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Check-Point Inhibitors
Approved for Metastatic Melanoma

* Anti CTLA4 antibody: Ipilimumab

« Anti PD-1 inhibitors: pembrolizumab, nivolumab

« Combination anti CTLA-4 and anti-PD1
(ipilimumab and nivolumab)




Clinical Results with Ipilimumab (2"9 and 1st line)
Ipilimumab vs vaccine and Ipi + DTIC vs DTIC

Censored

—— Ipi plus gplOO ———— gpl00 -:j:'d;_
i @ Censored

Ipilimumab-dacarbazine

=
2
=
=
o
5
S

Placebo-dacatbazine - e I
SR @0 -Bas- @

S R S R S P S P T T S P P [ R
10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46
Months

HR: 0.72
First line
Ipi 10 mg/kg + DTIC

Robert C, et al. N Engl J Med. 2011;364:2517-26.
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HR: 0.66 and 0.68

Pre-treated pts

Ipi 3 mg/kg +/- gp100

Hodi FS, et al. N Engl J Med. 2010;363:711-23.




Immune Checkpoint Inhibitors Provide Durable Long-term
Survival for Patients with Advanced Melanoma
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1. Schadendorf et al. J Clin Oncol 2015;33:1889-1894; 2. Current analysis; 3. Poster presentation by Dr. Victoria Atkinson at SMR 2015 International Congress.



Keynote-006 Front-line Pembrolizumab
vs Ipilimumab

Patients Pembrolizumab
10 mg/kg IV Q2W

Unresectable, stage lll or IV melanoma

<1 prior therapy, excluding anti-CTLA-4, :
PD-1, or PD-L1 agents o~ Pembrolizumab
Known BRAF status® L 10 mg/kg IV Q3W

ECOG PS 0-1 =
No active brain metastases Ipilimumab

No serious autoimmune disease 3 mg/kg IV Q3W
x 4 doses

Stratification factors:

ECOG PS (0 vs 1) . . . .
Line of therapy (first vs second) Prlmary end pomts. PFS and OS

PD-L1 status (positive® vs negative) + Secondary end points: ORR, duration of
apatients enrolled from 83 sites in 16 countries. response’ safety

bPrior anti-BRAF targeted therapy was not required for patients with normal LDH levels and no clinically significant tumor-related symptoms or evidence of rapidly
progressing disease.

‘Defined as membranous PD-L1 expression in 21% of tumor cells as assessed by IHC using the 22C3 antibody.




Overall Survival
Median Follow-Up 45.9 (0.3-50.0) Months

All Patients Treatment-Naive Patients
Events, n HR?2 (25% CI) Median,” mo (95% CI) Events, n HR2(95% CI) Median,” mo (95% CI)
Pembro 309 0.73(0.61-0.89) 32.7 (24.5-41.6) Pembro 193 0.73(0.57-0.93) 38.7 (27.3-NR)
Ipi 164 = 15.9 (13.3-22.0) Ipi 104 % 17.1 (13.8-26.2)
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No. at risk Time, months No. at risk Time, months
556 481 416 357 317 289 266 250 239 181 0 0 0 368 324 284 248 221 201 186 174 167 124 O 0 0
278 202 158 127 111 102 94 90 85 76 O 0 0 181 140 105 86 76 70 64 63 60 51 O 0 0

“Based on Coxregression model with treatment as covariate stratifiedby line of therapy (1stvs 2nd), PD-L1 status (positive vs negative), and ECOG (0 vs 1);if no patients are in one of the treatment groups
involvedin a comparison for a particular stratum, then that stratum was excluded from treatment comparison. "Derived by the product-limit (Kaplan-Meier) method for censored data. Data cutoff: Dec 4, 2017.



Disposition of Patients Completing
294 Weeks of Pembrolizumab Treatment

556 patients received pembrolizumab

Median follow-up after
103 (18.5%) completed 2 year pembrolizumab treatment 294 weeks pembro:

' 20.3 (0.03-24.8) mo
1

28(27.2%) CR 65 (63.1%) PR 10 (9.7%) SD

» 26 patients had an = 56 patients had an = 7 patient had an
ongoing response ongoing response ongoing SD

« 2 (7.1%) confirmed PD? + 9 (13.8%) confirmed PD? » 3 (30%) confirmed PD?

+ 3 received 2nd course of « 4 received 2nd course of » 1 received 2nd course of
pembrolizumab® | pembrolizumab . pembrolizumab

2Confirmed PD by investigator per irRC (confirmatory scan or no subsequent scan or not evaluable). An additional 5 pts with unconfirmed progressive disease were observed. "Includes 1 patient who discontinued
early with CR andthen progressed. Data cutoff: Dec 4, 2017.

