61:9 Society for Immunotherapy of Cancer

ADVANCES IN
©

IMMUNOTHERAPY™

What’s Next for Cancer

Immunotherapy?
Howard L. Kaufman, MD

Clinical Associate, Massachusetts General Hospital

CMO, Replimune, Inc.

QAAEM e ¢

AMERICAN ACADEMY OF N
EMERGENCY MEDICINE

»HOPA  Csitc >

Society for Immunotherapy of Cancer

© 2019-2020 Society for Inmunotherapy of Cancer



(Elt_';) Soclety fer Immun

ADVANCES IN @ Disclosu I'es

IMMUNOTHERAPY™

* | am an employee of Replimune, Inc.

* | will not be discussing non-FDA approved indications during my
presentation.
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IMMUNOTHERAPY™

* Specificity
* Memory
* Adaptability
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@ The kinetics of immune responses

Initial
exposure

Frimary
immune
response

Secondary
exXposure

Secondary
immune response
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Activation

Costimulation

Cytokines

Chemokines CTLA-4

NKG2D PD-1

TLR BTLA

NCR CD160
Inhibitory KIR
Inhibitory cytokines
Inhibitory FcRs
Regulatory cells

Inhibition

The immune system is highly
regulated

TUMOR CELL

PTEN deletions PD-L1
EGFR mutations over.express“)n

JAK/STAT activation |} >
PI3K/AKT mutations
CDKS disruptions

N\

Zheng et al Cell Mol Immunol 2009
Garcia-Aranda and Redondo IJMS 2019

QAAEM —jccc HOPA Citc>

A 0 Carcer



Csitc

Soclety for Immunotherapy of Cancer

ADVANCES IN
©

IMMUNOTHERAPY™

100

-100

100

-100

Change From Baseline in Tumor Size, %

0

-100 -

Klapper et al.
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Immune checkpoint blockade has
revolutionized cancer treatment
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;El‘;;Ng;;:‘“"“:S Unresolved clinical issues associated
D) . ,
Cancer € with immune checkpoint blockade

KEYNOTE-006 provides the best, though admittedly
indirect, evidence that you don’t need to continue to treat
patients forever who respond or are stable.— Jeffrey S.

Weber, MD, PhD, ASCO 2018

* How long should patients be treated?

Thy M E 1] 1 Y
| PR TGIMAL ARTICLE |

Prolonged Survival in Stage 111 Melanoma
with Ipilimumab Adjuvant Therapy

AR, Eggarmaant, W, Chiarkn-Selani, | -], Graly, B Dusorsse, |00 Welchak
H. =chimidt, & Hamii, ©. Robert, FA. Asciemo J.'-". Richands, C. Lebbd
W, Ferranss, M. Seglie, | 5. Wabar, B, Mo, L Basthaln, L. Bammiern, L. Themas,
£, Tahir, A&, Hauschild, L.C. Haszsel, F.5, Fadi, C. Taiet, ¥, de Pril, G, de Schaetzen
5. Suciu d & Tast

* What is the natural history of patients
treated with adjuvant checkpoint blockade?
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 How to manage toxicity?
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Combination checkpoint blocakde

Tumor-burden
change
from baseline

Larkin, NEJM
373:23, 2015

A Progression-free Survival

Patients with Progression-free Survival %)

No. at Risk
Mivolumab plus ipilimumab
Mivelumab
Ipilimumab

Nivolumab plus ipilimumab

Nivelumab

= Ipilimumab

Months

218 175 155 136 131 124 117 110 104 100
177 151 131 119 111 105 102 96 &7 31
136 78 58 46 42 34 32 30 23 26

33 36 3 42 45

92 75 29 5

#3158 2

B Overall Survival

Patients Who Survived (34)

