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Surgical training is long

Surgical care more comprehensive
Challenges _
to becom | ﬂg Technical aspects of surgery mandate focus and
a surgical Hne

scientist Laboratory opportunities and time may be limited
Basic and clinical research strategies largely
developed by non-surgeons




Surgical training brings unique opportunities

Surgical training is
more
comprehensive

Earlier relationship
with patients

Surgeons better
trained for
anatomy-related
research

Tissue access

Capable of adding
Strong culture of to multi-
mentorship disciplinary
approaches
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A recombinant vaccinia virus expressing human
carcinoembryonic antigen (CEA)

Tumor Antigen Gene Costimulatory Molecule Genes

/\/ (CEA) (B7-1,(_11_(;IA346; ;FA—S)
Howard Kaufman, Jeffrey Schlom, Judy Kantor ( )
DNA Plasmid Vaccini
First published: 30 July 1991 | https://doi.org/10.1002/ijc.2910480618 | Citations: 51 \ o s T
Mammalian Cell
» Recombinant viruses can express human antigens
» Vaccination was safe e YocOMEiOEY Kaufman et al. Int J Cancer 1991
» Vaccination induces CEA-specific immunity o G ~ Gnat et al. Cancer Res 1999
ecombinant Vaccinia- . .
» Vaccination did not induce clinical responses Recombinant Fowlpox Hodge et al. Front Bioscience 2006

CEA-TRICOM Vaccines



Viral infection tumor as a strategy to overcome limited efficacy
of recombinant viral vaccines

Oncolytic Virus -

Co L D (Herpgnﬂmn;z;e\);—i}—.ﬁ;us or H OT :/ /*z\i\\
N L a )

Responding Tumor

Immune cells migrate to
distant tumor to mediate
abscopal efficacy




Oncolytic vaccinia virus encoding B7.1
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Oncolytic vaccinia-B7.1 well tolerated
Demonstrated 25% ORR

Associated with ag-specific immunity
Associated with autoimmune vitiligo
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Kaufman et al. J Clin Invest. 2005



Can other viruses be used as oncolytic therapeutic

agents? HSV-1-GM-CSF e
s

Phase II Clinical Trial of a Granulocyte-Macrophage
Colony-Stimulating Factor-Encoding, Second-Generation
Complete Response 8 (16%) Oncolytic Herpesvirus in Patients With Unresectable
Partial Response 5 (10%) Metastatic Melanoma

Neil N. Senzer, Howard L. Kaufman, Thomas Amatruda, Mike Nemunaitis, Tony Reid, Gregory Daniels,
Rene Gonzalez, John Glaspy, Eric Whitman, Kevin Harrington, Howard Goldsweig, Tracey Marshall,
Colin Love, Robert Coffin, and John J. Nemunaitis

Objective Responses 13 (26%)
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Senzer et al. J Clin Oncol. 2009
Kaufman et al. Ann Surg Oncol. 2010



Percent Progression Free

Talimogene laherparepvec: OPTIM

FDA Approves IMLYGIC™ (Talimogene

Laherparepvec) As First Oncolytic Viral Therapy In The

US

IMLYGIC Indicated for the Local Treatment of Unresectable Cutaneous, Subcutaneous and Nodal Lesions in
Patients With Melanoma Recurrent After Initial Surgery

Patients Treated With IMLYGIC Achieved a Significant Increase in Durable Response Rate in Pivotal Study
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Events n (%) Median (5% CI
TVEC (N=295) 163(55.3%) 8.2(6.5, 9.9) months
GM-CSF (N=141) 84 (59.6%) 2.9(28, 4.0)months
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Kaplan-Meler Percent

n Median (95% CI)
10094 \_\\ Events/N (%) inMonths
—— T-VEC  189/205(64) 23.3(19.5-29.6)
80% GM-CSF 101/141(72) 18.9(16.0-23.7)
HR =0.787 (95% Cl: 0.62, 1.00)
60% \‘“-“\ Unadjusted Log-rank P = 0.051
—
40% . —
20%
oo | 12month 73.7% 69.4% 43(4.9,135)
24-month 49.6% 41.3% 8.3(-1.9, 18.5)
| 36-month 406% | 278%  12.8(1.0,248)
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Andtbacka, Kaufman, et al. J Clin Oncol 2015




OPTiM shows sustained OS benefit at 49 months median follow-
up

Median OS, months HR =
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Andtbacka et al. JITC 2019



Why Oncolytic Viruses?

