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Overview of Talk

* What'’s required for effective Cancer Immunotherapy

* Options for Combination Therapy
* Examples
* Vaccines
 IDOi
* Anti-LAG-3
* Adoptive Cell Therapy
* Improving Patient Selection



The Cancer-Immunity Cycle
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The Cancer-Immunity Cycle
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Stimulatory and Inhibitory Factors in the Cancer-Immunity Cycle Each step of the Cancer-Immunity Cycle requires the coordination
of numerous factors, both stimulatory and inhibitory in nature. Stimulatory factors shown in green promote immunity, ...



Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4

e Block other co-inhibitory: LAG3, TIM3, KIR, VISTA

e Activate co-stimulatory: 4-1BB, OX-40, GITR, CD27, ICOS
Block inhibitory molecules- IDOi, TGFbi, CSF1Ri, anti-IL-6 or
anti- IL-10
Effect trafficking- anti-VEGF, CCL5, CXCR4i
e Vaccines- TVEC- oncolytic virus, Neoantigen, other cellular
e Adoptive Cellular therapy- TIL, CAR-T cells, TCR T-cells



Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4
e Signal Inhibition, BRAF directed (BRAFi+MEKi), MEKi, PI3K
inhibition (PTEN effects)

e Cytokines- IL-2, IFN a,b,g,, Directed cytokines (FAP-IL-2v or
CEA-IL-2v)

e Epigenetic modulation- gene expression and EVR expression
 Microbiome modification- fecal transplants

e Chemotherapy other cytotoxics

e Localized Irradiation SBRT, SRS



T cells in Tumors Express

Multiple Immunoinhibitory Receptors

These regulate the balance between T cell activation and tolerance
and are druggable targets for tumor immunotherapy
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T cells can coexpress multiple inhibitory receptors
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Co-blockade enables better rescue of exhausted T cells and therapeutic efficacy than blockade

of a single inhibitory pathway, but ONLY anti-PD-1 monotherapy has substantial effects



Cancer immunotherapy-based combination studies underway in 2016

Marketed \ .
Pembro+crizofinio g | I. Atezo+cobimetinib Melanoma
Phase Il Pembro+epacadostat g | @ Atezo+CPl244
Nivo+esiotnib : i
e NSCLC , ®  embroseriofinib g DUNVAHEmERUTAE o oncgerg @ NNOTRUTID
Nivosepacadostal g T ot '!-chemo @ Nivo+urslumab g Pembro+1V305

Phase | or I/ll Nvoigalniserts @ o brpsGSK-3174998 g | ® | @ AmoPNaZd o Nivowariumae @ Pembrosienvatind

AvesPEO4513600 o Nivoskiumab @ |Nivo+ | @ Atezosvarliumab

Ave+utomilumab @
Durva+AZD&738
Durva+epacadostat

Nivo+varilumab g
PDROD1+LAGS525 o
PDR001+canakinumab @
PDROD1+CUM 112 @
PDROD1+EGF816 &

Atezo+CPIA44 o

A el Durvasgefinitib g

. Durva+ibrutinib g

Atezosepacadostal @ n . mocetinostat .

Atezo<edobni® @  Durvasramucirumab - PDRO0t+trametink @
Atezo+GDC-0919 @ Nivo+Cv-301 @ Pembro:AMO010 @

e . Mezovpiimumsd g  Nvo+cabiralizumab .Penﬁmmcmmi.
Atezo+bevacizumab ——___ Atezo+varilumab g Nivo+NKTR-214
Atszo+BL-E040 @ e P s

. AlezorMOXROSTE e “'zm‘;b P9
Atezo+MTIGT182A ———_ Avelorlatin

Ale20+RG-7602 Atezo+vanicizumab

—

& Nivo+ceritnib @
Solid —_

—

L]
MNrvo+capmatinib

i Pembro+ienvatinib g
Nvosurchumat g Sk ulotuplumat g Ave+PF-04518500
PembrosPEGPHZ0 o | *
Pembro+pexidarinio g ,Jhm
Pembro+ramucirumab @ Rova-T
Pembro+CAVATAK @
Pembrosipilimuma g |
Pembro+entinoctat g 'I
Pembro+azacitidine g |