Abstract 9503, 2018 ASCO Annual Meeting



PFS? in Patients Who Completed Protocol-
Specified Time on Pembrolizumab (n = 103)
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aPer immune-related responsecriteriaby investigator review;time is measured from last dose of pembrolizumab. Data cutoff: Dec 4, 2017.

Abstract 9503, 2018 ASCO Annual Meeting



Blocking CTLA-4 and PD-1

Early immune response:
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Nivolumab Atezolizumab
Ipilimumab and Tremelimumab Pembrolizumab ~ Durvalumab
Pidilizumab Avelumab




CA209-067: Study Design

Randomized., double-blind. phase lll study
to compare NIVO + IPI or NIVO alone to IPI alone

N=314
Stratify by:
Unresectable or B
Metatastic Melanoma = i 3
exprassion® N=316 =
= Previously untreated -
= BRAF status
= 245 patients
= AJCC Mstage
N=315

NIVO 1 mgikg +

IP1 3 mglkg Q3W

ford doses then
NIVO 3 mglkg Q2W

NIVO 3 mglkg Q2W +
IPl-matched placebo

IP13 mglkg Q3W
ford doses +

NIVO-matched placebo

=Serified PO-L1 assay with 5% expression level was used forthe stratification
of patients, validated FPD-L1 assay was used for efficacy analyses.

**Patients could have been treated beyvond progression under protocol-defined circumstances.

SLEDES ARE THE PROPERTY OF THE AUTHOR. PERMISSION RECUNRED FOR REUSE. B

Treat until
progression™
or
unacceptable
toxicity

PRESENTED AT: ASCEy Annual 15

Presented By Jedd Wolchok at 2015 ASCO Annual Meeting

Meeting



Updated Response To Treatment

NIVO+IPI NIVO IPI
(N=314) (N=316) (N=315)

ORR, % (95% CI)* 58.9 (53.3-64.4) | 44.6 (39.1-50.3) | 19.0 (14.9-23.8)
Best overall response — %
Complete response 17.2 14.9 4.4
Partial response 41.7 29.7 14.6
Stable disease 11.5 9.8 21.3
Progressive disease 23.6 38.6 51.1
Unknown 6.1 7.0 8.6
Median ?;;ﬁ}:'grl') of response, |  NR(NR-NR) | 31.1 (31.1-NR) | 18.2 (8.3-NR)

*By RECIST v1.1; NR = not reached.
» At the 18-month DBL, the CR rate for NIVO+IPI, NIVO and IPl was 12.1%, 9.8% and 2.2%, respectively

Database lock: Sept 13, 2016, minimum f/u of 28 months 14



CM-67 Progression-Free Survival

A Progression-free Survival

| Nivo#pI(N=314) | NIVO(N=316) |  IPI(N=315)
Median PFS, mo (35% Cl) (8.71—1i3.3) (5;163.7) (z.gig.z)
HR (95% Cl) vs. IPI (0.3(.:.':'352) (0.4%—53.66)
HR (95% Cl) vs. NIVO (0_6?"_7396)

10%

SSSS-Saap—0-6—a®® |pilimumab

Nivolumab plus ipilimumab

2ottt Nivolumab

Patients with Progression-free Survival (%)
w
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No. at Risk

Nivolumab plus ipilimumab 314 218
Nivolumab 3l 177
Ipilimumab 315 136

Database lock May 24, 2017
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CM-67 Overall Survival

NIVO + IPI
T NIVO (N=316) IPI (N=315)
Median OS, months (95% Cl) 38.2-NR (2931:'51”‘) (16199-;,4 6)
. 0.55 0.65
1005‘-'13-@..}_ HR (99.5% C1) vs. IPI (0.45-0.69)* (0.53-0.80)*
904 : HR (99.5% Cl) vs. NIVO 0.85
s . : (0.68-1.07)
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No. at Risk
Nivolumab plus ipilimumab 314 292 265 247 226 221 209 200 198 192 186 180 177 131 27 3 0
Nivolumab 316 292 265 244 230 213 201 191 181 175 171 163 156 120 28 0
Ipilimumab 315 285 253 227 203 181 163 148 135 128 117 107 100 68 20 2 0

Database lock May 24, 2017 Wolchok, NEJM, 2017



Decision Point....

