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Biomarkers

Early diagnosis
Prognosis
Risk of recurrence prediction (Recurrence scores...)

Predictive

Selection of treatment (efficacy/toxicity)

Response/resistance markers



Proportion Surviving
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[mpact of Precision Medicine in Diverse Cancers:
A Meta-Analysis of Phase II Clinical Trials
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Patterns of Tumor Progression on Cancer Treatment
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To identify predictive biomarkers of response

¥

To individualize therapy and optimize benefit from each agent




Variable Sensitivity to Immunotherapy

Urothelia = TNBC* Gastric* cHL’

Response rates ~10-30% for solid
tumors

Colorectal'®  ER'MER2" BC" Cervical" Salivary®

TERRS

1. Daud A et al. 2014 SMR; 2. Garon EB et al. ESMO 2014; 3. Chow LQ et al. ESMO 2014; 4, O’Donnell P et al. 2015

Genitourinary Cancers Symposium; 5. Muro K et al. 2015 Gastrointestinal Cancers Symposium; 6. Nanda R et al. SABCS
2014; 7. Moskowitz C et al. 2014 ASH Annual Meeting; 8. Alley EA et al. 2015 AACR.



Ipilimumab in Melanoma
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*Optional biopsies; Non-random subset of the population

Topalian et al. N Engl J Med 2012;366:2443-54




Positive intra-tumoral PD-L1 expression is associated
with better response to PD-1/PD-L1blockade

Response
rates

N= 113 55

unselected 21% 32% 29% 22% 23% 23% 40% 19% 26% 18% 40% 30%

PD-L1 + 36% 67/% 44% 39% 2/% 46% 49% 37/% 43% 46% 49% 21%

PD-L1 - 0% 19% 17/% 13% 20% 15% 13% 11% 11% 11% 13% 15%

Adapted from slide presented by Margaret Callahan at 2014 ASCO Annual Meeting and
updated with 2015 ASCO meeting by TK Choueiri



Overall survival by PD-L1 expression

PD-L1 21% (n = 24%) PD-L1 <1% (n = 76%)
Median OS, months (95% CI) Median OS, months (95% CI)
Nivolumab 21.8 (16.5-28.1) Nivolumab 27.4 (21.4-NE)
Everolimus 18.8 (11.9-19.9) Everolimus 21.2 (17.7-26.2)
Lo HR (95% CI): 0.79 (0.53-1.17) _ HR (95% ClI): 0.77 (0.60-0.97)
U= 1.0y
0.9 0.9
;;‘ 0.8 0.8
% 0.7 0.7-
) .
g 0.6 Nivolumab 06 Nivolumab
S o5 05,
2
@ 0.4 Everolimus 0.4- Everolimus
§ 0.3 0.3
>
0
0.2 0.2
0.1 0.1
0.0 T T T T T T T T T T T O'O-l T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 0 3 6 9 12 15 18 21 24 27 130
Months Months
No. of patients at risk
Nivolumab 94 86 79 73 66 58 45 31 18 4 1 0 276 265 245 233 210 189 145 94 48 22 2
Everolimus87 77 68 59 52 47 40 19 9 4 1 0 299 267 238 214 200 182 137 92 51 16 1

Material destinado a Profissionais de Saude



Pembrolizumab in Non Small Cell Lung Cancer
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Phase lll, Ipilimumab + Nivolumab in Melanoma
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PFS by PD-L1 Expression Level (5%)

*Per validated PD-L1 immunohistochemical assay based on PD-L1 staining of tumor cells in a section of at least 100 evaluable tumor cells.




