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Hot vs. cold tumor microenvironme

Hot (inflamed) tumor

Cold (excluded) tumor

Cold (ignored) tumor

Nt

v" A major goal of modern
|0 therapy is to establish
Immune-inflamed (“hot”)
tumor microenvironments

van der Woude et al. Trends Cancer 2017



Tumors arise in complex —and constantly evolving -

microenvironments

<« TUMORREGRESSION |

TUMOR MICROENVIRONMENT

®

o
o)

e

Tumor Cells

i
©*
gy

+E
<

VEGF MMP-9
Ang2 [ #]

PGE2 - °
TNF-a, IL-6 9P

Angiogenesis

TLR-1/2
TLRA

(+]
(#]
(—-> HSPs ()
Uric Acid |
o
(&)

PROGRESSION

Apoptotic/
Necrotic Bodies
HMGB1

S$100A4 ¢
Histones Prx <€ \
2 l '

#» 00 TUMOR
DISSEMINATION

Migration and CCL9, CCL10
Metastasis CXCR4, CXCR7

TUMOR KILLING

Perforin,
Granzyme T IFN-y, FasL A

VEGFR1/2
ﬁ " ii TIE-2 :

ECM
L

=)
NK

© ©

cTL T

Degradation

Y

EC SPROUTING

VASCULAR PERMEABILITY & k._ @

|

CCL2, CCLs, cxcLio |

PERIPHERY/LYMPHOID ORGAN

w@ @ O ©

MMP-2
MmMP-9

ECM
Degradation

Lung Tumor
Niches

Malinovskaya et al. Front Oncol 2019



What is intra-tumoral Immunotherapy?

* Therapeutic approach that delivers IO drugs directly into the tumor
microenvironment
* May be physical or chemical
* Can be given by direct injection; or
e Regional intra-vascular injection
» Systemic delivery with local activation in the TME?

* Focuses on generating local immune responses
* May also induce systemic immunity

* Expected to have a more favorable safety profile compared to
systemic drug delivery



History of Intra-tumoral Therapy of Cancer

1900

1904

First viral infection—
induced tumor regression
(leukemia)[35]

1956
Adenovirus
(cervical)[40]

1910 1950

1960

1912

Rabies (cervical)[36]

1893

First report of intratumoral bacteria-induced

response in malignant tumors[5]

1971
Measles (leukemia)[38,39]

1970

1974
Mumps (solid tumors)[37]

1980 1990

2003
HSV-1 + GM-CSF (T-VEC)
(melanoma)[78]

2005

Engineered adenovirus approved
in China (nasopharyngeal
carcinoma)([78]

2000 2010 2013 o
First approval of an oncolytic virus
in the US (T-VEC, melanoma)[80]

1997

First clinical trials 2011

with engineered First phase lll trial fully

virus (HNC, enrolled (T-VEC, melanoma)[80]
pancreatic)[43]

Hamid and Puzanov The Oncologist 2019



Intratumoral therapy promotes local and
regional immune activation
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Intratumoral therapy may induce systemic
immunity (i.e. abscopal or anenestic effect)
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How cells die makes a difference

NECROSIS

Always pathological

Affects adjacent group of cells

Cell size is increased

Passive

Causes inflammatory reaction

Plasma membrane is disrupted

APOPTOSIS

May be physiological or pathological

Affect single cells

Cell size is shrunken

Active

No inflammatory reaction

Plasma membrane is intact



Type of cell death has implications for
generating cell-specific immune responses

Programmed Cell Death
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Immunogenic cell death

ER chaperones Autophagy induction

CALR exposure

Immunogenic

cell death
Unfolded

protein
response
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Galluzzi et al. Nature Immunol. 2017



Traditional ICD measured by release of DAMPs
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Ecto-calreticulin exposure denotes ICD

a Chaperone activity domain
Signal ERp57 binding  Calcium buffering Mook E-VEG 2400
peptide domain domain
N P-domain C-domain
117 197 A 308 417
cms clJ? cu)
repeats
b Calreticulin

- Caspase 8, Bax, Bak

ER - Bap31
« Vesicular transport pathway
- ER-to-golgi secretory Hou et al. Cell Death Dis 2013
- PI3K-dependent exocytosis Bommareddy et al. Oncoimmunol. 2018

Calreticulin exposure
* ER stress response
- ROS, Ca*
- PERK, elF2a, ERpS57
SG * Apoptotic signalling



Contemporary definition: Immune induction

Immunocompetent mice

Grafted or
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Kepp, Galluzzi, et al. Cancer Metastasis Rev 2011
Bommareddy et al. Science Transl Med 2018
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Spatiotemporal “sensing” of ICD by the

Immune system

Decision phase Processing phase§ Effector phase

CRT | CD47‘ HSPs |a ATP | HMGB1 EepoN=a

exposure| |exclusion| |exposure| = release release

Antigen uptake Costimulatory Antigen
by phagocytes | signaling processing | T cell

Minutes

Kepp, Galluzzi, et al. Cancer Metastasis Rev 2011



Intratumoral immunotherapy may have an in

situ vaccination effect

(a) conventional vaccination

Identified

tumor antigen(s)  Adjuvant

3
Ia0 \\

Systemic

injection
» Antigens defined
> Tumor not needed
> Use normal immune cells

Tom g
Teff "‘.i: e

Activate and expand effector T cells (Teff)
that recognize only the vaccine antigen(s)

(b) In situ vaccination

Adjuvant

3
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* Intratumoral
injection

Exploit all relevant tumor antigens
available in a tumor

o

Teft U5
— i@ | (Teff
Teff) i E
Teff 33%9

- Teff % Tfﬁ :mg

Activate and expand effector T cells (Teff)
that recognize all relevant tumor antigens

