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Objectives

The basics of immunotherapy
Mechanism of action of checkpoint blockade

Early clinical experience and the discovery of
immune related adverse events

Checkpoint blockade in melanoma

— Ipilimumab

— Nivolumab

— Pembrolizumab

Experimental Questions
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Cancer Immunotherapy

1. Nonspecific stimulation of immune reactions
a) Stimulate effector cells

b) Inhibit regulatory factors
(checkpoint blockade)

2. Active immunization to enhance anti-tumor
reactions (cancer vaccines)

3. Passively transfer activated immune cells with anti-
tumor activity (adoptive immunotherapy)




Immune system

Cells of the Immune System
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Nature Reviews | Cancer

Dranoff 2004

* Checkpoint blockade primarily affects T cells



T cell birth

T cell “birth”
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Germain 2002

e Builds a repertoire of T cells



T cell activation

T cell activation

Nature Reviews | immunology

Heath 2001
e Signal 1: Specificity
 TCR engages antigen in context of MHC



T cell activation

T cell activation
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e Signal 2: Activation vs. Anergy reuwereiewsimmmnsa
e Costimulatory molecules



T cell activation

T cell activation

IL-12R

TGFBR

and CBLB
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Nature Reviews | Immunology

Pollizzi 2014

e Signal 3: Polarization

e Dependent on cytokine profile of the microenvironment



The role of Signal 2 checkpoints

* Immune checkpoints promote self-tolerance

— Initial response to antigen occurs primarily in
secondary lymphoid organs (lymph nodes, tonsils,
spleen, Peyer’s patches, mucosa associated lymphoid

tissue)

* Immune checkpoints limit “collateral damage”
— Effector recognition in peripheral tissue/tumor

* For cancer immunotherapy, two opportunities to
break tolerance to self-antigen



o i N
. Y coso 4 CTLAA4 to L4
- r or CD86__ CD28 | ) cell surface| “Sy
DC = —_—
— ) ~
1 P o 'Intracellul
C{ = 3 y L
D ' Pe K i
& > MHC N or resting T cell & \
J N\
v \‘ U '
Pardoll 2012

Naive and memory T cells express surface CD28

CTLA-4 is transported to the surface in correlation to the
strength of CD28 stimulation

CTLA-4 also competes with higher affinity for CD80/86
A dampening effect on downstream processing
Constitutively present on Treg cells
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A primed T-cell is heading to peripheral tissue to engage
a target, and once activated begin to express PD-1

Inflammation present in the tissue can promote
upregulation of the ligands of PD-1

In general, this limits collateral damage during cell-
mediated destruction of infection



PD-1/PD-L1

PD-1/PD-L1 in cancer

a Innate immune resistance

MHC | Peptide

Constitutive oncogenic
signalling induces PDL1
expression on tumour cells

[T cell-induced
|PDL1 upregulation

MHC Peptide
TCR B

Pardoll 2012

Nature Reviews | Cancer

e Cancer cells can increase the amount of PDL1

e Successful T-cell tumor destruction can increase
PDL1 through upregulation in response to IFNy



Checkpoint blockade

Checkpoint Blockade

Where to start?

Tumors known to respond to other immunotherapy

Melanoma

Estimated 9,940
deaths/year in US

Metastatic disease
16% 5 yr survival

Interleukin-2
durable cure in 4%

Smith FO Clin Cancer Res 2008

e Renal Cell Cancer

e Estimated 14,080
deaths/year in US

e Metastatic disease
12% 5 yr survival

e |nterleukin-2
durable cure in 7%

Klapper JA Cancer 2008
American Cancer Society Facts and Figures 2015



Checkpoint Blockade

Checkpoint Blockade @ NCI

aCTLA-4, ipilimumab
Phase | trial

mAb (3mg/kg) + peptide
Enrolled 14 patients

2 complete responders
1 partial response

Accrual stopped for
toxicity
— Dermatitis, colitis,
hepatitis, hypophysitis

Phan GQ 2003




Checkpoint Blockade

Checkpoint Blockade @ NCI

Cautiously proceeded with Phase Il trials in melanoma
and RCC, initially with dose reduction (3 2> 1 mg/kg)