No. at Risk
Nivolumab plus ipilimumab
Nivolumab
Ipilimumab

< Ipilimumab

o] Nivolumab plus ipilimumab
50 i, Nivolumab
40+ ;
30
204
104
0 T T T T T T T T T T T t T T T 1
o 3 6 9 12 15 13 21 24 27 30 33 36 39 42 45 48
Meonths
314 292 265 247 226 221 209 200 198 192 18 180 177 13l 27 3 ]
316 292 265 244 230 213 201 191 181 175 171 183 156 120 28 0 [}
315 285 253 227 203 181 163 148 135 128 117 107 100 68 20 K 0

Wolchok et al. NEJM 2017
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ovceen Other checkpoints and potential
22229 combination thera py approaches

Antigen presenting cell | Teell |
coe0 =L « S D D164 (COSOL)
TULA (TNFSF15) ~am » 0 TNFRSF25 . -
ST s - £ I OTR NS ICI Combinations
PRTNE S - « EEE0— 4188 (CD137)
ONAOL a3 - £33~ Ox40
COTO wawind « E3EE0— cor P
o D ~ G » Where to begin?
ICOBL el D " O K08
B7-2 (CO00) D .
871 080 MDD i « Diverse targets and cell types
M Chana 1 ::3; e (E TR T =L
- e GO 143 + Inhibitory and activating
87-2 (CD8E) G @ CTUA pathways
571 COM0) DD — - G POl

POLVET M) el Toree—— @ 701

e * Known and unknown biology
POAZB7-OC) ~ D@D > e 874

M OO0 2
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BT = O ?
Butyephin tamdy =G> ?
COMS DD DD CORMA ZB4) How do you approach this
@mm*x — s complexity?
Gajectin-9 [ = BTLA
et BeaeS | @ COM0 Arasanz et al. Oncotarget 2017
o e | G oty
Mahoney, Rennert, Freeman. 2015. Nat RevDD 6 gAAE M Ao @ HOP (’STEE)
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5 CYTOKINE © B 301 -t PR n=13, mOS=hR
9 o 20{ =~ SD,n=22 mOS=NR
°°e°:a° 10] " PD:n=51m0S=40.
22 -
o o 0 T
o 0 12 24 36 48 60 72
Endothelial cells
Biomedicine 2018
Kaufman et al. JITC 2014
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NK cells CD8 T cells
Interléukin-1 First-in-human Phase 1 study @ @
|
1L ] ILISN72D Expands &
-~ > ‘ Activates
Safe,

Stimulates
Allo-immunity

NK célls CD4+ T lymphocytes CD8+ T Iyphocytes

Minimal
Effects

IgG1Fc 9
ALT-803

SQ
(IL-15 Super Relapsed Minimal GVHD
Agonist Complex) Leukemia/ No CRS
Lymphoma CD4 and
Post-HCT Treg cells
Increaéed MHC | M2 to M1 macrophage €XCLY, 1,»and n Antiangiogenesis nd
on tumor cells conversion on lymphocytes T-cell recruitment Berraondo et al. CCR 2018

Romee et al. Blood 2018

© 2018 American Association for Cancer Research

CCR Translations AACR g&AEN = @ H O PA (— It)
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;’;\,;’NCES@ CAR T cells and adoptive T cell
therapy for cancer

gBrlblE REMCERL for melanoma, in case with adequate expansion of active T-cell ex vivo
Melanoma might have many mutations, which could be recognized by CTLs

IMMUNOTHERAPY™

Development of strong immune cell therapy for various cancer in Japan

Chimeric Antigen Receptor—Modified T Cells Exparsion

ﬁ}r _._":‘LCU e L}?Iﬂ ph_ﬂ i d LEU ]:{EI'I]_ iﬂ T cell activation = Adoptive cell therapy for the treatment of patients with metastatic
and gene transfer melanoma