Teff. ‘—J:%

Teff IS

» Uses native antigens
» Must access tumor
» Uses local immune system

Sheen and Fiering WIREs 2018



Benefits of Intra-tumoral Immunotherapy

* Allows direct access to multiple cells in the tumor microenvironment
* Able to use established tumor features (e.g., in situ vaccine effect)

* No need to identify tumor-associated antigens

* Generally has been associated with limited toxicity

* Easy to promote serial biopsy and biomarker analyses
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Immunotherapy
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Types of Intra-tumoral therapy

* Physical (Ablative) therapies
* Cryotherapy
* Microwave and Radiofrequency ablation
* Focused ultrasound
* Hyperthermia
* Radiation
* Electroporation

e Drug-related therapies
* Oncolytic viruses
* Direct Delivery of Anti-neoplastic Agents
* Intraumoral cytokines
* Intratumoral immune checkpoint inhibitor mAbs
* Intratumoral immune agonists (TLR, cGAS-STING)
* Intratumoral cell therapy (DC, T cells, etc.)
* Intratumoral chemotherapy

* Combination therapy
* Intratumoral and intratumoral
* Intratumoral and systemic



Physical Intratumoral
Therapy



Cryotherapy

Prostate gland

Bladder

Cryotherapy
needles

‘ Ultrasound probe

Rectum
Cancer Research UK

b A

HYPOTHERMIC STRESS

APOPTOSIS CELL DEATH

EXTRACELLULAR ICE

INTRACELLULAR ICE -

Cryoneedle

SOLUTION EFFECT INJURY <«

VASCULAR MEDIATED INJURY -

REVERSIBLE EFFECT

DIRECT CELL DESTRUCTION

Toxicity:

Pain
Hemorrhage
Edema
Numbness
Neuropathy
Alopecia



Microwave and Radiofrequency Ablation

Tumor entered with thin needle and probe

Apply electrical current (radiofrequency) or microwave energy
Tumor necrosis induced

Residual scar left behind




High-intensity Focused Ultrasound

* Non-invasive therapeutic technique

e Uses lower frequency and continuous waves
* Induces thermal damage in tissue (65-85 °C)
e Pulsed waves induce mechanical damage

* Can use with ultrasound or MRI imaging

* HIFU approved in U.S. for prostate cancer
treatment in 2015

Many other tumors under study

10 mm

Target organ

Ablated tumor

volume (Lesions) 3 \
mm




Hyperthermia

“%  Ultrasound "

Alternative
Magnetic field

*Out-inside hyperthermia”

Nanoparticles
loaded Tumor

“Inside-out hyperthermia”

Beik et al. J Controlled Rel 2016




How does hyperthermia mediate anti-tumor activity?

Hyperthermia mmm | Increased metabolic rate |
l’ [ l blood vessel
Increased generation of
. pom'l'o? oo reactive oxygen species J
* Aggregation
* Denaturation

*  Mitotic catastrophe ) | ¢

[. . e S ]

* Necrosis (high heat dose)




Radiation Therapy

X-ray Irradiatior

1. Cell Kill via
irradiation

Destroy
secondary

2. Antigen
presenting cells _ )
(APC) present 3. CD8 T-cells circulate through the body, destroying
tumor antigens to both directly irradiated and “abscopal” tumors

CD8 T-cells



Electroporation

Electrochemotherapy

Electric .
pulse Anticancer drug Increased
generator surrounds the membrane

cells permeability allows
access to the

cytosol

electrical pulse

Electrodes

Electric pulse application

Systemic or intratumoural
drug injection

intact bilayer hydrophilicpore
o
Membrane D Renger, 2013
reseals, anticancer
drug exerts its
cytotoxicity Degree of
Electric Electroporation
Field
@ ©
-3
D™ ~1kV/cm
time Irreversible Irreversible
~50V/cm Reversible Reversible

~100us
Pulse Length

~20ms



Types of Electroporation
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Drug-related Intratumoral
Therapy



Intratumoral chemotherapy and
electrochemotherapy

Courtesy Julie Gehl

Electrochemotherapy with bleomycin



PV-10 in melanoma

Overall best response First treatment Second treatment Third treatment

Example Clinical Response

Ouy 0~ ProRx
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Fourth treatment

Complete response
Partial response
Stable disease
Progressive disease

Total

8
12
4

5
29

3

3
1

1

In-transit mets
45 patients

* 87% ORR

* 42% CR

Read et al. J Surg Oncol 2018




Oncolytic Viruses

Healthy Cell Undamaged

* Selective cytotoxicity
* Tumor ICD

* Induction of immunity
Destruction of Tumor

* Favorable safety profile Microinvironment

Local inflammation

Release of O Infect More
virus progeny Tumor Cells

T Cell Virus - s Release of
Hmari-e SO umor cell lysis :
replication tumor antigens
Systemic anti-tumor
immune response



Oncolytic Viruses

Baltimore classification

Family

Virion

Capsid symmetry
Replication site
Cell receptor
Nuclear integration
Transgene capacity

Wild-type virus infects
non-replicating cells

Virulence of wild-type virus

Antivirals
Immunogenicity
Haemagglutination

Blood-brain barrier
penetration

Achievable titre (PFU per ml)