Objective response was associated with development
of autoimmune events

Melanoma, p=0.008 RCC, p=0.009
>Gr3 <Gr3 >Gr3 <Gr3
AE AE AE AE
Objective Objective
Response Response
(CR = 2) (36%) (5%) (CR = 0) (29%) (0%)
Non-responder Non-
= 40 responder 12 23

Attia P 2005 Yang JC 2007



Checkpoint Blockade

Checkpoint Blockade @ NCI

Formal Phase |l intra-
patient dose escalation
demonstrated association
of response with immune-
related adverse events of
any grade

Enterocolitis was the most
common grade 3/4 IRAE in
patients with melanoma
(18%) or RCC (28%)

The administration of
steroids to manage IRAE
did not truncate responses

Melanoma, p=0.0004

Gr3/4 | Gr1/2
IRAE IRAE
3 1

Objective
Response
(CR = 3)

Non- 36 28 52

responder

(28%) (22%) (2%)

Beck KE 2006
Downey SG 2007



Checkpoint Blockade

Checkpoint Blockade @ NCI

e Developed
algorithms for
management of
IRAESs

e Demonstrated
durability of
responses
— OR 13-20%

— 5yr OS 13-23%

Protocol 2: Ipilimumab + IL-2
Protocol 3: Ipilimumab (DE) = gp100
Protocol 1: Ipilimumab + gp100

o 0.3
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Months
Prieto PA 2012
Clinical AACR T

Cancer Research




Checkpoint blockade

Checkpoint blockade in melanoma

nivolumab
pembrolizumab

ipilimumab

Drake C 2013

naure
REVIEWS KT



Ipilimumab

Ipilimumab for melanoma

11% response rate in Phase Il trials
at highest doses (10 mg/kg)

Randomized Phase lll ipilimumab

+ gp100 vaccine vs. gpl00 vaccine I =

Allowed re-induction o _.;,;,.--.;r;.; - m iy e

OR: ipilimumab arms 7% (38/540) “*'*_"*:::'" A
CR in 3 patients )

Disease control rate 22% é lh_

FDA approved for metastatic IR Ty

melanoma in March 2011 et FE LA SRS

Hodi FS 2010

e MEW EMGLAND

JOUBRMNAL MEDICINE



Ipilimumab

Ipilimumab for melanoma

-
o

Traatmeant naive
== Praviously treated

e Updated survival
e 3 vyear OS, 20-26%
* “Tail of the curve”

— Durable for a small
# of patients

= o
o o
1 1

Overall Survival
(proportion)
o
T

=
(%)
|

o 12 24 36 48 60 72 84 96 108 120
Time (months)
Mo, at nsk

Treatment &2d 301 1068 74 & &0 8 1 o 0 4]
AN

Freviously 1,257 538 264 120 128 10 102 25 15 5 o
treated

Schadendorf D 2015




aoaPD-1
Phase | dose escalation
0.1 mg/kg =2 10 mg/kg

Grade 3/4 toxicities in
6%

Nivolumab

Nivolumab

Melanoma (26/94, 28%)

NSCLC (14/76, 18%)
RCC (9/33, 27%)

CRPC (0/13)
CRC (0/19)

Topalian SL 2010

The NEW ENGLAND

JOURNALof MEDICINE




NSCLC patient

Nivolumab

D Patient with Non-Small-Cell Lung Cancer
Before Treatment Z Months 4 Months

&5 645 6D
@'@f’@b

Topalian SL 2012




Nivolumab for melanoma

Nivolumab for melanoma

* Ipilimumab-refractory

e RCT: nivolumab vs chemotherapy of choice
(CheckMate 037)