T\ Steven A Rosenberg and Mark E Dudley (Current Opinion in immunology 2009, 21:233-240)
:‘-"'-'_i"f'-""_-"' Grupp, k.0 s k :_'-1 : ='-__-" Ing, ¥ '_l-' Dawid _H-'_' ett, MO, Fh.D .‘;_.-.-/ — \ TIL adoptive therapy +lymphodepletion{chemotherapy +total body irradiation)}
Richard ."li'l|| i, MU0, Ph. D, David L, Parter. M.C, Susan B, Bheinpald, 8.0 .
- ™ ™ I -~ 1 - T} " »
Dawsg T eachey, I TS L h ._".'l'l'i'.l—u:'-\. Ph.[} ./- )

). Fraser Wright, Ph.O., BMichael C BMilone, M.D., Bnl LD,

fruce L. Lesine, Pr D, and Carl M. June, M.0

|.
Lymphodepletion
ﬁ and Infusion of
CAR T calls
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subsets from dlood
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° °
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| No. of patients, 61
| No. of events, 17
Median duration of remission, not reached

°

e e A

2 4 6 & 10 12 14 16 18 20 22
Months since Onset of Remission

No. at Risk 61 54 43 33 23 18 8 7 3 1 O

B Event-free and Overall Survival
1.0+

Overall survival

Event-free survival

Probability
o
2

Rosenberg and Dudley Curr Opin Immunol 2009
031 6 W e Grupp et al. NEJM 2013

Patients Events Survival Rateat 6 Mo
0.2 mo % (95% Cl)

algmize 2 2 B um Srivastava and Riddell J Immunol 2018 AAEM
"0 2 4 6 8§ 10 12 ;‘ja(i‘s 18 20 22 Maude et al- NEJM 2018 q.nmmunauutﬂvw

EMERGENCY MEDICING
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Months sinee Tisagenlecleucel Infusion | e

@ 20]@-20?0 S(’}Cieh}d g\‘:raa‘l\'zzs:iva\ 75 72 64 58 55 40 30 20 12 8 2 0

Event-free survival 75 64 51 37 33 19 13 3 3 3 1 0
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cance©) T cell backpack technology
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Disulfide
0 ©  cross-linker Q- aCD45
@) > 0;0:& >
@ oVe PEG-PLL
IL-15Sa IL-15Sa
nanogel Thiol-sensitive
“backpack”

IL-15RB

Enhanced
g —»5 T-cell

expansion

in tumor
] ¢ y Shum and Heslop Nature Biotechnol 2018

Increased reduction IL-15 signaling P
potential at cell surface . ) —
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Cancer ©)  Is there a role for NK cells?
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Enhanced CD16-mediated ADCC i ’ ' p
+  Engineered Fc Ab (DLE-HuM195) i ‘
*  Mogamulizumab Q. 9,
+ anti-CD137 mAb + Rituximab . $ivsis of mAb i
*  Obinutuzumab YSIS.0F MAD-COME
00 tumor cells
0
° 0
!nhibitorv KIR blockade ‘Linhibitory KIR interaction with MHC class |
" Anti-KIR mAb *CytotOXiCity
* Anti-KIR mAb + Lenalidomide i
/' V
Genetic Modification '1" —— Legend
* Chimeric Antigen Receptors 00. tun\:f;: :e“S T l —
5 » i ops ° '
BI/TA speaf'lc Engagers e - MHC class-I Receptor
*  NK-92 cell line
I MHCclass L)  KIR

Activating \' / CcD16
Ligand
ﬂ CAR H BiKE Rezvani and Rouce Front Immunol 2015

0,0 crokness. B umorcels | PAAEM xccc SHOPA Cite >
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Cancer ©) - Dealing with immune suppression
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Other tumor and  Interference with
normal cells immunotherapies

Soluble factors:

* [L-10
Myeloid / e TGF-beta
pra-g};nimr@ .« VEGE
* Exosomes
Lymphoid
progenitor

Whiteside JCI 2016

EMERGENCY MEDICING
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TYPES OF CANCER VACCINES:

Anti
idiotype
vaccine

vaccine

Dendritic , 3 s of \ Tumour
cell : . cer ) cell
vaccines . - vaccine

PROVENGE®
(sipuleucel-T)

