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Timeline for Cancer Immunotherapy
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Cure Her Cancer. They Were Wrong.
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{ No one expected the four young women to live much longer. They had an extremely

\ \ rare, aggressive and fatal form of ovarian cancer. There was no standard treatment.

1 The women, strangers to one another living in different countries, asked their
doctors to try new immunotherapy drugs that had revolutionized treatment of

C 9 S ' 8 , o “ ,“ 1 cancer. At first, they were told the drugs were out of the question — they would not
— ¥y ) Y4 \Q_- work against ovarian cancer.
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Now it looks as if the doctors were wrong. The women managed to get

How th e Prom ise Of Immunot h erapy Is Tra nsfo rmi ng Onco logy immunotherapy, and their cancers went into remission. They returned to work; their

lives returned to normalcy.

BY RON WINSLOW

The tale has befuddled scientists, who are struggling to understand why the
drugs worked when they should not have. If researchers can figure out what

happened here, they may open the door to new treatments for a wide variety of other



Metastatic cancers that respond to |10

2005 2019
Melanoma Melanoma (incl adjuvant) Approved 2011,2014, (2019)
Kidney cancer Kidney cancer Approved in 2015
Prostate cancer Approved 2010
Lung cancer (NSCLC incl adjuvant, SCC, SCLC) Approved 2015,2019
Bladder cancer Approved in 2016
Colorectal cancer
Gastric cancer Approved in 2017
Cholangiocarcinoma
Hepatocellular Approved in 2017
Ovarian cancer
Endometrial
Cervical SCC Approved in 2018
Breast cancer (TNBC) Approved in 2019
Lymphoma (NHL) Approved in 2017
Hodgkin’s Approved in 2016
Mycosis Fungoides
Merkel Cell Approved in 2017
Cutaneous SCC Approved in 2018
Leukemia (ALL) Approved in 2017

Any MSI solid tumor Approved in 2017




COMPONENTS OF THE IMMUNE SYSTEM

Innate immunity : - - Adaptive immunily
(rapid response) ,- Sme—.. (slow response)

(Dranoff, G. Nat Rev Cancer 2004, 4:11-22.)



INNATE VS. ADAPTIVE IMMUNITY

Innate Immunity Adaptive Immunity
» First line of defense » Antigen-specific
» Immediate reactivity » First encounter may taken time to build
up efficacy

» Not antigen-specific
» Life-long immunity possibly
»No memory
» Preemptive immunization (vaccination)
possible




“Cancer-Immunity Cycle”
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Cancer Immunotherapy

. Anti-CTLA4
s 4 < CTLA4

1) Immune checkpoints
2) T cell therapies
3) Vaccines

T
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(Cha and Fong, JCO 2011)



IMMUNE CHECKPOINTS: A BALANCE THAT
CONTROLS THE IMMUNE SYSTEM

“Stepping
on the gas”

“Removing
the brakes”

Immunotherapy




Immune checkpoint blockade
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Anti-CTLA-4 in metastatic melanoma

» Patients with metastatic e ey ot
melanoma (previously FpT—
treated) -
90 §
e Ipilimumab vs. 5 o
vaccine/ipilimumab vs. £ ol
vaccine = 4o
¢ 304
« OS (median): i 1 B
¢ 10 th 101 VS 64 0O Zf £|§ 1|2 1l6 2|O 2|4 2|8 3|2 3|6 4|0 4|4 4|8 5]2 5|6
mon S Months
No. at Risk
* FDA approved 3/2011 P s pit0 A I S S W AU T 6 A0
gpl00 136 93 58 32 2317 16 7 5 5 3 1 O O O

(Hodi et al, NEJM 2010, Wolchok et al Ann Oncol 2013)



Anti-PD-1 in metastatic melanoma

A Target-Lesion Change in Nivolumab Group
100 m=

75+
504
254

0+

Maximum Change from Baseline (%)

Patients

B Target-Lesion Change in Dacarbazine Group
100

Maximum Change from Baseline (%)

Patients

A Overall Survival

1009 Hazard ratio for death, 0.42 (99.79% Cl, 0.25-0.73)
. P<0.001
90+
80
R 70 oy,
8o Dacarbazine 9
E 8n
=S AU _ S
0
8 40- .
= y B
.g 30- 5
a Patients Who Died Median Survival *
20+ no./total no. mo (95% Cl)
104 Nivolumab  50/210 Not reached
Dacarbazine 96/208 10.8 (9.3-12.1)
0 1 1 I | I 1
0 3 6 9 12 15 18
Months
No. at Risk
Nivolumab 210 185 150 105 45 8 0
Dacarbazine 208 177 123 82 22 3 0

(Robert et al. NEJM 2015)

Previously treated




Combining anti-CTLA-4 and anti-PD-1

Nivolumab plus Ipilimumab

(Postow et al. NEJM 2015)

Ipilimumab
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* Patient with confirmed response

Patients

Table 2. Response to Treatment.

