 mg/m?® Q3W permitted
as maintenance therapy in both arms

KEYNOTE-189 (N = 616)*

Pembrolizumab
200 mg Q3W for 2 years
+

Carboplatin or Cisplatin and
Pemetrexed 500 mg/m?®
Q3W for 4 cycles

Key Eligibility Criteria
Untreated stage IV
nonsquamous NSCLC

Mo activating EGFR
mutation or ALK
translocation

ECOG PS5 01

Pemetrexed 500 mg/m? Q3W permitted
as maintenance therapy in both arms

Placebo for 2 years
+
Carboplatin or Cigplatin and

Pemetrexed 500 mgim?
Q3W for 4 cycles

KEYNOTE-021 Cohort G (N = 123)23

Pembrolizumab
200 mg Q3W for 2 years
+

Carboplatin and
Pemetrexed 500 mgim?®
Q3W for 4 cycles

Untreated stage NB or IV
nonsquamous NSCLC

Mo activating EGFR
mutation or ALK
translocation

ECOG PS5 01 Carboplatin and

Pemetrexed 500 mg/m?2 Q3IW permitted
as maintenance therapy in both arms

Pemetrexed 500 mg/m?
Q3W for 4 cycles

KEYNOTE-407 (N = 559)°

Pembrolizumab
200 mg Q3W for 2 years
+

Carboplatin +
Paclitaxel or nab-Paclitaxel
Q3W for 4 cycles

Untreated stage IV
squamous NSCLC

« ECOGPS 01
Placebo for 2 years
+
Carboplatin and
Paclitaxel or nab-Paclitaxel
Q3W for 4 cycles

1. Lung Cancer 2018;125:273-81. 2. Lancet Oncol 2016;17:1497-508. 3. J Thorac Oncol 2019;14:124-9. 4. N Engl J Med 2018;378:2078-92. 5. N Engl J Med 2018;379:2040-51.



Association of tTMB (log,,) With Efficacy

KEYNOTE-021 Cand G KEYNOTE-189 KEYNOTE-407

Pembro + Chemo Pembro+ Placebo+ | Pembro+ Placebo +
Nominal Chemo Alone Chemo Chemo Chemo Chemo
P Value? (n =44) (n = 26) (n =207) (n = 86) (n =143) (n=169)
ORR 0.180 0.279 0.072 0.434 0.393 0.086
PFS 0.187 0.409 0.075 0.055 0.052 0.560
OS 0.081 0.475 0.174 0.856 0.160 0.818

No association between tTMB (continuous, log,,-transformed) and efficacy
for pembrolizumab + chemotherapy or chemotherapy * placebo
in any study based on a = 0.05 significance level

3P were values calculated using the Wald test and are one-sided for pembro + chemo (a prion hypothesis that tTMB was positively associated with improved outcomes for pembro + chemo)
and two-sided for chemo alone and placebo + chemo (no a priori hypothesis regarding direction of the association between tTMB and outcomes).
Data cutoff dates: Dec 1, 2017 (KEYNOTE-021); Sep 21, 2018 (KEYNOTE-189); May 9, 2019 (KEYNOTE-407).



Conclusions

* Higher tTMB levels as assessed by WES were associated with improved clinical
outcomes for pembrolizumab monotherapy in patients with PD-L1-positive
advanced NSCLC

* PD-L1 1-49% and TMB high may be appropriate for pembrolizumab monotherapy

* Pembrolizumab/chemotherapy combinations active in both TMB high and low
tumors

* Limitations:
o  Exploratory analysis
o Analysis 1in subsets of patients with available tTMB in these trials

* TMB high and PD-L1 <1% ?
* Different methods and definitions of TMB testing — harmonization needed

BARCELONA Mcnngr ess
2019
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Nextgeneration sequencing and

assessment dimour mutational

burden: are these tools ready for
clinical routine use?

L. Hendriks pulmonologist, MD, PhD
Maastricht UMC+, The Netherlands



Impact of TMB on ank®D1
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SIMILAR RESULTS FOR KEYNOTE 010 & 042
BUT NOT EOR KEYNOTE 021, 189 & 407
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TMBpitfalls

Exome (coding region - approx. 1-2% of genome)-
IMB = 1 million nucleotides
— Variability regarding definition

Missensevsa | tn@itations
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Fold-change of tTMB

TMBpitfalls

M Tumor © Lymph node " Metastasis (t1) B Metastasis (t2)
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TMBpitfalls

TMB doesiot equalneoantigen
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TMBpitfalls
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Next-generation sequencing and

assessment of tumour mutational

burden: are these tools ready for
clinical routine use?

nologist, M, PhD
he Netherlands

Stein JCQ@recisiononcology2019 * MansfieldSciRep 2018



TMB summary
V. Why?

V  Biologicarationale
V  High TMBassociatedvith long termoutcomeacrossumor types

V Pitfalls- drawbacks

V  Heterogeneity-+
V  Beawareof type of test @efinition, coveragegenessequencedrace)
V  TAT 2 weekbor tissue, < 1 weefor blood

V Implement?

V  Interestingbut not readyfor clinicaluseyet



EQUIPMENT

NOT READY
FOR USE, YET







