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* Research support from

* Genentech/Roche
* Bristol Myers Squibb
* Incyte Corporation

* Consulting/expert witness fees
* Novartis

* Provisional patentholder
* Immunotherapy targets and biomarkers in cancer.

| will be discussing non-FDA approved indications during my
presentation.
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 Transformation of cancer
therapy

* Immune checkpoint inhibitors
have the highest potential for
wide therapeutic adoption

 mABs targeting PD-1/L1 and
CTLA-4 axes

* Healthcare costs, widely
variable response rates, and
unpredictable toxicities hinder
usage

Klapper et al. Cancer 2008
© 2019-2020 Society for Immunotherapy of Cancer
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,‘;’D\,Aﬁqs@ Expansion of indications for PD-1/L1
AT S targeted ICI therapy

Timeline of Ant| PD-1/L1 Ant|body Approvals by the FDA
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* A wide variety of solid and
hematologic malignancies

* Estimations are nearly S1M per
patient treated (all healthcare,
combination immunotherapy)

* $150-300K/QALY quality-adjusted life-
years?

* Non-complex biomarkers that .
maXimize benefiting patients Can CANCER " D.ggcmpan?b,mﬂerckm W Avelumab, Pfizer/Merck KGaA

brolizuma

° ° HESEAHCH Cl-lnlcal- olumab, Bristol-Myers Squibb Cemiplimab, Regeneron
Improve COSt-Effe ctiveness @ NSTITUTE,  ACCOLErator [ rem s s

.D alumab, AstraZeneca
\erma et al, JITC. 2018 _ i}
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Teffs

Antagonists Agonists
* Anti-CTLA-4 + Anti-OX40

* Novel immunotherapies and

Combinations . Anti-PD-1  + Anti-41BB

 Anti-PD-L1 « Anti-ICOS

* 100s of active clinical trials in ©_AnLAG3 - Anti-GITR
this area Tregs Myeloid (M®/MDSC/DC)

+ Anti-OX40 » TLR 7/8/9 agonist
« Anti-CCR4 Combinations BRIz
* Anti-GITR * Anti-CSF-1R
« Anti-CD73 » Anti-CD40

* Goals are to identify
therapeutic strategies that
enhance tumor
inflammation, driving

response to agents like anti-
PD-1/L1

Tumor
+ Chemotherapy

* Monoclonal antibody
* Radiation therapy

» Targeted therapy

Sathyanarayanan et al, Molecular Oncology 2015
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 Recent FDA-approval in PD-
L1+ mTNBC in combination
with nAb-paclitaxel

* Open question in MTNBC:

— PD-L1 is a challenging
biomarker
* Tumor vs. stroma
* Antibody variability

— How to improve patient
selection

© 2019-2020 Society for Immunotherapy of Cancer

IMpassion130 — first approval of
immunotherapy combination in TNBC

A Progression-free Survival in the ion-to-Treat Populati
Median 1-Yr Rate of
ion-free rinr 5

No. of Events/ g g
No. of Patients  Survival (95% Cl) Survival (95% Cl)

mo %
Atezolizumab + Nab-Paclitaxel 358/451 7.2 (5.6-7.5) 23.7 (19.6-27.9)
Placebo+ Nab-Paclitaxel 378/451 5.5 (5.3-5.6) 17.7 (14.0-21.4)
100~

Stratified hazard ratio for progression or death,
0.80 (95% Cl, 0.69-0.92)

Atezolizumab +nab-paclitaxel
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30 33

No. at Risk

Atezolizumab+ 451 360 226 164 77 34 20 11 6 1 NE NE
nab-paclitaxel

Placebo+ 451 327 183 130 57 29 13 - 1 NE NE NE

B Progression-free Survival in the PD-L1-Positive Subgroup
Median 1-Yr Rate of
No. of Events/ gression-fre gression-fr

No. of Patients  Survival (95% Cl) Survival (95% ClI)

mo %
Atezolizumab+ Nab-Paclitaxel 138/185 7.5 (6.7-9.2) 29.1 (22.2-36.1)
Placebo + Nab-Paclitaxel 157/184 5.0 (3.8-5.6) 16.4 (10.8-22.0)
100

Stratified hazard ratio for progression or death,
0.62 (95% Cl, 0.49-0.78)
P<0.001

90
80

Atezolizumab + nab-paclitaxel

Percentage of Patients
"
8

Placebo-+ nab-paclitaxel

t T T T T T T T T T T

0 3 6 ) 12 15 18 21 24 27 30 33

No. at Risk

Atezolizumab+ 185 146 104 75 38 19 10 6 2 1

NE NE
nab-paclitaxel

%0 Stratified hazard ratio for death, 0.84 (95% CI, 0.69-1.02)
) P=0.08
5 ®
g
5 60 Atezolizumab +nab-paclitaxel
g, 50 === e A s
g
g 30
& 20 Placebo +nab-paclitaxel
10
'\I T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36
Months
No. at Risk