Variable

Best overall response — no. (%)*
Complete response
Partial response
Stable disease
Progressive disease
Could not be determined

Patients with objective response
— no. (% [95% CI))T

Patients with BRAF
Wild-Type Tumors

Nivolumab plus

Ipilimumab Ipilimumab

(N=72) (N=37)

16 (22) 0

28 (39) 4 (11)
9 (12) 13 (35)

10 (14) 15 (41)
9 (12) 5 (14)

44 (61 [49-72]) 4 (11 [3-25])

Patients with BRAF
V600 Mutation—Positive Tumors

Nivolumab plus

Ipilimumab Ipilimumab

(N=23) (N=10)
5 (22) 0

7 (30) 1 (10)
3 (13) 1 (10)
5 (22) 7 (70)
3 (13) 1 (10)

12 (52 [31-73]) 1 (10 [0—45])

Previously untreated




COMBINING ANTI-CTLA-4 AND ANTI-PD-1

B Overall Survival

100-.’:\_:\‘9‘_u

Nivolumab plus ipilimumab
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No. at Risk

Nivolumab plus ipilimumab 314
Nivolumab 316
Ipilimumab 315

9 12 15 18 2] 24 27
Months

247 226 221 209 200 198 192
244 230 213 201 191 181 175
227 203 181 163 148 135 128

39 42 45 48

131 27 3 0
120 28 0 0
68 20 2 0

(Wolchok et al. NEJM 2017)

Previously untreated

e This combination
also approved for
second-line
metastatic renal cell
carcinoma (4/2018)




COMBINING ANTI-PD-1 AND CONVENTIONAL THERAPY

A Overall Survival

100+
90
_ 3 B Subgroup Analysis of Overall Survival
X 70 Pembrolizumab combination No. of Events/
T Subgroup No. of Patients Hazard Ratio for Death (95% Cl)
% 60 PD-L1 tumor proportion score »
@ - <1% 84/190 — 0.59 (0.38-0.92)
2 =1% 135/388 —. 0.47 (0.34-0.66)
% Fie Ll 1-49% 65/186 —_— 0.55 (0.34-0.90)
g Placebo combination ~50% 70/202 —a— 0.42 (0.26-0.68)
s 30
o
20
1o Hazard ratio for death, 0.49 (95% 1, 038-0.64) * Metastatic non-small cell lung cancer (not
P<0.001
: | | | | | l | squamous cell)
0 3 6 9 12 15 18 21 .
_—— * No mutations that would respond to targeted
No. at Risk | therapy (EGFR, ALK)
Pembrolizumab combination 410 377 347 278 163 71 18 0
Placebo combination 206 183 149 104 59 25 8 0 ° PD_l plus Chemo Su perior rega rdless Of PD_Ll

staining level
* Chemo/PD-1 now approved for:
* NSCLC (non-squam, squamous)

(Gandhi et al. NEJM 2018) * SCLC



Cancer Immunotherapy

Anti-CTLA4

< _ CTLA4

1) Immune checkpoints
2) T cell therapies
3) Vaccines
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(Cha and Fong, JCO 2011)



Adoptive CELL THERAPY (ACT)

Tumor cut into small fragments

Tumor fragments grown in
cultures with high-dose IL-2

Tumor infiltrating lymphocytes
(TILs) expanded for ~3 weeks

Expanded TILs are assayed and
pooled for reinfusion after
conditioning lymphodepleting
chemotherapy

(Rosenberg SA, et al. Nature Reviews Cancer 2008;8:299-308)
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Chimeric antigen
receptor (CAR)

T cells Antigen
scFv { | —~
Specificity of a monoclonal o
antibody B -
Not dependent on MHC ” “ )
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CAR19-T CELL THERAPY IN ACUTE
LYMPHOBLASTIC LEUKEMIA