Immunogenic cell death
Other ICD inducers:

* Selective cytotoxicity —

3
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Chemotherapy (anthracyclins,
i Pamps: O
. Reavirus Vi,,.;m”,m,,,f # platin-based agents)
[ ] Ads N
I l I I l I I u n Oge n I C Ce eat {capsids, DNA, dsRNA, Cyclophosphamide
il ssRNA, proteins) Bortezomib
‘TVV ER-stress EGFR-binding Ab
H-1PV

* Immunity
* Recruits DCand T cells
* Systemic anti-tumor immunity

Release/presentation
of DAMPs:

HMGB1

Heat shock proteins
Calreticulin exposure
ATP

Uric acid

activating cytokines:
Type | IFN, TNF

» Safety S——
* Well tolerated

* Non-overlapping toxicity e
profile with other drugs

Activates APC/DC



PD-1 blockade augments T-VEC + MEKi combination
treatment
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Bommareddy PK et al, Sci Trans Med. 2018



T-VEC replicates better in STING' tumors, is
enhanced by MEKi and sensitizes to PD-1 blockade

No response Respond to Tumor clearance
to immunotherapy”* PD-1 blockade
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Bommareddy PK et al, Sci Trans. Med. 2018 Mock Anti-mPD-1 mT-VEC
Bommareddy PK et al, Oncoimmunology 2019 Treatment



Avelumab, a novel anti-PD-L1 mAb

T-cell mediated
immune response

Human IgG1 mADb! . o’a%e,

Bindls PD-L112 g8
— Inhibits PD-1/PD-L1 interactions y
— Leaves PD-1/PD-L2 pathway intact /

Half-life =4 days
>90% target occupancy O Avelurgb_ PO
Dosing Q2W (10 mg/kg)?

Induces ADCC in preclinical
models3

°° ADiCC
o activity

Antitumor activity in multiple
malignancies*?

ADCC, antibody-dependent cell-mediated cytotoxicity; mAb, monoclonal antibody; NK, natural killer; Q2W, every2 weeks

1. Heery CR, et al. J Clin Oncol. 2014;32(Suppl):Abstract 3064. 2. Heery CR, et al. J Clin Oncol. 2015;33(Suppl):Abstract 355 3.
Boyerinas B, et al. Cancer Immunol Res. 2015;3(10):1148-57. 4. Gulley JL, et al. J Clin Oncol. 2015;33(Suppl):Abstract 8034. 5.
Chung HC, ef al. Eur J Cancer. 2015;51(Suppl $3):Abstract 2364. 6. Disis ML, et al. J Clin Oncol. 2015;33(Suppl):Abstract 5509. 7.
Apolo AB, et al. J Clin Oncol. 2016;34(Suppl):Abstract 4514. 8. Disis ML, et al. J Clin Oncol. 2016;34(Suppl):Abstract 5533. 9. Larkin J,
et al. Ann Oncol. 2016;27 (Suppl):Abstract 775PD.
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Avelumab induces therapeutic responses in 32% of previously

treated MCC patients

[l One previous line of any systemic therapy (n=39)
[ Two or more previous lines of any systemic therapy (n=26)

—s— Complete response
—e— Partial response
, / —e— Stable disease
/’ 5 / —a— Progressive disease
V4 / 74 —e— Not evaluable
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FDA NEWS RELEASE

FDA approves first treatment for rare form of

skin cancer

March 23, 2017

Kaufman et al. Lancet Oncol. 2016



Avelumab is associated with a 62% response rate in previously
untreated MCC patients
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Complete response
Partial response
Progressive disease
Ongoing response
End of treatment
Death

Start of subsequent
anticancer treatment
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D’Angelo et al. JAMA Oncol. 2017



Conclusions

* Oncolytic viruses are a new class
of cancer therapeutics

e T-VEC was the first OV to be
approved in melanoma

* Current work is supporting new
combination strategies and
potential biomarkers

» Surgeons were integral to both
pre-clinical and clinical
development of T-VEC

AMOGEN

e Avelumab was the first FDA
approved treatment for
advanced MCC

* An understanding of the MCC
academic community allowed
for rapid subject accrual

* An understanding of the disease
allowed for input into the
regulatory process

EMD
SCRONO



My advice for [surgical] investigators

* Be passionate

* Be persistent

* |dentify your mentors early

* Spend time in other disciplines

* Focus on specific elements at dedicated times

* Collaborate

* Network

* Communicate with your chair

* Explore other avenues of support (e.g., Cancer Center)
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