[ Immunotherapy ]

PD-1/CTLA-4
Combination




Safety Summary

« With an additional 19 months of follow-up, safety was consistent with the initial report’

NIVO

NIVO+IPI IPI
(N=313) (N=313) (N=311)

Patients reporting event, % Any Grade | Grade 3-4 | Any Grade | Grade 3-4 | Any Grade | Grade 3-4
Treatment-related adverse

event (AE) 95.8 58.5 86.3 20.8 86.2 27.7
Treatment-related AE leading

to discontinuation 39.6 31.0 11.5 7.7 16.1 141
Treatment-related death, n (%) 2 (0.6)? 1 (0.3)° 1 (0.3)°

* Most select AEs were managed and resolved within 3-4 weeks (85-100% across

organ categories)

* ORR was 70.7% for pts who discontinued NIVO+IPI due to AEs, with median OS not

reached

aCardiomyopathy (NIVO+IPI, n=1); Liver necrosis (NIVO+IPI, n=1). Both deaths occurred >100 days after the last treatment.
®Neutropenia (NIVO, n=1); colon perforation (IPI, n=1).1

1. Larkin J, et al. NEJM 2015;373:23-34.

18



Checkmate 067: Safety
Onset Grade 3—4 Treatment-Related Select AEs

5.6 (0.1 —55.0)
©

Skin (n=18) |
19.4 (1.3 - 50.9)

Skin (n=5) | *
7.4 (1.03— 48.9)

Gastrointestinal (n=46) | !
26.3 (13.81 —57.0)

Toxicity Earlier
Longer Time to Resolution -

[ o P NG SR LIy Ry i AN

Pulmonary (n=1) , 11.3 (3. 3 23.7)
Renal (n=6) 50.9 (50 9 —-50.9)
Renal (n=1) T T T T T T 1
Weeks 0 10 20 30 40 50 60

Circles represent medians; bars signify ranges

Larkin J et al ECC 2015
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MAPK Pathway Targeted Therapy

BRAFi (dabrafenib) RAS
PFS HR, 0.37 vs DTIC'
Hyperproliferative skin AEs =l = mutBRAF
BRAFi (vemurafenib)

PFS HR, 0.38 vs DTIC?
Hyperproliferative skin AEs ™8> MEK

MEKIi (trametinib) pERK
PFS HR, 0.45 vs chemotherapy? )/ ¢ Y

Proliferation, Survival,
Invasion, Metastasis

1. Hauschild A, et al. Lancet. 2012;380(9839):358-365.

2. McArthur GA, et al. Lancet Oncol. 2014;15(3):323-332.

3. Flaherty KT, et al. N Engl J Med. 2012;367(2):107-114.

4. Long GV, et al. Lancet. 2015;386(9992):444-451.

5. Robert C, et al. N Engl J Med. 2015;372(1):30-39.

6. Atkinson V, et al. Presented at:Society for Melanoma Research 2015 Congress.

BRAFi + MEK:I ph Il studies

Dabrafenib + trametinib (D + T)
PFS HR, 0.67 vs dabrafenib?*
OS HR, 0.71 vs dabrafenib*

PFS HR, 0.56 vs vemurafenib®
OS HR, 0.69 vs vemurafenib®

Vemurafenib + cobimetinib
PFS HR, 0.58 vs vemurafenib®
OS HR, 0.70 vs vemurafenib®

Decreased hyperproliferative skin AEs*56




Key eligibility criteria

» Completely resected, high-risk stage
[ITA (Ilymph node metastasis > 1
mm), [1IB, or IIIC cutaneous
melanoma

* BRAF V600OE/K mutation

* Surgically free of disease < 12
weeks before randomization

* ECOG performance status 0 or 1

* No prior systemic therapy

Stratification:
* BRAF mutation status (V600E, V600K)
* Disease stage (I11A, ITIB, ITIC)

Hauschild A, et al. Oral presented at: ESMO 2017 [abstract LBA6PR].

Treatment: 12 months?

Dabrafenib 150 mg
BID + trametinib 2 mg

0)))

n =438

[ZO——I>N—§OUZ>;U]

N =870

2 matched placebos

n =432

* Primary endpoint: RFS¢

EGEMD ™ Adjuvant BRAF/MEK Combi-AD

-

\

Follow-
up® until
end of
study*®

~

J

*Secondary endpoints: OS, DMFS, FFR,

safety
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2017

Relapse-free survival
(primary endpoint)
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-% 0.3+ Events, = Median HR S
S 0.2- Group n (%) (95% CI), mo (95% CI)
g ' Dabrafenib NR
0.1 plus 166 (38) )
trametinib (44.5-NR)
0.0 16.6
1 Placebo 248 (57) (12_7_22'1) T T T T T T T T T T T T T
0O 2 4 v 8 W 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 5

No. at Risk

Dabrafenib plus trametinib 438 413 405 392 382 373 355 336 325 299 282 276 263 257 233 202 194 147 116 110 66 52 42
432 387 322 280 263 243 219 203 198 185 178 175 168 166 158 141 138 106 87 8 50 33 30 9 3

Placebo
NR, not reached.

Months From Randomization

9 7 2 0
0 0

Hauschild A, et al. Oral presented at: ESMO 2017 [abstract LBA6PR].



Decision Point....