A Duration of Remission B Event-free and Overall Survival
Tcells 1.0+ 1.0-
*Antlgen 0.9+ 995
3 ® Specificity* S 03 0.8
| ‘»
g' Blood draw ‘-”E- a7l 0.7- Overall survival
&
0.6+
T 0.6- il HiH H— E{ Event-free survival
3 ] 05
£ 05 °
® k £ on
T-cell product © 04
neration o 0.3 No.of No.of Median
M generatio = 0.34 Patients Events Survival Rate at 6 Mo
\_/ E ' 0.2 mo % (95% Cl)
S 0.2- Overall Survival 75 19 19.1 90 (81-95)
. o No. of patients, 61 0.1 Event-free 75 27 not 73 (60-82)
® Infusion 014 No.ofevents, 17 00 Survival reached
’ Median duration of remission, not reached o 5 "‘ é é 1'0 1'2 1'4 1I6 1'8 2'0 2'2
. . . . 00 1 I I 1 1 I 1 1 I 1 1 1 1 H
*  81% of patients with remission at 0 2 4 6 8 10 12 14 16 18 20 22 Montlis sihce Tissgeniecieucel letiusion
3 th hs si £ i o No. at Risk
montns Months since Onset of Remission Overall survival 75 72 64 58 55 40 30 20 12 8 2 0
No. at Risk 61 54 43 33 23 18 8 7 3 1 0 Event-free survival 75 64 51 37 33 19 13 8 3 3 1 0

* FDA approved for pediatric and young adult B cell ALL (8/2017)
* FDA approved for adult non-Hodgkin lymphoma (10/2017)
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(Maude et al. NEJM 2018)






CHALLENGES: CAR-T

e Can responses be enhanced for liquid tumors?
* Which cell populations are responsible for benefit?
* Are there specific microenvironments in the body where they act?
* Can we avoid resistance?
* Dual specificity CAR
e Can we fine tune activity?

* Can we predict or minimize toxicity?
e Cytokine release syndrome
* Neurotoxicity

* Can CAR-T work for solid tumors?
* What factors hinder CAR-T activity in the solid tumor environment?

UGsF




Cancer Immunotherapy

Anti-CTLA4
1) Immune checkpoints
2) T cell therapies

3) Vaccines
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(Cha and Fong, JCO 2011)




PERSONALIZED CANCER VACCINES

a Peripheral blood Melanoma ﬁ b O A
mononuclear  Stage IlIB/C Neoantigen Recurrence Anti-PD-1 Clinical
Tumour cells Stage IVM1a/b (resectable) vaccination  after vaccination ~ antibody  response
procurement /
\ Stage Patient 1 —d
« DNA and RNA sequencing to identify IIIB?C Ralenta ; :
tumour-specific mutations Palpry —
Target « HLA typing Patient 5 —
selection - :
» Prediction of personalized HLA- Stage Patient 2 ——e A=) 5]
binding peptides IVM1b patient 6 —A. ) 8
Podis o | R R
synthetic long
peptides ~ + Poly-ICLC \.‘ _,/ Months after surgery
Personal I e  CD4+ (helper) and CD8+ (cytotoxic) immune responses to
vaccine : :
e Uticture W s | o mutated peptide (neoantigen) but not the unmutated
” ~ .
version
* Immune responses to the patient’s own tumor cells
: (in some cases)
N ccinG Prime Boost  Boost e Clinical activity of vaccine + PD-1, versus PD-1 alone, TBD
administration 1}.‘.”,...,...!. S l
0 4 8 12 16 20 24
Weeks
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(Ott et al. Nature 2017)



Conclusions

e Cancer Immunotherapy has made significant progress over the last
few years.

* Immunotherapy “treats the patient, not the tumor.”

* The same immunotherapy can work in a variety of cancers with
very different origins and drivers.

* Immunotherapy is demonstrating therapeutic potential in difficult-
to-treat cancers.

* If a patient responds, these responses can be durable.

* Immunotherapy has become the backbone therapy for many

cancers.
.




Challenges

* Immunotherapy currently does not work in all cancers.

* Even in cancers where it works, immunotherapy currently
works in a minority of patients.

* We need biomarkers to help us select who can respond to
these treatments.

* We need to find the best ways to combine these
immunotherapies with each other and with conventional

cancer treatments.
.