MTD

Adenovirus

—
70-90 nm

Group |: dsDNA
Adenoviridae

Naked

lcosahedral

Nucleus and cytoplasm
CAR

+

++

+/—

3x10%

Vaccinia virus

70-100 nm

Group |: dsDNA
Poxviridae
Complex coats
Complex
Cytoplasm

Unknown

10°
3x10°

Herpesvirus

200 nm

Group |: dsDNA
Herpesviridae
Enveloped

lcosahedral

Nucleus and cytoplasm
HVEM, nectin 1, nectin 2
+

+H+

10"
10°

Parvovirus H1

&

—
18-28 nm

Group ll: ssDNA
Parvoviridae

Naked

|cosahedral

Nucleus and cytoplasm
Sialic acid residues

+

N/A

+

5x10%
N/A

Baltimore
classification

Family

Virion

Capsid symmetry
Replication site

Cell receptor

Nuclear integration
Transgene capacity

Wild-type virus
infects non-
replicating cells

Virulence of wild-
type virus
Antivirals
Immunogenicity
Haemagglutination

Blood-brain barrier
penetration

Achievable titre
(PFU per ml)

MTD

Reovirus Coxsackievirus Seneca Poliovirus Measles virus
Valley Virus

" 750m "280m 75-30nm "30nm 100-200 nm

Group llI: Group IV:ssRNA  Group IViss(+) GrouplViss(+) GroupV:ss()

dsRNA RNA RNA RNA

Reoviridae  Picornaviridae Picornaviridae Picornaviridee  Paramyxoviridae

Naked Naked Naked Naked Enveloped

lcosahedral  lcosahedral lcosahedral Icosahedral lcosahedral

Cytoplasm  Cytoplasm Cytoplasm Cytoplasm Cytoplasm

Unknown CARJCAM-1/ Unknown CD155 SLAM and CD46
DAF

+ + + + +

NfA N/A N/A N/A +

+ - + - -

+ +— + - -

— _ = - —

- + + + —

+ - + + -

10° 10° N/A 10¢ 10"

310 10° 10"VPperkg MNA 10°

Kaufman et al. Nature Rev DD 2015

MNewcastle Vesicular
disease virus stomatitis
virus
100-500 nm " B0nm
Group Vi ss(-) Group V' ss(-)
RNA RNA

Paramyxoviridas

Enveloped
Helical

Cytoplasm
Unknown

108

Imitial 10%;
subsequent 10

Rhabdoviridae
Enveloped
Helical

Cytoplasm
LDLR

2210

NfA



Intratumoral cytokines: IL-2

Phase 2 study of 24 stage Ill and IV
melanoma patients with IL-2 IT

e 245 lesions treated in 24 patients

* CRseen in 85% (n-209) of lesions and
62.5% of patients (n=15)

* PRseenin 6% (n=21) of lesions and
21% (n=5) of patients

* Toxicity limited to grade 1-2 events

Meta-analysis of 49 studies of intra-
lesional IL-2 for in-transit melanoma

* Six studies met criteria for analysis

Overall, 2,182 lesions in 140 patients
were treated

CR occurred in 78% of lesions
CR occurred in 50%

Treatment well tolerated
e Local pain and swelling
* Mild flu-like syndrome

Only three grade 3 adverse events
* Rigors, Headache, Fever and Arthralgia

Radny et al. BR J Cancer 2003
Byers et al. J Surg Oncol 2014



Intralesional Adenovirus-Mediated IL-2 Gene Transfer
for Advanced Solid Cancers and Melanoma

Clinical Response of an Injected Tumor

Longitudinal diameter Transversal diameter Clinical presantation

-

3
Basaline
(preinjection)

TG 1024 Suspension viewable by
ultrasound postinjection

After 6 TG1024

\ injections

Dummer R, et al. Mol Ther. 2008;16(5):985-994.

17% (6/35) of patients had intralesional
responses, 4 with concomitant stable
disease (SD) in noninjected lesions

Inflammatory Response After 2 Injections

cos| (d A TIA-1



Intratumoral Immune checkpoint inhibitor mAbs

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 39

Clinical Research Paper

A phase I study of intratumoral ipilimumab and interleukin-2 in
patients with advanced melanoma

Abhijit Ray"’, Matthew A. Williams?", Stephanie M. Meek?, Randy C. Bowen?
Kenneth F. Grossmann!, Robert H.I. Andtbacka*, Tawnya L. Bowles®, John R.
Hyngstrom+*®, Sancy A. Leachman®, Douglas Grossman*, Glen M. Bowen?, Sheri L.
Holmen!, Matthew W. VanBrocklin?, Gita Suneja’ and Hung T. Khong*

T-cell receptor

Antigen « 12 patients; 3+3 design; 8 weeks of tx
* |L-2 at 3 MIU and dose escalation of ipilimumab (0.5 — 2 mg)
* No DLTs

* Grade 3 events of hyponatremia (1) and local ulceration (5)

T-cell _ PD-1 * Local response 67%
inhibitor  Abscopal response 89%
* ORR by irRC40%
PD-1

PD-L1

PD-L1

Courtesy Genekor
Ray et al. Oncotraget 2016



Intratumoral cell therapy (DC, T cells, etc.)

