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Key Players of the Immune System

Tumor-associated

macrophage
Regulatory
T cell

Myeloid-derived
suppressor cell

..: Dying tumor
 cells

' Stromalcells. “& ¢ ’

https://www.immunooncologyhcp.bmsinformation.com/antitumor-immunity.
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Immune Tolerance
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Common Immune Evasion Strategies Used by~

Tumor Cells

B Recruitment of
immunosuppressive cells

H B

Tregs MDSCs

A Ineffective presentation
of tumor antigens to the
immune system

Downregulation of Suppression
MHC expression of APC

C Release of
immunosuppressive factors

Factors/enzymes directly

- or indirectly suppress
@ o ® g immune response

D T-cell checkpoint
dysregulation

Co-stimulatory Co-inhibitory
receptors receptors

Tumor microenvironment

M Davies, New modalities of cancer treatment for NSCLC: Focus on immunotherapy, Cancer management and research, 2014.
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Immune Checkpoints
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Immune Regulatory Receptors on T Cells

I Melero et al, Clinical Development of Immunostimulatory Monoclonal Antibodies and Opportunities for Combination, CCR Focus, 2013
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FDA-approved Checkpoint Inhibitors*

Ipilimumab CTLA-4
Nivolumab PD-1
Pembrolizumab PD-1
Atezolizumab PD-L1
Durvalumab PD-L1
Avelumab PD-L1
Nivolumab with Ipilimumab PD-1 and CTLA-4

Pembrolizumab with carboplatin and PD-1
either paclitaxel or nab-paclitaxel

Immune Checkpoint(s)

FDA-approved tumor-type**

Melanoma

Melanoma

Non-small cell lung cancer

Small cell lung cancer

Renal cell carcinoma

Classical Hodgkin lymphoma

Squamous cell carcinoma of the head and neck

Urothelial carcinoma

Hepatocellular carcinoma

Mismatch repair deficient and microsatellite instability high metastatic colorectal
cancer

Melanoma

Non-small cell lung cancer

Squamous cell carcinoma of the head and neck

Classical Hodgkin lymphoma

Urothelial carcinoma

Gastric or gastroesophageal junction

Microsatellite instability-high or mismatch repair deficient solid tumors
Recurrent locally advanced or metastatic Merkel cell carcinoma
Cervical cancer

Hepatocellular carcinoma

Urothelial carcinoma

Non-small cell lung cancer

Urothelial carcinoma

Non-small cell lung cancer

Merkel cell carcinoma

Urothelial carcinoma

Melanoma

Renal cell carcinoma

Microsatellite instability-high or mismatch repair deficient metastatic colorectal cancer

Non-small cell lung cancer

*List of FDA-approved immune checkpoint inhibitors as of February 18, 2019, adapted from: https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm

**Tumor type must meet the criteria listed in the above-mentioned website
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T cell Targets for Immunoregulatory Therapy

Activating Inhibitory
receptors receptors ,j

< CD28 . CTLA-4
& OX40 Lg® PD-1 ;
jﬁ TIM-3 4\\§

GITR

"‘ cp27 &7 A X VISTA

¥ ¥

Agonistic Blocking
antibodies T-cell antibodies

stimulation

I Mellman et al, Cancer immunotherapy comes of age, Nature, 2011
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T cell Agonists: Stepping on the Accelerator

Press the gas pedal Release the brakes

\... Receptor agonists \_ Rggeptor antagonists

Green means activator receptor and agonist antibody

Red means inhibitory receptor and antagonist antibody

| Melero et al, Clinical Development of Immunostimulatory Monoclonal Antibodies and Opportunities for Combination, CCR Focus, 2013
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OX40 (CD134)
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OX40 (CD134)

- Member of the tumor necrosis factor

receptor superfamily4

- Expressed on activated CD4*and CD8* T
cells and Foxp3*CD4* regulatory T cells
(Tregs)

- High level of OX40 expression on Tregs in
tumor and not periphery

~ Antigel
~

TCR \ £l
- OX40 expression is transient; peaking 24-48

hours after activation

o Typically lasts 3—4 days
* One known ligand OX40L

- Expressed on activated APCs

1 4 https://www.azimmuno-oncology.com/what-is-immunotherapy/other-cancer-pathways.html#
S. Aspeslagh et al, Rationale for anti-OX40 cancer immunotherapy,European Journal of Cancer, 2016
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OX40 Signaling

CDA T cell

Enhanced
Activation

CD8 T cell

- ... Ny Enhanced
Activation
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Granzymes . . . o_ Tumor antigen
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Antigen-presenting
cell
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Promotes effector T cell expansion and
survival

Enhances expression of survivin, cyclin
A, cyclin-dependent kinases, Bcl-2 anti-
apoptotic molecules, cytokines, and
cytokine receptors

Impairs conversion of naive T-cells into
FoxP3* Tregs

Depletes tumor infiltrating Tregs that
Impairs suppressing ability of Tregs in
the tumor

Figure adapted from Medimmune Oncology Pipeline: MEDI6469, targeting OX40.
https://www.azimmuno-oncology.com/what-is-immunotherapy/other-cancer-pathways.html#

S. Aspeslagh et al, Rationale for anti-OX40 cancer immunotherapy, European Journal of Cancer, 2016


https://www.azimmuno-oncology.com/what-is-immunotherapy/other-cancer-pathways.html
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OX40 and Tregs

OX40 blocks the suppressive function of Treg cells in vivo

In TGF-B1-treated cultures, OX40 agonist increased IFN-y
and IL-4 production and blocked TGF-B1-mediated Treg
conversion of activated T cells

However, in the absence of IFNy or IL-4, OX40 stimulation
In naive mice, enhanced Treg proliferation and
accumulation in vivo.

