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Melanoma therapy beyond ipi/nivo/pembro
 More CPIs

« Adjuvant and neoadjuvant therapy

« More targeted therapy

« Neoantigens, mutation burden, repair gene defects, PARP inhibition

« Tumor microenvironment modification: indoleamine 2,3-
dioxygenase(IDO) inhibition

* |nnate immune sensing: TLRs, STING, oncolytic virotherapy

« Adoptive cell/construct therapy

« Metabolic intervention

« Radiation therapy and the immune system

 Gut microbiome



Current FDA Approved Immunotherapy
For Melanoma

High-dose IL-2: advanced melanoma

Interferon alpha-2b: HD, pegylated: adjuvant high risk resected

advanced melanoma and adjuvant treatment of high risk
resected

advanced melanoma
advanced melanoma, adjuvant therapy
advanced melanoma

Talimogene Laherparepvec: unresectable cutaneous, subcutaneous
and nodal
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Overall Survival: 10 and Metastatlc Melanoma

2010 2011 2012 2013 2014 2015 2016 2017

1-year OS 46%"  47%° 71%° 71% 73%"

i | | | i
2-year OS 24%"  29%° 55%5 58%’ 64%11

I I
3-year OS 22%2  21%° 8%12 i 42%0

I 52%11 %) (pembro, ph1)

5-year OS 18%* 34%?9 I
* Previously treated pts (ipi/gp100 vs. ipi vs. gp100). IPrewoust untreated pts (ipi/DTIC vs DTIC). (n|VO, ph1)

1. Hodi et al, N Engl J Med 2010. 2. Schadendorf et al, J Clin Oncol 2015. 3. Robert et al, N Engl J Med 2011. 4. Maio et al, J Clin Oncol 2015. 5. Robert et al, N Engl J Med 2015. Pooled data
from pembro 10Q2 and 10Q3. 6. Schacter et al, Lancet 2017. 7. Atkinson et al, SMR 2015. 8. Weber et al, SMR 2016. 9. Hodi et al, AACR 2016. 10. Robert et al, J Clin Oncol 2017. 10. Larkin et
al, AACR 2017. 12. Wochok et al, N Engl J Med 2017. 13. Postow et al, SITC 2017 (pooled ph2/3).
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Adjuvant Ipilimumab in High-Risk

- Overall Survival
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Patients Alive (%)

Melanoma
No. of Deaths/ 5-Yr Rate
Total No. (95% ClI)

%
Ipilimumab 162/475 65.4 (60.8-69.6)
Placebo 214/476 54.4 (49.7-58.9)

Ipilimumab

Placebo

5 deaths in ipilimumab arm from irAEs

Hazard ratio for death, 0.72 (95.1% Cl, 0.58-0.88)
P=0.001

0

No. at Risk
Ipilimumab 475
Placebo 476

Eggermont et al. NEJM 2016

1 2 3 4 5 6 7 &

Year

431 369 325 290 199 62 -
413 348 297 273 178 58 &



Adjuvant nivolumab vs ipilimumab in High-Risk Melanoma
3 mg/kg IV g 2 weeks x 1 year

A Intention-to-Treat Population Tl s
Nivolumab Ipiimumab
100 Bvent N=452) (N=453)
90 Any Grade Grade 3 or4 Any Grade Grade3or4
g ) nuthber of patients with evert (percent)
r Niunhimah: 184 euente /453 natiante Any adverse event 438(96.9) 115(254) 446 (98.5) 250(55.2)
v i Pruritus 105 (1) 152 (336) 5(LY)
:", - P00 Iplimurmabs: 206 events 453 patients Rash (199 5 () 13 o4 1
g Nausea 68 (15.0) 1(02) 91201) 0
g.’ 30+ Arthralgia 57 (126) 1(02) 49(108) 204
2 20- Asthenia 57 (126) 102 53(117) 4[09)
&’ Hypothyroidism H(108) 1002 369 204
104 Headache 447) 102 19(174) 7(L5)
0 Abdominal pain 2 (64) 0 46(102) 1002)
! ! ! ! ' ! ’ ! ! Increaein ALT lvel 862 5 (L) 66 (146) %(5)
0 3 b d 0 b L 1 u l Increasen AST level 35 55) 204) 60(13.2) 19(42)
Months Maculopapular rash “53) 0 50(1L0) 9(20)
Hypophysts 7(15) 204) 43(105) 11(24)
No. at Risk Pyresia 7(L5) 0 54(1L9) 2(04)
Nivolumab 6% 3% mo oM/ oW N § 0 Any adverse event leading to discontinuation ey 20 (46 193 (426) 140 309)
lpilimumab 45 364 314 269 25 25 184 5 2 0 Treatmelnt-re!ated adverse event leading to discon- BT 16@ 189 (417) 136@
tinuation

Weber et al. NEIM 2017



Other adjuvant trials with pending data

« S51404
* IFN/ipilimumab vs. pembrolizumab
« Accrued; results pending
 Inclusion criteria: 1A (N2a), IlIB, lIC, IV

« EORTC-1325/KEYNOTE-054
« pembrolizumab vs. placebo
* RFS (primary endpoint) HR=0.57 favoring pembrolizumab
 Inclusion criteria: llIA (> 1mm nodal met), llIB, 1lIC

* CheckMate 915
« nivolumab vs ipilimumab + nivolumab (attenuated)
« Ongoing
* Inclusion criteria: IIB,IIIC,IID, IV (AJCC 8 edition)



Adjuvant therapy of high risk BRAF V600
mutant melanoma

RELAPSE-FREE SURVIVAL
EREMI ™ (PRIMARY ENDPOINT)

10-

094 1y, 88%
.
w084 P=.0000000000000153
g8 07- 2y, 67%
f 06- y,56% 3y, 58%
g T
2 031 Events,  Median HR y
S ), S ne) (9% Cmo  (5%C)
@ 47| Dabrafenib plus NR
o o emetnb s 0 3‘;-%758)_

' 1o (OB

00- Placsho 248 (57) (127:224) P<.001

T T 1T 71 T 1T T 1T 71 L T 1T T 1T 1T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

No. at Risk

Dabrafenib plus trametinib 438 413 405 392 382 373 355 336 325 200 282 276 263 267 233 202 194 147 116 110 66 92 42 19 7 2 0
432 367 322 280 263 243 219 203 198 185 178 175 168 166 156 141 138 106 87 86 50 33 30 9