Drug Showcase
For Metastatic Castration-Resistant
Prostate Cancer

Cancer Therapy
Advisor ==

©® 2019-2020 Society for Immunctherapy of Cancer

@) Vaccines: The new (and old) frontier

Whole exome sequence
Identification oftumor mutation

LYY LI

uoneosynuspl
(uaBnyueoau)
uabnue pajeny

Vaccine formulation

Tumor

Isolation of peptides
on tumor Peptides Mass spectrometry

% = b
Im /TJ‘

HLA

1 |
Cancercell Identification of peptides
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Immunogenic Cell Death

a ER chaperones Autophagy induction
ATP secretion
CALR exposure x
Immunogenic
cell death
Unftolfied Inflammasome
protein signalling
response
HMGB1 IL-1B )
release production
ANXA1 TLR3
release signalling
CXCL10 ~ TypelIFN
secretion production
b
[o' :ﬁ b: b:
olog olo olog
Infectious Immunogenic Radiation
pathogens chemotherapy therapy

Hypericin-based
PDT

b@ﬁ' b@@ﬁ' Py
v v i

‘ . Required . Dispensable Not tested

Nature Reviews | Immunology

“How is your cancer cell dying?”

Galluzzi et al. Nature Rev Immunol. 2017
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Intra-lesional cancer therapy

A Treatment

B Cold tumor

Prior to treatment

“ Intralesional

©,4, ..l injection

Dendritic
cell

(D Hot tumor

PD-L1

Tumor-specific

Anti-PD-1
PD- 1

Non-injected
lesions

©® 2019-2020 Society for Immunctherapy of Cancer

Oncolytic viruses

TLR agonists

STING agonists
Cytokines

Monoclonal antibodies
Electroporation

Haanen Cell 2017
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o=y T-VEC and immune checkpoint
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Ipilimumab (n = 86)

600 -

400 4 ||l Change in tumor

200 A ™ area from baseline No. (%)

100 A Any 46 (54)
>50% 30 (35)

17 (20)

Change From Baseline, %

Talimogene laherparepvec plus ipilimumab (n = 89)

400 4 |h Change in tumor
] area from baseline  No. (%)

Any 53 (60)
> 50% 45 (51)
22 (25)

1 1 . H‘HHH‘

©® 2019-2020 Society for Immunctherapy of Cancer

100 4

100-

Response

StagelllB(n=1)  1/1(100%)
P StagellC(n=7) 57 (T1%)
I Stage WWfa(n=2) 112 (50%)
B Stage IVWM1b(n=3) 33 (100%)
I Stage Wic(n=8) 4/8(50%)

Chesney et al. JCO 2017
Ribas et al. Cell 2017
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ADUANCESIN 723 T-VEC + pembrolizumab induces CR in
Q) immunologically deserted tumors
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mmmw CR (N =6)
s PR (N =7)
s PD (N =4)

-

F

1 Ll 1
D CR CR CR CR CR PR(PD PD PR PR PR PD PR PR PR PD CR

. )
. ) ) ) . : )

Ribas et al. Cell 2017
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e Triple Combination Therapy for
@ Cancer

IMMUNOTHERAPY™
100 , == Mock
100 : -
— T-VEC _ : i Mock

— 801 , (. —= T-VEC + aPD-1
3 —= MEK; — 80- Lo
= 2 I — - MEKi + aPD-1
= T-VECHMEKi & 4. L
o 7 ] Y — T-VEC + MEKI
g 40 g 40- ! ' — T-VEC+ MEKi + aPD-1
o) S 5 W14
20 20- Ll

0 r r .| .I .l

0O 10 20 30 40 50 60 70 80 90 100110120130
Days post-implantation

0 — .
O 10 20 30 40 50 60 70 80 90 100
Days post-implantation

Bommareddy et al. Science Transl Med 2018
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Common (> 10%) Rare (< 5%)
Dermatitis, pruritus Arthritis
Fevers, chills, fatigue Dermatomyositis