BRAF mutation test

BRAFV600 BRAF‘_’600
mutation mutation

negative positive

( Immunotherapy |
Or

MAP-K Targeted
Therapy

Immunotherapy

\. y,




EA6134

ECOG P§
0
b R ~ AmA: Dabrafenib 150mg po BID
A Ipilimumab 3mg/kg IV q Trametinib 2 mg daily
3whs x 4
N Nivolumab 1mgfhkg IV q
IR0 - Jwhs x 4
b e 0 Followed by Nivolumab
3 mglkg IV g2 whs x 42
M
I .
Ipilimumab Imglkg IV q Jwks
< Arm B: ks
E Dabrafenib 150mg po :':'”“"“" Yooaka Vol
BID
Trametinib 2 mg daily Followed by Nivolumab 3
mg'kg IV q3 whs x 42
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Available Options

High-dose Interferon
High-dose Ipilimumab
Anti-PD1

— Nivolumab
— Pembrolizumab

BRAF/MEK combination for BRAF+ patients




EORTC 18071: phase 3 study design?2

N =951 Randomized, double-blind, phase 3 study

4 )
R INDUCTION MAINTENANCE
Key eligibility criteria A Treat up to a
N Ipilimumab 10 Ipilimumab 10 maximum of 3 years
Stage IlIA, 1lIB, or IlIC .
melanoma metastatic to lymph D mg/kg mg/kg or until d's_ease
node (9] progression,
Complete and adequate M Q31N x4 Q12W up to intolerable toxicity, or
resection of stage Il I (n = 475) 3 years withdrawal
melanoma
No prior systemic therapy Z Primary endpoint
A RFS
Stratified by: T
Stage (llIA vs 1IB vs llIC 1-3 | .
positive lymph nodes vs IlIC = S — —p Secondary endpoints
4 positive lymph nodes) o OS, DMFS, safety,
Region of the world N HRQOL
1:1 Wk 1 Wk 12 Wk 24 \_ J

DMFS, distant metastasis-free survival; HRQOL, health-related quality of life; OS, overall survival; PFS, progression-free survival; Q3W,
every 3 weeks; Q12W, every 12 weeks; RFS, relapse-free survival.

1. Eggermont AM, et al. J Clin Oncol 2014;32:5s(suppl; abstr LBA9008); 2. Eggermont A, et al. ESMO. 2016;[abstr LBA2_PR].

28



Patients Alive and Without Rec

(%)

Patients Alive

RFS (per IRC) EORTC 18071

urrence (%)

100 -
- e |p| limumab vs Placebo
80 HR (95% CI)* 0.76 (0.64, 0.89)
70 J Log-rank P value® 0.0008
Median RFS, months 7
80 (95% 1) Gonwn (a6 216) Safety S U m ma ry
o
41%
= ! Ipilimumab
5 b pilimuma
o (n=471)
L Any Grade | Grade 3/4
ﬂ T T T 5 T 1
0 1 2 3 4 5 6 7 8 Years Any AE’ % 987 54‘1
o N Number of patients at risk
284 475 283 217 184 161 77 13 1 = |pilimumab i 0,
323476 261 199 154 133 65 17 0 — Placeho Treatment-related AE‘ o 94.1 454
Treatment-related AE leading to
0s discontinuation, % w0 42D
100 = Ipilimumab Placebo
% | Depspatons _— T Any immune-related AE, % 90.4 41.6
80 Log-rank P value® (J.UO;
70 % Stratified by stage provided at randc
o) \\\J;jj — Deaths due to drug-related AEs
4 L + 5 patients (1.1%) in the ipilimumab group
30 | 3 patients with colitis (2 with gastrointestinal perforations)
-yl * 1 patient with myocarditis
0 — L . S . * 1 patient had multiorgan failure with Guillain-Barré
0 1 2 3 4 5 6 7 8 Years
0o N Number of patients at risk
162 475 431 369 325 290 199 62 4 == |pilimumab

214476 413 348 297 213 178 58 8 — Placebo Eggermont et al. NEJM 2016



CheckMate 238:

Patients with:

- High-risk, completely n =453
resected stage
lIIB/IIIC or stage IV
(AJCC T7th edition)

melanoma
* No prior systemic

therapy
*« ECOG 01 n =433

Stratified by:
1) Disease stage: IlIB/C vs IV M1a-M1b vs IV M1c
2) PD-L1 status at a 5% cutoff in tumor cells

Study Design

NIVO 3 mg/kg IV Q2W
and
IPI placebo IV
Q3W for 4 doses
then Q12W from week 24

IPI 10 mg/kg IV
Q3W for 4 doses
then Q12W from week 24
and
NIVO placebo IV Q2W

Enrollment period: March 30, 2015 to November 30, 2015
Jeffrey Weber, Oral Presentation ASCO 2018