Association of PD-L1 expression on tumor-infiltrating
mononuclear cells and overall survival in patients
with urothelial carcinoma

J. Bellmunt'234, 8. A, Mullane’4.", L. Werner'.", A. P. Fay'4, M. Callea®, J. J. Leow’,
M. E. Taplin234 T. K. Choueiri'234 F. 8. Hodi®4€, G. J. Freeman®4 & S. Signoretti!35
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Positive PD-L1 expression (score of 2—4) in TIMCs was significantly associated with longer OS (12 versus 23 months)
in both univariate (P = 0.04) and multivariable analysis (P = 0.0007) (adjusting for ECOG status and visceral disease)

PD-L1 expression in tumor cell membrane was not associated with survival (P = 0.45)

Annals of Oncology, 2015




PD-L1 expression was heterogeneous even within
individual lesions

A R e « PD-L1 was almost exclusively

Y 55\ s detected in high nuclear
e, grade areas (P < 0.001)

C e .o -+ Expression was more

. | CAS e SoEhG heterogeneous in primary

== PLEE=S tumors than in metastases
20

.
: 7 % -
0 -(////A % /é /ﬂ
Grade 1 Grade 2 Grade 3 Grade 4

®primary PD-L1 neg % mets PD-L1 neg ® primary PD-L1 pos % mets PD-L1 pos Callea et al. Cancer Immunol Res 2015



Extent of discordant PD-L1 expression in primary

tumors and metastases

Metastases
I Total
PD-LL1- | PD-LL1+
FD-1L.1- 33 3 36
Primary Tumors ! | !
PD-L1+ o . 17
Total 41 12 53

Discordant tumor cells PD-L1 staining:11 of 53 cases (20.8%)
(95% CI: 10.8% —34.1%).

Callea, Albiges, Fay, Choeuiri,Freeman Signoretti. Cancer Immunol Res. 2015




PD-L1 Antibodies

Anti-PDL1 mAb Genentech Anti-PDL1 Anti-B7-H1
Mouse clone 5H1 mADb mADb Rabbit (MIH1)
clone 28-8
RCC
v | &
Melanoma
v | & v .
NSCLC
v | & v | &
UucC
v

1Thompson ,Clin Cancer Res 2007;13:709s-715s
2 Powderly et al, abstract #3001. ASCO 2013
SFigueroa et al, abstract #3021. ASCO 2013

4 Konishi. Clin Cancer Res, 2004 Aug 1;10(15):5094-100

5Grosso et al, abstract #3016. ASCO 2013
6 Topalian et al. N Engl J Med 2012;366:2443-54
7 Zhang et al, abstract #4541. ASCO 2013

8Wolchok et al.N Engl J Med 2013;369:122-33. Suppl.

Appendix

9 Boland, Clinical Lung Cancer, 2013




Positivity Criteria

Any Cut off: >5% | Semi-quantitatively Tumor | Immune | Both
expression in 5-10% increments cell Cell
Thompson -
RCC
MPDL3280A - - - -

Metastatic Solid
Tumors

v

Pos-pazopanib
RCC

Konishi
NSCLC

K

Topalian
Metastatic Solid
Tumors

Grosso
Melanoma, NSCLC

Zhang
ucC

Wolchok
Melanoma

NNERMERMEN

R K




Immune Cell Evaluation

Marker Method
CD8 Dual CD45 | PBM | H-score TIL
staining C* Absent, frﬁz?ll(,ergoderate,
PD-
L1/CD68

Thompson!
)

MPDL3280A2 _ ) ) )
(Genentech) @ @

e | B A
pazopanib3

Konishi* ) ) i )
NSCLC

Grosso® ) ) i i )
NSCLC,

Melanoma

> T
PBMC: Peripheral Blood mononuclear Cells ‘
1 Thompson ,Clin Cancer Res 2007;13:709s-715s
2Powderly et al, abstract #3001. ASCO 2013
SFigueroa et al, abstract #3021. ASCO 2013
4Konishi. Clin Cancer Res, 2004 Aug 1;10(15):5094-100
5Grosso et al, abstract #3016. ASCO 2013



Lack of standardization in tissue-based procedures

affects data accuracy and biomarker results in solid
tumors

Pre-tissue acquisition Post-tissue acquisition Tissue analysis

Standardization of PD-L1 assay Is

urgently needed!!!!