5 =

Activated

Activated
Macrophage  Dendritic cell *’
. Dying
® Activated T cell = i S

A
p53 Activation

Tumor at the site of treatment

© ®

Tcell B cell NK cell Macrophage

J0=

| @ Tumor  Dpendriticcell  Myeloid-derived
O Suppressor cell

Tumor distal to treatment site

Ex vivo modified cells
In vivo modified cells

Adoptive transfer and CART

depend on recruitment to and
function within the TME

Cui and Guo IntJ Mol Sci 2016



Intratumoral STING Immune agonists

e (O SOES * Stimulator of Interferon Genes
“\\\g\/ * |dentified by expression cloning
(‘.,, gﬂ\ using IFN-beta reporter
N\ * Allows foreign DNA sensing at
[ the intra-cellular level
g SIS - e Activates innate immunity
# = [N * Potent anti-viral activity
\J * Senses tumor DNA
Y Sy I * Agonizing STING can promote
B anti-tumor activity

Khoo and Chen EMBO Rep 2018



STING and oncolytic viruses

Normal cells and cancer cells
with functional cGAS-STING pathway

Decreased viral pathogenicity
Increased viral clearance
Protects normal cells from viral killing

Increased tumor cell killing
Decreased viral clearance
May increase viral immunogenicity

[}
[51]
=
w
©

Cancer cells lacking functional cGAS-STING pathway

Khoo and Chen EMBO Rep 2018



Toll-like receptor agonists

flagellin

Danger is represented by: lipoproteins

——= oy
o @

&'

These have molecular features that distinguish them from our own cells:

Fungi

. | ‘ plasma membrane
endotoxin (_)S RNAJ HMGB1
lipopeptides | CpG DNA SS RNA binds RAGE, LPS;
D =~ o 8 amplifies TLR sig
flagellin
Our immune systems have evolved to recognize them: TLR3

Obeid J, et al. Semin Oncol. 2015;42(4).549-561.

Ossenbrug et al. Cell Chem Biol 2017



Intra-lesional TLR and STING agonists induce therapeutic
responses in murine B16 melanoma

3000 - Proprietary ADU-S100 versus Naturally Occurring CDN

€ 2500
Qo
£ 2000 Groups: (N=8)
'g 1500 -O=HBSS control
5
S 1000 ~o—Natural CON
P 56 pcos  —®—ADU-S100
[+ { Injections
£ oe ©
o8 0 5 10 15 20 25 30

- 3 t

S
8

Primary Tumor Volume [mm?]
> &
8 8

Days Post Injection of Tumor Cells

Groups: (N=8)
Proprietary ADU-S100 versus TLR Ligands -O=HBSS control

~2-GLA-s (TLR4)
-o—R848 (TLR 7/8)
-o~Poly I:C (TLR 3)
~o~CpG 1668 (TLR 9)

—o—ADU-S100 (STING)
{ Injections

5 10 115 f 201 25 30

Days Post Injection of Tumor Celis

Courtesy Aduro



Multiple STING and TLR agonists in clinical
development

Drug candidate Companies Target (drug modality) Status

MK-1454 Merck & Co. STING (cyclic Phase | monotherapy
dinucleotide) and combination

ADU-5100 Aduro Biotech/Novartis  STING (cyclic Phase | monotherapy
dinucleotide) and combination

STING agonist IFM Therapeutics/BMS STING (cyclic Preclinical
dinucleotide)

STING agonist Nimbus Therapeutic STING (small molecule) Preclinical

NLRP3 agonist IFM Therapeutics/BMS ~ NLRP3 Phase | tostartin Q1

2018
RGT100 Rigontec/Merck & Co. RIG-I (oligonucleotide) Phase I/1l
IMO-2125 Idera Pharmaceuticals TLR9 (oligonucleotide) Phase /Il

BMS, Bristol-Myers Squibb; NLRP3, NOD-, LRR- and pyrin domain-containing protein 3; RIG-I, retinoic acid
inducible gene 1; STING, stimulator of interferon genes; TLR9, Toll-like receptor 9.



Clinical trial results of TLR9 agonist monotherapy

Study No.
Agent Treatment Arms Cancer Type . Results References
Phase Patients
In the experimental arm: larger sentinel
PhaseIl  Early sta lymph nodes (SLN), higher SLN leucocytes, 0 kamP
ase arly stage mph nodes , higher el es,
PF-3512676 PF-3512676 8 mg vs. saline . b 24 Y . ) . etal.
randomized melanoma higher maturation markers of DC, lower T-
. ) [61,62]
reg, increased cytokines
Local tumor regression, post-treatment
BCC and advanced ) A i Hofmann e¢
PF-3512676 PF-3512676 0.01-5/10 mg Phase | 10 cytokines levels reduction, dense intra- and
melanoma _ . al. [63]
peri-tumoral lymphocytic infiltrates
Advanced PR = 10%, CR = 5%, 5D = 15% (DCR = Pashenkov
PF-3512676 PF-3512676 6 mg Phase II 20
melanoma 30%) etal [64]
PF-3512676 0.08, 0.12, (.16, 0.36, . Thompson
PF-3512676 Phase 1T ~ Metastatic RCC 39 PR = 5%, DCR = 30%
0.54, 0.81 mg/kg etal. [65]
PF-3512676 10 mg vs. PF-3512676 )
Higher ORR (16%) for PF-3512676 40 mg
40 mg vs. PF-3512676 40 mg + Phase I1 Untreated advanced 2 i K Weber ef
PF-3512676 2 . 184+ DTIC 850 mg/m” no differences in mTTP
DTIC 850 mg/m”™ ws. DTIC 850 randomized melanoma al. [66]
9 and mOS
mg/m
Higher ORR for PF-3512676 0.2 mg/kg +
PF.3512676 PF-3512676 0.2 mg/kg + Phase 11 Untreated advanced 17 taxane/platinum (38% vs. 19%) Longer Manegold
taxane/platinum vs. taxane/platinum  randomized NSCLC mOS PF-3512676 0.2 mg/'kg + et al [67]
taxane/platinum (12.3 vs. 6.8 ms)
PF-3512676 0.2 mg/kg + Untreated advanced No significant differences in mOS neither Hirsh et al.
PF-3512676 Phase II1 828
CBDCA/TXL vs. CBDCA/TXL NSCLC mPFS [68]
PF-3512676 0.2 mg'kg + Untreated advanced No significant differences in mOS neither Manegold
PF-3512676 Phase III 839
CDDP/GEM vs. CDDP/GEM NSCLC mPFS etal. [67]

Melisis et al. Biomedicines 2014



Intratumoral
Immunotherapy

Pre-clinical Issues




Pre-clinical Issues

* Are tumor cells sensitive to drug entry?
* Are tumor cells killed? How?