Pembro+acalabrutind _ |
Pembrosatemaciclib g
Nivo+BMS-986016

@ Nivo+dasatinib @ Pembroschemo O+

@ Pembro+pexidartinib
@ Pembro+SD-101
@ Pembro+X4P-001

® PDRO01+LAG525
@ Durva+epacadostat @ Pembro+CMP-001

@ Nivo+BMS-986016 @ Pembro+darbafenio+rametind
@ Pembro+GSK-3174928
@ Pembro+entinostat

@ Pembro+pilimumab
@ Pembro+AMO010

@ Avesulomiumad o PembeosCAVATAK
@ Durva+dabrafenib+irametinib

RCC

Nivo+BMS-388016
@ Nivo+Erilumab
@ Pembro+ipimumab

L]
@ Nivo+cabiralizumab Nivo+NKTR-214

@ Nivo+epacadostat

Ale70+RG-7813 @  pter04RGTETE @ ® o“\u@osslgua Atezo+ch

i

L]
Durva+IMC-C54 @ DurvasLY2510924 ® . Dl.wa-rM!EDtﬁﬁﬂ. Wﬂemeﬁmﬂ.
urva+monalizumab
Durva+MEDI0S62 @ Durva+MEDIg447 @ T ak
Durva=mogamulizumab @ o chumciin 8 Nivo+JTX-2011 @ L]

Nivo+CB-1158 ®

Pembro+MK_1245 @ Pembro+MK-4166 @
Pembro+MK-4280 ®  Pembro+demcizumab ® Pembro+INCB039110 @
PDRO01+GWN323 @ Pembro+utomilumab &
PDRO01+MBGAS3 o

Nivo+BMS-986156 ®  pjivo+EMS-986178 @
Nivo+mogamulizumab @

i ~ @ Duwa+-MD @
" Atezo+azacitdine

——NiVo+MID+/-slotzumal

emEFoTMID @
L)
Atpro+cob :

t
PEmbre+chemo

.
Pembro+AMO010
@ Pembro+iMP321 AT R PORDOIHLAGSZS
el lh o EPQCMWEI _—"'—)/
@ Alezo+GDC0912 * f‘-—/"
4 Atezoscobimetinib @ Pembro+GSK-3174938. T
enfo  +vemuratenie @ Atezo+IFNo-2o L @ Nwvo+ipiimumab
® POR1-dabrakenpsfametnie o Atezowariiumab " g Pembro+CAVATAK @
LI S _/’/ ® pombrosenadenctucirey  NWO+NKTR-214 uc
embro dostal @ Atezo+bevacizu " g Alezo+CPI444
g @ Pembro+epacadostat
PembrosT-VEC @ Pambro=axitinib P S Ror okl
- ® Nivoripiimumat AemssGoc.ogtg @ PEMDrOTGSK 3174898
oHip L e = —
! Azt o ek . @ Pembrosienvatinb  PembrosB-701
I p=a ° ® pembroschemo @ Atezosvarilumab