* Objective Response
— Nivolumab 38/120, 31.7% with 4 CR
» — Chemotherapy 5/47, 10.6%
FDA approval for refractory

melanoma in December
2014

Weber JS 2015
THE LANCET Oncology




Nivolumab for melanoma

Nivolumab for melanoma

* Untreated metastatic A o e
disea Se G- - » :.:1:1, > for death, O4 =3 L02s |

« Wildtype BRAF I N,

* RCT: nivolumab vs 3 \‘\%‘
dacarbazine 2 " -
(CheCkMate 066) g o Patients Who Died Median sur:r: "‘

* Objective response 10] Nvohmas 307210 Wetresed

* Nivolumab 84/210 (40%) ; : T = &
CRin 16 pts (7.6%) Months

* Dacarbazine 25/208 Nvohmeb 210 185 10 WS 45 @
(14%) Dhwec it b e 203 177 123 L 22 3
CRin 2 pts(1%) ’
Approved for initial treatment Robart C 201E

@R ™ NEW ENGLAND

[BRAF-wt) in November 2015

.n,..l
&S5 JOURNAL 4 MEDICINE



Pembrolizumab for melanoma

Pembrolizumab for melanoma

e Ipilimumab-refractory

* Phase |, dose comparison (2mg/kg vs 10 mg/kg)

e 157 evaluable patients with OR 41 (26%), CR in 2 pts
* Disease control rate 50%

* Grade 3/4 AE 12% FDA approval for
-, refractory melanoma in
90+
S0- September 2014
o 704
3 60 |
£ 50
3 30
204
10
°T 1 % & % 1 = 11 1% 1 2
Noniberatiii Time (months)
Pembrolizumab 2 mg/kg 89 86 76 69 66 57 42 29 16 1 0 RObe rt C 2014
Pembrolizumab 10 mg/kg 84 78

65 61 55 50 37 18 12 1 0 THE LANCET



Pembrolizumab for melanoma

Pembrolizumab for melanoma

* Ipilimumab-refractory
* Phase ll, dose comparison (2mg/kg vs 10 mg/kg) vs chemo

* 540 patients
— 2mg/kg ORR 38 (21%), 10 mg/kg ORR 46 (25%), chemo 8 (4%)

e Grade 3/4 AE 12%

A
—— Pembrolizumab 2 mg/kg
100+ Pembrolizumab 10 mg/kg
= 90+ —— Chemotherapy
= 80+
2 70
2 60
&
£ 50+
S 40
g 30
S >
£ 204
10+
0 T 1
16 18
Number at risk
Pembrolizumab 2 mg/kg 180 153 74 53 26 9 4 2 0 0
Pembrolizumab 10 mg/kg 181 158 82 55 39 15 5 1 1 0 Weber JS 2015
Chemotherapy 179 128 43 22 15 - 2 1 0 0

THE LANCET Oncology



Pembrolizumab for melanoma

Pembrolizumab for melanoma

RCT, KEYNOTE-006, first-line therapy

Pembrolizumab (q2w,

g3w) vs ipilimumab

1:1:1

834 patients

Objective Response

— Pembrolizumab q2w 94/279 (33.7%), CR 14

— Pembrolizumab q3w 91/277 (32.9%), CR 17
— lpilimumab 33/278 (11.9%), CR 4

Robert C 2015
;:‘% e NEW ENGLAND

: f JOURNAL of MEDICINE



Pembrolizumab for melanoma

Pembrolizumab for melanoma

A Progression-free Survival

t
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e Grade =3 AE

— Pembrolizumab q2w 13.3% (1.4% Colitis)
— Pembrolizumab g3w 10.1% (2.5% Colitis)
— lpilimumab 19.9% (7% Colitis)

Robert C 2015

The NEW ENGLAND

JOURNAL of MEDICINE




Checkpoint modulation

Checkpoint Modulation

T cell
— (+) signal

APC/target cell

S ——
CcD86 /
1D0O —= - rr—
(immune cDsa0 /
inhibitory) 2T

- >: (-) signal
PD-L1 /E PD-1 /
(-) signal R :;\\
WAL T ——= (+) signal

Topalian, Cancer Cell 2015

In melanoma, the two approved antibodies interfere
with separate receptor/ligand complexes

Could combination therapy improve response or
survival?