Diarrhea/colitis Diabetes type 1

Infrequent (5%-10%) Encephalitis

R Episcleritis/uveitis
Hepatitis/liver enzyme

abnormalities Myocarditis
Endocrinopathies: Nephritis _ .
hypophysitis, thyroiditis, Neuropathies, Guillain-
adrenal insufficiency Barreé, myasthenia gravis
Vitiligo Pancreatitis

Pericarditis
Pneumonitis
Thrombocytopenia

Toxic epidermal
necrolysis, Stevens-
Johnson syndrome

Vasculitis

E\Note. Information from Champiat et al. (2016).

§ iy demosy

R OCAL

SITC's

GUIDETO

MANAGING

©) Managing |O-related toxicity

IMMUNOTHERAPY
TOXICITY

MARC S. ERNSTOFF
IGOR PUZANOV
CAROLINE ROBERT

ADI DIAB

PETER HERSEY
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Adjuvant immunotherapy

IMAMUNOTHERAPY ™
December 20, 2017
FDA Approves
s L\"e} Pl

0 Events/patients 1541453 206/453 Adj uvant

90 Median (95% Cl) NR NR (16.6, NR)
§ 80 HR (97.56% Cl) 0.65(0.51, 0.83) Nivnl umab fur
e Log-rank P value <0.0001
@ : Melanoma
g 60 ; i
§ 5o ! The FDA has approved
£ 40+ : : nivalumab as an adjuvant
g 30 : : treatment for patients with
£ 27 __uvo : : completely resected melanoma

104 — P : : with lymph node involvement or

0 T T r t r l' r l l metastatic disease.
0 3 6 9 12 15 18 21 24 27
Months
Number of patients at risk . .
NVO 453 %9 as3 32 31 291 249 7 5 0 ‘ * Neoadjuvant immunotherapy?
mer W B @ R o= " B8 2 LI - * How does this change the natural history?

Weber et al. NEJM 2017
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:\;\,;;CES@ Validating Biomarkers for
I m m u n Ot h e ra py | Hot (inflamed) tumar | Cold (exchuded) tumor | Cald (ignored) tumar
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ing squamous
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Pilocytic astrocytoma

AML
ALL
Kidney chromophobe

Thyroid

CLL
Medulloblastoma
Neuroblastoma
Glioma low grade
Glioblastoma
Prostate

Ovary

Myeloma
Pancreas

Breast

Kidney papillary
Lymphoma B-cell
Uterus

B

Colorectum
Melanoma

mmmm
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!
o

§
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B
.
44—+
~
N
1.
T

T — __\i‘ R | g
~

S
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e
..-\_.+ Lo
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\

o
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Occasionally

Somatic mutation prevalence
(number mutations per megabase)

o
]
S ——

Parelk b Carvime

Tumor mutation burden Tumor lymphocyte infiltration
Neoantigen repertoire

Functional protein

Microsatellite instability

Non-functional protein

PD-L1 expression Yarchoan et al. NEJM 2017

Van der Woude et al. Trends Cancer 2017
. Westdorp et al. Cancer Letters 2017
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* Immunotherapy has revolutionized cancer therapy
* Multiple types of immunotherapy are approved (and in development)

* Promising approaches for activating anti-tumor immunity
* Cytokines, vaccines, intra-lesional approaches, T cell therapy

» Strategies for blocking immune suppression are needed
* Cells (M2 macrophages, MDSC, Tregs, etc.)
* Soluble factors (IL-10, TGF-beta, VEGF, exosomes, etc.)

* Impact of agents on tumor cell ICD may guide immunotherapy
* Combination strategies are a high priority for investigation

* Many questions remain:
* When should immunotherapy start and stop?
* What mediates toxicity and how should it be managed?
 What are the best predictive biomarkers?
* What are the optimal combinations or sequences?
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