Follow-up

Maximum

treatment

duration of
1 year



Primary Endpoint: RFS in All Patients

NIVO IPI
Events/patients 171/453 221/453
100 &= Median (95% Cl) 30.8 (30.8, NR)® | 24.1(16.6, NR)
HR (95% ClI) 0.66 (0.54, 0.81)
90 Log-rank P value <0.0001
80 aMedian estimate not reliable or stable due to few patients at risk.
70
= 60 -
S
v 50
L. | o
1 | |
30
I | I
20 | | |
=== NIVO | [ |
10 90 — IPI I | |
| | |
0 T T T 1 T I I | T T |
0 3 6 9 12 15 18 21 24 27 30 33
Number of patients at risk Months
NIVO 453 394 353 331 311 291 280 264 205 28 7 0
IPI 453 363 314 270 251 230 216 204 149 23 5 0

Jeffrey Weber, Oral Presentation ASCO 2018



Safety Summary

NIVO (n = 452) IPI (n = 453)
Any AE 438 (97) 115 (25) 446 (98) 250 (55)
Treatment-related AE 385 (85) 65 (14) 434 (96) 208 (46)
diseontinuation 44 (10) 21 (5) 193 (43) | 140 (31)
e = 4| 5@ | e | wew | mew

» There were no treatment-related deaths in the NIVO group

* There were 2 (0.4%) treatment-related deaths in the IPl group (marrow aplasia and
colitis), both >100 days after the last dose

Weber, J et al ESMO 2017



L. Eggermont AACR 2018

EORTC 1325/KEYNOTE-54: Study Design

PART 1: ADJUVANT THERAPY PART 2: POST RECURRENCE
< —> <€ >
. . _
High'riSR, Pembrolizumab Recaitrarice Pembrolizumab
' . 200 mg IV Q3W >6 months 200 mg IV Q3W
resected, Randomized Trans until
stage Il s Recurrence progression or
g 1:1 Placebo NI recurrence, up to
cutaneous IV Q3w Cross-ovar 2 years
melanoma N=1019 1year
Total of 18 doses [ UNBLINDING |
UNBLINDING/cross-over:
Anti-PD1 for all orjust as good if only for those at time of recurrence?
[_Stratification factors: |

v’ Stage: IIIA (>1 mm metastasis) vs. llIB vs. llIC 1-3 positive lymph nodes vs. llIC >4 positive lymph nodes

v Region: North America, European countries, Australia/New Zealand, other countries

Primary Endpoints:

* RFS (per investigator) in overall population, and RFS in patients with PD-L1-positive tumors

Secondary Endpoints:

* DMFS and OS in all patients, and in patients with PD-L1-positive tumors; Safety, Health-related quality of life

&’ EORTC 77{(/,4#;1/( a;/ cancer Ber, Yy



Recurrence-Free Survival in the ITT Populatio

% alive and recurrence-free

100 -
90 +
80 -
70
60 -
50 -
40 +
30 A
20 -
10 H

0

Primary endpoint

75.4%
61.0%

Treatment arm Total Event HR(98.4% CI)
Pembrolizumab 514 135 0.57,(0.43-0.74)
Placebo 505 216  Reference

Stratified Logrank P-value: <.0001 :

J

. Eggermont AACR 2018

HR 0.57

Pembrolizumab

Placebo

Patients at risk
514 438 413 392 313 182 k 15 0
505 415 363 323 264 157 60 15 0
1 I I 1 1 I 1 1 I
0 3 6 9 12 15 18 21 24
Months

*Stratified by stage given at randomization

&EORTC

77‘/’, Fture ;;f cancer Hier: vy



Key eligibility criteria

» Completely resected, high-risk stage
[ITA (Ilymph node metastasis > 1
mm), [1IB, or IIIC cutaneous
melanoma

* BRAF V600OE/K mutation

* Surgically free of disease < 12
weeks before randomization

* ECOG performance status 0 or 1

* No prior systemic therapy

Stratification:
* BRAF mutation status (V600E, V600K)
* Disease stage (I11A, ITIB, ITIC)

Hauschild A, et al. Oral presented at: ESMO 2017 [abstract LBA6PR].

Treatment: 12 months?

Dabrafenib 150 mg
BID + trametinib 2 mg

0)))

n =438

[ZO——I>N—§OUZ>;U]

N =870

2 matched placebos

n =432

* Primary endpoint: RFS¢

EGEMD ™ Adjuvant BRAF/MEK Combi-AD

-

\

Follow-
up® until
end of
study*®

~

J

*Secondary endpoints: OS, DMFS, FFR,

safety
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Relapse-free survival
(primary endpoint)
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No. at Risk

Dabrafenib plus trametinib 438 413 405 392 382 373 355 336 325 299 282 276 263 257 233 202 194 147 116 110 66 52 42
432 387 322 280 263 243 219 203 198 185 178 175 168 166 158 141 138 106 87 8 50 33 30 9 3

Placebo
NR, not reached.