* Biodistribution is important
* Does drug remain in tumor (i.e. tumor cell restriction)?
* Does drug leak to other sites (i.e. other cells in TME, distant tumors, normal tissue)?

* Need tumor model that incorporates injected and un-injected tumor (i.e.,
Is there an abscopal or anenestic effect?)

* Dose-response relationships should be defined
* Anti-tumor vs. anti-viral immunity

* Dosing schedule and routes are important to validate



Oncolytic viruses utilize specific cell surface

entry receptors

Herpesvirus

o Q
9 0
q >
q b
a 5

’-,"

Adenovirus

Coxsackievirus

Vaccinia virus D%

Seneca Valley
Virus

Q00 _
{:} ooo— CD155

Polio
virus

CD46

SLAM

U Integrins

Reovirus

SARs

Measles
virus

o

Parvovirus

Nature Reviews | Drug Discovery
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HSV-1 utilizes HVEM, Nectin-1 and Nectin-2
to enter tumor cells
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T-VEC induces lysis of SK-MEL-28 melanoma cells in a
dose response manner [/n vitro lysis assay]

Mock 17+IICP34 3- JS1/ICP34.5-

» I3
> o“. - ' .
24h 1
‘S L P ¥
et 0
: =9 P
N f %
«."; A"
<4 A
! ~ .
» . :

MOI=0.1

48h |

Liu et al Gene Therapy 2003



Dose-response lysis of various melanoma cell lines

— SK_2_T-VEC 5day
—— M14_TVEC_b5day
- SK_5_T-VEC_5day
K 28 T-VEC 72h
10_24 —¥- SK_28 T-VEC_r2hr
_1 6 T-VEC 5 days LOX 28 T-VEC_72hr
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Percent survival




T-VEC induces lysis of human tumor cell lines
[In vitro lysis across cell lines]

Cell lines Tissue Cell survival (%) (MOI=1)

24 hrs 48 hrs 3 days 6 days
A549 Lung cancer 82.5 76.0 55.8 43.1
H460 Lung cancer 65.2 64.0 44.0 27.6
CALU-1 Lung cancer 71.1 60.0 41.9 404
PANC-1 Pancreatic cancer 74.6 57.6 24.1 9.4
MIA PACA-2 Pancreatic cancer 66.5 38.5 18.6 14
CAPAN-1 Pancreatic cancer 81.0 42.2 56.6 20.3
BxPC-1 Pancreatic cancer 57.6 151 16.1 8
HCT116 Colorectal cancer 65.7 27.4 14 11
HT29 Colorectal cancer 51.6 22.0 24.3 3.9
SW620 Colorectal cancer 80.4 66.8 45.0 3.9
COLO205 Colorectal cancer 49.8 20.0 9.7 3.1

Liu et al Gene Therapy 2003



Intratumoral therapy should report injected
and un-injected tumor responses

Not injected Injected
40 Vehicle
,ga\ﬂ M «(ml "l
Y
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Q * Infection of + p 201
cells or embryonated e k]
“ W ry 0gs 'la 1y 0) £
Antibody- Antibody + virus A 10
expressing released

influenza virus _
6 50 40 30 20 jo " io 20 30 40 's0 60

Delayed treated tumor growth Not injected Injected

\ Virus 16
. 5 mRP1 + GALVY 2

&

g — 30_ 4
£, Induced abscopal effect E™]
8 20
\, 3
v Prolonged overall survival A 10-

Treatment of melanoma
with an influenza virus
expressing a
checkpoint inhibitor

60 50 40 30 20 10 10 20 30 40 50 60
Hamilton et al. Cell 2018
Thomas et al. JITC 2019



Consideration of anti-viral iImmune response
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Hu et al. Clin Cancer Res 2006




Intratumoral
Immunotherapy

Clinical and Logistical
Issues




Clinical Issues

e Subject eligibility
* Tumor size
 Tumor location (e.g., access)

* Drug delivery
* Dose vs. volume
* Schedule
 Intra-tumoral vs. intra-venous
 Which lesions to inject or treat?

* Endpoints
* Injected (treated) lesions
* Un-injected (un-treated) lesions [abscopal or anenestic responses]
e Biomarkers (local vs. distant or systemic)



Logistical issues associated with intra-tumoral
immunotherapy

* Drug delivery

e Access to visceral sites
* Image-guided delivery is possible
* Some sites challenging (e.g., brain, bone, liver dome, etc.)

* Biosafety issues
* Leaking from the tumor site

* Endpoint assessment
* Need to document injected sites and non-injected sites
* Abscopal (anenestic) responses may utilize different MOA, kinetics



Lessons Learned from Talimogene laherparepvec (T-VEC)

TR, U, U, TR,

IR,
i Nl x (I

A34.5 A34.5 M

pA | hGM-CSF] CMV CMV | hGM-CSF | pA
.- JS-1 strain Improved Cancer Cell Lysis

» Modified HSV-1
Deletion of ICP34.5 Cancer Cell Specific Replication

> 26% ORR and 16% DRR Early Expression of Cancer Cell Specific Replication
UsSi1

In a Phase I” trlal Deletion of ICP47 Permits Antigen Presentation

Insertion of GM-CSF Augments anti-tumor Immune

» T-VEC is approved in the U.S., e

Europe and Australia
Bommareddy et al. Am J Clin Dermatol 2016



OPTIM Phase |l Study Design

Only palpable lesions allowed T-VEC
Intralesional Primary Endpoint:
/7 up to;ll_rgé_sQZWa Durable Response Rate
Injectable, 2.1 Key Secondary Endpoints:
et % veratsuva 09
GM-CSF *Overall response rate (ORR)
Subcutaneous -Modified PFS (TTF*)
Randomization Stratification: \ 14 days of every -Safety
1. Disease substage 28 day cycle®
2. Prior systemic treatment N=141