Placebo

NR nnt reached

Long, GV et al. NEJM, 2017

Months From Randomization

OVERALL SURVIVAL

SO (FIRST INTERIM ANALYSIS)

1.04
094
084
074
064
0.5
044
037
021
014

004

1y, 97%

1y, 4%

Events, Median HR

3y, 86%

Group n(%)  (95%Clmo  (95%CI)
Dabrafenib plus NR

60(14) . 057
trametinib (NF:J;QR) (042075);
Placebo 93(22) (NRAR) P=.0006*

3y, 0%

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 36 40 42 44 46 48 50 52 ¥

Months From Randomization

b 438 426 416 414 408 401 385 387 381 376 370 366 362 352 328 301 291 233 180 164 105 682 67 28 12 5 0 O
432 425 415 410 401 386 378 362 346 337 328 323 308 303 264 269 252 202 164 152 94 &4 1 17 7 1 0 O

boundary (P= 000019}



EEEMI™" SAFETY SUMMARY

Dabrafenib Plus Trametinib

AE Category, n (%)
Any AE 422(97) Nivo 238  380(88)
AEs related to study treatment 398 (91) 212 (63)
Any grade 3/4 AE 180 (41) 25 4% 61 (14) |
Any SAE 155 (36) 44 (10)
SAEs related to study treatment 17 (27) 17 (4)
| Fatal AEs related to study drug 0 0
AEs leading to dose interruption 289 (66) 65 (19)
AEs leading to dose reduction 167 (38) 11(3)
AEs leading to treatment discontinuation? 114 (26) 9.7% 12 (3)

AE, adverse event; SAE, serious adverse event.
4 Most common AEs leading to treatment discontinuation in the dabrafenib plus frametinib arm were pyrexia (9%) and chills (4%).
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(Neo-)adjuvant ipilimumab + nivolumab (IPI+NIVO) in palpable stage Ill melanoma:

Updated data from the OpACIN trial and first immunological analyses

Key eligibility criteria

PBMC
+ Histologically confirmed stage 3b metastatic ~ * Adults at least 18 years of age stage ll | Adjuvant arm
cutaneous melanoma, palpable disease (noin- ¢ World Health Organization (WHO) Performance aipable — surgery | 4x ipi 3mg/kg + nivo 1mg/kg g3wk
transit only) of the axilla or groin Status O or 1 n'-re_lantoma_t | | |
no In-transi
* No prior immunotherapy targeting CTLA-4, * Presence of at least two of the defined HLA metastases PEMLC PRMC PBMC PN
PD-1or PD-L1 alleles that allow MHC tetramer analysis the 'aitﬁ —®
months
* Normal LDH | PBMC
|
umor
. biopsy —| 2xipi+ nivo surgery )_‘ 2x ipi+ nivo  |—
Efficacy HLA typing | | )_‘ | }
. . PET/CT+CT
* Pathological response rate the neo-adjuvant arm. MRI brain PBMC PBC'_\r"C PBMC PBMC
. . cT
* 5 patients relapsed, all relapseS=wrefe early after post-surgery (median
of 4.2 months). week >
. o - -4 0 6 12 18
. 2/1at|ents in the neo-adjuvant arm relapsed (SD, only 2
cours&sdte to grade 3 colitis, PD only 1 course due to grade 3

cours -. d two had 2 courses, stopped due to colitis, hypophysitis,
and colitis, respectively).

80 - EEEEEE— o e s & o

60 =

* Sofar 9/20 (33%) patients recovered fully from
irAEs, 11 patients have ongoing AEs (8 need only
hormonal substitution, 3 have other ongoing
irAEs: low-grade diarrhea, PNP, and rash +
elevated ALT/AST).

* All patients are still alive; however two are
progressive upon last line standard therapy. S S S S I S A e

Conclusions

* Neo-adjuvant ipilimumab + nivolumab induces unexpected high frequency and depth of responses, but also a high percentage
of grade 3 and 4 toxicities.

40 -

20+

Patients Alive and Without Recurrence(%)

- Adjuvant arm
- Neo-Adjuvant arm

o -

* At median follow up of 14 months none of the responders in the neo-adjuvant arm has relapsed.
* RNAseq based methods and mutational load do not seem to identify all patients with favorable outcome.

* Selective protein profiling (26 antibodies) of tumor (CD45lo) and margin areas (CD45hi) by the Nanostring™ microscope
technique identified PD-L1 and B2M (absolute protein counts) as possible markers to identify patients benefitting from
(neo)adjuvant ipilimumab + nivolumab; multi-parameter analysis might improve specificity.

Rozeman E et al. ASCO 2017



Neoadjuvant plus adjuvant dabrafenib and trametinib versus standard of care in patients
with high-risk, surgically resectable melanoma: a single-center, open-label, randomized,
phase 2 trial

A A
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0 T T T T T HR 0.28, 95% C1 0.026-2:17
0 5 10 15 20 25 p=0-22
Number at risk Time from surgery (months) o 3 é 110 1‘5 2‘0 2‘5
(number censored) —— - T T -
SOC 7(0) 3 NA NA NA NA (num:er:c::\sa;r'el;) ime from randomisation (months)
Neoadjuvant D+T/no pCR 5 (0) 5(0) 5(0) 1(1) 1(1) 1(1) SOC  7(0) 6 (0) 6(0) 3(2) 2(3) 23
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Amaria R et al. Lancet 2018



T cell checkpoint modulation

« Single Agents

Agonists
« Anti-ICOS
« Anti-GITR
* Anti-OX40
« Anti-41BB (CD 137)
« Anti-CD27
Antagonists
 Anti-LAG3
« Anti-TIM3
« Anti-VISTA

e Combinations

IDO + ipi/pembro/durva
TVEC+ ipi/pembro
pembro/ipi + IFN
pembro + JAK/STAT
inhibitors

nivo + CD 137/TRAIL-R2
Ab/LAG-3

ipi + nivo + HDAC
inhibitors
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S | TC November 8-12 + NATIONAL HARBOR, MD

CA-170 Compound Overview

* Rationally designed, Oral small molecule
* Targets 2 separate and non-redundant immune checkpoint pathways:

— (P \Programmed Death Ligand 1)
- -domain Ig-containing Suppressor of T-cell Activation)

Anti-Tumor Activity Correlated with Tumor Types

<200 400 600 800 mg GROUP 1 GROUP 2 GROUP 3
i '|—|' - naive to ICl therapy - naive to ICl therapy - received prior ICl therapy
| | % @ - approved PD(L)1 tumor type - not approved PD(L)1 tumor type - all tumor types

X
S

1

| -

Q

b —

-

|

c

o

vy

2

*

— —
= N Z B

2] 3 N == * * % *

O u =] = s F £ =1 = o - = 2 = g 5 2 5 o e 5 = & g

] ¢ g g ¢ : g 2 ¥ 2 ZSNZ8 ! 0 ’

e . 2 SN Z s Clinical Safety

_g' no- g § Z N (Data cut-off: 13-Oct-2017) _
w n &
%) = Z = = MTD and RP2D not established yet £
c - 9 — 3
(=] x o — ]
% 20 - 2 - " No DLT or irAEs reported thus far for the dose

nq:J B = range of 50 — 800 mg

et 47 d

3 aVE ays avg 112 days = TEAEs and TRAEs predominantly Gr 1 or 2 tients
2 Lo on treatment on treatment and self-limiting

Bang YJ et al. SITC 2017



LAG-3 Inhibition (BMS-986016)

Figure 1. Role of LAG-3 in T-Cell Exhaustion and Anti-PD-1 Resistance

]; "‘T“"rﬁ:""‘” \ +Anti-LAG-3

B Pt e, SUA TE AT Lt 20

h e J + Nivolumab

PO-1  PO-L1 Tumer or other infiltrating call

In therapy-naive patients, constitutive LAG-3
oxpressihn may limit the antitumor activity of

‘ s PD-1 pathway blockade. Anti-LAG-3 combined
/ 33 MHC with nivolumab may deepen or increasa the

durability of responses
Effector

CD4+/CD8+ ‘ + Antigen P04 WHC In patients exposad to PD-1 pathway blockade,
Toall T 4 Nivolumab adaptive uprequlation of LAG-3 expression may

) ) U, ... +AN-LAG-3 lead to treatment rasistance and tumer prograssicn

\ { P-4 PO | [ &S Anti-LAG-3 combined with nivolumab may restore

+ Nivolumab ' T-call activation and tumor response
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e } resistance  /

J._,,k.w.w Nivoimab
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Anti-LAG-3 (BMS-986016)

Data presented by Paolo Ascierto, MD, ASCO 2017.
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Initial efficacy of anti-lymphocyte activation gene-3 (anti-LAG-3; BMS-
986016) in combination with nivolumab (nivo) in pts with melanoma (MEL)
previously treated with anti—-PD-1/PD-L1 therapy.

Patients, n (%) | Mel Prior IO (n = 55)
Lactate dehydrogenase
Normal 25(45.5)
Normalto < 2X ULN 13(23.6)
22X ULN 8(14.5)
Prior radiotherapy 16(29.1)
Prior systemic therapy 54(98.2)
Immunotherapy 54(98.2)
Anti—CTLA-4° 32(58.2)
Anti-PD-1/PD-L1® 52(94.5)
Best response to prior anti-PD-1/PD-L1¢
CR 1(1.8)
PR 12(21.8)
SD 16 (29.1)
PD 22(40.0)
BRAF inhibitors 16(29.1)
MEK inhibitors 11(20.0)
H
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3 B LAG-321%
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Ascierto P et al. ASCO 2017

LAG-32 1%" LAG-3 < 1%" LAG-3 Unknown
ORR = 20% ORR=7.1% ORR=0

) [ -

Best Percent Change in Sum of Target Lesions From Baseline*

+ Anti-LAG 3 (BMS-986016) in combination with nivolumab demonstrates encouraging
initial efficacy, with a safety profile similar to nivolumab monotherapy

Treatment-related AEs of any grade occurred in 45% of patients (grade 3/4, 9%)

+ These data provide first proof of principle that combining anti-LAG-3 and anti-PD-1
in 10-experienced patients overcomes tumor PD-L1 resistance and restores T-cell
activity

« Greater and deeper response rate with LAG-3 expression 2 1% suggests that LAG-3
is a potential biomarker enriching for clinical benefit

+ Evolving tumor biology provides confidence that this combination can overcome
tumor immune escape mechanisms with the potential for broad applicability across
lines of therapy and tumor types



TIM-3 is a key immune checkpoint and
a next-generation cancer immunotherapy target

TIM-3 negatively regulates T-cell activation
and is a marker of exhausted T cells

PD-1 resistance is associated with increased
TIM-3 expression in patient TILs
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o =7 0 2 00
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Koyama et al. Nature Comm. 2016.
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Shayan et al. Oncolmmunology. 2016.

HNSCC=head and neck squamous cell carcinoma; NSCLC=non-small cell lung cancer; PD-1=programmed death 1; TiL=tumor-infiltrating lymphocyte;

TIM-3=T-cell immunoglobulin and mucin-domain—containing-3; CE=control effusion; RE=resistant effusion; PT=primary tumor.

Weiss GJ et al. SITC 32017



Part 2 dose Expansion Cohorts

Cohort A:
anti-PD-1/L1
Treated
Melanoma

TSR-022 MONOTHERAPY

Stage 1 (n=20)

Stage 2 (n=36)

2

]/m

TSR-022 DL 1+ TSR-042

Stage 1 (n=29)

> Stage 2 (n=15)

g

A3P

TSR-022DL 2 + TSR-042

Stage 1 (n=29) > Stage 2 (n=15)

Cohort B:
anti-PD-1/L1
Treated
NSCLC

TSR-022

> Stage 2 (n=36)

TSR-022 + TSR-042

> Stage 2 (n=15)

B1 Stage 1 (n=20)
B2 Stage 1 (n=29)
B3P

TSR-022DL 2 + TSR-042

Stage 1 (n=29) ) Stage 2 (n=15)

Cohort C:

TSR-022

> stage 2 (n=36)

TSR-022 + TSR-042

> stage 2 (n=36) |

TSR-022 DL 2 + TSR-042 |

C1 Stage 1 (n=20)
= 3" line CRC
C2 Stage 1 (n=20)
r
C3b

Stage 1 (n=20) D Stage 2 (n=36) !