Nivolumab/Ipilimumab

Nivolumab/Ipilimumab for melanoma

Previously
Table 1. Characteristics of the Patients at Baseline.*

untreated Nvatamab pius

Nivolumab Ipilimumab Ipilimumab Total

Characteristic (N=316) (N=314) (N=315) (N =945)
Phase I I I, RCT PD-L1 status — no. (%)
Positive 80 (25.3) 68 (21.7) 75 (23.8) 223 (23.6)

208 (65.8) 210 (66.9) 202 (64.1) 620 (65.6)

. Negative
9 45 p a t I e nts Cofldlnot be determined or 28 (8.9) 36 (11.5) 38 (12.1) 102 (10.8)

evaluated
BRAF status — no. (%)
L L
1 - 1 - 1 Mutation 100 (31.6) 101 (32.2) 97 (30.8) 298 (31.5)

No mutation 216 (68.4) 213 (67.8) 218 (69.2) 647 (68.5)
PD-L1 (+) =5%

Larkin J 2015
The NEW ENGLAND

JOURNAL of MEDICINE




Pembrolizumab for melanoma

Pembrolizumab for melanoma

! e
'S

Robert C 2015

G ™ NEW ENGLAND
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« Grade =3 AE
— Pembrolizumab 2w 13.3% (1.4% Colitis)
— Pembrolizumab g3w 10.1% (2.5% Colitis)
— Ipilimumab 19.9% (7% Colitis)

& JOURNAL S MEDICINE



Nivolumab/Ipilmumab

Nivolumab/Ipilimumab for melanoma

Previously
untreated

Phase Ill, RCT
945 patients
1:1:1

Grade 3/4 AE

— Nivolumab 16.3%
— Ipilimumab 27.3%
— Combo 55.0%

Table 2. Response to Treatment.

Variable

Nivolumab

Nivolumab plus

Ipilimumab Ipilimumab

% of patients (95% Cl)

43.7 (38.1-49.3)

(N=316) (N=314) (N=315)

Best overall response — no. (%)*

Complete response 28 (8.9) 36 (11.5) 7 (2.2)

Partial response 110 (34.8) 145 (46.2) 53 (16.8)

Stable disease 34 (10.8) 41 (13.1) 69 (21.9)

Progressive disease 119 (37.7) 71 (22.6) 154 (48.9)

Could not be determined 25 (7.9) 21 (6.7) 32 (10.2)
Obigctive responset

No. of patients with response 138 181 60

57.6 (52.0-63.2) 19.0 (14.9-23.8)

CSUMaicd Odds 71atio (Fo70 Li) L
Two-sided P value

Time to objective response — mo
Median
Range

S AU UZ=572]

<0.001

2.78
2.3-12.5

B Il (3.599-10.38) —

<0.001 —
2.76 2.79
1.1-11.6 2.5-12.4

* The best overall response was assessed by the investigator according to the Response Evaluation Criteria in Solid

Tumors, version 1.1.

- Data included patients with a complete response and those with a partial response. The calculation of the confidence

interval was based on the Clopper—Pearson method. These analyses were conducted with the use of a two-sided
Cochran—Mantel-Haenszel test stratified according to PD-L1 status, BRAF mutation status, and metastasis stage.
& The comparison is with the ipilimumab group.