OX40 can push Treg cells in both directions, depending
upon the context of stimulation and the cytokine milieu

Ruby CE et al. Cutting Edge: OX40 agonists can drive regulatory T cell expansion if the cytokine milieu is right. J Immunol. 2009

py of Cancer
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OX40 Agonist: Phase | Proof-of-principle Study

- N=30 patients with advanced cancer

Csitc >

ty for Immunotherapy of Cancer

* Murine agonistic anti-human OX40 mAb used

Single cycle of anti-OX40 given intravenously (IV) on days 1, 3and 5

3 dose levels: 0.1mg/kg; 0.4mg/kg; 2mg/kg

Most common toxicities: Lymphopenia, fatigue, rash and flu-like symptoms with

fever and chills

MTD was not reached within the dose levels tested

Adverse events

Toxicity

Grade 1

Grade 2 | Grade 3 | Grade 4

Lyvmphopenia

10 8 1

Fatigue

Fash/5kin Changes

Pruritis

L 4 ]

Fever/Chills

[ — =

Splenomegaly

Arthralgias Myalgias

MavseaVomiting

Increased AST, ALT or alkaling phosphatase

Anemia

— (o] 4 LA =]

3
3
1
8

Curti BD et al. OX40 is a potent immune stimulating target in late stage cancer patients. Cancer Research. 2013
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OX40 Agonist: Efficacy Results

Tumor shrinkage in 12 and no change in 6 patients

SD in patients with melanoma, renal cancer, squamous cell
carcinoma of the urethra, prostate cancer and cholangiocarcinoma
Longest interval of SD lasted 470 days in a patient with renal cancer

A
100

80
60

Cohort 1: one cycle of 0.1mg/kg
Cohort 2: one cycle of 0.4mg/kg

Cohort 3: one cycle of 2mg/kg
40

20 1.2 3
" ‘Illlll. ________

1222233'33?ﬂﬂ'l|||

Percent Change in Tumor Size
Compared to Baseline
R
=

b
o

Curti BD et al. OX40 is a potent immune stimulating target in late stage cancer patients. Cancer Research. 2013
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OX40 Agonist: Immunologic Results  =~m=mee

® cos™ T cells 0 cpa* Foxp3™®9 T cells o cD4* FoxpaP® T cells
2 5 B . Amgkg) § 4 g o
s »- Tm - g:o:tt ; (gl 9) § ® Cohort1(0.1mg/kg) & @ Cohort 1 (0.1mg/kg)
2 ol ort2(0.4mg/kg) 2 % Cohort2 (0.4mg/kg) = # Cohort 2 (0.4mg/kg)
E / - Cohort 3 (2mg/kg) o -4 Cohort 3 (2mg/kg) £ 3 - Cohort 3 (2mg/kg)
g / ¥ Controls S ¥ Controls ° “¥- Controls
* —_
2 p=0.001 2 *p=0.001, * p=0.013 § 2
§ g’ 2 J\
z o g 1 -$—t-gg—
& s ©
s c 1} T L] T T 1 B c L} L Ll Ll T 1 'N? c L] L] L) L} L} 1
¢ O 10 20 30 40 50 60 g 0 10 20 30 40 50 60 g 0 10 20 30 40 50 6

Davs Days Days

Significant increase in proliferation of both CD4* and CD8* T cells

Did not increase CD4*/FoxP3* Treg proliferation

Preferential upregulation of OX40 in TIL Tregs than PBL Tregs

Major limitation: High human Anti-mouse Ab production, which precluded the
administration of multiple cycles

19

Curti BD et al. OX40 is a potent immune stimulating target in late stage cancer patients. Cancer Research. 2013
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OX40 Agonist: Immunologic Results by ==
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Curti BD presentation at 2017 ASCO-SITC Clinical Immuno-Oncology Symposium
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OX40 Agonist Monotherapy: in Clinical ===

Qx40 Tavelimab (MEDIDSE2) lgG1
PF-045 18600 IgG2
Bivio-G8517E lgol
MOXR-0016 lgG1
GS5K-3174900 lgG1
INC.AGND1049 lgG1

21

Development

Astralsneca
Plizer

Bristol-Myers Squibb
Bochs

OlaxoSmithkline
Incyte

Phase |

Phase I

Phase I
Dizcontinued; phaze at
t=rmination: phase |l clinicel
Phase |

Phece ll|

Mayes PA et al, The promise and challenges of immune agonist antibody development in cancer, Nature reviews Drug Discovery, 2018
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PF-8600, fully human IgG2 agonistic mAb -~
against human OX40: Phase |

N=52 [melanoma (n = 15), HCC (n = 19), head and neck squamous
cell (n =9) or renal cell carcinoma (n =9)]

Most commonly-reported AE (all grade): fatigue, nausea,
decreased appetite

No DLTs up to 10mg/kg.
Dose expansion in HCC to find RP2D

PR=2 (melanoma & HCC; n=1 each), SD=28, PD=19

El-Khoueiry Ab et al, The relationship of pharmacodynamics (PD) and pharmacokinetics (PK) to clinical outcomes in a phase | study of OX40
agonistic monoclonal antibody (mAb) PF-04518600 (PF-8600). J Clin Oncol 35, 2017 (suppl; abstr 3027)
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MEDIO0562, a humanized IgG4 OX40 monoclonat——-
antibody: Phase |

N=55 pts with advanced solid tumors

TRAe In 67%; most common trAEs were fatigue (31%) and
Infusion-related reaction (15%).

Gr 3 TRAEs in 16%; most common pyrexia (4%)
No Gr 4 or 5 TRAES.

No DLT; sugC?ested MEDI0562 Phase 2 dose of 23 mg/kg Q2W
was selected.