P 3 ™ @ Pembro+pexidartinib
BEMEMND @ Pembrovacalabrtind 5. 1714547

@ Pembro+ramucirumab

mad  ® Nyosipiimumab
\ -8 Pembro+chemo | T-VEC
A

S+CHEMD

® ptezo+CPI444

Pembro+epacadostat

® Duna-AZDS150

® Atezo=CDC-0912

. ® Durva+AXAL

embro+c ® ® Pembro+enadinotucirey
PDROOT+MCS110 — ; i AlFz0marBUmat @ Dunasepacadostat
° S —  Atezo+daraumumab+-MD @ ® Atezo+chem ® Duna+AZDS069 g NivosBMS.985016 @ Pembro+GSK-3174988
& Tuwasbnint g Atezo+obinutuzumab+-MiD @ Atezosbsvacizumab /@ Niw d Durva+AZD6738 ; irali
) - . i 6 Atezo+CPlaay 2 Durva #® Nivo+cabiralizumab
Durva+riuomat+iMiD @ Atezo<obinutizumab+polatuzumab @ Sob il ® Nwo+epacadostat ® Pembro+lenvatinie
Pembro+acalabndint @ Durva+AZD3150 @  Atezo+fazemetostat @ it /R ..A R _ @ Nivo+urelumab
Pembro+AFM{3 @ Dunasrtimabsbendamustne @ o Durastimebmumab temelmamtb © Atezorentinostat Atezo+TVEC =" oo pexidartinib
® Atezo+GDC0919 @ PDROD1+BLZHS :
Pembrosepacadostal @ ® Durvastremelimumad " AlezorCPLAM  Klezo+PEGPH2O] P e “—_@ Nivorariumab  SCCHN
Pembrosdinaciciio @  Nivo+brentuximab vedoin @ .~ Alezo+GDC-0913 ® g [/ @ Aewtewcumb )\ 8 Am:GOCRE N\ 8 Aemoatesh @ PDROWC"M"\
& L ] » -
Pembro+dacating Nivo+epacadostat @ ® Atezo+T-VEC Durva+AZDS506% A2 | e il \\ ® Atezorrucapard @ ® PDROO1+EGF816 g PDROO1+canakinumab
H . @ Ave+PF.04518598 Durva+epacadostat | ° Ave+enfinostat @ Averutomiumab @ Pembro+epacadostat
@M Ceroicron® NP 8 oecabiraizumab 8 8 | e |®Ncvcocms R Nivo+ipilmumab Pemmbro+ s dpark
Nivo+ursiumab @ ® Nivosipiimumab Durva+galunisertib / BMS.986016 | ® Durva+ramucirumab Nivo+epacadostat @ Pembro+pexdartinib L
Nevo+ibrutinie @ ® Nivo:epacadostat ® Durva+ibrutini "’N' ® ® PDRO01+LAGS2S @ Nivo+iirlumab Ll ® Pembro+GSK-31749%8
® Nivosirlumab Nive i /' Mo celmiceri i ® Nivosvarilumab . Durva+tremelimumab
® Nivosvariilumab &_h,@hzmb / Durva+ e NMH-BMSQTBGME ® Pembro+epacadostat . TNBC
@ Pembro+enadenotucirey . Nivo+ipilimumab /framucirumab ® |® Pembrosmargetuximab ° ® Pembro+nirapard
Pembro+GSK-3174988 / ® Nivo+ulocuplumab / 'y Pembro+PEGPH20 @ Pembro+mirvetuximab soraviansine
@ PORO0T +BLZo4S @ [Atezotbevaczumab | @ pempesperidartinib Pembro+pexidartinio
CRC ® Pembro+pelareoprep Atezo+codrituzumab Pembro+ramucirumab @ ® "
® pembrospedidarinb| @ @ Ovarian

/
Pancreas

PDRO01+capmetinid

Liver

® Pembro+trastuzumab

Chen and Mellman, Nature 2017
Gastric

A dramatic and unprecedented increase in clinical cancer immunotherapy combination studies (across Phase I, Il and lll trials) has occurred in recent years. The studies in this
figure represent many of the current studies that include a PD-L1/PD-1 pathway inhibitor in combination with other immune modulators, targeted therapy, chemotherapy
and/or radiation therapy. These studies are designed to characterize the efficacy, safety and biology related to combinability, synergy or antagonism associated with these

combinations. Adapted from Vanessa Lucey of the Cancer Research Institute.



Enhancing Efficacy of anti-PD-1/L1

PD-L1

—p Bring T
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Blocking CTLA-4 and PD-1

Tumor Microenvironment

|
Activlation
(cytokines, lysis, proliferation

migration to tumor)
|

CTLA-4 Blockade (ipilimumab) PD-1 Blockade (nivolumab)



Overall Survival in All Randomized Melanoma
Patients : 067 Ipi+ Nivo vs Nivo vs Ipi
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Can PD-L1 IHC Determine Cohort that Benefits from
Combination Therapy vs Single agent Therapy?
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Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4