Larkin J 2015

The NEW ENGLAND

JOURNAL of MEDICINE




Nivolumab/Ipilmumab for melanoma

Nivolumab/lpilimumab for melanoma

b Mipolumab plus Ipikmumab e Nivolamab k-3 plimum
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100 \
%
o™ =
o0 —~
-— -‘_.‘V
- - -
® ® .
Y 0 e — —
) - 7— -
3 - — iy - - Py
3 \ ~— ~— “
w - — c— — — "
- - — T e &
= w04 . "
= - - — - - - -
2 - e o
-': a0 g a4%
.:4 .. — ———
[ F - '
- - - - -
2 N ‘h*--
-4 % S

.
[
(

10+
s Y Y Y Y Y Y Y Y Y Y Y Y Y J Y Y
( 3 3 “ ) “ 3 x? 14 3 3 56 39 42 a8 48 5 4 S 60 063 o8 o5
Months

No. at Risk
Nimad pus ipfimurmad 314 2592 26 268 227 222 210 201 159 195 187 181 179 172 1659 164 163 159 157 1355 130 92 Le v
Nrald oo 316 292 266 245 231 214 201 191 1851 175 171 164 158 150 145 142 141 139 137 135 1 & L& 0
Ilmumab 315 3 1S3 227 203 1EBL 163 148 135 13238 13 107 100 a5 9L S 87 s 81 77 71 36 12 0

w NEW ENGLAND




Melanoma

Why melanoma?
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Highly mutated tumors

Non-small cell lung cancer ¢ Tumors with mismatch

~158,040 deaths/year in repair (MMR) deficiency
US — Lynch syndrome (germline
mutation)

Regional disease
16% 5 yr survival

— Sporadic mutation
— MSH2, MLH1, MSH6, PMS2

e Bladder cancer

_ — 16,000 deaths/year in US
Correlation between _ Highly lethal once

smoking and # mutations metastatic

Metastatic disease
2% 5 yr survival



Best reduction from baseline

of target lesion (%)

Nivolumab for NSCLC

Nivolumab for NSCLC

NSCLC refractory to = 2 treatments
Phase Il (CheckMate 063)

3 mg/kg g2w until progression or toxicity
117 patients treated

Objective Response 17 (14.5%), no CR

100 —
75
50 —
25

0 -

-25 —

-50 -

75 —

1 Alive
Bl Dead
€ Confirmed responders

| T —

IS Rizvi NA 2015

-100 -

THE LANCET Oncology



Nivolumab for NSCLC

Nivolumab for NSCLC

RCT
Nivolumab vs docetaxel

Refractory to one
platinum-based
regimen

Objective Response
— Nivolumab 27/135 (20%)
— Docetaxel 12/137 (9%)

Overall Survival (% of patients)

FDA approval for
refractory NSCLC in
March 2015

Brahmer 2015
The NEW ENGLAND

JOURNAL of MEDICINE




Pembrolizumab for NSCLC

Pembrolizumab for NSCLC

495 patients, subset of KEYNOTE 001

Wide range of inclusion criteria

— 94 treatment naive patients

— 126 never smokers

— 401 nonsquamous

Majority at 10 mg/kg either q2w or g3w
Objective response 96/495 (19.4%)

— Never smokers 13/126 (10.3%) FDA decision to
— Former/current 83/369 (22.5%) be made
Grade =3 AE

October 2, 2015
— Dyspnea 3.8%

— Pneumonitis 1.8% including a fatality

Garon EB 2015

&2) ™ NEW ENGLAND
s

: } JOURNALof MEDICINE



antiPD-L1

aPD-L1 in Urothelial bladder cancer

MPDL3280A "
Atezolizumab
15 mg/kg q3w

27% tumors with >5% PD-
L1 by IHC
65 pati e nts Wit h p rE- S el T el el Tk el T e T ok [t el o ol = et e o fd = et o [ ol [ [ e o Jd o ol
treatment biopsy U
ObjECtiVE Res POoONnse
— >5% PD-L1 13/30 (43.3%) FDA approval for
— < 5% PD-L1 4/35 (11.4%) urothelial cancer in