50 evaluable; 2 PR (SCC of larynx and bladder cancer [n=1
each]), SDin 22 (>3 months in"20),

B Glisson et al, Safety and clinical activity of MEDI0562, a humanized OX40 agonist monoclonal antibody, in adult patients with advanced solid tumors, ESMO 2018 Congress



OX40 agonism + PD-1 blockade: Csite >
Timing Is Important

» Orthotopically-transplanted murine mammary tumor virus
polyoma middle T (MMTV-PyMT) mammary cancer model
- Model is refractory to PD-1 blockade
> With sequencing, tumor progression delayed significantly.

Day O 7 9 11 13 15 17

10° MMTV-PyMT = OX40 OX40 0OX40 —>
Spontaneous: PD-1 PD-1 PD-1

derived tumor

i,i—\:g OX40 OX40 OX40 PD-1 PD-1 PD-1 =

No treatment P

24 Messenheimer DJ et al, Timing of PD-1 Blockade Is Critical to Effective Combination Immunotherapy with Anti-OX40. Clin Cancer Res. 2017
Curti BD presentation at 2017 ASCO-SITC Clinical Immuno-Oncology Symposium
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Concurrent Administration

Increases proliferation of TILsS
but short lived and this metric
does not correlate with
therapeutic response

Weakened anti-tumor effect

Suppressed the therapeutic
effect of anti-OX40 antibody

Heightened expression of
Immune checkpoint proteins
CTLA-4 and TIM-3on T cells

Acute Increase In serum
cytokines

o~ 1609 - OX40
= -4~ PD-1
= 0OX40 + PD-1
~ 1004 ¥ No Treatment :
.g ]n
(7)) 0X40
5 804 PD-1 ,
E Wi
h 0 L J L L)
0 20 40 €0
Day

awt: : ,,,,,[ @ OX40 (n=12)
> [-a- PD-1 (n=10)
- : **L.u OX40 + PD-1 (n=12)
(3 60 )'1'. ¢ No Treatment (n=10)
‘E 40+ &1
8 &
il 1

o —y : |

0 50 100 150

Sitc
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Messenheimer DJ et al, Timing of PD-1 Blockade Is Critical to Effective Combination Immunotherapy with Anti-OX40. Clin Cancer Res. 2017
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Anti-OX40 plus delayed anti-PD-1 is
superior to concurrent combination

Sequential Administration sitc

Society for Immunotherapy of Cancer

-
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4 OX40 +PD-1 (n=12)

£ 0K +PD1 (@ (=10 Delaying anti-PD-1 administration

X% No Treatment (n=10)

n = 6/group
*¥*¥* = p <0.0001

Greatly enhanced the effects of anti-
OX40 monotherapy

Complete regression of tumors in
about 30 percent of the mice

Anti-OX40 plus delayed anti-PD-L1 is also
superior to concurrent combination

Provided durable responses

150

=

o

o
[

PD-1 (d)
PD-L1 (d)

Tumor Size (mm?)

n = 5-6/group

& 0X40 +PD-L1

53 0X40 +PD-L1 (d)

-9 0X40 +PD-1(d)

dependent on both CD4+ and CD8+ T
cells that eliminated tumors in a
substantial portion of animals.

50- «¥% No Treatment
0-0 | 20 4'0 5'0 ti-PD-L1: 10F.9G2
anti- =L 1 s
0X40 Day
PD-L1

Messenheimer DJ et al, Timing of PD-1 Blockade Is Critical to Effective Combination Immunotherapy with Anti-OX40. Clin Cancer Res. 2017
Curti BD presentation at 2017 ASCO-SITC Clinical Immuno-Oncology Symposium
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Timing is Important Sitc >

Proposed Model: Anti-OX40 + delayed
anti-PD-1 provides improved therapy

Immune Response

OX40 + PD-1 delay

1 0OX40

OX40 + PD-1

Time

Improved Therapy
* Block exhaustion
* Maintain T cells

Reduced Therapy
A inhibitory receptors
N Tcells

Messenheimer DJ et al, Timing of PD-1 Blockade Is Critical to Effective Combination Immunotherapy with Anti-OX40. Clin Cancer Res. 2017

Curti BD presentation at 2017 ASCO-SITC Clinical Immuno-Oncology Symposium
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OX40 Combinations in Clinical Developmen

