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The war between the iImmune system and cancer

Melanoma as a case study:
endogenous antitumor
Immunity exists but falls short

» Rare spontaneous regression of
primary tumors

» Increased tumor incidence in
Immunosuppressed patients

» TILs and PBLs have anti-
melanoma activity in vitro but
are unable to halt tumor growth
In the host




The PD-1/PD-L1 checkpoint: the tumor’s
first line of defense against immune attack
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The PD-1/PD-L1 checkpoint: the tumor’s
first line of defense against immune attack

Keir et al, Annu Rev Immunol 2008; Pardoll, Nat Rev Cancer 2012



The PD-1/PD-L1 checkpoint: the tumor’s
first line of defense against iImmune attack

mADb

Keir et al, Annu Rev Immunol 2008; Pardoll, Nat Rev Cancer 2012



Drugs blocking the PD -1/PD-L1 pathway are
active against multiple cancer types

Objective tumor regressions in patients with:
= Melanoma (17-50% of patients responding)
* Lung cancer (10-30%)
= Kidney cancer (12-29%)
Bladder cancer (15-30%)
Head and neck cancer (20-25%)
* Hodgkin lymphoma (65-87%)
= Ovarian cancer (6-23%)
= Gastric cancer, TNBC, HCC, mesothelioma, ...

...... a “common denominator” for cancer therapy




Duration of Response: Keynote-006

Responders, Median Ongoing
Arm n (range), mo Response
Pembro Q2W 103 NR (1.8 to 22.8+) 69 (67%)
Pembro Q3W 100 NR (2.0 to 22.8+) 60 (60%)
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No. at risk Time, months
Pembro Q2W 103 102 94 89 82 76 69 66 62 32 17 9 0
Pembro Q3W 100 100 92 85 78 73 72 65 (5]0] 41 13 8 0

Adapted from Schachter et al., ASCO 2016
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Unconventional response patterns: “immune-related”
response of metastatic NSCLC to anti-PD -1

Pretreatment After 1 cycle (8wks)  After 2 cycles (16  wks)
- ' 'v ' '- '
‘ .‘ ’ . ’ ’

Topalian et al., NEJM 2012




Long-term survival: patients with melanoma
receiving immune checkpoint blocking drugs
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Hodi et al, AACR 2016, abstr. CT001



Immune-related toxicities consistent with MOA: neph ritis (T and B cell
infiltrates) in a patient with metastatic melanoma responding to anti-PD-1

8 months




Current challenges in [-O drug
development

» Deeper mechanistic knowledge of underlying
biology

» Synergistic combination regimens to enhance
efficacy (next session....)

» Biomarkers to identify patients or tumor types most
likely to respond to therapy



Can a “precision medicine” approach enhance the
Impact and applicability of anti-PD  -17?

Areas of unmet need :

o In generally unresponsive tumor types, identify patient subsets likely
to benefit (e.g., colorectal, pancreatic, prostate Ca)

o Within responsive tumor types, identify patients unlikely to benefit

o Decisions for treatment sequencing: first-line vs. later line therapy

» Although anti-PD1/ PD-L1 drugs are broadly applicab le, these
considerations may be tumor type-specific




Mechanism -driven biomarkers for immune
checkpoint blockade

cytokines

Tumeur?
antigens

Lymphoid tissue i Tumour microenvironment

Nature Reviews | Cancer

o What are the recognized antigens?
0 Does the tumor contain reactive T cells?
o0 Does the tumor express PD-1 ligands?

Topalian et al., 2016



Areas of opportunity for
mechanism -based biomarker
development for anti-PD -1 therapies

» Immunologic
» Genetic
> Viral



QUESTION:

Can immunological factors provide
cross-cutting biomarkers for
anti-PD -1 activity?