Intra-operative blood loss Time in fixative Type of detection system
Renal artery clamping time Tissue embedding protocol Use of control tissues
Pre-nephrectomy renal artery embol Storage temperature Scoring by pathologist
Type of surgical procedure Storage duration Image analysis platform

Signoretti et al, Clin Cancer Res, 2008
Di Napoli and Signoretti, Cancer, 2009



PD-L1 Assay Systems used in the Blueprint Project

Primary antibody
clone used in the

assay system

Interpretative

Instrument and
Detection Systems

Nivolumab

28-8 (Dako)

Tumor cell
membrane

EnVision Flexon
AutostainerLink
48

Bristol-Myers
Squibb

Pembrolizumab  Atezolizumab

22C3(Dako)

Tumor cell
membrane

EnVision Flex on
Autostainer Link
48

Merck

Durvalumab

SP142(Ventana) SP263(Ventana)
~-Tumor cell
membrane - Tumor cell
Infiltrating membrane
immune cells
JIPEINI OptiView
Detection and
Detectionon
Ampificationon oy mark ULTRA
Benchmark ULTRA
Genentech AstraZeneca




Assay Comparisson: Overall Percentage Agreement

Assay clone
used for slide
staining

Scoring Algorithm

22C3 1% TPS

28-8 1% TPS

SP142 TC1/IC1

SP263 25% TPS

22C3

38/38 (100%)

36/38 (94.7%)

33/38 (86.8%)

34/38 (89.5%)

28-8

36/38 (94.7%)

38/38 (100%)

31/38 (81.6%)

33/38 (86.8%)

SP142

24/38 (63.2%)

24/38 (63.2%)

38/38 (100%)

25/38 (65.8%)

SP263

34/38 (89.5%)

34/38 (89.5%)

33/38 (86.8%)

38/38 (100%)




Somatic mutations have the potential to
generate neoantigens

Tumor cell Antigen Killer

Antigenic presentation T cell
precursors

DNA
mutations @&

Proteolytic
intermediates



Somatic mutations by tumor type
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Mutational Burden:
Mutation frequencies vary more than 1000-fold between lowest and highest mutation rates across
cancer and also within several tumor types.

Lawrence et al. Nature 2013



TMB Correlates with ImTx Response in Several Tumor Types

High TMB Melanoma
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Snyder et al., NEJM, 2014
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High TMB NSCLC

B Overall Survival in Cohorts with Colorectal Cancer

105 P=0.03 by log-rank test
"
£ 034
3
a
E 064 Mismatch repair-deficient
B 04d
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Le et al., NEJM, 2015
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All Tumors
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Rizvi et al., Science, 2015




Genetic basis for clinical response to CTLA-4 blockade in melanoma

No. of Exomic Missense Mutations

Mutational Load
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Snyder et al. NEJM, 2014



Overall Survival According to Mutation #

B Survival in Discovery Set

Survival (% of patients)

100+
80+
=100 mutations (N=17)
60+ /
[ || _
40
=100 mutations (N=8) P=0.04 by
log-rank test
20+
a —
0 T T T T |
0 20 40 60 80 100
Months

Snyder et al. NEJM, 2014



High TMB may Predict CIT Response Across Most Tumor Types

« Distribution box plots ranks indications according to mutations/Mb
* Red stars indicate approved indications, blue stars indicate likely approvals

Distribution of Mutational Burden Across All Indications at FMI (n = >100,000)
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Razelle Kurzrock’s group: 63 patients from 19 tumor types (excluding NSCLC and melanoma) demonstrated that

HIGH TMB was independently associated with better outcome to CIT (multivariable analysis).

