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Why Immunotherapy?

 Immune system can eradicate tumor cells
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— Adaptability
— Specificity

— Memory



Tumor Microenvironment

Stimulation Suppression

Mature
dendritic cell

P N e N Interleukin-6
o L\ ; ) TNF-a

Interleukin-12

CD8 T cell \

_ = Th2-type
“Heat-shock proteins CD4 T cells
Granzyme B
Perforin Thl-ty
= i dies
- CDAT cells
Interferon-y

Interleukin2

Without immunotherapy

With immunotherapy

e —

Finn O. N Engl J Med 2008;358:2704-2715



Immunotherapies

Not all the same!

 Vaccines

— Directs immune system to focus on tumor antigen(s)

« Cellular therapies

— CART cells target the tumor cells

 Immune checkpoint therapies

— Increases T cell activation and function



2013: Breakthrough of the Year
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FDA-Approved Immune Checkpoint Therapies
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Zang, X et al. Proc Natl Acad Sci, 2003.

Lung Carcinoma

* Nivolumab

* Pembrolizumab

* Atezolizumab

e Ipilimumab + Nivolumab
*  Durvalumab

Urothelial Carcinoma
* Atezolizumab

* Nivolumab

*  Durvalumab

* Pembrolizumab
* Avelumab

Melanoma

* Ipilimumab

« Pembrolizumab

* Nivolumab

* Ipilimumab + Nivolumab

Colorectal Carcinoma

* Nivolumab

« Pembrolizumab

« Ipilimumab + Nivolumab

Head and Neck Squamous Cell

Carcinoma

« Pembrolizumab

* Nivolumab

« Ipilimumab + Nivolumab

Hodgkin’s Lymphoma
* Nivolumab
 Pembrolizumab

Renal Cell Carcinoma
. Nivolumab
* Ipilimumab + Nivolumab

Cervical Carcinoma
. Pembrolizumab

Cutaneous Squamous Cell
Carcinoma

« Cemiplimab

Gastric/Gastroesophageal
Adenocarcinoma

« Pembrolizumab

Hepatocellular Carcinoma
* Nivolumab

Merkel Cell Carcinoma
* Avelumab

Primary Mediastinal Large B-
Cell Lymphoma

. Pembrolizumab



Challenges/Limitations

 Measuring disease burden / treatment response
— Immune-related response criteria (irRC)

« Toxicities
— Immune-related adverse events (IrAES)

« Subset of patients benefit



Delayed Responses with Ipilimumab

Screening

Week 72
Week 12 Durable & ongoing response
Initial increase in
total tumour burden (MWHO PD)

Week 16
Responding

Courtesy of K. Harmankaya



Immune-Related Adverse Events (IrAES)

« Dermatitis

« Colitis

* Hypophysitis
« Thyroiditis

* Pneumonitis

* Hepatitis




Colitis/Diarrhea




Moving Forward with Immune Checkpoint Therapies

* Turning “cold” tumors “hot”

* Improving patient selection
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More CD8 T Cells Makes Anti-PD-1/PD-L1 Work Better
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Few T Cells Within the Prostate Tumor Microenvironment

Sumit K. Subudhi, Jorge Blando, Padmanee Sharma, James P. Allison



Original Article
Safety, Activity, and Immune Correlates of
Anti—PD-1 Antibody in Cancer

Suzanne L. Topalian, M.D., F. Stephen Hodi, M.D., Julie R. Brahmer, M.D., Scott N.
Gettinger, M.D., David C. Smith, M.D., David F. McDermott, M.D., John D.
Powderly, M.D., Richard D. Carvajal, M.D., Jeffrey A. Sosman, M.D., Michael B.
Atkins, M.D., Philip D. Leming, M.D., David R. Spigel, M.D., Scott J. Antonia, M.D.,
Ph.D., Leora Horn, M.D., Charles G. Drake, M.D., Ph.D., Drew M. Pardoll, M.D.,
Ph.D., Lieping Chen, M.D., Ph.D., William H. Sharfman, M.D., Robert A.
Anders, M.D., Ph.D., Janis M. Taube, M.D., Tracee L. McMiller, M.S., Haiying
Xu, B.A., Alan J. Korman, Ph.D., Maria Jure-Kunkel, Ph.D., Shruti Agrawal, Ph.D.,
Daniel McDonald, M.B.A., Georgia D. Kollia, Ph.D., Ashok Gupta, M.D., Ph.D., Jon
M. Wigginton, M.D., and Mario Sznol, M.D.

N Engl J Med
Volume 366(26):2443-2454
June 28, 2012

0/17 prostate cancer patients
with objective responses
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Ipilimumab Does Not Improve Overall Survival
Metastatic Prostate Cancer
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Beer, TM et al. J Clin Oncol, 2016.

Overall survival (%)

Post-Chemotherapy

HR 0-85, 95% 0-72-1.00; p=0-053
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Kwon, ED et al. Lancet Oncol. 2014.