Grade 3/4 AE 4% May 2016
Powles T 2014

nature

Mandmirn SLD racction from basbing (%)



Nivolumab for NSCLC

Nivolumab for NSCLC

A Overall Survival
N g

e MNo. of Median 1-Yr
= 80 Dweaths/ Orwerall Crverall
i + Total Mo. Survival Survival Rate
= 70 of Patients (952 Cl) (9555 CI)
= L2y \_1\“ 51 G ko)
- S0 Mivolumab 1907292 12.2 (9.7=-15.00 51 (45-56)
2 40— = Docetaxel 223,290 9.4 (8.1-10.7) 39 [33-45)
3 % 39 E . Mivalumab Hazard ratio for death, 0.73 (96% Cl, 0.59-0.59)
= 204 : P=0.002
g 10— ; . Docetaxel
ﬂ T L] L] ; L] T L] L]
0 3 [ a9 L2 15 18 T 27
Maonths
Mo, at Risk
MNivolumab 292 232 Lo 169 146 123 [ % Lh}
Drocetaxel 290 244 194 150 111 58 34 5 0

* Nivolumab vs docetaxel

* Objective Response
— Nivolumab 56/292 (19%)
— Docetaxel 36/290 (12%)

FDA approval for
refractory non-squamous

NSCLC in October 2015
Borghaei 2015

e MEW EMGLAND

JOURMNAL o MEDICINE



oPD-L1 in Urothelial bladder cancer

310 patients

Objective Response
— 45 (15%)

— With 15 complete
responses

Overall Survival
— 7.9 months

1 yr Survival
— 37%

—
o
o

Overall Survival

N
o

o

# at Risk
All Pts

(o]
o

(o)}
o

BN
o

All Pts
| 1Al Patients
+ Censored
0 2 4 6 8 10 12 14 16 18 20

310

Time, months
265 203 176 146 126

110

97 82 35



Urothelial Cancer

Pembrolizumab in Urothelial Cancer

Part of KEYNOTE-012

Overall Survival (N = 29)

Required = 1% PD-L1

staining (61/95, 64.2%) f

10 mg/kg q2w f

33 patients (29 eval) i

OR 27.6%, SEERERRRAE > SRS
CR 10.3% (3 pts) . Median 0S:12.7 months (85% Cl. 5 0-NR)

« OS rate at 12 months: 52.9%

Grade = 3 AE 15%

Abstract: Plimack E 2015

ASCE)



Nivolumab in Urothelial Cancer

Nivolumab in Urothelial Cancer

One cohort of a larger study, 3 mg/kg q2w

Did not require = 1% PD-L1 staining (25/67, 37%)
78 patients (29 eval)

OR 24.4%, CR 6.4% (5 pts), Grade = 3 AE 22%

Dverall survival
109 ——, Median OF,
0 \\ moeths [B5% CI)
0.8 4 | T B 1) .72 (T.26-16.16)
3 07 I
g€ 061 = e
22 051 RS
E'E- 04 H
1§ 0.3 -
L1 B
0.1 5
LT
0 3 H -] 12 15 8 21
Month
Mo, ol patiesns al ik
TH “ 54 = 18 5 a5



MMR-deficient cancer

Pembrolizumab for
MMR-deficient cancer

A Bischomical Retponte
00—

Builds on hypothesis of
neoantigens from
somatic mutations

Phase 2 study
Three parallel cohorts EE———r—

Change in Tumar Marker Level
el

— MMR-proficient CRC £

E
— MMR-deficient CRC i
— MMR-deficient other f%é

Le DT 2015

e MEW EMGLAND

iy -,
tes4 JOURMNAL o MEDICINE



MMR-deficient

CRC
(Subject #16)

MMR-proficient

CRC
(Subje<t 53)