3. Site of disease at first recurrence

4. Presence of liver metastases .
Patients enrolled between

May 2009 and July 2011
Stratified for lower burden disease Control selected was rGM-CSF

Patients were to remain on treatment for at least 24 weeks despite progression (unless intolerability or
investigator decision to start new therapy)

DRR endpoint

aDosing of T-VEC was <4 mL x10° pfu/mL once, then after 3 weeks, < 4 mL x108 pfu/mL Q2W Treated 24 weeks with PD

b Dosing of GM-CSF was 125 ug/m? subcutaneous daily x14 days of every 28 day cycle.

59 *Andtbacka et al. ASCO 2013; LBA9008



Volume determination for T-VEC

Lesion size (longest diameter) T-VEC injection volume
>5cm Up to 4 mL

>2.5-5 cm Upto2mlL

>1.5-2.5 cm Upto | mL

>0.5-1.5 cm Up to 0.5 mL

=0.5 cm Up to 0.1 mL

Abbreviation: T-VEC, talimogene laherparepvec.

Starting dose 10° PFU/mL
Maintenance dose 108 PFU/mL every 2 weeks

Volume associated with tumor diameter



T-YEC Improves objective and durable response
rates

Overall Response

Rate 57% 26.4% 20.8%
(95% CI) (1.9, 9.5) (21.4, 31.5) (14.4, 27.1)
P < 0.00012 descriptive
CR 0.7% 10.8%
PR 5.0% 15.6%
14.1%
Dilrable Response 2.1% 16.3% 95% Cl: (8.2, 19.2)

Rate P < 0.00012

Kaufman et al. JCO 2015



Final analysis of OPTiM trial shows sustained clinical

benefit

Fis 1 Moy of i ey

Besl cverall respangs = CR =——=PR
Ongaing rasponsac

LI 1 1
21 1815312 8 68 3 0 3 &6 B8 12 15 16 21 24 Z7

Duration of responga [manths)
GM-CSF Tabmogens laherparegved
s i oll P i s Ao e RS Pa e T e e e s v ol e 1 o P on i e T i

e il

Updated ORR:
T-VEC 31.5%
GM-CSF 6.4%
P<0.0001

Updated DRR:
T-VEC 19.3%
GM-CSF 1.4%
P<0.0001

Updated DCR
T-VEC 76.3%
GM-CSF 56.7%

Andtbacka et al. JITC 2019



Time to Response And Duration of Response

Subjects Received T-VEC

= 4 Complete response

Ao Partial response

® Response episode end

— Continued response

B Durable responder

T | I — —
01 2 3 45

[ Stage llIb/Stage llic

|
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Months

Current Stage

[ Stage IV M1a

[l Stage IVM1b [ Stage IV Mlc

*To be a durable responder, patient had
to have response of at least 6 continuous
months

*Patients were to continue treatment
beyond progression, allowing for re-
Initiation of response after progression

*PD displayed when it represents the end
of an objective response. PD also
occurred prior to objective responses in
many cases (not shown).

*54% ORR and 48% DRR exhibited
interval progression before
achieving response




Tumor regression in injected lesions is greater than in
non-injected lesions

Lesion-Level and Patient-Level Responses to T-VEC
Lesion Type: Injected

Lesion Type: Uninjected Non-Visceral

Patiant
MN=17T

Lesion Type: Uninjected Visceral

Tusmor area : _ RO b SEN I ACNTRL B
changa: z25% > - 50% o< 25% 100% 1o = - 50%

To b included in the lesion-level responss analysis, lesions wens uirsd i hinee at lemst 2 messarements. For the patient-level response arakysis,
anly patients with at st 1 hump:mﬂnphmmﬂlr:qﬂmﬂlphtm incheded. Responses were par investgabar
Andibacka ot al., 550 2014, Absiract POC-121.




T-VEC improved overall survival

100 Median (95% CI)
) Events / N (%) in Months
— T-VEC 189 /295 (64) 23.3(19.5-29.6)
80% GM-CSF 101/141(72) 18.9(16.0 - 23.7)
€ HR = 0.787 (95% CI: 0.62, 1.00)
% 60% Unadjusted Log-rank P = 0.051
o
5 .
s 0% R
c
1)
=
(1)
0 12-month 73.7% 69.4% 4.3 (-4.9, 13.5)
24-month 49.6% 41.3% 8.3 (-1.9, 18.5)
36-month 40.6% 27.8% 12.8 (1.0, 24.6)
0 5 10 15 20 25 30 35 40 45 50 55 60
Patients at risk:
T-VEC 141 124 100 83 63 52 46 36 27 15 5 0 0
GM-CSF 295 269 230 187 159 145 125 95 66 36 16 2 0

65 Andtbacka, Kaufman, et al. JCO 2015



OS subgroup analysis by disease stage

Stage IlIB/C, IVM1a Stage IVM1b/c

E’IOO% 100%

S 80% 80%

§ 60% 60%

g 40% 40%

c

%‘20% Hazard Ratio: 0.57 (95% CI: 0.40, 0.80) o

X 0% Log Rank: p = 0.0009 (.de.scf'ip.tive) 0% Hazard Ratio: 1.07 (95% CI: 0.75_, 1._52)
Log Rank: p = 0.7094 (descriptive)