SCLC
[ Marketed \
Pembeoecrzomnd .\ @ Aezoscobmetnt Melanoma
Phase Ill < Pemtmeepatostat o L Alz0sCPIAM 2
S Pembroserotng v T Bt
Phase Il NSCLC Nwoeepacadocat o 3 4 nd ) oo @ Neowureumab @ PembrosLV305
Phase | or I/il Noosgauncertid ® | @ MeeFNo oM o P
AvesPF.O4518600 o Nwoviekumab @ : Atezowarhamab | o Penbeo
) g Sembrosneciumumad ¢ U1 . o m @ PESBmIAMII0 g PembrosS0-101
DIAZDITSS o WO @ oo PEGPH20 @ Aeomiena® o DambeosCAVATAK PembrosX4P-001
Ounaespacadostat . FORO0TSLAGS2S L °
AezoeCPLA o o @ Pembrosperdatnd o (o, |@ Duneedabraiendirametnd ® PORICIHLAGSZS
Atezoscobmetnd o U A T| @ Ouvesopacadostat @ Pemio AP0 Novos BMS- 286016 RCC
Durasinnk g  FORILCAMIZ® o\ iaTak @ |® | o NuosBMSS8i0ts @ Pembrosdarbafentorametnd
@ Oummmecsenet . et . .W . vmo.mm
Pembrosplimumad
A PORO0! srametmit " Pombno sl "
® D . . Pomt trosiat @ ° . .
Aez0+GOC0919 @ NvosCV301 @ ‘M . s ." E—— @ PembrosAMIO10  pomanta(AGS2S
L ] Pemrosepacadostal
o Mecocose  ® %
P o Nwvosplmumad
7. ° Atezovvartiumab L PembrosCAVATAX .
o "¢ Atezosvanici ® Combrosenadenctucrey  NWOSNKTR-214
AIeRGT813 @ pecodRG7ETE @ Atezoe bevacumab @ AlezoeCPIA R uc
Pembrceepacadostat
DurvasIMC-CS4 DurvaeL¥2510924 ® D"‘m. O+ axte @ Aezoeemactizamab
Durvasmonaicurmae
s g .
. o NvonTX 20N @ . 2 o Mewratan ®
Nevo+BUS 986155 @ NevoeCB-1158 @ : @ Senbr-sssnare ° @ Perbwoperidatnl
Nivosmogamukziman @ PembroeMK 4166 @ . DunaeAZDASAT @ Pembrosramuciumat
PembrosMK 4280 @ momvwo Permbroschemo | T.VEC ®huzsecoisu ® DunaeADNIS0 o o —
PDROOISGWNIZS @ ® Ae20:00CH19 o DunaeAXAL
A ® Pembrosenadinoticrey
PORSOIAMCSHD. /W Durvaazacidine @ . a0
omtnt DunvaeAZDSOES @ pivosBMS-986016
//ﬁ" ' o Ourva+AZDS738
Atezo+CPLA44 .
& ® N Pe
. .
PMMO Mtso @ Aemenzemencist @ ® Nivoswehamsd
A PN P Db besdanst OWua-r Pembrospexidertink
g > W. ® A20+GOC0918 ov::m us *
Pembroseacadociat @ @ Dunvasvemeimumas o Newwasumad SCCHN
o a ® AezoiGOC0919 N\ @ Almevadiumad @ PORDOTCAMIIZ
Pembroedacatric @ ® Aezowncaparb @\ @ PORIOIAEGFSIE g PORODTscanakimumab
2 SO g
Haem ® hveesiaxcine N Pemtrosnrapa
Novosepacadostat \_ @  Pembeospexidarnd @
o, @ Nevosiniumad o Ala s sl
® woitusanos \ o o 8 e TNBC
- L] @ Pembeosriapard
PembroePEGPH0 @ \ Py
Pembrospexdatind
. L
Ovarian

Curti BD presentation at 2017 ASCO-SITC Clinical Immuno-Oncology Symposium

tCsitc>

Society for Immunotherapy of Cancer



Csitc >

4-1BB (CD137)
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4-1BB (CD137)

CD137/4-1BB stimulated tumor cell killing

CD137 specific Prmed T cell
antibody

CD137 Defivery of

cytotoxic it

Granzyme

Cytotoxic T cell

T cell
T cell

survival and
migration

peptide

TCR St
Perfonn

pesice s

Lymph node

Tumor cell

30

Member of the tumor necrosis factor
receptor superfamily9

- Expressed on activated CD8* and CD4* T
cells, activated natural killer (NK) and
natural killer T (NKT) cells, regulatory T
cells, dendritic cells (DC), stimulated mast
cells, differentiating myeloid cells,
monocytes, neutrophils, and eosinophils

- Peaks 12-24 hours following stimulation
- Declines by 72 hours

Ligand: 4-1BBL
- Expressed on activated APCs

- Myeloid progenitor cells and hematopoietic
stem cells

Wang C et al. Immune regulation by 4-1BB and 4-1BBL: complexities and challenges, Immunological Reviews, 2009

Bartkowiak T and Curran MA. 4-1BB Agonists: Multi-Potent Potentiators of Tumor Immunity, Front Oncol. 2015.
Segal NH et al, A phase 1 study of PF-05082566 (anti-4-1BB) in patients with advanced cancer. J Clin Oncol, 2014
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Multi-potent Roles of 4-1BB

+IDO - Diverse immune effector responses on both the

sAntigen +IL-8 innate and adaptive immune arms.
PB'es1elgtat2'°" 3 - Most potent action on CD8+ cytotoxic T cells:
+B7-1/B7- |

— +ADCC Increased T cell proliferation and effector potential
+IDO 4 Q , = N +IFNy through increased IFN y production and expression of
+IL-12 ’ , . L multiple granzymes; prolonged CD8 T cell survival
+HL-27 J ' Macrophage ' '

« CD4+ effector T cells: stimulated to expand and
produce pro-inflammatory cytokines.

NK Cell
‘R f’ - Controversial role on Tregs:
> Either inhibit differentiation of conventional effector

cells into Tregs and inhibit Treg suppression

04 1BB Treg , Or maintain Treg expansion and suppressive capacity
) + NK cells: stimulate antibody-dependent cell-
CDB mediated cytotoxicity through Fc/FcR interactions,
TNy ?Suppression . - |nduce maturation and antigen presentation. In
+Proliferation ?Expansion

S addition, a4-1BB stimulated DCs begin to express IL-
?Polarization 12 and IL-27 as well as the enzyme IDO to modulate T
cell function.

+Cytotoxicity
+IFNy/TNFa + 4-1BB+ macrophages: stimulated to increase antigen

+Proliferation presentation and produce IL-8 as well as IDO.

Bartkowiak T and Curran MA. 4-1BB Agonists: Multi-Potent Potentiators of Tumor Immunity, Front Oncol. 2015.
Segal NH et al, A phase 1 study of PF-05082566 (anti-4-1BB) in patients with advanced cancer. J Clin Oncol, 2014
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4-1BB Signaling/Agonist Action

Ligation recruit
Induces signali

It
Society for Inmunothera

s TNFR-associated factor (TRAF) 1 and TRAF2 and
ng through the NF-kB and MAPKSs.