Preliminary correlation of PD-L1 expression
In pre-treatment tumor biopsies, with
response to anti-PD-1 therapy
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49 patients include 20 with melanoma,13 NSCLC, 7 colon,
6 kidney, and 3 prostate cancer (updated from Topalian et
al., NEJM 2012)




Pre-treatment tumor PD -L1 expression correlates
with efficacy of anti-PD -1 (pembrolizumab) in
NSCLC: individualizing treatment strategy

Garon et al., NEJM 2015

2 50% tumor cells PD-L1+
- Response rate 45%
- Median OS not reached

< 50% tumor cells PD-L1+
12 16 - Response rate 11-17%

n at risk Time, months - Median OS 8.8 months

PS 250% 119 92 22 5
PS 1-49%161 119 15 6
PS<1% 76 55 8 0




Pre-treatment tumor PD -L1 expression correlates
with efficacy of anti-PD -1 (pembrolizumab) in
NSCLC: individualizing treatment strategy

Garon et al., NEJM 2015

2 50% tumor cells PD-L1+
- Response rate 45%
- Median OS not reached

Overall Survival, %

< 50% tumor cells PD-L1+
12 16 - Response rate 11-17%

n at risk Time, months - Median OS 8.8 months

PS 250% 119 92 22 5
PS 1-49%161 119 15 6
PS<1% 76 55 8 0

» Oct. 2016: FDA approves pembro as 1 _st line therapy for patients
with tumors 250% PD-L1+, 2" line for tumors 21% PD-L1+




Innate (tumor cell intrinsic) Resistance

MHC-peptide_l_C

o) TUMOR I Constitutive tumor signaling
pantfs\?aeym(;m) induces PD-L1 on tumor cells
or gene —

amplification

. . T cell-induced
Adaptlve Resistance PD-L1 up-regulation

» Implication: this model supports the
immunosurveillance hypothesis and the infiltrating
existence of endogenous antitumor immunity leukocyte




Re-examining underserved populations: tumor immune
microenvironment in anal SCCs from HIV(+) vs. (-) p  atients
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QUESTION:

Can cancer genetics guide immunotherapy?



Response of melanoma to anti-PD -1 does not
depend on BRAF mutational status
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Does mutational load correlate with
responsiveness to immune checkpoint blockade?

~—~
o]
> oo S22 20 52 134 26 23 81 227 91 67 121 13 63 214 11 34 219 20 49 181 231 76 88 35 3% 179 121
~~
N
> .
8 100 : H
. g . H -
(D] 1 H , l’
> 10 : ' ] 1
o ; W,
(¢D) . 2
=R r ’ 2 . oa 1 '
) 4 / f 7 . .
S it ; S
e o I : .
o . - .
-4% 0.011— i . ,\ AN A A N\
i E 2= E § £ § Ef%\ g3 s\ E S\E sEfEValfe £
& £ § 5 < 8 £ ¢ sles 2| 9 Ve ®8[e]% 2
o) 2 5 F 8 £ 8 5 2 sles 3l 9 = |e 55|z | 3¢ 5
2 3, £ © § 2 18 g5l”h )\e 2
U) § 5 é 0 E 8
© 3 z = T
CoT & =
I C->A
. C-G ‘F““
I T-C
. T-A
Il -G

Lawrence et al., Nature 2013

» Altered proteins contain neoepitopes for immune
recognition



Colorectal cancers are generally unresponsiveto PD -1
blockade, but the MSI-high subset has a high mutati  onal burden
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Lawrence et al., Nature 2013

»Microsatellite instability (MSI): genetic hypermuta bility resulting from
deficient mismatch repair (dMMR), present in ~15% ¢  olon cancers
and in some other tumor types



MSI-high genotype identifies patients likely
to respond to anti-PD -1 therapy

MMR-proficient MMR-deficient MMR-deficient
colon cancer colon cancer non-colon Ca

Objective 0 0 Gl, GYN,
Response Rate 0% 2% prostate Ca

Disease Control 16% 92%
Rate

Il MMR-proficient CRC
I MMR-deficient CRC
Il MMR-deficient non-CRC

Percent survival

% Change from Baseline SLD

10
Months

(Le, Diaz, et al., NEJM 2015)




Transcriptomics: a new T
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e Responders (R)
biomarker development

® Non-Responders (NR)

» Kidney cancers resistant
to anti-PD-1 therapy
express a metabolic gene
signature

Whole genome

expression

profiling

» Up-reqgulation of
Immunologic pathways is
associated with response

M. Ascierto et al.,
Cancer Immunol Res
2016




Virus -assoclated cancers

Observations:

» Viral antigens are foreign to the Immune system
and are strong immune stimulants
» PD-1 and PD-L1 are expressed in virus+ tumors

Question :

» Do oncogenic viruses provide biomarkers for
response to anti-PD-1 therapies?