0 5 101520 25 30 35 40 45 50 55 60 0 5 1015 20 25 30 35 40 45 50 55 60
Risk set, n Study Month Risk set, n Study Month

T-VEC 16315714612911310493 73 51 2310 1 O T-VEC13111284 58 46 41 32221513 6 1 0
GM-CSF 86 78 655543 35302217102 0 0 GM-CSF554635282017161410 5 3 0 0

Events / N (%) Median (95% CI), mos Events / N (%) Median (95% CI), mos
— T-VEC 60/183 (49) 41.1 (30.6, NE) — T-VEC 109 /131 (83) 13.4(11.4-16.2)
GM-CSF 57186 (66) 21.5(17.4,29.6) GM-CSF 44/ 55 (80) 15.9 (10.2-19.7)

66 Andtbacka Kaufman, et al. JCO 2015



Owerall survival (%)

OPTiM shows sustained OS benefit at 49 months median

follow-up

1ﬂﬂ Median OS5, months HR
(95% C1) (95% CI) P-valug
mm T-VEC (n=295) 233 0.79 0.0494
80 (19.5-29.6)  (0.62-1.00)
mm GM-CSF (n=141) 18.9
(16.0-23.7)
60 -
40
204
{} 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 &0
Study month
Patients at nsk: dy
2095 269 230 187 159 145 126 114 86 &7 32 15 3
141 424 10N A1 A2 R? 4R A1 a1 21 An R’ N

ITT Population

Overall survival (%)

100 1
804
60 -
404
Meadian O%, monthse HR
(95% Cl)  (95% Cl) P-valus
20 - == T-VEC (n=88) ME 0.48 0.0038
(NE-ME)  {0.29-0.80)
== GM-CSF (n=43) 24.3
(18.5-43.6)
1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Study month
Patients at risk: dy
88 BY 81 75 69 65 58 5H5 42 27 11 L& 1
42 247 23 20 23 149 47 1R a9 A 4 n —

Stage I-IVM1a Andtbacka et al. JITC 2019



Intratumoral
Immunotherapy

Integrating Into
Combination Therapy




Initial results of SD-101 and pembrolizumab

Best Overall Response Rate (ITT) 2 mg/lesion (N=45) S '&9:?1';’ R
Objective response rate (ORR), n (%) (95% Cl) 34 (76) (61, 87) 20 (49) (33, 65)
Complete response 8(18) 4 (10) TLR9 agonist
Partial response 26 (58) 16 (39)
Stable disease 2(4) 7(17)
Progressive disease 5(11) 9 (22)
Not evaluablet 4(9) 5(12)
Time to response, median (months) 2.2 23
not reached not reached

Duration of response (DOR), median (months) (95%Cl) (NE, NE) (14.2, NE)

t Patients discontinued prior to first scan: 2 mg—clinical progression (n=3), consent withdrawn (n=1); 8 mg—clinical progression
(n=2), IrAE/AE (n=2), withdrew consent (n=1). NE, not estimable; ITT, intent to treat

Note: The concordance between blinded central assessment and investigator assessment on a subset of the 2 mg group (n=38)
was 89%

» ORR in patients with BRAF mutant tumors who received 2 mg/lesion (n=18) was 61%

ORR in patients with PD-L1 negative tumors who received 2 mg/lesion (n=14) was 79%

Long et al. ESMO 2018
Milhem et al. ASCO abstract CT144 2019



Study Schema for the phase 1b/Il trial of T-VEC and

Ipilimumab
Phasel: N =19

Unresectable Stage llIB-IV

T-VEC Intralesional
106 PFU/mL, after 3 weeks 108 PFU/mL Q2W2

Melanoma
Injectable L
Treatment naive . Ipilimumab 3mg/kg IV Q3W x 4
ECOG PS 0 or 1 | ;
No evidence of CNS mets Week 6

Week 1

T-VEC dosing until CR, all injectable tumors disappeared, PD per
irRC, or intolerance whichever comes first.

Primary Endpoint (Ph 1B): Incidence of dose-limiting toxicities (DLTS)
Primary Endpoint (Ph Il):  ORR determined by irRC

Key Secondary Endpoints: BOR, PFS, DoR, time to response, safety

aposing of T-VEC was & 4 mL X 10% PFU/mL once, then after 3 weeks, 6 4 mL x 108 PFU/mL Q2W.

Collichio et al. SMR 2014, Zurich



Randomized Phase 2 Clinical Trial: T-VEC + ipilimumab

improves ORR

T-VEC + ipilimumab vs. ipilimumab
alone Stage llIb-IVM1c melanoma

Response rates (N=198) more than
doubled with T-VEC + ipilimumab vs.
ipilimumab alone (38% vs. 18%)

For visceral lesions (none injected), the
response rate was 35% for T-VEC
+ipilimumab vs. 14% for ipilimumab
alone

No additional toxicity as compared to
ipilumumab alone

Change From Baseline, %

Change From Baseline (%)

600 -
400

200 -
100 ~

-100 +

600 4
400 -
200 -

. 53 (60)

_ 45 (51)

] 100% 22 (25)
I

100

Ipilimumab (n = 86)

| Change in tumor
I area from baseline No. (%)

B
46 (54)
30 (35)
I 17 (20)
|

Talimogene laherparepvec plus ipilimumab (n = 89)

||I h No. (%)