Atezolizumab+ 451 426 389 337 271 146 82 48 26 15 6 NE NE
nab-paclitaxel

Placebo+ 451 419 375 328 246 145 89 52 27 12 3 1 NE

nab-paclitaxel

Placebo+ 184 127 62 44 2 11 5 5 1 NE NE NE
nab-paclitaxel nab-paclitaxel
C Overall Survival in the Intention-to-Treat Population D Overall Survival in the PD-L1-Positive Subgroup
Median 2-Yr Rate of Medial 2-Yr Rate of

No. of Events/ Overall Survival Overall Survival No. of Events/ Overall Survival Overall Survival

No. of Patients (95% C1) (95% C1) No. of Patients (95% C1) (95% C1)

mo % mo %
Atezolizumab + Nab-Paclitaxel 181/451 21.3 (17.3-23.4) 42.1 (34.3-49.9) Atezolizumab+ Nab-Paclitaxel 64/185 25.0 (22.6-NE) 53.5 (42.3-64.6)
Placebo+Nab-Paclitaxel 208/451 17.6 (15.9-20.0) 39.7 (33.2-46.3) Placebo+Nab-Paclitaxel 88/184 15.5 (13.1-19.4) 36.6 (26.4-46.7)
100

Stratified hazard ratio for death, 0.62 (95% Cl, 0.45-0.86)

Atezolizumab+nab-paclitaxel

Percentage of Patients
@
3

Placebo + nab-paclitaxel

No. at Risk
Atezolizumab+ 185 177 160 142 113 61 36 22 15 9 5 NE
nab-paclitaxel

Placebo+ 184 170 147 129 89 44 27 19 13 6 NE NE NE
nab-paclitaxel

P Schmid et al. N Engl J Med 2018.
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S 0) Strategies for enhancing anti-PD-1/L1
response
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Immune-cold

* Immune-hot or excluded

* Deepen response/enhance rates

Agonize T cells

Enhance antigen presentation

Inhibit additional/alternative checkpoints
Target regulatory phenotypes (e.g. Treg/MDSCs)

* Immune cold/desert

* Enhance response rates B8
* Prime T cells
* Recruit T cells
* Enhance antigen presentation

M-cell M antigen No response
homing presentation

Q o Anti-tumor response
( i- e B

Immune-hot

Cold Excluded Hot Elimination

FMERGENCY MEDICING N Hematolagw'Oncology
5555 ¥ Assoclation mml-fwmwnlmncv
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o-PD-L1

tumor ANTIGEN

immune RESENTATION
milieu
ﬁl 1
IMMUNE
EVASION “

“ MHC-I/1I

TUMOR CELL

MHC and
PD-L1 expression
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Potential for synergistic activity of MEKi +

* Interferon upregulates MHC
and PD-L1, which is decreased
by MEK activation.

* PD-L1 reduces the immune
response while MHC
expression increases it

* Co-treatment with MEK
inhibitors and PD-L1 mABs may
synergize

QAAEN ——ixcce GHOPA Csite>
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;’;\,;’NCES@ MEKI + anti-PD-L1 potentiates CD8 T
cell mediated tumor elimination

MMTV-Neu/MEKPP

MMTV-neu/LACZ

Days
—— vehicle —o— selumetinib
—— o-PD-L1 -e— combination

Without MEK activation

© 2019-2020 Society for Immunotherapy of Cancer
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—e— vehicle -+ selumetinib

—— o-PD-L1 —=— combination

With MEK activation
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,‘;;\,A*;CES@ MEKI + anti-PD-L1 potentiates CD8 T
NOT 820 S cell mediated tumor elimination

MMTV-neu PET imaged with aCD8a-1"**
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Coronal view Axial view
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ADVANICES . @ InClTe: Innovative Combination
€ Immunotherapy for mTNeBC
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—> Avelumab
— R
Metastatic TNBC E —>{ Binimetinib > Binimetinib + Avelumab
*  Measurable disease [;
*«  No prior PD-1/PD-L1 1
inhibitors 5
* No more than 3 prior T
metastatic lines of E >| 4-1BB Agonist! > 4-1BB + Avelumab
chemotherapy Rl
>| OX40 Agonist? = OX40 + Avelumab
15 day 1 Cycle=4 weeks
lead-in Tumor assessments and PRO every 8 weeks
Tumor hiopsy Tumor bhiopsy Blood collection _
Blood collection Blood collection (at 8 weeks and Disease Progression)
Goga, Liu, Rugo, Perou, Balko, Mayer et al WAAEM ——xcco @ HOPA Csitc>
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ADINCES Q What are the next steps?
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* Managing risk/benefit Combination therapy
* Predictive markers of Improved response
toxicity