PEGylated IL-10 - Mechanism of Action

AMO0T0

Tumor recognizing CD8+ T cells are activated and
proliferate

AMOO010 inhibits CD8+ T cell apoptosis and induces
Granzymes and Fasl

Granzyme and Fasl induces tumor cell death
) Rationale for AM0010 + anti-PD-

Increased TCR signal

Two complementary pathways acfivated
E> Ratfionale for AMO010 + Chemo

Chemo induces immunogenic fumor cell death and » Sequoia - Phase 3

AMO010 primes a sustained immune memory PDAC 2/ Line (n=566)
FOLFOX + AMOOTO

Naing A. SITC Meeting 2017



AMOO]O(PégiIodecokin) in 10 Therapy

* Tumor anfigen recognition by CD8* T cells (TCR) AM0010
induces IL-10R and PD-1 on CD8* T cells

- PD-1is anegative feedback (“Immune Checkpoint”)
- |l-10 expands anfigen activated CD8* T cells (cytotoxic license)

»  AMO010 (Pegilodecakin) induces
- Phospho-STAT3 in infratumoral CD8* T cells
- Accumulation of immune checkpoint positive CD8* T cells (PD-1* / Lag-3')
- Expansion of several hundred previously not detectable T cell clones / patient

Granzymes
Fasl
CD8+TCell

»  AMO010 induces objective fumor responses in monotherapy

- 2% ORRINRCC
mm) - LONQlasting responsein RC and CICL (CR)
»  AMO010 synergizes with anti PD-

- Tolerated with no significant increase in AE profile over either agent in monotherapy
mmp - ORRINRCC 44% (15 of 34 pfs (2 CRs), 2x expected RR)
- ORRINNSCLC 41% (11 of 27 pts, 2x expected RR)

Naing A. SITC Meeting 2017



OS by Baseline LDH Level (ITT)

D+T 150/2 (LDH < ULN)

100 ~
‘--; LI__\—|_| ——— D Monotherapy (LDH < ULN)
L g0 - ‘1'_ [ — D+T 150/2 (LDH > ULN)
= . T D Monotherapy (LDH > ULN)
>
2 60
=]
0
E 40 —
3
O 20 - -
11 --
! !
O _I | | | | | ; | | | ; | |
0 6 12 18 24 30 36 42 48 54 60 66 72
Patients at risk (LDH £ ULN), n Time From Randomization, months
27 27 24 22 16 14 11 9 7 5 5 1 0
Patients at risk (LDH> ULN), n
27 23 14 8 8 6 : 4 1 0

resaeos: ASCO ANNUAL MEETING ‘17 | #ASCO17
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Background

= BRAF/ MEK inhibitor combination therapy is standard of care in BRAF V600-mutant
locally advanced or metastatic melanoma,’ based on improved survival with
manageable tolerability.23

= Binimetinib (BINI): potent, selective allosteric, ATP-uncompetitive inhibitor of MEK1/24
with shorter half-life than other MEK1/2 inhibitors; may provide more rapid resolution of
toxicity upon interruption®

—~ MTD45mgBID
= Encorafenib (ENCO): ATP-competitive BRAFi with unique pharmacologic profile®
— Single agent MTD 300 mg QD

— Dose able to be increased to 450 mg QD when combined with BINI®

IC,;=half-maximal inhibitory concentration; MTD=maximum tolerated dose.

1. Chapman PB, etal. N Engl J Med. 2011:364(26):2507-2516. 5. Data on File. Array BioPharma Inc.

2. Robert C, etal. N Engl J Med. 2015:372(1).30-39. 6. Stuart DD, et al. Cancer Res. 2012;72(8 suppl):3790.

3. Long GV, et al. Lancet. 2015;386(9992)444-451. 7. Delord JP, et al. Clin Cancer Res. 2017:[Epub ahead of print]

4. Ascierto PA. et al. Lancet Oncol. 2013:14(3).249-256. 8. Sullivan RJ. et al. Journal of Clinical Oncoloav. 2015:33(15).. 3

Dummer R. ESMO 2017



PFS: COMBO300 vs ENCO300 by Central Review

100 COMBO300 vs ENCO300 (Parts 1 + 2) / Morlian PFS in monthe [95% C1 |

Confirmed COMBO300 ENCO300 (Parts 1+2) ENCO300 (Part 2)
Response n=258 n=280 n=86

Central Local Central Local Central Local
Review Review Review Review Review Review
66 73 50 56 50 54
ORR* (95% CIt), 9
@%CIL%  (60-12)  67-78)  (44-56) (50-62) (39-61) (42-64)
CR, % 8 11 5 8 3 3
PR, % 58 62 45 49 47 50
Median DOR 12.7 13.1 12.9 13.0 75 9.2
(95% Cl), mo (9.3-151)  (10.8-16.6)  (8.9-15.5) (9.5-15.0) (5.6-14.0) (7.4-14.8)
SD 1% 25 22 32 29 29 29
PD1% 9 5 18 15 21 17
91 95 83 85 79 83
§ (QRO, 0,
DER3 (89% C1), ‘% (87-94) (91-97) (78-87) (81-89) (69-87) (73-90)
THY |9 /0 Wiy Wil (WT IV vy . . T th
| P01} A TP L
ENCO300 (Part2) g6 52 30 17 9 0

*Median duration of potential follow-up approximately 5 months longer than with COMBO300 due to longer duration in study of ENCO300 Part 1 patients.

tNominal P-value. )
BiIkll—hinimatinik- CORIROREAN—EAMCM 20N rma OO0 2 BRI AR maa BIN- ERC O —Anear -afanih- DCQ—nraarnecinn fran ennaval 1 I

Dummer R. ESMO 2017



Selected AEs of Interest

COMBO300 ENCO300 (Parts 1+2)
n=257 n=276

Median duralion of exposure, wooks

Event, % All Grades Grades 3/4 All Grades Grades 3/4
Pyrexia* 17 0 16 1
Rasht 15 1 43 5
Transaminases increased* 14 5 5 1
Retinal pigment epithelial detachment 9 <1 1 0
Left ventricular dysfunction® 6 1 3 1
Secondary skin neoplasms!! 6 1 10 1
Skin papilloma 6 0 12 0
Dermatitis acneiform 2 0 4 0
Photosensitivity* 2 0 0
Blood bilirubin increased 1 <1 0 0

*Includes pyrexia, body temperature increased, and hyperthermia.