Tumor-stromal interface

Pembrolizumab at the

tumor-stroma interface

Tumors’ Invasive Front

Tumor infiltrating

R _lymphocytes (TIL)
HE&E PD-L1 CcD8 cD8
5 S ‘_:;,,7- ' Subjc(l!l'
- .;\\ «. M, .,
2 p 2 St
: T Subject =3
A e~ = s
STl e
23 (E« Q{"\:‘\ ‘;
: .‘\'- v -:_(._‘ .
SN g
Le DT 2015

™e NEW ENGLAND

JOURNAL o MEDICINE



Nivolumab for highly mutated
colorectal cancer

Nivolumab for highly mutated
colorectal cancer

CheckMate 142
dNVIMR or microsatellite
instability-high (MSI-H)

53 patients verified
dMMR/MSI-H

OR 36% (19/53)
CR 2% (1/53)

FDA approval for
dMMR/MSI-H tumors in
July 2017

—— e e

Owverman WD 2017
THE LANCET Dn-:crl:::-g}-'



Checkpoint blockade

Checkpoint Blockade

* Highly mutated tumors = Use in other tumors?

— Melanoma — Renal cell
— Non-small cell lung * Responds to other
cancer immunotherapy

— Hodgkin’s lymphoma

* Reed-Sternberg cells have
elevated amounts of PD-L1

— Head and neck SCC

= HPV and mutations

— Bladder cancer

— Tumors with mismatch
repair deficiency



Renal cell cancer

Nivolumab for renal cell cancer

Nivolumab vs everolimus
. - Mo, of Median Overall Mo, of
O bJ E-Ct |VE’ RES p G n SE Patients Suwha:::i% Cl) Deaths

MNiwolumakb 410 25.0 (21.8 .-\;EEI '.%El
— Nivolumab 103/410 (25%) e I
£ o8 . Hazar ATk, [(98.5% CI, OL.57=0.9%
— Everolimus 22/411 (5%) 3 o7
- - g 0,5
Median Survival s o
A 2 ..
— Nivolumab 25.0 months £ o]
Ll T T T T T T T T T T ]
— Everolimus 19.6 months oo o s v e
Mo.z_a'l.Fh'sl'-c . ) .
Everclimus 411 366 324 287 265 241 187 15 &1 2 2 o
FDA approval for renal
cell carcinoma in Motser 2015
Nﬂvember 2015 e NEW ENGLAND

JOURMNAL o MEDICINE
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Hodgkin’s lymphoma

Nivolumab for Hodgkin’s Lymphoma

80 patients * Objective Response
— Refractory to stem cell — 53/80 (66%)
transplant — 7 complete remission
— Refractory to
brentuximab FDA approval for
refractory cHL in
h May 2016

=

Younes A 2016
THE LANCET Oncology



Pembrolizumab

Pembrolizumab for Hodgkin’s Lymphoma

210 patients 100

— Refractory or unable to
stem cell transplant

Change From Baseline (%)

— Refractory to 20
brentuximab -
* Objective Response -
— 145/210 (69%)
— 47 (22%) complete FDA approval for
remission refractory cHL in
March 2017

Chen R 2017



Pembrolizumab

Pembrolizumab in Head and Neck SCC

Progression-Free Survival Owverall Survival

Median (95% CIl),

2 months (1.9-2.1)
B-month, 25%
12-month, 17%

Median (95% CIl),

8 months (6—10)
&-month, S8%
12-month, 38%

Overall Survival, %

a2
=
=
=
=)
L]
]
.
=
k=]
ol
b
L=
3
(=

12 18
Months
ar

FDA approval for recurrent or
metastatic head and neck squamous
carcinoma in August 2016