* Prioritizing patients for
optimal benefit

* Precision medicine .
approach Toxicity

w
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e Goals:
* Predict responders
* Prioritize therapy
* Prioritize combinations
* Predict and mitigate
toxicities
e Current biomarkers:
* Mutation load (NGS)

* Inflammation gene
signatures
(RNAseq/gene panel)

e PD-L1 (IHC, mixed
efficacy)

© 2019-2020 f;t‘)-c‘.iefy for I'I’II’I*I'.JI"‘['J”‘:!—_‘.‘IL'J['}‘}-' of Cancer

Proportion alive and progression-free
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@ Personalized ICl therapy in melanoma

*Stratified log-rank P<0.00001 vs. IPI

**Exploratory endpoint

0

No. at Risk
NIVO +IPI 314
NIVO 316

IPI 315

219
177
137

173
147
77

9 12

-]
151 65
124 50
54 24

Adapted from Wolchok J, ASCO 2015
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:;\Eﬁmg Tumor specific MHC-II as a predictor
PETTS TR of anti-PD-1 outcomes

Discovery Validation
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 MHC-II + PD-1/L1 interaction signature in a series of * MHC-Ilin RS cells of Hodgkin’s Lymphoma predicts
melanoma patients (n=141) anti-PD-1 benefit
"TTL
PD 1 PD Ll DAPI A. Novel Biomarker Signature * : F=0m
; - HR=0.32 (95% CI=0.18-059) _ o
1.00 = ' e Slzr;alu;e po;lli;’e- E .
1, 7=
075 O e A = 0.6
2
¥ 0.4
& 0.50 $
% 0.2 =
0.25
p=0.00011
K : . 0 AII ;3 1I2 1I6 2'0 2|4
0 100 200 300 400 500 600 700 800 900 1000 i
Time (days) Time (months)
No. at risk No. at risk
POS == 16 15 12 1 9
Dec —— 19 15 10 4 3 2
Neg 15 12 9 3 2
0 100 200 300 400 500 600 700 800 900 1000
Time (days)
Johnson and Balko et al, CCR, 2018 Roemer et al, JCO, 2018
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e e L AG-3: an alternative checkpoint with
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Q specificity for MHC-II

LAG3
ANOVA p=0.022

= 4- I : ) Tumor Equilibrium Adaptive resistance

N o phenotype phase to anti-PD-1 therapy
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Baseline On-treatment
tumor tumor
profiling profiling
Nivolumab
MHC-II (+) » +
Relatlimab
P;t{ijggav;iéh Primary Endpoint:
melanoma. no Induction of CD8+ T
prior therapies cells into tumor
Nivolumab
MHC-I (-) » + Relatlimab — BMS
Ipilimumab

© 2019-2020 f;t‘)-c‘.iefy for I'I’II’I*I'.JI"‘['J”‘:!—_‘.‘IL'J['}‘}-' of Cancer

Non-approved
indication

A personalized medicine approach
for immunotherapy

* Allocate MHC-II+
patients to anti-PD-1+
anti-LAG3

* High response rate to
PD-1

* Address resistance up
front

* Allocate MHC-II-
patients to anti-PD-1+
anti-CTLA-4
* Low response rate to
single-agent PD-1
* Low CD4+ T cells
QAAREN —icce HOPA Csitc>



cier e TUMOr-specific MHC-II predicts benefit
ADVANCES in @ to anti-PD-1 + NAC in HER2- breast

IMAMUNOTHERAPY ™
cancer
g
* KEYNOTE-522 S 2200001 o 0001
* Anti-PD-1 + NAC will likely be approved in primary o] (" )
C @) ‘
TNBC 8 70000+ =
. — 600007
* |-SPY2 trial arm g o
= |
* Investigators identified MHC-II on tumor cells 5 40000] o 5
(RPPA) as a powerful biomarker of outcome 8 o =
* 8/12 (66%) pCRs had high tsMHC-II g 200001 § ON___J
- 8/10 (80%) high tsMHC-Il had pCR o L &
; ” RD pCR RD PpCR

e Can tsMHC-II be a pan-cancer biomarker of
anti-PD-1 benefit?

NAC NAC + Pembro

Data courtesy of Emmanuel Petricoin and I-SPY2 team
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Conclusions

* The current cost-effectiveness of immunotherapy hinges on
patient selection
* MHC-II- tumors
o P~J CD8+Tcells; & CD4+ T cells
* Better response to anti-CTLA-4 (expansion of tumor
reactive CD4 helper cells) with anti-PD-1
* MHC-IlI+ tumors
/M CD8+ and 1 CD4+ T cells
* Exceptional response rates to anti-PD-1 alone
* Lag-3is a possible mechanism of adaptive resistance

* MHC-II may be a pan-cancer biomarker to help precision
oncology with immunotherapy

» Efforts to identify risk factors for toxicity (severe irAEs) are
underway

* Managing risk/benefit

© 2019-2020 Society for Immunctherapy of Cancer
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