Quality vs. quantity of tumor antigens: Merkel cell Ca
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Virus(+) vs. (-)
Merkel cell Ca: at
the extremes of
mutational
frequency
compared to TCGA
data from other
cancers
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it NEW ENGLAND JOURNAI f MEDICINE

ORIGINAL ARTICLE

PD-1 Blockade with Pembrolizumab
in Advanced Merkel-Cell Carcinoma

Paul T. Nghiem, M.D., Ph.D., Shailender Bhatia, M.D., Evan J. Lipson, M.D.,
Ragini R. Kudchadkar, M.D., Natalie J. Miller, B.A.,
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15 Viral Status (N=24) Viral Status (N=24)
B Negative [l Positive

150+

=@ Negative =@ Positive

100+

50+

504

Percent Change in Sum of Longest
Diameters of Target Lesions

-100

Percent Change in Sum of Longest
Diameters of Target Lesions

Months since Treatment Initiation

MCC antigens :

» Virus(+) tumors have a very low mutational burden but express shared viral
oncoproteins that are strong immune stimulants (ORR = 62%)

» Virus(-) tumors have a very high carcinogen (UV light)-induced mutational
burden (ORR = 44%)



FDA approvals for chec
PD-L1 IH

Melanoma

Non-Melanoma

C tests
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Neoadjuvant checkpoint blockade as a primer
for systemic antitumor T cell responses
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Neoadjuvant checkpoint blockade as a primer
for systemic antitumor T cell responses

o

I PD-L1/2

alﬁpo-l Activated T cells
leave tumor and
Activated T cells enter blood
enter tissue and
% o seek out distant o
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Appearance of tumor-resident T cell clones (TCRseq) In
peripheral blood following anti-PD -1 therapy (colon Ca)

% T cells with
individual clonotypes

Tumor ' < PBL >

045 |

0.4

0.3b

03 . .
- Radiographic
0w response

0.16

0.1

005 A

o o Es 1 1s 25— 3 35

‘ Months post anti-PD-1 treatment

Start anti-PD-1 K. Smith, D. Pardoll, et al.



NEOADJUVANT ANTI-PD -1 (NIVOLUMAB) IN NSCLC
STUDY DESIGN & ENDPOINTS

Nivolumab Standard of care
Newly diagnosed 3mg/kg IV on postoperative
resectable Day-28 & treatment
stage | (>2cm)/II/NIA Day -14 Safety follow up
NSCLC Surgical for 30 days after
RESEARCH resection on FRESH TUMOR surgery
TUMOR Day O TISSUE,
BIOPSY & DRAINING
BLOOD LYMPH NODES
COLLECTION & BLOOD
COLLECTION

Forde et al., ESMO 2016



PATTERNS OF RADIOGRAPHIC RESPONSE TO NEOADJUVANT ANTI-PD-1

IN EARLY STAGE NSCLC Forde et al., ESMO 2016
Adeno, Squamgus, Adeno, isolated tumor
<10% viable tumor pathologic CR cells, dense T cells

. oA
Pre-Rx

~4 wks

These tumors were PD-L1+ with [HC 28-8 assay, defined as 21% positive tumor cells



EXPLORATORY ANALYSES OF RESPONSE TO NEOADJUVANT
ANTI-PD-1 (NIVOLUMAB) IN NSCLC

Pathologic response (n=17)

Radiographic N (%) 7 :: ® Major pathologic response
response (n=1 8) 12 :'_ B Minor or no response
S Tt g u] <10% residual viable
Partial Response 4 (22) E o tumor cells defines

& 7] major pathologic
Stable Disease 13 (72) ‘] response (Pataer et al.,

‘] JT0 2012)

Progressive Disease 1 (6) | — .

% pathologic response

> 1117 (41%) patients had <10% residual viable tumor at resection
Forde et al., ESMO 2016 » 1 patient had a pathologic complete response
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Complex biomarkers may be more highly
predictive of response to anti-PD -1/PD-L1

» Multifactorial markers may be needed to guide combi nation therapy



1971: The National Cancer
Act launches the
“War on Cancer”

Nixon Signs $1.6 Billion Cancer
Bill, Names Man to Head Fight

WASHINGTON (UPI)—President the act was "a milestone in t.ha !u;!g

Nixon lnda-_r signed Inl.o law a 81,6 and difficult effort t@iad
s fm. andTﬁulnTx of cand

2016: Winning key battles
on our way to winning
the war

Breaking Through Cancer’s
Shield
October 15, 2013
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Bloomberg ~Kimmel Institute for Cancer Immunotherapy
‘a at Johns Hopkins "
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