RR for patients with high TMB 58% vs. low to intermediate TMB 20%,; (P = 0.0001)

Goodman A et al. Manuscript submitted

Courtesy of Phil Stephens



STK11 Alterations may be Immunosuppressive in NSCLC

STK11 alterations enriched in STK11 mutant NSCLCs may do
TMB HIGH, PD-L1 LOW tumors worse on immunotherapies

i — STK11wt (n = 25)
— STK11mut (n = 12)
HR = 259
@ P =00314
~.0
§
g
fo
Lo
&
b= |
L
£ of
¢ S
x
o
o)
o
“y 13 2 39 52
Time (weeks)
PD-L1 Status
Bonferroni P = 3.23*10-12 HR =259, P=0.0314

While provocative, this observation requires validation in additional
COhOrtS Courtesy of Phil Stephens




BRAF and c-MET Alterations may be Immunogenic in NSCLC

BRAF alterations enriched in
TMB LOW, PD-L1 HIGH tumors
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These observations require validation in additional cohorts




Comprehensive Molecular Characterization of Urothelial Bladder Carcinoma
The Cancer Genome Atlas Research Network
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Atezolizumab in patients with locally advanced and >0 ®
metastatic urothelial carcinoma who have progressed o
following treatment with platinum-based chemotherapy:

a single-arm, multicentre, phase 2 trial

Jonathan E Rosenberg, Jean Hoffman- Censits, Tom Powles, Michiel S van der Heijden, ArjunV Balar, Andrea Necchi, Nancy Dawson,

Peter H 0'Donnell, Ani Balmanoukian, Yohann Lariot, Sandy Srinivas, MargittaM Retz, Petros Grivas, Richard W Joseph, Matthew D Galsky,

Mark T Fleming, Daniel P Petrylak, Jose Luis Perez-Gracia, Howard A Burris, Daniel Castellano, Christina Canil, joaquim Bellmunt, Dean Bajorin,
Dorothee Nickles, Richard Bourgon, Garrett M Frampton, Na Cui, Sanjeev Mariathasan, Oyewale Abidoye, Gregg D Fine, Robert Dreicer
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« Forty-four of 80 patients (55%) with post-baseline tumor assessments experienced a
reduction in tumor burden
+ Decreased circulating inflammatory marker (CRP) and tumor markers (CEA, CA-19-9)

were also observed in patients responding to atezolizumab
Rosemberg et al. Lancet, 2016




Atezolizumab (MPDL3280A): ORR in UBC by IC Status

PD-L1 IHC ORR CR, PR,
n = 87° (95% CI), %? n (%) n (%)
IC3 (n = 12) 67‘;/"0(5/‘;"’;3%' 4 (33%) 4@
50% (35, 65) 9 (20%) 0
_ 44% (27%- o 10 (30%)
IC2 (n = 34) 52%6) (15%) (29%)
IC1 (n = 26) 19;/3%%' : 5 (199%)
e 17% (7, 32) - 7 (17%)
_ 0 0- _ 0
ICO (n = 15) 40%) 2 (13%)

Responses were observed all PD-L1 subgroups, with higher ORRs associated with higher
PD-L1 expressionin IC

Responders also included patients with visceral metastases at baseline: 38% ORR (95% Cl,
21%-56%) in 32 1C2/3 patients and 14% (95% ClI, 5%-30%) ORR in 36 ICO/1 patients

Petrylak DP, et al., Atezolizumab (MPDL3280A) in UBC PRESENTED AT AS("E@ .-""-ERUH]_]S 42
vlgetimg



Atezolizumab (MPDL3280A): Overall Survival

D Intention-to-treat population (n=310)

100 Median overall survival, 12-month overall survival
months (95% Cl) % of patients (95% Cl)
30 —— 1C2/3(n=100) 11.4 (9-0-not estimable) 48% (38-58)
g0 — IC1(n=107) 67 (51-8-8) 30% (20-39)
— IC0(n=103) 65(4-4-83) 29% {20-39)
70
£ 6o-
3
'a 504
=
g 404
S
30
204
)
104
©®® Censored
i) ! i 5 ! R o 5 13
Number at risk Manths
IC2/3 100 92 74 67 58 50 23
11 107 89 68 58 47 32 10 1
o 103 84 60 45 40 32 14 1