Increase co-stimulatory molecule expression and markedly
enhance cytolytic T lymphocyte responses

Results in dura
Promotes T-cel

nle anti-tumor protective T-cell memory responses
migration into tumor lesions due to increased

expression of t

ne cellular adhesion molecules ICAM-1, VCAM-1, and

E-selectin on tumor vasculature
Fully human mADbs against CD137 (urelumab or BMS-663513,

Utomilumab or

PF-05082566) have been developed

Liver toxicity associated with 4-1BB agonist antibodies has
dampened the clinical development of the agent

Fisher et al, Targeting of 4-1BB by monoclonal antibody PF-05082566 enhances T-cell function and promotes anti-tumor activity, Cancer Immunol Immunother, 2012.

py of Cancer
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4-1BB Monotherapy: Preclinical Data

In several tumor models, 4-1BB agonists have
demonstrated antitumor efficacy

CD-137 agonist antibodies show a dose dependent
Inhibition of tumor growth:

CT26 Mouse Model

3000 - .
#®- Vehicle

£ 41BB 0.01mpk
1l & 41BB 0.1mpk
¥ 41BB 1mpk

:

Tumor Volume (mm®)
g

0 5 10 15 20 25
Days Post Implant

Segal NH et al, A phase 1 study of PF-05082566 (anti-4-1BB) in patients with advanced cancer. J Clin Oncol, 2014
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Urelumab: Proof-of-concept Study = .55

A fully human IgG4 with a point mutation (S228P)
Phase I/ Il trial in 115 patients with advanced/metastatic solid tumors
Most frequent AE fatigue, transaminitis, neutropenia, rash, and diarrhea

Grade 22 laboratory abnormalities were: increases in alanine
aminotransferase (ALT) (15%), aspartate transaminase (AST) (12%),
leukopenia (8%), neutropenia (6%), thrombocytopenia (4%), and
hyperbilirubinemia (<1%)

Optimal dose was not identified
Partial remissions and sustained stable diseases were observed.

Increase peripheral activated CD8 T cells and IFN-inducible genes

Sznol M et al, Phase | study of BMS-663513, a fully human anti-CD137 agonist monoclonal antibody, in patients (pts) with advanced cancer (CA) [abstract], J Clin Oncol, 2008.

| notherapy of Cancer
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Urelumab: Phase Il

Randomized, multi-dose study in previously treated melanoma
patients with stage IV disease

Four arms:
arm 1, 0.1 mg/kg every 3 weeks
arm 2, 1 mg/kg every 3 weeks
arm 3, 1 mg/kg every 6 weeks
arm 4, 5 mg/kg every 3 weeks

The study was terminated in May 2009 due to unusually high
Incidence of grade 4 hepatitis

Cause is related to increased CD8+ T cell accumulation and
activation in the liver following treatment

In December 2008, enrolment was stopped for all urelumab studies
following the occurrence of two hepatotoxicity-related deaths

Wen-Jen Hwu, Targeted therapy for metastatic melanoma: From bench to bedside, HemOnc Today, 2010.
Mayes PA et al, The promise and challenges of immune agonist antibody development in cancer, Nature Reviews Drug Discovery, 2018
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Urelumab: Phase Ib g
3 monotherapy studies restarted in February 2012

N=347; doses ranging from 0.1 to 15 mg/kg every 3 weeks

TRAEs in urelumab doses between 1 and 15 mg/kg greater than

than in doses of 0.1 or 0.3 mg/kg
Two deaths occurred at the higher

Urelumab Urelumab Urelumakb

dose range (1 and 5 mg/kg). N Oimghy OImag -ima/kg
cvent (n i (n 3" in ¥
15 of 25 patients rechallenged at the "5 i romests ) usGe  ma@s
same dose did not have recurrence of o= L e e
Rash 4.4 1 8.7
same AEs Nausea 13.1 16 135
Pruritus 4.4 c4 EN|
Urelumab 0.1 mg/kg every 3 weeks pecrezsed appetie s .'E 22
was demonstrated to be safe P - o e
Headacha L& L& 1.0
More marked agonistic activity on the — esrsen 50 G A

receptor than utomilumab

Segal NH et al, Results from an Integrated Safety Analysis of Urelumab, an Agonist Anti-CD137 Monoclonal Antibody, Clin Cancer Res., 2016
Perez-Ruiz EANnti-CD137 and PD-1/PD-L1 antibodies en route toward clinical synergy. Clin Cancer Res. 2017
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Utomilumab: Phase |
A fully human IgG2

N=34 patients with advanced cancer

3+3 design (0.006 to 0.3 mg/kg) Time-To-Event CRM design for
higher doses (0.6 to 5 mg/kg)

Grade 1 AEs: Rash (n=3), fever, nausea/vomiting (n=2 each),
weight loss, fatigue, thrombocytopenia (n=1 each)

Grade 3 elevation in alkaline phosphatase (n=1) at 0.06 mg/kg
dose

No dose-limiting toxic effects in humans at doses up to 10 mg/kg

Best overall response of stable disease was observed in 22%
(6/27) patients

Segal NH et al, A phase 1 study of PF-05082566 (anti-4-1BB) in patients with advanced cancer. J Clin Oncol, 2014
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T-cell activation and cytokine production (e.g., IFNy) by 4-1BB may
Induce increased PD-L1 expression, limiting T cell function