TIncludes rash, rash generalized, rash erythematous, rash maculo-papular, dermatitis, rash follicular, rash macular, rash papular, rash pruritic, generalized erythema,
rash vesicular, dermatitis psoriasiform, and rash pustular.

_ilncludeasd alanine aminotransferase increased, aspartate aminofransferase increased, transaminases increased, hepatic function abnormal, and hepatic enzyme
increased.

fincludes chorioretinopathy, detachment of macular retinal pigment epithelium, detachment of retinal pigment epithelium, retinal detachment, and subretinal fluid.
SIncludes ejection fraction decreased, cardiac failure, left ventricular dysfunction, left ventricular failure, cardiac output decreased, and ventricular hypokinesia.

lincludes basal cell carcinoma, Bowen's disease, keratoacanthoma, lip squamous cell carcinoma, neoplasm skin, squamous cell carcinoma, and squamous cell
carcinoma of skin.

#Includes photosensitivity reaction, solar dermatitis, and sunburn.

PRI Ll iee cdln Il AR ANAANAN TR AN e e T . TR A7 e o TN TR o e e 0 140|

Dummer R. ESMO 2017



Target-Immuno Triplets: BRAF + MEK + PD1/L1

Dabrafenib+Trametinib+ Dabrafenib+Trametinib+ Vemurafenib+Cobimetinib+
Durvalumab Pembrolizumab Atezolizumab

Multiple Triplet Combinations Launching Into

-|Phase lll:
i |- Dabrafenib + Trametinib + Pembrolizumab

|- Dabrafenib + Trametinib + PDR-001

1- Vemurafenib + Cobimetinib + Atezolizumab

,,,,,,,,,,,,,,,

Ribas A. ASCO/SITC 2018



Chasra In Bum of Largest Diamedors From Baseling %)

Cobimetinib (MEK inhibitor) + Atezolizumab (PDL-1 Ab)for
BRAF WT Melanoma Phase |

BRAFWT (n = 10)

— PO

— 50

= CRWR corfimnad per RECIST v1.1
# Dipconlinusd aberalzumab

A Pl bemion

ERE

T
AocdB

———

bdbkLd s .k
Egbids.zn
|

Ek3

---

Time an Sudy [montm)

Phase Ill Study of Cobimetinib +
Atezolizumab versus
Pembrolizumab in Patients with
Untreated BRAFV600 Wild-Type
Melanoma

PROTOCOL NUMBER: CO39722

Median safety follow-up, mo (range)

14.0mo (2.4-20.2)

All grade treatment-related AEs 22 (100%)
Grade 3-4 treatment-related AEs 13 (59%)
Grade 3-4 atezolizumab-related AEs 8 (36%)
Grade 3-4 cobimetinib-related AEs 10 (45%)

AEs leading to treatment dose modification/interruption 14 (64%)

Treatment-related SAEs® 4(18%)

Treatment discontinuation® 3 (14%)
Cobimetinib discontinuation 3 (14%)
All treatment discontinuation 1(5%)

Ribas A. ASCO/SITC 2018




Tumor Microenvironment

Treg Cell Nusobers
T1GF 4
IL-10 — GONZ-¢IF2a activation
1 Cell eyele arrent
& : ’ mm
Apopeosis
Tregs

Thi eytokine production
Cytatoxic activity

MDSC Cell Numbers T Cells

INOS/arginase activity

Proang logensc facton
ppetiNs - Tryptophan ———» Kynurenine

mDCs

Profiferation

DCs

NK Cells

Selvan, SR. Current Cancer Drug Targets, 2016



IDO inhibitor epacadostat + pembrolizumab

Indoleamine Dioxygenase-1 (IDO1)

+ |DO1 is a heme-containing monomeric oxidoreductase that metabolizes

tryptophan to kynurenine

IDO

L-Tryptophan % L-kynurenine

Tryptophan
Hydroxylase
3

A Phase 3 Study of Pembrolizumab +
Epacadostat or Placebo in Subjects
With Unresectable or Metastatic
Melanoma (Keynote-252 / ECHO-301)
ClinicalTrials.gov Identifier:
NCT02752074

RECIST response = 58%, no
Increase in toxicity from
pembrolizumab alone

Beatty et al. ASCO 2012
Gangadhar et al. ESMO 2016

Best Change From Baseline, %

Phase 1/2 Study of Epacadostat
(INCB024360) + Pembrolizumab in

100 -

50+

-100

Patients With Melanoma

Il 25 mg BID 50 mg BID 100 mg BID [ 300 mg BID
* t t §
| l
oooooooooooooooo a I -
Patients



Somatic mutation prevalence
(number mutations per megabase)

The prevalence of somatic mutations across human
cancer types.

Mutation = Neoantigen

10

—
o

©
—_—

0.01 B e e e . e . e e .0 . B s A e

0.001 L=

LB Alexandrov et al. Nature 000, 1-7 (2013) doi:10.1038/nature12477



High response rate and high mutational load in Desmoplastic melanoma

70% overall response rate

120%

100%

80%

60%

40%

20%

0%

-20%

-40%

Best percent change from baseline

-60%

-80%

-100%

n=60 (out of

1058 cases

Reviewed*)
2 slllc
3M1a

20 M1b
35 M1c

*Retrospective Review

32% complete response rate
[ Pure subtype

% Overall survival (OS), median not reached
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Non-Desmoplastic Desmoplastic
Melanoma Melanoma

[l =Progressive Disease

Bl =Response (RECIST1.1)

Zeynep Eroglu, Zeynep Eroglu, Jesse M. Zaretsky, Siwen Hu-Lieskovan, Dae

Estimated 2 year 0S 73% (Cl 62-88). Won Kim, Alain Algazi, Douglas B. Johnson, Elizabeth Liniker, Ben Kong,

0
0

10

20 30 40 50
Time (months)