Months From Randomization

9 7 2 0
0 0

Hauschild A, et al. Oral presented at: ESMO 2017 [abstract LBA6PR].
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Overview

* Where we are now
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Where Are We Going?

* Tumor biology vs tumor type
« Overcoming resistance
* A glimpse into the future




=
S
O
C
)
(@)
O
C
>
&
£
©O
(©
O
—
C
O
e
(©
e
>
=
O
e
(©
&
@)
7))

118

178

141 39 401
¥

L

233
IE
i
!

248

2

417

/(

133

/0!

41

&
I

n=33

384
!

205

i
/
!

198
‘o

9z
¥
i

/

“roy |
1o

10
1

T
[}
Lo ]
et

000

-
]

L=

E._m,_a Aousnbsi) uoleinuw o1jewos

L BLUOUBRY

' snowenbs BunT
| -ouape Bun

- 19ppelg

| jeaBeydosy

- |[eljaLIopuy

| BLUCISB|qOID

- |22 Je3(2 Aaupny

- uBLBAQ

L pugaf ajdigniy
- 1sealg

- 31815014

- —oydwAj awoiyn

' plojpAw anay

- BLUOSE|GO|INPAN

- lowm plopqeyy

b

Lawrence, Nature: January

BLUIOUIZIED [|22

BLUOLIZIED

ELOUIZIEDOUIDE

¥o2u pue peay

ewoydwd| |93-g
abae| asnyig

[#32210]02)

aLioyynw

BlLUayna| 2142

BLUO}SR[GOINAN

plouiaie)

BILU2YN3]

s B sttt Do e

CaT

-
-G
B T--C
T
TG




Mutational Burden
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Mutational Burden
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D. Le. Presented May 30, 2015.

Mutations per tumor
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Fig. 3 Mismatch repair'deficiency across 12,019 tumors.
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A New Paradigm in FDA Approval That is Agnostic to Histology and Primary Site:
Pembrolizumab Approved for MSI-H or Mismatch Repair Deficient Tumors
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Anatomy of Anti-PD-1 Failures in Melanoma

I 777 -l

Refractory Relapse ACQUIRED RESISTANCE
PD < 12 WEEKS PD > 12 WEEKS PD > 24 WEEKS

sl PFS for PD-1 Responders Only
Non-Responder
Population with gy  PES for PD-1 Al
Significant Unmet

Medical Need

Change in target lesions from baseline

Change in target lesions from

baseline

Weeks Since Treatment Months Since Treatment Initiation

Figures adapted from Topalian et al.(April 2014), 32(10); 1020-1030




The T Cell-Inflamed Tumor Microenvironment is Characterized by
Expression of Immune-Inhibitory Pathways and
Predicts Outcomes to Immunotherapy
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T cell-inflamed profile
. A 1« -

= &
a

]

EStiete- F o Bt gy T N
e O B

¥ e” el
cps - "’wﬁé‘*

A A \?.‘J'Fa"

IFNy Signature Score Above and Below the Cutoff

. PFS by RECIST v1.1 Overall Survival
- 10 T ey 10
As | ==Score above ROC-based cutoff
» 1 ——Score below ROC-based cutoff
s 08 i 0.6
1 z [ 2
2 % o %, % 0o
T 2 Tt
o 04 o 04+
= & 8
1 s 02 024
LR -y == Score above ROC-based cutoff
B 3 - 0.0 00 — Scorebelow ROC-based cutoff
- t T T T T T 1 T T T T T 1
r:'_ ;'i e ‘e 0 100 200 300 400 500 600 0 100 200 300 400 500 600
I Do S % [: ’: Time, days Time, days
T e ] .
e T oy Spranger et al., Science Trans. Med. 2013
e -~
ey < . .
P 2 = Harlin ef al. Clin Can Res 2009
e -
—atTY 3

Ribas et al. J Clin Oncol 33,2015 (suppl; abstr 3001)



Predicting Which Patients are Unlikely to
Respond to PD-1 antibodies

Patients with <20% CTLA-4""PD-1" CD8* Tumor Infiltrating
Lymphocytes did not respond to anti-PD-1 therapy

Responder
e Nonrasponcer

22C3 MEL IHC assay
Total —l—

&
&
—
@
(]
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3
ol
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]
o
o

MEL Score

Subject 3 4 5 6 7 8 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24 25 26 27 28 29 30 31 32-33 34 35 36 37 38 39 40
50 60 Cohort [ i ] (e Y = R L L i e R e S o e L e e e O R e e
ORR (%) Progression L . + s 4 .
Death - o» & “
Liver hats + + P +
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Prior therapy | [ | 17 8 ol iy ] M TS & Jiss i 1= I 0 i T 1 "
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Daud, et al. Journal of Clinical Oncology. 2016:1-12.