Chesney et al JCO, 2017



100 4
15

25

254
50
754

100 -

Phase 1 clinical trial of T-VEC and pembrolizumab in

melanoma

Stage 1B (n=1)
B StagelliC (n=7)
B StageVWM1a(n=2)
BN Stage [VM1b(n=3)
I Stage IVMic(n=8)

Response
111 (100%) N
ST (71%) |——
12 (0% e
313 {100%) | | | —
418 (50%) B ——
A N>

—

——

—

——

Talimogene laherparepvec

| :—’- [] Pembrolizumab
A | - [ No pembrolizumab*

— Ongoing response
|

A First complete response

First partial response

T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65

Without added toxicity

Ribas et al. Cell 2017



T-VEC induces CD8+ T cell recruitment and PD-L1
expression in the TME

PD-L1 CD8 S100




T-VEC + pembrolizumab induces CR in immunologically
deserted tumors

A

L s CR (N =6)
t mm PR (N=7)
% 8000 - mmmm PD (N =4)
T
(8]
2 6000 A
(/2]
c
[«}]
[
® 4000 A
o
Q
£
@ 2000 -
3]
0

0 —=r—

PDl CR CR CR CR CR PR PD PD PR PR PR PD PR PR PR PD CR

P4 =Ill l=lllll

IFNy score

-

Ribas et al. Cell 2017



T-VEC and MEK inhibition promotes tumor regression in
the SK-MEL-28 xenograft melanoma model

/\  —| Monit
| « tu?nnc:rog;romh
11 - o |
| 100 - /I-I- T—VEC ! ’;‘

do d 35 d 40 d 45 , ] *
" = MEKi ‘ i
¥ = Combo [¥

Tumor size (mm?)

I =T-VEC 1075 pfu

Days post-implantation

Bommareddy et al. Science Transl Med 2018



TVEC and MEKi reduces tumor growth in immune
competent DAM3A melanoma model

Ve MEKIi 0.5 mg/kg
| r X > Monitor
° 0 I T T T T T T tumor growth/survival

do d 15 d19 d22 d 26 d29 d33
T =T-VEC 1076 pfu
n=9
100 —= Mock
400~ == Mock | — T-VEC
* E
N -~ T-VEC [} s = 80 e MEK
€ 300- -~ MEKi L = TVEC+MEKi
* _ — -
E - TVEC+MEKi 5 60 '
o et .
5 200 g 40 50% survival
g )
S 1001 .
0 . Ot :
20 0 10 20 30 40 50 60 70 80 90 100
Days post-implantation Days post-implantation

Bommareddy et al, Sci Trans Med. 2018



PD-1 blockade augments T-VEC + MEKi combination
treatment

SN | , MEKi . S Monitor T=T-VEC 1076
@ rFttrtt ]
tot ot

tumor growth/survival 4 = aPD-1100 ug

do d 15 d19 d22 d26 d29 d33
100 ™ - = Mock .
) R 90% survival

50 B —- T-VEC + aPD-1
< L l _
2 [k —- MEKi + aPD-1
bt i | |
5 60 1 L .
o ] PN — T-VEC + MEKI
g 40- ! ' T-VEC+ MEKi + aPD-1
5 ) L
v T '
% 20- gl

b oy
0 | 1 l

0O 10 20 30 40 50 60 70 80 90 100110120130
Days post-implantation

Bommareddy PK et al, Sci Trans Med. 2018



Outstanding Issues with IT therapy

* How should eligibility be modified from standard clinical studies?
* Regulatory requirements for biodistribution are evolving

* Should all tumor be injected?

* Can IT agents be delivered by intravenous route?

 What are appropriate clinical endpoints?
* Monitoring of injected vs. un-injected lesions

* What is the optimal schedule for treatment (including when to stop), especially in
combination with other agents?

 How should component contributions be confirmed?
* Clinical vs. biomarker validation

* How long should contact transmission be monitored?
* |s neoadjuvant treatment better?



Intravenous delivery of IT agents
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Easier route to administer
Potentially targets all metastatic lesions
To date, appears safe

But,

Limited biodistribution a challenge
* Immune clearance (i.e. Abs, complement)
* Protein sequestration

To date, limited efficacy reported

Few studies report viable drug at tumor site



T-VEC neoadjuvant study shows promise

e 150 stage llIb-IVM1a melanoma
patients with at least one
resectable 1 cm tumor

* No systemic treatment in prior 3
months

 Randomized to T-VEC 6 doses
over 12 weeks followed by
surgery weeks 13-18 or up-front
surgery

* Primary endpoint is RFS

Dummer et al. ASCO 2019

* CR22.8% (13 of 57) in efficacy
analysis set (17% in ITT population)

* RO resection rate 56.1% (32 of 57)
in T-VEC arm vs. 40.6% (28 of 69) in
surgery-only arm

* RFS improved in T-VEC group HR
0.73 [80% CI, 0.56-0.93; P=0.048]

* OS improved in T-VEC group 95.9%
vs. 85.8% in surgery-only group
[HR, 0.47; 80% Cl, 0.27-0.82)

* Median f/o only 20 months



Conclusions

Intratumoral immunotherapy (ITIT) is defined as local delivery of agents that
induce innate/adaptive anti-tumor immune responses

There are many types of ITIT in clinical development
* Physical approaches
e Drug-based approaches

ITIT has special pre-clinical considerations

* Validate cell entry receptors, extent and type of cell lysis, local and distant anti-tumor activity
in immune competent murine systems, immunogenicity

ITIT has special clinical and logistical considerations

* Must consider dosing, schedule, volume, biodistribution, anti-viral responses, eligibility and
endpoint responses

ITIT can be used as part of a rational combination approach
* Neoadjuvant, 10 combinations, non-IO combinations
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