Combination has complementary action and may produce additive

. . . . . 9 Con
or synerglstlc antitumor act|V|ty 2 = PD-1
100- -4 CD137
o 15001 B16F10 ¥ PD-1/CD137
E - Rat lgG2a ook P — 80 5
é ., =-e- Anti—4-1BB *kEk g A
g Lo [ <& Anti-PD- J ; 60
= v y Anti-LAG-3 % n 40
cf 500 - ‘ ‘ / - Anti-PD-A/Anti-LAG3 r B -
£ — — Anti—4-1BBfAnti-PD-1 20-
- |
'. 0 T L] L] L] L4 L L} G Ll L] T T 1
B8 10 12 14 16 18 20 22 0 20 40 60 80 100
Days after tumor inoculation Day after tumor injection

Poorly immunogenic B16F10 melanoma - Qvarian cancer model,
model,
Combination produced antitumor activity
Elevated CD8+/regulatory T-cell ratio

Increased activity of tumor-specific cytotoxic T
38 lymphocytes

Improved survival
Increase in effector CD8+ T cells
Decrease in Tregs and MDSCs

Chen S et al, Combination of 4-1BB agonist and PD-1 antagonist promotes antitumor effector/memory CD8 T cells in a poorly immunogenic tumor model. Cancer Immunol Res 2015
Wei H et al, Dual targeting of CD137 co-stimulatory and PD-1 co-inhibitory molecules for ovarian cancer immunotherapy. Oncoimmunology 2014
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Utomilumab+ Pembrolizumab

N=23 patients
6 had NSCLC
5 had RCC
3 had HNSCC

2 each had pancreatic or thyroid
cancer

1 each had small-cell lung cancer
(SCLC), colon cancer, sarcoma, thymic
cancer, or ocular melanoma

Utomilumab (0.45-5.0 mg/kg) and
pembrolizumab (2 mg/kg) every 3
weeks.

No DLTs were reported.
TRAEs were mostly Grade 1/2

Adverse event®

Fatigue

Rash

Cough
Dzcreased zppetite
Mausea
Constipation
Pruritus
Pyrexia
Vomiting
Anemia
Oyspepsia

Upper respiratory tract
infection

- Phase Ib

Sitc
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Pembrolizumab (2 mgfkg) + wtomilumab (& = 23}

Treatment emergent

A11
Erades

18 {43.5)

18 {43.5)

& (34.8)
7 (30.4)
7 (38.4)
6 (28.1)
6 (26.1)
5 (21.7)
5 (21.7)
4 (17.4)
4 (17.4)

4 [17.4)

Grade 3-
4I:|

1

d

d

A1l
Erades

(4.3) & (34.8)
& (34.8)
1 (4.3)
3 (13.8)
3 (13.8)
1 (4.3)
5 (21.7)
3 (13.8)

1 (4.3)

3 [13) a

(8.7

Treatment related

Grade 3-

Lw)

aNone of the patients discontinued due to treatment-related adverse events.
bTreatment-related grade 3 adverse events reported in this study included
adrenal insufficiency and hypokalemia (n = 1 each).

Tolcher AW et al., Phase Ib Study of Utomilumab (PF-05082566), a 4-1BB/CD137 Agonist, in Combination with Pembrolizumab (MK-3475) in Patients with Advanced Solid Tumors, CCR, 2017
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Best change from baseline (%)

100
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-30

~75

~100

Individual patients

Utomilumab+ Pembrolizumab: Phase Ib <sitc

PD

PD
PD
FD PD o

SD
= % %o sD

SD Sb SD

br l
sD
SD g
PR
PR

Evaluable patients (N = 23) CR CR

PR

(*) signs indicate the 3 patients who had previously received a PD-1-blocking agent.
RCC SCLC Thyroid cancer s Other

mm—— NSCLC HNSCC == Pancrea tic cancer

M First CR reported A First PR reported @ First PD reported

A ® PR
iy =] CR
A PR
A | ® CR
A PR

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Months

Society for Immunotherapy of Cancer

ORR: Six out of 23 treated
patients (26%) per RECIST 1.1

CR In SCLC (n=1), PRs in RCC
(n=2), NSCLC (n=1), H&N (n=1)
and anaplastic thyroid (n=1)
Median duration of response
has not been reached

Five of the 6 responders
maintained a response for >6
months

Tolcher AW et al., Phase Ib Study of Utomilumab (PF-05082566), a 4-1BB/CD137 Agonist, in Combination with Pembrolizumab (MK-3475) in Patients with Advanced Solid Tumors, CCR, 2017
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4-1BB Agonist + Chemotherapy

a4-1BB with 5-FU:

Profound tumor regressions
Increased overall survival rates

a4-1BB with the DNA-alkylating platinum-containing
derivatives, particularly cisplatin:

Produced cooperative anti-tumor responses; complete rejection of
CT26 colon adenocarcinoma

Increased survival
Protection from cisplatin-induced nephrotoxicity

a4-1BB with cyclophosphamide (CTX):

Increased overall survival by eliciting polyclonal expansion of anti-
tumor T cells

Significantly enhanced effector function

Ju SA et al. Eradication of established renal cell carcinoma by a combination of 5-fluorouracil and anti-4-1BB monoclonal antibody in mice. Int J Cancer. 2008
Kim YH et al. Combination therapy with cisplatin and anti-4-1BB: synergistic anticancer effects and amelioration of cisplatin-induced nephrotoxicity. Cancer Res. 2008
Kim YH et al, Mechanisms involved in synergistic anticancer effects of anti-4-1BB and cyclophosphamide therapy. Mol Cancer Ther. 2009
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- Dendritic

cell (APC)

Cell type GITR expression

Naive Activated
Regulatory T cells High Very high
T cells (CD4/CDE) Intermediate High
NE cells Intermediate High
Granulocytes Intermediate High
Mast cells Intermediate Intermediate
Eosinophils Intermediate low
Basophils Intermediate/ low