Daud Al et al. J Clin Invest. 2016;126(9):3447—-3452




How Can We Overcome Resistance?

* Can we “Injure” the tumor to render it
more vulnerable to systemic immune

attack?

— Oncolytic therapy
— Radiation/Chemotherapy




Total and activated CD8 T-cells” increase after

T-VEC and combination treatment
Activated CD82
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» Total and activated CD8 T cells in the peripheral blood increased from baseline after
T-VEC administration at weeks 4 and 6 and further increased at weeks 9 and 15 after
combination T-VEC and ipilimumab

Data points are overlaid on the box plots. Each box plot shows the range between 25th percentile (1) and 75th percentile (q3)
as a yellow box, with a pink line showing the 50th percentile. The whiskers on each box are g3 + 1.5* (q3 — q1). A red plus sign
indicates outlier data within a subset. P-values below each post week 1 subset indicate significant changes from baseline level
on week 1, and those above week 9 subset indicate significant changes from week 6 to week 9.

“Activated CD8 T cells are defined as HLA-DR+CD3+CD4- cells. Puzanov |, et al J Clin Oncol. 2016 Aug 1;34(22):2619-26




Safety and activity of pembrolizumab and
mult1-s1te stereotactlc body radlotherapy

SO%SBRT Dose

Luke et al. J Clin Oncol 2018




Where Are We Going?

* Tumor biology vs tumor type
* Overcoming resistance

* A glimpse into the future




Future Directions

Better application of biomarkers
Making "cold” tumors “hot”

Gut microbiome

New targets




Most Immune Targets Show Strong Correlation With PD-L.1

All samples (cold + hot + med)

A4GALT CD70 HLA-DQA2 IL17A KIR3DS1 STAT6
ADAM8 CD72 HLA-DQB1 IL17F KLRK1 TBX21
ADORA2A CD79A HLA-DQB2 IL18 KRT20 TGFB1
ARG1 CD79B HLA-DRA IL1A LAG3 TGFB2
ARG2 CD80 HLA-DRB1 IL1B LAMP3 TGFB3
BATF3 CD86 HLA-DRB3 IL22 LAYN TIGIT
BCL6 CDB8A HLA-DRB4 IL23A LTA TLR7
BTLA CD93 HLA-DRBS IL3RA LY75 TLR9
CCL20 CEACAMSB HMGB1 IL4 MAGEH1 TMEM173
CCLS CLEC4C ICAM1 ILS MB21D1 TNF
CCR1 CSF1R ICOS IL6 MICA TNFRSF14
CCR6 CSF2RA ICOSLG IRF4 MICB TNFRSF18
CCR8 CTLA4 IDO1 IRF9 MME TNFRSF4
CD14 CX3CL1 IFNA1 1SG20 MST1R TNFRSF9
CD160 CXCL10 IFNA10 ITGAL NCAM1 TNFSF4
CD163 CXCLS IFNA13 ITGAM NCR1 TNFSF9
CD1¢9 CXCR3 IFNA14 ITGAX NDUFA2 TYK2
CD22 EDNRB IFNA16 ITGB2 NTS5E VEGFA
CD24 ENTPD1 IFNA17 JAK1 PDCD1 VSIR
CD244 FCER2 IFNA2 JAK2 PDCD1LG2 VTCN1
CD247 FCGR3B IFNA21 KIR2DL1 PRDM1 XBP1
CD27 FOXP3 IFNA4 KIR2DL2 PTGDR2
CD274 GATA3 IFNAS KIR2DL3 RORA
CD276 HAVCR2 IFNA6 KIR2DL4 RORC
CD28 HLA-A IFNA7 KIR2DL5A RSAD2
CD33 HLA-B IFNAS KIR2DL5B SIGLEC1
CD3D HLA-C IFNB1 KIR2DS1 SIRPG
CD3E HLA-DMA IFNG KIR2DS2 SMAD3
CD3G HLA-DMB IFNK KIR2DS3 STEGAL1
CD4 HLA-DOA IFNW1 KIR2DS4 STAT1
CD40 HLA-DOB IL10 KIR2DS5 STAT2
CD40LG HLA-DPA1 IL12A KIR3DL1 STAT3
CD68 HLA-DPB1 IL12B KIR3DL2 STAT4
CD69 HLA-DQA1 IL13 KIR3DL3 STATSB
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Genes Separate Into Those Strongly Correlated and Less
Strongly Correlated to PDL1