60

70

Rodrigo Munhoz, Suthee Rapisuwon, Pier Federico Gherardin, Bartosz
Chmielowski, Xiaoyan Wang, |. Peter Shintaku, Cody Wei, Jeffrey A. Sosman,
Richard Joseph, Michael A. Postow, Matteo S Carlino, Wen-Jen Hwu, Richard A.
Scolyer, Jane Messina, Alistair J. Cochran, Georgina V. Long, Antoni Ribas.
High responserate to PD-1 blockade in desmoplastic melanomas. Nature 2018

Presented By Antoni Ribas at 2018 ASCO-SITC Clinical Immuno-Oncology Symposium



Mismatch-repair Deficiency Predicts Response of
Solid Tumors to PD-1 Blockade

Type of response Patients (n=86)

Complete response 18 (21%)
Partial response 28 (33%)
Stable disease 20 (23%)
Progressive disease 12 (14%)
Not evaluable 8(9%)
Objective response rate 53%

95% Cl 42% to 64%
Disease control rate 17%

95% Cl 66% to 85%
Median progression-free survival time NR

95% Cl 14.8 months to NR
2-year progression-free survival rate 53%

95% Cl 42% to 68%
Median overall survival time NR

95% Cl NR to NR
2-year overall survival rate 04%

95% Cl 53% to 78%

Le DT, et al. Science. 2017.

Progression-free Survival (%)
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DNA Repalir Defects: Surrogate for High Mutation Load and
Therapeutic Targets

Table 2.1 Essential genes of the five major DNA repair mechanisms

Base excision repair (BER) DNA glycosylase, APEI, XRCCI, PNKP, Tdpl, APTX,
DNA polymerase B, FEN1, DNA polymerase 0 or €,
PCNA-RFC, PARP

Mismatch repair (MMR) MutSor (MSH2-MSH6), ®1utSB (MSH2-MSH3), MutLo!
(MLHI-PMS2), MutLp (MLHI-PMS2), MutLy
(MLHI-MLH3), Exol, PCNA-RFC

Nucleotide excision repair (NER) XPC-Rad23B-CEN2, UV-DDB (DDBI-XPE), CSA,
CSB, TFIIH, XPB, XPD, XPA, RPA, XPG, ERCCI-
XPF, DNA polymerase 0 or €

Homologous recombination (HR) Mrel1-Rad50-NbsI, CtIP, RPA, Rad51, Rad52, BRCAL,
BRCA2, Exol, BLM-Toplllo,, GENI-Yenl, SIxI-
SIx4, Mus81/Emel

Non-homologous end-joining (NHEJ)  Ku70-Ku80, DNA-PKc, XRCC4-DNA ligase [V, XLF

Dexheimer TS. DNA Repair of Cancer Stem Cells. 2013.



Adoptive T cell therapy can involve engineered (CAR,
TCAR) or patient-derived (TIL, PBMC) T cells

Cancer
patient

Harvest PBMCs T cell
by apheresis activation
N B IR
{ ) ( Y A )
\ Y \ /
\. S / \,/_ :/.
Qe > J \>~
v.\." _/'/' { ‘\T/ ';L\_/"
= | :
\_ 4
Transductio
Excise
tumor mass
,. - -~
\ \ - /‘l" N\
\ J

TIL cell isolation

AN

SITC Advances in Cancer Immunotherapy Course

Tumor-binding
domain

Slgnallng
domains

TIL cell expansion

CAR Lymphodepleted
T cells cancer patient
S (after chemotherapy
= _U_ conditioning)
— lI\'\ s : )

Infusion



Engineered T-cell redirector

IMCgp100 (ImmTAC gp100 & CD3)

2

ImmTAC
therapeutic

\

engineered TCR specific
for target pHLA with
picomolar affinity

J

\scFv specific for CD3

Lytc granules migrate and release
- =Kkilling target by apoptosis

Middleton et al. ASCO 2016



Antibody-drug conjugate = T

MTD fal schedules

pooled; n = 32)

Nonhematelogic toxicity

Rash 81 2
Fatigue & 13
Pruritua 59 3
. Alopacia 4 =
Diarhea el 3
o (lembatumumab vendotin (CDX-011) o
dusea 41 =
Ancrexia % 3
Dysgeusia 16 S
+ Targets gpNMB -
Myalga 19 g
Drya:kvm q 2
* Expressed on melanocytes, cutaneous and uveal melanoma ... -
Arthralgia
r.uhxoszl inflammation ‘g z
. 2 " Antibody
o) e _Z} ‘ Specific to tumor-
\ ve Linker 5 ‘ associated antigen
‘g nzw
Cancer cell GPNMB =
Mmombrane | " . e g Cytotoxic agent B
Cytoplasm Er T A S b Designed to kill target cells
. S0 0N g’ when internalized and
o L & released or activated
e A
ot Free MMAE causes
CRO11-vcMMAE Internalization and ;
5 : tubulin inhibition and Linker
WA o ST WHECHI cell death  poded) “\n Attaches cytotoxic agent
to the antibody

Phase 2 Study of Glembatumumab Vedotin +/- Varlilumab (CD27) mn Advanced Melanoma

Phase 2 Study of Glembatumumab Vedotin for Metastatic Uveal Melanoma

Oftt et al. J Clin Oncol 2014




Antibody-drug conjugate

* (lembatumumab vendotin (CDX-011)

» Targets gpNMB

* Expressed on melanocytes, cutaneous and uveal melanoma ... ‘3

lgG2 Antibody: MMAE
\ ve Linker
Cancer cell GPNMB
membrane “ 5
Cytoplasm ' A "0 o &
L ‘;‘. .o..\‘ ‘ '.‘o.
CRO11-vcMMAE Internalization and tF;e«:‘MM:.Eb_i‘auses d
binding to GPNMB linker cleavage " ";e':} Je;;:" "

Maximum Percentage Shrnkage in Target Lesions

MTD fal schedules
pooled; n = 32)