Monocytes'macrophages Low

Intermediate

sitc >

GITR (CD357)

 Member of the tumor necrosis
factor receptor superfamilyl18
- Peaks after 2-3 days
- Declines by day 5

* GITR ligand (GITRL)

- Expressed at low levels by antigen-
presenting cells such as dendritic
cells (DCs), macrophages, and B cells

> Upregulated upon activation

Riccardi C et al, Glucocorticoid-induced TNFR-related gene (GITR) as a therapeutic target for immunotherapy, Expert Opinion on
Therapeutic Targets , 2018

Schaer et al, Modulation of GITR for cancer immunotherapy, Curr Opin Immunol. 2012
https://iwww.immunooncologyhcp.bmsinformation.com/antitumor-immunity/pathways/additional-effector-t-cell-pathways/
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activation/proliferation activation

MMP-13
MMP-2
MCP-1
PGE,
NO
TNFa

T cell
activation
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macrophage
activation

Role of GITR SItC >

Society for Immunotherapy of Cancer

J

TCR-stimulated T lymphocytes:

o Increases activation and proliferation, particularly in the
setting of suboptimal TCR stimulation

- Protects T cell from activation-induced cell death
o upregulates IL-2Ra, IL-2 and IFNy

uonRLARID [132 |
paspaiou|

Macrophages: upregulation of

- Matrix metalloproteinase (MMP)-2, -9, and 13, monocyte
— chemoattractant protein (MCP)-1, TNFa, COX-2 and

3 inducible nitric oxide synthase enzymes
88F . : :
§§ § - Favors leukocyte activation, migration and
338 extravasation
= lg Q .
- Upregulates the adhesion molecules VCAM-1 and ICAM-1
— - Activate T cells that upregulate the chemotactic molecule
S"L CCL5 or RANTES and the adhesion molecules E-selectin
2 and P-selectin
S =
S 3
§§ ¢ Tregs:
Q
§ § - Induces Treg expansion, inhibits Treg suppressive function
§ and promotes Teff resistance to Treg suppression
ac
S

Riccardi C et al, Glucocorticoid-induced TNFR-related gene (GITR) as a therapeutic target for immunotherapy, Expert Opinion on Therapeutic Targets , 2018
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* Initial priming:
- Naive T cells are activated by

interaction between TCR and
MHC molecule

- Secondary priming and
expansion:

o Upregulation of GITR on
activated T cells 24-72 h after
initial activation

» If GITR-L is expressed by DCs:

- Enhances the Teff to Treg ratio

= In part through its costimulatory
role of enhancing the CD8+ T cell
population,

= Also through its depletion of Tregs

o Increased persistence of the
antigen-specific T cells

Schaer et al, Modulation of GITR for cancer immunotherapy, Curr Opin Immunol. 2012
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GITR Monotherapy: Preclinical Data = -~

B16 Melanoma tumor model

1004 - a . . . .
. ~ oot The most widely used agonist antibody is
z 8 . .
3 &0 DTA-1 (rat IgG2b anti-mouse GITR agonist
E 4‘} p<0.001 anthOdy)
R 20; : :
s — In wide range of syngeneic mouse models:
;aystc?stTuﬁnr Grﬁigllengag Compelling antitumor activity attributed to:
= 1 ol = OTAt day N Costimulatory role on CD4* and CD8* T cells
S e T A Inhibition or depletion of intratumoral Tregs
‘E 0.6 GITR+ Tregs are killed by myeloid and NK cells present in the
5 0.4 tumor (Treg-specific and tumor-specific action)
E 0.24
- 0.04

0 10 20 30
Days Post Tumor Challenge

46 Knee DA et al, Rationale for anti-GITR cancer immunotherapy, European Journal of Cancer. 2016
Cohen AD et al, Agonist Anti-GITR Monoclonal Antibody Induces Melanoma Tumor Immunity in Mice by
Altering Regulatory T Cell Stability and Intra-Tumor Accumulation, PLoS One, 2010
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GITR Agonist: in Clinical Development

GITR TRX-518

ME-4166
ME-1248

OWN-323
INCAGMO1ETE
BM5-085156
AMG-218
MEDI 1873

47

Aglycozyl Igh1
IgG1
lgo4
IgG1
Ig1
IgG1
IgG1
GITR-ligand/IgG1 agonist fusion protein

Leap Therapeutics
Merck 5 Ca.

Merck 5Co.
Movartis

Incyte

Briztol-Myers Jquibb
Amgen

Medlimmune

Phaze |
Phaze |
Phaze |
Phase |
Phaze 11l
Phaze 11l
Phaze |
Phase |

Adapted from: Mayes PA et al, The promise and challenges of immune agonist antibody development in cancer, Nature reviews Drug Discovery, 2018
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AMG 228: Phase |

N=30 patients with refractory CRC, head and neck squamous
cell carcinoma, urothelial carcinoma, NSCLC and melanoma

Most common TRAEs: fatigue (13%), infusion-related reaction
(7%), pyrexia (7/%), decreased appetite (7/%), and
hypophosphatemia (7%)

3 fatal AEs: pneumonitis (related), acute hypoxemic respiratory
fallure (not related), and progressive disease (melanoma)

No DLT; MTD not reached
27 evaluable for response by iIrRC; CR/PR=0; SD=7; PD=17

Despite GITR coverage In peripheral blood and tumor biopsies,
there was no evidence of T-cell activation or anti-tumor activity,
S0 not expanded

Tran B et al, Dose escalation results from a first-in-human, phase 1 study of glucocorticoid-induced TNF receptor—related protein agon
of Cancer, 2018.

patients with advanced solid tumors, Journal for ImmunoTherapy

ist AMG 228 in
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MEDI1873: Phase | Sitc