» Block other co-inhibitory TIM3, KIR, VISTA

e Activate co-stimulatory: 4-1BB, OX-40, GITR, CD27, ICOS
Block inhibitory molecules- IDOi, TGFbi, CSF1Ri, anti-IL-6 or
anti- IL-10
Effect trafficking- anti-VEGF, CCL5, CXCR4i
e Vaccines- TVEC- oncolytic virus, Neoantigen, other cellular
e Adoptive Cellular therapy- TIL, CAR-T cells, TCR T-cells



Potential Role of LAG-3 in T-Cell Exhaustion

and Anti—PD-1 Resistance

 LAG-3 regulates a checkpoint pathway that limits the activity of T cells?

* LAG-3 and PD-1 receptors are overexpressed and/or co-expressed on
tumor-infiltrating lymphocytes in melanoma?3
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Taube JM et al. Clin Cancer Res. 2015;21:3969-3976.

Ascierto P etal, ESMO 2017



Antitumor Activity of Relatlimab (anti-LAG3) + Nivolumab
Change in Tumor Size by LAG-3 Expression
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Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4
e Block other co-inhibitory: LAG3, TIM3, KIR, VISTA
e Activate co-stimulatory: 4-1BB, OX-40, GITR, CD27, ICOS

Block inhibitory moIecuIesGFbi, CSF1Ri, anti-IL-6 or
anti- IL-10

Effect trafficking- anti-VEGF, CCL5, CXCR4i
e Vaccines- TVEC- oncolytic virus, Neoantigen, other cellular
e Adoptive Cellular therapy- TIL, CAR-T cells, TCR T-cells



Rationale for IDO1 Inhibitor Plus Anti—
PD-1 Combination Therapy

* |IDO1 enzyme inhibits T-cell function through local depletion + mTORC1 @
4 GCN2

of tryptophan and production of immunosuppressive kynurenine
and downstream metabolites?

PD-L1
* High IDO1 expression is associated with a decrease TC,..\"
in immune cell tumor infiltration and an increase in recepter
regulatory T cells? \ ”ryptophan
\ IDO1
* |DO1 expression in tumors has also been associated /f Kynurenine/

with poor prognosis, increased progression, and IDO1 Inhibitor

reduced survivall2

Tumor cell

* Anti—PD-1 treatment upregulates IDO1 expression
in patients34

Treg

Adapted from Moon YW et al. J Immunother Cancer. 2015;3:51. Published
under Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/).
IFNYR, interferon gamma receptor; MHC, major histocompatibility complex; PD-L1, programmed death-1 ligand. 1. Moon YW et al. J Immunother Cancer. 2015;3:51. 2. Godin-Ethier J et al. Clin Cancer Res.

2011;17:6985-6991. 3. Urba WIJ et al. Presented at the AACR 2015 Annual Meeting; April 18-22, 2015: Philadelphia, Pennsylvania [oral 4886]. 4. Choueiri TK et al. Presented at the AACR 2015 Annual Meeting; April
18-22, 2015: Philadelphia, Pennsylvania [poster 5].
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Recent Results of anti-PD-1 + IDOi

 Phase I/Il results from the KEYNOTE-37 trial, the
combination Pembrolizumab and Epecadostat induced
objective responses in 29 of 53 (55%) treatment-naive
patients, including seven CRs

e 22 of 38 evaluable patients (58%) responded to the
recommended phase |l dose of epacadostat (100 mg).

 Median progression-free survival (PFS) of 22.8 months
in the treatment-naive pts, and NR in the patients who
received the phase Il dose of epacadostat



Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4
e Block other co-inhibitory: LAG3, TIM3, KIR, VISTA
e Activate co-stimulatory: 4-1BB, OX-40, GITR, CD27, ICOS

Block inhibitory molecules- IDOi, TGFbi, CSF1Ri, anti-IL-6 or
anti- IL-10

Effect trafficking- anti-VEGF, CCL5, CXCR4i

* Vaccines<TVEC- oncolytic virus; Neoantigen, other cellular

e Adoptive Cellular therapy- TIL, CAR-T cells, TCR T-cells




Oncolytic Virus Injection Promotes Intratumoral T Cell

Infiltration to Improve Anti-PD-1 Immunotherapy
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Talimogene Laherparepvec Increases Tumor-Infiltrating
Lymphocyte Density and PD-L1 Expression in Tumors
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Where will Improvements come from?