Rosemberg et al. Lancet, 2016




T-effector Gene Expression vs. PD-L1 Status or Response

A T-effector gene expression B T-effector gene expression
vs IC score VS respeonse
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TCGA subtypes and Immunotherapy Outcome

G Response by TCGA subtype

O Progressive CS=ble O Partial W Complete
fisease Ciseass FESQOOMSE  FESDONSE

=72 n=50 n=38 n=35
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o )
Luminal Basal

TCGA subtype



Nivolumab: Association Between UC Molecular Subtype

100 -

N
Ul

Percentage

25 A

aBasal

Ul
o
I

Basal 1 and luminal 2 have higher response rates vs the other 2 subtypes

Complete
] p

Partial
Response? a

Stable
Response [

H Progressive
Disease

Disease

30,4

39,1

21,7
8,7

Luminal 1 Luminal 2 Basal 1 Basal 2
(Cluster 1) (Cluster 2) (Cluster 3) (Cluster 4)
n=66 n=55 n=23 n=33

Molecular Subtype

2 CR, 0%; luminal 1 CR,1.5%; luminal 2 CR, 1.8%

Sighature score

P<0.001
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3 3
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Response

Signature score, 25-gene interferon-y signature expression
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IMmotion150 (Phase II) Trial Design

First-Line Treatment

_ Crossover
Atezolizumab 1200 mg IV treatment
+ bevacizumab 15 mg/kg q3w permitteda

Atezolizumab 1200 mg IV q3w

Sunitinib 50 mg (4 wk on, 2 wk off)

= |Mmotion150 was designed to be hypothesis generating and inform the Phase IIl study IMmotion151
= Coprimary endpoints were PFS (RECIST v1.1 by IRF) in ITT patients and patients with 2 1% of IC expressing PD-L1

= Exploratory endpoints included interrogation of the association between outcome and TME gene signatures

IC, tumor-infiltrating immune cells; IRF, independent review facility; ITT, intention-to-treat; TME, tumor

microenvironment.

a Crossover from atezolizumab monotherapy not allowed in Europe.

McDermott, JCO 2016; McDermott, ASCO GU 2017. McDermott D, et al. IMmotion150 biomarkers: AACR 2017
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Transcriptome Map of Angiogenesis and Immune-

Assoclated Genes in RCC Tumors

AT A S T T S A . . PD-L1IHC
Angiogenesis (e.g., CD34, KDR, VEGFA) PD-L1 [HC
ICO
IC1
o ic2
B c3
3
Immgne, (e.g. CD8A, IFNG, PSMBS)
Antigen 2
Presentation )
0
-1
-2
Myel_cud (e.g. IL6, PTGS2, IL8) 3
Inflammation
Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015; McDermott D, et al. IMmotion150 biomarkers:

Fehrenbacher, Lancet 2016. AACR 2017
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Transcriptome Map of Angiogenesis and Immune-

Assoclated Genes in RCC Tumors

Immune

0N Y SO R i PD-L1 IHC

T-effectorHioh

Angio
genesis

Immune
Antigen Presentation

Tumor cells
T-effector cells
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O
> Myeloid cells
&

Vasculature

Myeloid
Inflam-
mation

PD-L1 IHC
3 2 1 0 -1 -2 -3 .

o

Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015;
Fehrenbacher, Lancet 2016. McDermott D, et al. IMmotion150 biomarkers: AACR 2017




Transcriptome Map of Angiogenesis and Immune-

Assoclated Genes in RCC Tumors

Angiogenesis

LELIRL W 1) N FURN B PD-L1 IHC

AngiogenesisHian
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o o
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Brauer, Clin Cancer Res. 2012; Herbst, Nature 2014; Powles, SITC 2015;

Fehrenbacher, Lancet 2016. McDermott D, et al. IMmotion150 biomarkers: AACR 2017



Sunitinib Demonstrated Improved PFS in AngiogenesisHiah
Subset vs Angiogenesist®w Subset

Angiogenesis

Sunitinib Atezolizumab + Bevacizumab Atezolizumab
1004
100 4 mgw&
mmmm High (n = 44) mmmm High (n = 45) “ mmmm High (n = 42)
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Atezolizumab + Bevacizumab
HR 95% ClI

HR 95% ClI
Angiogenesis

Angiogenesis
(High vs Low)

031 (018,055  (high vs Low)

0.90 (0.54, 1.51)

Angiogenesis gene signature: VEGFA, KDR, ESM1, PECAM1, ANGPTL4, CD34.