Iptlimumab Increases Immune Infiltration Within the
Primary Prostate Tumor Microenvironment

Pre-treatment Post-Treatment Pre-Treatment Post-Treatment
Ch4 ICOS
cD8 CD45R0O
GrB

Gao JJ et al. Nature Med, 2017.



Post-Treatment

Due to Adaptive Resistance
Post-Treatment

Differentially-Expressed Genes (DEGS)

Increased Tumor-Infiltrating T Cells are Insufficient
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CTLA-4 and PD-1/PD-L1 Targeting in a
Mouse Model of Prostate Cancer
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Combination of “immune checkpoint targets”
will improve efficacy



Overcoming Adaptive Resistance: Anti-PD-1 + Anti-CTLA-4

Nivolumab + Ipilimumab in mCRPC (NCT02985957)

Combination Therapy : Part 1 Maintenance Therapy : Part 2
lvolumab wolumab lvolumab lvolumab -
- rogression
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Making Immune Checkpoint Therapies More Effective

Increase I cellinfiltration

Increase I cell function

IThibItimmunoesuppressive cells

Increaseantigen presentation

Metabolism

Targeting Strategies

Immune checkpoints
Chemotherapy

XRT

Vaccines

Cytokines

Epigenetic modulators

Metabolites

Adapted from Jianjun Gao



Moving Forward with Immune Checkpoint Therapies

* Turning “cold” tumors “hot”

 Improving patient selection



Tumor Neoantigens

Transformed

«2) Tumor antigens
>~

Carcinogens

eg. | 933 Radiation
IR Chronic inflammation
TRas (herited

Viruses

<

|eWION

Danger": uric acid,
ECM products

The Immunobiology of Cancer
Immunosurveillance and Immunoediting

Gavin P. Dunn, Lloyd J. Old , Robert D. Schreiber
Immunity, Volume 21, Issue 2, 2004, 137 - 148



igens

;

| Load and Frequency of Neoant

I0Nna

™

Tumor Mutat

Frequently

bR

c
Co
O oo
=Y
©c
E®©
3
W c

BLUOURIBIN

snowenbs dun7
ouape 3un
yoewols
sn3deydos]

[190 ||lews 3unT
win3oa.10|0)
{appejg

sniain

XIAJIDD)

SET

%08U pue peaH
[192 1e9]0 Adupiy
[120-g ewoydwAT]
Kie|ided Asupriy
jseaug

sealoued
BLUOJRAN

AenQ

9115044
BUIO}SB|GOI1|D)
ape.d moj eLuolD
BUIO}SE|qOINaN
BLIOISE|qO|INPaN
110
aqoydowoiyd Asupiy
PlOJAY L

v

TNV

ewojAoose 0131A20|1d

L

-

fols I
71
78

Occasionally

/ Regularly

didd

I

7

/
—t ——

2 i)

[
!
i

1,000

o

i

o o
o

@)

(eseqgedaw Jad suoneinw Jaquinu)

@ousjeAald uoleINW J11eWoS

0.01

Schumacher TN and Schreiber RD, Science, 2015.



Survival (% of patients)

Neoantigens and Mutational Load Linked to
Efficacy of Immune Checkpoint Therapies

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ”
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Clonal neoantigens elicit T cell immunoreactivity and
sensitivity to immune checkpoint blockade
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% Change from Baseline SLD

Genomic Defects that Increase Neoantigen Burden

Mismatch Repair (MMR) Defects CDK12 Mutations
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Le DT et al. Science, 2017. Wu YM et al. Cell, 2018.



Defects in the IFN-y Signaling Pathway Promote Resistance
to Immune Checkpoint Therapies

Nucleus

Modified from Kisseleva et al. Gene, 2002.

40
30 M snv
10
0

2
B

6% | —]

]
&

N1 N2 N3 N4 N5 N6 N7 N8 N9 NION11N12 R1 R2 R3 R4
non-responders responders

Alternations

[l Copy loss
M copy gain

IFIT1B
IFNA21

Percent survival

Number of Samples

14

12

10

I wT p=0.019
Bl Cc\NA ! L

100

804

604

40 -

204

Responder Non-responder

==+ WT (N=233)0S-48.2 m
—— CNA (N=134) 0S-40 m

=0.0018

100 200 300 400
Time (month)

Gao JJ et al. Cell, 2016.



Making Immune Checkpoint Therapies More Effective

Targeting Strategies

1. Increase tumor antigens * Immune checkpoints
2. Change tumaor phenctype * Chemotherapy
3. EXploittumor,gencmic defects « XRT
| Vaccines
Cytokines

Epigenetic modulators

Metabolites

Adapted from Jianjun Gao



Moving Forward with Immune Checkpoint Therapies

 Turning “cold” tumors “hot”
— More active CD8* T cells
— Less immunosuppressive cells

 Improving patient selection
— Genomics to identify those patients most likely to benefit



Novel Immunotherapy Targets

Dendritic
Cell

CD28
BT

ACD16

4 \
0

Regulatory
T cell