e Combinations:

— Based on Template: anti-PD-1/PD-L1 or with anti-PD-
1/anti-CTLA-4
e Block other co-inhibitory: LAG3, TIM3, KIR, VISTA
e Activate co-stimulatory: 4-1BB, OX-40, GITR, CD27, ICOS

Block inhibitory molecules- IDOi, TGFbi, CSF1Ri, anti-IL-6 or
anti- IL-10

Effect trafficking- anti-VEGF, CCL5, CXCR4i

* Vaccines- TVEC- oncolytic virus@antig@ther cellular

» Adoptive Cellular therapy- TIL, CAR-T cells$TCR T-cells >




@ Obtain tumor material
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A pathway for generating autologous TCR gene therapies targeting neoantigens for patients with advanced epithelial cancers
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Summary

e What's required for effective Cancer Immunotherapy

e Combination Therapy —
— Underway in full gear
— Rationale for many combinations- selection
e IDOi
e Anti-LAG-3
* Vaccines
e Adoptive Cell Therapy
* |mproving Patient Selection
e Biomarker Development- Too many- how to simplify
e Use to select the most effective
e Use to select the least toxic















Cancer-immune phenotypes.
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Biomarker Model

CD8 Density
PDL1 Expression
Histology

Mutational
Load

IFNy signature

e Allinter-related
e Some tumors may have a larger sweet spot

M Atkins with permission.
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CD8+T cell Density within the Tumor and at Invasive
Margin Importance
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Mutational landscape determines
sensitivity to PD-1 blockade in
non-small cell lung cancer

Naiyer A. Rizvi,"**+ Matthew D. Hellmann,"** Alexandra Snyder,"*** Pia Kvistborg,*
Vladimir Makarov,” Jonathan J. Havel,” William Lee,” Jianda Yuan,® Phillip Wong,"
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T cell-inflamed tumor microenvironment by tumor type in
increasing frequency
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Expanded Gene Signatures
Identified During Discovery
Analysis Reveal Biology of
Complex Immune Synapse

Discovery analysis of
entire NanoString
melanoma data set led
to identification of
new genes:

- IFNy signaling

- MHCclassland Il
antigen presentation
machinery

- T-cell activation
markers

Endothelial,

Macrophage/APC Fibroblast



Signature Expanded in Validation Set

(While Blinded to Clinical Outcome)

Melanoma Melanoma
Discovery Set Validation Set
62 Patients
19 Patients ——> Independent
Data Set

ot W B WK L L&D
PAOOIE, UP Ganes with p-value<(1 05 for Response on Nanosteng

Correlation Matrix of Top Significant Genes in the Discover
Set Evaluated in the Validation Set

IL2Rg
CXCR6
CD3d
CD2
ITGAL
TAGAP
CITA
HLA-DRA
PTPRC
CXCL9
CCL5
NKG7
GZMA
PRF1
CCR5
CD3e
GZMK
IFNy
HLA-E
GZMB
PDCD1
SLAMF6
CXCL13
CXCL10
IDO1
LAG3
STAT1
CXCL11

(in red)

Yy




Overall Survival in All Randomized Patients :
067 Ipi+ Nivo vs Nivo vs Ipi
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IPI 315 285 253 227 203 181 163 148 135 128 113 107 100 68 20 2




Can PD-L1 IHC Determine Cohort that Benefits from
Combination Therapy vs Single agent Therapy?

PD-L1 expression level 21% PD-L1 expression level <1%
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Outcomes Observed at a 1% Cutoff

PD-L1 Expression Level <1% PD-L1 Expression Level 21%
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Tumor Interactions to Suppress
the Immune System

Tumour
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Overcome Tumor -Induced Immune Suppression
The Barriers

e Cell Populations

e Soluble Factors

* Immune checkpoints

e Loss of Tumor Antigens
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