Angiogenesis High: 2 median expression, Angiogenesis Low: < median
expression.

Atezolizumab

HR 95% ClI
Angiogenesis

(High vs Low) 0.74 (0.42,1.28)

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



Sunitinib Demonstrated Improved PFS in AngiogenesisHian
Subset vs Angiogenesistow Subset

Angiogenesis

Sunitinib

HR (95% CI)
0.31 (0.18, 0.55)

mmmm High (n =
= m 44)
Low (n =
45)

0

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32
Months
Angiogenesis gene signat

Angiogenesis High: = median expressmn Anglogene3|s Low: < medlan McDermott D, et al. IMmotion150 biomarkers:
expression.

AACR 2017




Atezolizumab and Bevacizumab Demonstrated Improved PFS

in T-Effectort9h Subset vs T-Effectorto" Subset

Immune
Sunitinib Atezolizumab + Bevacizumab Atezolizumab
100 1 1004 :oo-m
i mm High (n=43) m— High (n1=42) .| | s High (0 = 46)
== = | ow (n=46) i mm = | ow (n =46) i == == Low (N = 40)
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Atezolizumab + Atezolizumab
HR 95% Cl Bevacizumab HR 95% Cl
HR 95% CI
T-effector 131 (0.77, T-effector 83 (0.48,
(High vs Low) ~°7  2.23) T-effector 050 (0-30, (High vs Low) >  1.45)
(High vs Low) 0.86)

T-effector gene signature: CD8A, EOMES, PRF1, IFNG, CD274.
T-effector High: 2 median expression, T-effector Low: < median expression.

McDermott D, et al. IMmotion150 biomarkers: AACR 2017



Atezolizumab and Bevacizumab Demonstrated Improved PFS

in T-Effectort9h Subset vs T-Effectorto" Subset

Immune

Atezolizumab + Bevacizumab

HR (95% CI)
0.50 (0.30, 0.86)

80 1
mmmm  High (n=42)

mmE | ow(n=46)
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T-effector gene signature: CD8A, EOMES, PRF1, IFNG, CD274. McDermott D, et al. IMmotion150 biomarkers:
T-effector High: 2 median expression, T-effector Low: < median expression. AACR 2017



ORIGINAL ARTICLE

PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency

D.T. Le, J.N. Uram, H. Wang, B.R. Bartlett, H. Kemberling, A.D. Eyring,
A.D. Skora, B.S. Luber, N.S. Azad, D. Laheru, B. Biedrzycki, R.C. Donehower,
A.Zaheer, G.A. Fisher, T.S. Crocenzi, J.J. Lee, S.M. Duffy, R.M. Goldberg,
A. de la Chapelle, M. Koshiji, F. Bhaijee, T. Huebner, R.H. Hruban, L.D. Wood,
N. Cuka, D.M. Pardoll, N. Papadopoulos, K.W. Kinzler, S. Zhou, T.C. Cornish,
J.M. Taube, R.A. Anders, J.R. Eshleman, B. Vogelstein, and L.A. Diaz, Jr.