All samples (cold + hot + med)

fI:.E.lb'_rF"!“r—\f_Fr“ﬂFL\T_F"\!_ﬁ——:r‘—er_!—e—Wﬁ

Strongly correlated

CD163, CCR8, PRDM1, SIGLEC1, CD28, FOXP3, CSF1R, CD33,
CD4, TLR7, IL10, HLA-DRA, HLA-DPA1, HLA-DQA1, HLA-DOA,
CD69, RSAD2, HLA-DMB, CD3E, CD3D, CCL5, CD247, PDCD1,
CD8A, SIRPG, CTLA4, IFNG, TBX21, LAG3, KLRK1, LTA, ICOS,
TIGIT, CD3G, ITGAL, CXCL10, CXCL9, CD80, CD86, HAVCR2,
ITGB2, CCR1, TNFRSF9, IDO1, STAT1, JAK2, PDCD1LG2,

HLA-DPB1, HLA-DRB1, HLA-DMA, HLA-DRB5, HLA-DQB1, \
KIR2DL4, HLA-DQA2, HLA-DOB, HLA-DQB2, BTLA, LAMP3,
CD244, CSF2RA, CD14, IL1B, CD40OLG, ITGAX, ITGAM, CD6S,

ICAM1, MICB, IRF4, STAT4, TNF, CD27, CD72, STAT2, CD40,
HLA-B, HLA-C, HLA-A, CXCR3, JAK1, CCR6, LY75, CD79A

|

IL12B, IRF9, ADAMS, NCR1, TNFSF4, KIR2DL3, KIR2DS4,
KIR2DL1, KIR3DL2, KIR3DL1, ISG20, TNFRSF18, IL18, CD93,
TMEM173, IL1A, STAT3, FCGR3B, IL6, BATF3, CD70, ENTPD1,
TGFB1, CD79B, IL3RA, TNFRSF4, ADORA2A, LAYN, A4GALT,

CX3CL1, TNFSF9, IL23A, IL13, CD19, FCER2, TLRS, CLECAC, /
CD22, CD160, RORA, BCL6, GATA3, NT5E, IL12A, MME, CCL20,

Immune target genes

ICOSLG, XBP1, STATSB, MST1R, TGFB3, TGFB2, IL17A, CD276, ﬁg;;ln,s -
STAT6, EDNRB, SMAD3, VEGFA, IFNB1, MICA, KIR3DL3, TYK2, .; i '
TNFRSF14, STEGAL1, RORC, CEACAMS, ARG2, KRT20, VTCN1, i m 8‘8
CD24, IFNK, NCAM1, MAGEH1, IL17F, IL5, HMGB1, IFNA1, 5208 2L030STO08 0820400 220200000 B O
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Combination of Tumor Mutational Load
and PD-L1 expression
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Making Tumors “Hot”

r

PD-1/PD-L1 Monotherapy

Bring T-cells
into tumors:

Generate
T-cells:

+ Anti-CTLA-4

+ Immune activating antibodies
or cytokines

+ TLR agonists or oncolytic
viruses

+ IDO or macrophage inhibitors

+ Targeted therapies

Vaccines

TCR engineered ACT

CAR engineered ACT




Prabability of continuing response

HD IL-2 or peg-CD122 agonist (NTRK-214) + PD1?

wild-type B2M KO
= 15009 o j5otype = 15009 - |s0type
% = aPD1 a = a-PD1 -
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Adoptive Cell Transfer with Tumor Infiltrating Lymphocytes
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Neutrophil
function

-

Commensal
bacteria
shape
systemic
Immunity

Adapted from Goldszmid RS
& Trinchieri G, Nature
Immunology 2012

Influenza
clearance
by NK or
CD8* T cells |

Autoimmune
encephalitis
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Immune Cycle and Drug Targets

Targeted Therapy
TVEC

Sting agonist
TLRY agonist
Vaccines

RT

Recognize Tumor 1

Presence of antigen

S I g A Y g
L Jleonil ]
i U2

APC present

Ki I l Ta ret Antigen processing & presentation occurs

Lack of inhibitors

Activation of
Immune Cells*

T cells
NK cells

Lack of Inhibitors
- cellular (Treg, myeloid, tumor)

- chemical (cytokines, IDO, metabolites)

Anti-PD-1/PD-L1
LAG3 inhibitor

Move to Target

Treg

TIM3 inhibi.tor Stroma — permissive (other immune cells, Dhyeloid
GITR agonist fibroblasts, angiogenesis)
Adenosine 2A receptor inhibitor Chemoattiactants Anti-CTLA-4 0X40 agonist
TIGIT inhibitor CD137 agonist CD40 agonist

IDO inhibitor CSF1R GITR agonist IL2RBy agonist



T-Cell Immune Checkpoints

Activating
receptors

cD28

0OX40

Y

CD137
CcD27

'S

Agonistic
antibodies

Mellman | et al. Nafure. 2011 ;480:481-489.

Inhibitory
receptors

CTLA4 "

PD-1 }E
B7-1 A
TIM-3 ;_,g\

BTLA

VISTA
LAG-3 %
l Blocking

T cell antibodies

stimulation
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