Event Grades H}g"rtl
Nonhematologic toxicity
Rash Bl 2
Fatigue LY 13
Pruritug 5 k!
Alopacia #H =
Diarrnea b} [
Neuropathy U 3
Nausea 41 -
Anorexia b 3
Dysgeusia 16 3t
Constipation 16 o
Vomitng % -
Myalga 19 6
Dry skin q 2
Arthralgia 16 6
Mucosal inflammaton g 8
- Palmar-plantar erythrodysesthesia syndrome 13 8
. Hyperghycomia 6 8
8 Hematologic toxicity
Neutropenia n 12
Thrombocytopenia k|
Leukopenia _ -
Li]
) i Progressan
0 | Bigm
c .
- H | : | Partal
i e e : - Sl
<« Sponse
)
B0
.
B (o | A J
T T \l T
Doses balow Schedule | Schedule 2 Schadue3  Doses above
iz MTDs {once eve: once per  {once per 2 MTOs
(21 scheduies 3“““? J“,e, ,,‘j‘,’ 2 mei’,e (94 schedules
o MTD of3weeks)  MTD .
MTD

Phase 2 Study of Glembatumumab Vedotin +/- Varlilumab (CD27) m Advanced Melanoma

Phase 2 Study of Glembatumumab Vedotin for Metastatic Uveal Melanoma

Ott et al. J Clin Oncol 2014




Bispecific PD-1 x LAG-3 DART
Checkpoint Inhibitor Molecule

Donor 1 Donor 1 Donor 2

IL-2 (pg/mL)
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Innate Immune-Tumor Sensing T

Flagellin ~ PGN lipopeptides  lipopeptides LPS

| ™)

TLR1-

+ TLR agonsts

+  STING agonusts

- Poly-ICLC (TLR3)
- (100 (TLR4)

- Imiquimod (TLR7)
- SD-101 (TLRY)

- CYTO003 (TLRY)

Multiple TLR agonist clinical trials |
In combination with tumor vaccines
and check-point blockade on-gomg

¢ytokine production production

Wang et al. Front. Immunol 2014




Modulation of the tumor microenvironment by intratumoral
administration of IMO-2125

L@

Primed T-cells migrate
to distant tumor sites

Draining

Intratumoral

administration 5
of IMO-2125 Huuu )=

» 7N

Metastases are
targeted by primed
T-cells

Increased TIL

Infiltration
g% Dendritic Cells A Tumor specific antigens ot . CD8+ T-cells

Cornfeld, MJ. SITC 2016



Pre-Therapy
03/2016

A Randomized Phase 3 Coma

Post-Therapy
08/2016

&
0

on of IMO-2125

rs

with Ipilimumab versus Ipilimumab Alone in

Subjects with Anti-PD-1

Distant Lesions N

Diab A. ESMO 2016

Refractory Melanoma




Innate Immune-Tumor Sensing

TLR agonists

STING agonists

Virotherapy
Talamogene laharparepvec (T-VEC)

Coxsackievirus A21 (CVA2I)
JX-59%4
ONCOS-102

Pelareorep

Type I IFN

Inflammasome
complell

IFN antifiral

No proinflammatory £ (
i/ stale

response

Pol et al. OncoImmunology 2016



T-VEC: An HSV-1-Derived Oncolytic Immunotherapy Designed to
Produce Local and Systemic Effects

Local Effect:

“ Virally-Induced Tumor Cell Lysis

Healthy

OPTIM: Ph 3 T-VEC vs GM-CSF’

— Improved Durable Response Rate (response for 26 months)
— 16% vs 2%, p<0.0001

— led to FDA approval 2015

Tumor-Specific Immune Response

CD4+ T cell

Dendritic cell
I
activated by ' (helper T cell)
GM-CSF | ‘9 )

Systemic .
Y : < ; > Death of distant cancer
tumor-specific b e Cog+ 1 cell cells
. - S totoxic T cell
[MInune response o O

o7 oot _Tumor-specific
[ .‘} antigens Dying
L
.

cancer cell

Kaufman et al. ASCO (2014), abstr LBA9008



T-VEC + Pembrolizumab in Stage llIB-IV
Melanoma

I Stage lllb (N=1)
mm Stage llic (N=5)
mm Stage IV M1a (N=1)
m Stage [V M1b (N=2)
mmm Stace [V M1c (N=7)

CD4+ T cell
Dendritic cell (helper T cell)

vec
activated by y. ,/"‘
GM-CSF [/ / e )
{ , » v | ’
P ( > R
- e j
o %\» : CD8+ T cell \' o
i O b, ) % e
\ ! ( ‘5 in E ~X

—
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I 1

Y (cytotoxic T cell)
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A Phase 1b/3 Trial of Talimogene Laherparepvec With

-75 ]| Pembrolizumab in Melanoma (MASTERKEY-265/KEYNOTE-034))
ClinicalTrials.gov ldentifier: NCT02263508

-100

Percentage Change from Baseline
-]

RECIST response = 46%, no increase in toxicity from pembrolizumab
alone
Long et al. SMR 2015



Uveal melanoma is a “cold” tumor that primarily metastasizes to the liver

A PD-L1
38 TREATMENT
g g:.,'-f-.
:g’ « Chemotherapy
S « Targeted RX
ok 5 « Checknoint

Coxsackievirus A21 (CVA21)

Non-enveloped, single —stranded RNA virus
In general, CVA21 natural infection causes mild upper respiratory

illness “common cold”

4 §

3 B
e B} ®

¢.,; & - _c‘ﬁ_. ‘

UM CM UM CM UM cm

CDE{Con
o
PD1 (Cox

Decreased PD-1 and PD-L1 expression in UM metastases. (A) Representative IHC for CD8, PD-1, and PD-L1 in UM and CM metastatic
tissues. Quantification of CD8 (B), PD-1 (C), and PD-L1 (D) in UM and CM metastases as counts/mm2 (B-C) and % positivity (D). Each dot
represents a sample. Green, PD-L1-positive; Purple, PD-L1-negative. Statistical comparison between UM and CM cohorts was performed
using non-parametric Mann-Whitney test (B-C) and Chi-square test (D).
Qin Y, Petaccia de Macedo M, Reuben A, et al. Parallel profiling of immune infiltrate subsets in uveal melanoma versus cutaneous
melanoma unveils similarities and differences: A pilot study. Oncoimmunology. 2017;6(6):€1321187.
doi:10.1080/2162402X.2017.1321187.