N=40, dose escalation (n=28) and pharmacodynamic (n=12) cohorts Soci for Inmunocherapy of Ca

Any-grade drug-related AEs in 82.5% of patients
Headache (25%) and infusion related reaction (20%)
Grade 3 TRAEs occurred in 22.5% of pts; Amylase increase was the only one reported in > 1 pt (n=2)

No drug-related Grade 4 or 5 AEs

Three DLTs occurred:
Grade 3 worsening tumor pain at 250 mg

Grade 3 nausea and vomiting at 500 mg
Grade 3 non-STEMI at 750 mg

MTD was not reached (maximum administered dose was 750 mg)

Best overall response was stable disease (SD) in 42.5% of patients
17.5% had SD 2 24 weeks

Three pts (pancreatic neuroendocrine tumor, lung cancer and mesothelioma) stayed for 252 weeks without PD

Translational data:

MEDI1873 engaged GITR on CD4* T cells
Increased CD4*Ki67* T cells at doses 225 mg

Intratumorally, induced a 225% decrease in GITR*/FOXP3* T cells in 5 of 5 pts with evaluable cells.

IIIII

Denlinger CS et al, A Phase 1 study of MEDI1873, a novel GITR agonist, in advanced solid tumors, ESMO 2018 Congress.
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* Poorly immunogenic ID8 murine ovarian

cancer model

O
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Inhibited peritoneal ID8 tumor growth

Memory immune response conferred by CD4+ cells
and CD8+ T cells.

Medlan survival ime (d)
o3 88 8

F o & @ °°m 2 - %
. . . (&) after tumor ton
Increased the frequencies of interferon-y-producing R ”’ =
effector T cells i -
Decreased immunosuppressive regulatory T cells ~ B
and myeloid-derived suppressor cells, shiftingan ] —F— s [ :
. . . sy RGN I ‘
immunosuppressive tumor milieu to an %2: & @ f
Immunostimulatory state gel ™ ®2 W % B follirn
Antigen-specific immune response as evidenced by " I I & < % % é
_ o ] _ - ¢ \RO ;,4‘ \\(,é Days after tumor challenge
antigen-specific IFN-y production and cytolytic Y Rechallenged with IDS cells and their
. . . ¢ overall survival was recorded. Naive mice
activity of spleen cells from treated mice. were challenged with ID8 cells as control

Lu L et al, Combined PD-1 blockade and GITR triggering induce a potent antitumor immunity in murine cancer models and synergizes with chemotherapeutic drugs, Journal of Translational Medicine, 2014
Riccardi C et al, Glucocorticoid-induced TNFR-related gene (GITR) as a therapeutic target for immunotherapy, Expert Opinion on Therapeutic Targets , 2018
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MK1248 +/- Pembrolizumab
N=37 patients; Monotherapy (n=20), Combination (n=17)

Tumor types: CRC (8 pts), melanoma (5 pts), RCC (4 pts) and 20
pts with 16 other solid tumors.

MK-1248 at the dose up to 170 mg as monotherapy and 60 mg in
combination with pembrolizumab was well tolerated

17 pts (48.6%) had 21 TRAEs; 3 (8.1%) had grade 3-5 TRAEs

No DLT or treatment-related deaths were observed

Geva R et al, First-in-human phase 1 study of MK-1248, an anti-human glucocorticoid-induced tumor necrosis factor receptor (GITR) monoclonal antibody, as monotherapy
or in combination with pembrolizumab in patients with advanced solid tumors. J Clin Oncol 36, 2018 (suppl; abstr 3029).

py of Cancer
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Challenges Associated with
Immunotherapy

4



Csite>

Society for Immunotherapy of Cancer

Resistance to
Treatment
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Resistance Mechanisms

Despite initial response,
eventual relapse or
progression is
Inevitable

Pitt JM et al. Resistance Mechanisms to Immune-Checkpoint Blockade in Cancer: Tumor-Intrinsic and -Extrinsic Factors, Immunity. 2016; 44; 1255-1269
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Mechanisms to Overcome Resistance

Combination therapies are potentially
synergistic and are far more effective than
monotherapies

As tumors use multiple pathways to evade
Immune elimination, a multi-pronged attack of
complimentary pathways may be beneficial

Tumors may prevent initiation of a local
endogenous iImmune response, in whom pre-
conditioning regimens such as chemotherapy
or radiotherapy may be beneficial

Topalian SL et al, J Clin Oncol. 2011;29(36):4828-36;
Gajewski TF. Mol Oncol. 2012;6(2):242-50.
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Immune-Related
W r ~ Adverse Events
Peripheral autoimmuT?‘ (I rA ES)
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Thromboembolic ,
Anti-CD40

Bone marrow
Anti-PD-1
Anti-CD137

Most Frequent IrAEs

Society for Immunotherapy of Cancer

Toxicity Grade

== Rash, pruritis
== Liver toxicity
== Diarrhea, colitis
it
2 4 6 8 0 12 16
Time (weeks)

I Melero et al, Clinical Development of Immunostimulatory Monoclonal Antibodies and

Opportunities for Combination, CCR Focus, 2013

Weber JS et al: Management of immune-related adverse events and kinetics of

response with ipilimumab. J Clin Oncol 2012
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Summary
- OX40, 4-1BB and GITR share similarities in their expression
patterns and downstream signaling pathways, they also exhibit
unigue characteristics, suggesting they are not redundant
molecules.

- “Combination” is the key word to overcome resistance to
therapy, with emphasis on study design

- Immune system is dynamic; the success of any of these agents,
especially as combination partners, will depend heavily on the
Interrogation of the TME and pharmacodynamics of these
agents

* Immune signatures predictive of response is

T Prompt identification and treatme