Mehra R, presented 2016 ﬂSC@



Avelumab

Avelumab in Merkel cell carcinoma

» 88 patients * Objective Response

0 Lt Sevon Samet o [ o dincln e (\)

Nevye

......M
now B 0E R
5882888 w
A LA 1

-y )
O Orbd - o .
' RERE-EFE-ER
! L1 1

— Confirmed — 28/88 (32%)
metastatic disease — 8 complete remission

o oo g FDA approval for

—o— Sable duease
Progrevsave docarse

i R i Merkel cell
carcinoma in March
2017

a Pttt oM reatment

Kaufman HL 2016
THE LANCET Oncology



PD-1/PD-L1 nathwav

Blocking the PD-1/PD-L1 pathway
. [prug | Melanoma | NSCLC [ RCC [ Bladder |

Anti-PD-1  Nivolumab [32% (n=107) ][1?% (n=129) 29% (n=34)
30% (n=20) 21% (n=168
Pembrolizumab [33% (n=135) ][26% (n=42) ] MR 24% (n=29)
26% (n=157) J|20% (n=194)
Anti-PD-L1  BMS-936559 17% (n=52) 10% (n=49) 12% (n=17) NR
MEDI4736 MR 16% (n=58) NR NR
Atezolizumab 30% (n=43) 23% (n=53) 14% (n=56) [ 26% (n=65)

FDA Approved
(As of 9/20186)

Adapted from Lipson 2015

Oricdlogy



PD-1/PD-L1 blockade

PD-1/PD-L1 blockade in mBrCa

Trial Characteristics PD-L1
Status

KEYNOTE-12 PD-L1+ pembrolizumab  Nanda JCO 27 5(185%) 1
mTNBC (21%) 2016

KEYNOTE-28 PD-L1+ pembrolizumab  Rugo SABCS 25 3(12%) O
ER+/Her2- (21%) 2015

KEYNOTE-86 Cohort A N/A  pembrolizumab  Adams ASCO 170 8(4.7%) 1
mTNBC (refractory) 2017

KEYNOTE-86 Cohort B PD-L1+ pembrolizumab  Adams ASCO 52 12(23%) 2
mTNBC (1% line) (21%) 2017

JAVELIN Phase Ib N/A avelumab Dirix SABCS 168 8(4.8%) 1
Subgroup: mTNBC 2016* 58 5(86%) 0
Sub-subgroup: PD-L1+  (210%) 9 4(44%) O
mTNBC N/A  atezolizumab Schmid AACR 112 11(10%) 3
Subgroup: 1% line 2017 19 5(26%) 2
Subgroup: PD-L1+ (25%) 71 9(13%) 3

N/A: accepted patients regardless of PD-L1 status
* Initial data presented by Dirix, updated in material requested from EMD/Serrano



PD-L1/chemo

PD-L1/chemo in mBrCa

Nab-paclitaxel + g™ NS~ = 3
atezolizumab et s Aot s s ea
902 patients '““\'\' e
Randomized f ’5 TR e

379 with PD-L1+ (=1%) ' TN
tumors S
Objective Response T T e

— Chemo + atezo 59% '“" s e e .
— Chemo + placebo 43%

2yr Survival FDA approval for PD-L1+

— Chemo + atezo 54% .
_ Chemo + placebo 37% TNBC in March 2019

Schmid et al 2018

‘/i_,\;.‘ w NEW ENGLAND
Sen”

‘\‘ JOURNAL:SMEDICINE
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Timeline of Anti-PD-1/L1 Antibody Approvals by the FDA

Updated on September 23, 2019, by Jwn Tang/Annie Yu
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Checkpoint modulators

Checkpoint Modulators

* Every expanding list of ==Gastric Cancer.
o . Cervical Cancer
indications “lass odgkin Lymphomausimens
* Over 2200 different e pelosellular Carcinamammsss - 15 (o e
trials of combination - e I“'(’a
- ‘ena N C JI71A

wlervical Cancekb...

. Melanoma :
* Any questions? Head and Neck Squamous Cell Cancer

“"Hepatocellular Carcinoma

Cutaneous Squamous Cell Cancer
Melanoma

Merkel Cell Carcinoma

——— -

) |
wissraMerkel Cell Carcinoma



Checkpoint modulation

Checkpoint Modulation

Questions?