CVAZ21 levels in tumor cells after IV
administration in stage |V cancer patients

:_Zt 4 Prostate Melanoma NSCLC Bladder
g 10 cancer = o cancer
Z 2 8
3 E o o
7]

: : E

105 = —
(@) @ (]
= 2 =
® = I
) & 2
g & = g
o 104 3 e
< 5 £
= = =
o e 2 ¢ 2
= ey i = 58 < |  Limitof detection
g 103 SARS NEARs O A iiaEes] | (1500 copies/mg RNA)

P PP I P PN ND
S ,,;b“ ,];b“ ,,Js>° ,st N B i
Q Q QT V% V™ 'Y Q Q Q

Liauw WS, Chern B, Shafren DR. Phase |, Open-Label, Cohort Study of CAVATAK (Coxsackievirus A21), Given
Intravenously to Stage IV Patients Bearing ICAM-1 Expressing Solid Tumours; Poster presented at: EORTC-NCI-
AACR Symposium on Molecular Targets and Cancer Therapeutics; 6—-9 November 2012; Dublin, Ireland



VLA-24 Study Design

Phase 1b, open label for patients with metastatic uveal melanoma

CVAZ21 intravenous infusion — max of 8 cycles (11 infusions) per
subject

Ipilimumab co-administered AFTER first 4 doses of CVA21 on Days
8, 29,50 and 71

On days were ipilimumab is given with CVA21, CVA21 will be given
first.

10 patients

2-3 study sites



CNS Lymphatics

Radiotherapy
SRS

PD-11 PD-L14
neil HMG-B1 A\
Immunogenic A Calreticulin AN

Cell Death

release N S\
MHC- A
MDSCs W

TCR RepertoireAh il
-regs

Blood Brain Barrier A\

Tumor Microenvironment D’Souza NM et al. Front Oncol, 2016



[FABLE 1 | Current clinical trials of immunotherapy with radiation for primary and metastatic CNS malignancy.

Study  Institution/ ClinicalTrials.  Disoase site Cohorts Planned  IT mechanism  Est Primary
phase group gov iD accrual completion  outcome
date measure
I Muti-institutional  NCTO2867587  Newly diagnosed  Nivolumab + 1emozoicemics + n=320  antiPDA May 2017 (&3
(CheckMate548) ghoblastoma AT vs. placebo + temozolomida
+RT
il Mu-institutional NCTO2617588  Newly diagnosed  Nivolumab + RT vs. n=550  ant-PD October 2019 OS
{CheckMate408) ghobiastoma temozolomide + RT
[ Ludwig Institute NCTO2338165 Newly diagnosed, MEDI4738 vs, MEDI4T3E + ne108 anti-PD-1 July 2017 CS, PFS
for Cancer recurrent standard RT vs. MEDI4T38 +
Research ghoblastoma bevacizumab
w Northwestem NCTO2530802 Newly diagnosed  HT + tamazolomide + ne50 anti-PD-1 March 2018  Dosage,
Uriversity ghoblastoma pembrolzumab — temozolomide FFS, 08
+ pambrotzumab
I H. Lea Mot NCTO2313272 Recumentghoma  HFSHT + pembrolzumab + ne32 anti-PD-1 June 2017 Dosage
Cancer Center bevacizumad
w MD Anderson NCTO2606953 NSCLCBM Nivolumab + SES; nvolumab + N = 130 ant-PD-1; Apeil 2020 Dosage;
Cancer Center WERT; nivolumab + ipdimumab an-CTLA-4 S
+ SRES; nivolumabd + ipllmumab
+ WERT
n Grupo Espafol NCTO2115138  Melanoma BM pimumab + WBRT N 68 anti-CTLA-4 October 1-year
MuRticiscipiingr de 20186 survival rate
Meanoma (GEM)
] Uriversity of NCTO2087732 Melanoma BM jpdmumab — SAS - plimumab N« 40 ant-CTLA4 May 2017 Loca
Michigan Cancer vs. S83S — plimumab control rate
Center
| Thomas Jefflerson  NCTO1703507  Melanoma BM plmumab + WBRT vs, n=24 ars-CTLA4 Novernber Dosago
University ipémumab + SRS 2017
| Siingy Karmmed NCTO1S60196  Molanoma BM plimumab + SAS n=30 ant-CTLA4 Decernbor Adverso
Comprohonsve 2018 ovents and
Cancer Conter sadoty
n University NCTOR662725  Metanoma BM pémumab + SRS n=73 art-CTLA4 Docomnbr oS
Hospitad, Lile 2015

mmwmkumm 1%MMWS.MMWTWWMMWM
mockdatad rackation tharapy; CTLA 4, cytotoxc T-ymphocyte-associated prodan 4; vAC, mmune-ralated esponse cteria, WEBAT, whole bran radiation thermpy: NSCLC, nonamal

D’Souza NM et al. Front Oncol, 2016



Metabolic switch to aerobic glycolysis is essential for effector T cell

Syl

SvTe

Naive/Quiescent T cell Activated T cell

glutamine

Metabolic
Switch

Kaech S. Presented at SITC annual Meeting, Nov 2017



Metabolic approaches in 1O

Adenosine (A2A receptor block)

Arginine depletion

Glutamine depletion

IDO (tryptophan) inhibition

Hypoxia inducible factor-1 (HIF-1) inhibition
Oxidative phosphorylation (OXPHQOS): metformin
other



« Higher gut microbiome diversity is associated with
Improved response to anti—PD-1 immunotherapy in
patients with metastatic melanoma

« Compositional differences in the gut microbiome are
associated with responses to anti—-PD-1 immunotherapy

o Antibiotics compromise the efficacy of PD-1 blockade
In mouse tumor models and cancer patients

- Metagenomic analyses of fecal samples predicts
response to PD-1 at 3 months in cancer patients

« Gut microbiome effects on response to immunotherapy
are transferable

V. Gopalakrishnan et al. Science 2018;359:97-103;
Bertrand Routy et al. Science 2018;359:91-97



Antibiotics compromise the efficacy of PD-1 blockade in mouse tumor models and
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The intestinal microbiota influences the efficacy of PD-1 blockade

The intestinal microbiota influences
the efficacy of PD-1 blockade

The enrichment of specific microbial taxa in intestines correlates with response
to PD-1 blockade in cancer patients. FMT from responders into tumor-bearing
mice improved responses to anti—PD-1 therapy and correlated with increased
antitumor CD8* T cells in the tumors. Mice receiving FMT from nonresponders
did not respond to anti—PD-1 therapy, and tumors had a high density of
immunosuppressive CD4* T, cells.
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