Mismatch Mismatch Mismatch
Repair-Deficient Repair—Proficient Repair-Deficient
Colorectal Cancer  Colorectal Cancer || Noncolorectal Cancer
(N=11) (N=21) (N=9)

* Anti-PD1 (Pembrolizumab) - 10 mg/kg every 2 weeks

* Primary endpoint: immune-related 20-week PFS rate and
response rate

» Mismaltch repair testing using standard PCR-based test for
detection of microsatellite instability

Le et al. NEJM, 2015



Table 2. Objective Responses According to RECIST Criteria.
Mismatch Mismatch Mismatch
Repair-Deficient Repair—Proficient Repair-Deficient
Colorectal Cancer  Colorectal Cancer  Noncolorectal Cancer
Type of Response (N=10) (N=18) (N=7)
Objective response rate (95% Cl) — % 40 (12-74) 0 (0-19) 71 (29-96)
Disease control rate (95% Cl) — % 90 (55-100) 11 (1-35) 71 (29-96)

Radiographic Response

100 . . .
Bl Mismatch repair—proficient colorectal cancer
B Mismatch repair—deficient colorectal cancer

g B Mismatch repair—deficient noncolorectal cancer
n _ |
__Ff X 50
£ g _ o
o ¥ 20% increase (progressive disease)
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@ 0O h
gl
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o
‘: | = S EEEEEEEEEmmm =
v 9 30% decrease (partial response)
€6 -50-
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-100-

Le et al. NEJM, 2015



Clinical Benefit of Pembrolizumab according to
MMR-deficiency status

Progression-free Survival in Cohorts with Colorectal Cancer

Probability of Progression-free
Survival

No. at Risk

Mismatch repair—
deficient

Mismatch repair—
proficient

1.9 P<0.001 by log-rank test
0.8+
——+
0.64 X . .
Mismatch repair—deficient
0.4+
0.2 ; : .
Mismatch repair—proficient
00 T T 1 1
0 6 9 12 15
Months
11 6 2 0 0
21 1 0 0 0

Overall Survival in Cohorts with Colorectal Cancer

Probability of Overall Survival

No. at Risk

Mismatch repair—
deficient

Mismatch repair-
proficient

10 P=0.03 by log-rank test
0.8+
Mismatch repair—deficient
0.6
0.4+
T
Mismatch repair—proficient
0.24
0'0 1 1 I 1 1
0 3 6 9 12 15
Months
11 9 7 5 1 0
21 12 5 1 1 0

1782 vs. 73 mutations per patient (p=0.007)
578 vs. 21 neoantigen-associated mutations

Le et al. NEJM, 2015



Clinical resistance to 10 in melanoma (N=4)

I'he

NEW ENGLAND
JOURNAL ofs MEDICINE

-JAK1/2 LOF mutations:

Mutations Associated with Acquired Resistance
to PD-1 Blockade in Melanoma

BSEFTEMSBER 2

=>Lack of response to IFN

-B2M truncating mutation:
=> Loss of MHC class |

iV Plots and cBioPortal Diagram
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Zaretsky JM, NEJM 2016



Hyper-Progression to Immunotherapy
(PD-1/PD-L1 inhibitors)

* hyper-progression:
« Time-to-treatment failure (TTF) <2 months
« >50% increase in tumor burden compared to pre-immunotherapy imaging
« >2-fold increase in progression pace

MDM2 family amplification or EGFR aberrations: poor clinical
outcome and significantly increased rate of tumor growth.

Kato et al. Clin Cancer Res. March 2017



e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MARCH 8, 2012 VOL., 366 NO, 10

Image-guided (single) biopsies of large tumors might not be representative of an

entire primary or metastatic site
Gerlinger M, et al. NEJM 366:883, 2012



Tumor-based Biomarkers Confounded by Intratumor Heterogeneity
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=  63-69% of all mutations not detectable across regions in same tumor

Gerlinger et al. NEJM, 2012




Take Home Messages

Immune-checkpoint blockers are redefining the field of oncology:

“Precision Immuno-Oncology” is an open field:
PD1/PD-L1 expression
Tumor infiltrating lymphocytes
Tumor Mutation Burden (TMB) / neoantigen load
Tetrapeptide neoepitopes
Loss of function JAK1/2 alterations (interferon unresponsiveness)
Loss of function B2M alterations (MCH/I presentation)

Hyper-progressors

Biomarkers for treatment selection is crucial

Sequential biopsies in responders with secondary resistance
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