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Human Immune System

Active Immunity Passive Immunity
Vaccine/infection e Antibodies
Long-lasting protection e Rapid protection
Multiple immune cells and| |« Short duration
pathways affected  Antibody response
It takes days/weeks to  There Is specificity
mount an Immune « NO memory immune
response response
There Is specificity
There Is memory
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Glen Dranoff, CytokTﬁbsm can_cér_bgthogenesis and cancer therapy,
Nature Reviews Cancer, 4, 11-22, 2004

Mature Reviews | Cancer




Immunologic Response to Cancer
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TGF-B2, PGE-2
and IL-10




HISTORY OF CANCER TREATMENT MODALITIES

SURGERY

RADIATION

CHEMO-

THERAPY

TARGETED
DRUGS

IMMUNO-
THERAPY

Cut out accessible
turmer cells to stop

APPROACH growth and prevent
their spread
SINCE 18005
Many inaccessible
tumors ineligible;
LIMITATIONS imited effectiveness

if tumor has already
begun to spread

Use highly
concentrated
X-rays or radioactive
isotopes to Kill
cancerous cells

early 1900s

Limited effectiveness
if tumor has already
begun to spread;
potentially
dangerous for
tumors near vital
organs

Use cytotoxic drugs
to Kill or inhibit
cancer cells

late 1940s

High toxicity and
often does not
destroy the whole
turmor, leading to
high rates of
recurrence

Interfere with a
mechanism reqguired
for, or that supports

tumor growth

2000s

Limited tumor types
eligible; high
efficiency but short
durability driving
high rates of
recurrence

Cancer Research Institute, Website: www.cancerresezh.org

Support the immune
systerm’s innate
ability to recognize
and eliminate tumor
cells

2010s

Applicable to all
turmors at all stages
of disease including

metastatic tumors;
responses are highly
durable; potential for
lower toxicity
profiles; synergistic
with other treatments




Classification of
Current Anti-Cancer
Immunotherapies

Oncotarget, Vol. 5,
No. 24, 2015
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Therapeutic Cancer Vaccines

Approach to
lml:npuniza o Target Subtype Example Comment
—_—
Immunogen is irradiated autologous malignant
Whole (irradiated) cell GVAX prostate pancreatic cells: also contains GM-CSF
i transfected gene and ipilimumab
; pecific
Active T Peptide, protein, tumor lysate
el and shed antigen vaccines Non licensed as of May 2014
have been developed
_———————_———
Non-spatific Live, atteln uated HOG e Local tumor msttii_atmn (eg bladder cancer)
vaccine enhances immune response
Antibody trastuzumab Blocks Human Epidermal Growth Receptor 2
Anti . ; :
nclbctd},r Drug brentuximab vedotin Antibody targets m.allgnant :‘:eil releasing the
Specific onjugate fused antineoplastic drug |
- i
Passive Autologous or urngrerfradIng _:_ymphﬂcgt e Termed adoptive T cell therapy — non licensed
allogeneic T cells > Jyand T regs ce (May, 2014)
vaccines developed '
Antibody ipilimumab CTLA4 blocking antibody
, . ; :
Non-specific Autologous or uendlr itvading PRGOS, Termed adoptive T cell therapy - non licensed
allogeneic T cells Cits, T;anc T rags cell (May 2014)
vaccines developed




Table 1

Overview of results from phase Ill vaccine trials and immune correlates to better patient outcomes

Trial/name Cancer Antigen Adjuvant/delivery] Patients Primary endpoint Immune correlates to References
improved outcome
DERMA, Melanoma MAGE-A3 AS15, ASOZB 1351 Disease free Gene signature (GS) [25" 28]
survival — data suggesting active immune
pending response within the turmnor
from Phase || data GS+
patients versus placebo,
HR =0.37, p = 0.06
MAGRIT Lung MAGE-A3 AS15, ASO2BE 2278 Disease free survival, Gene signature suggesting [23.24,25™]
Terminated due to active immune response
futility within the fumor G5+
patients versus placebo,
HR =0.42, p = 0.06
Tecemotide/| Lung MUCH Liposome 1239 Overall survival, Concurrent [48]
SMART 25.6 versus 22, Radiation + vaccine.
Tral p=0.12 Overall survival 30.8 versus
20.6, p =0.016
IMA-D01 Kidney Multiple GM-CSF aa Phase |l, saftey and Multiple eptiope response [26]
HLA-A2.1 tolerability were met. correlated with better
peptides (10) Phase Ill trial is disease controll, p = 0.023
currently underway
Brovence Prostate Prostatic Autologous 512 Survival hazard ratio, Antibody titre =400, [18-20]
EACT Acid dendritic cells 0.59, p=0.M Increased overall survival
Sty Phosphatase Median overall survival p=0.001, 28.5% of patients
PAP 25.8 versus 21.7
go100 Melanoma gpl100 Maontanide/IL-2 185 Progression free MNo correlation with immune  [21.30]
survival, 2.2 versus 1.6, activity in Phase Il or 11l trial
SinKlLH Breast Sialyl-Tn-KLH KLH/Detox B 1022 Time to progression, Median or greater lgG [67.68]
3.4 versus 3.0, response,
p =0.305 Overall survival 39.6 versus
Overall survival, 254, p =0.005

23.1 vs, 22.3




Patient cells injected with_ tumor-specific mutations idatified
by high-throughput sequencing and bioinformatics, or whole
tumor cells

Bicinformatic prediction

Tumor cells

Neo antigen peptides




Autologous tumor lysate encapsulated into
nanoparticle vehicles, delivered to DC’s In vivo

)

Lysate pulsed DC

Manoparticle carrier




Dendritic cells loaded ex-vivo with autologous tumio
antigens via pulsing with either tumor RNA or lysate

&)

DC tumor fusion

RNA pulsed DC




Immune Dysfunction Inhibiting Vaccine Efficacy and
Treatments to Overcome This

(@) Vaccine antigen specific T-cell pool
is mostly exhausted

* Low proliferation in response to antigen
« No cytokine production

+ High expression of PD1, LAG3, CTLA4

* Antibody treatments blocking PD1,
LAGS3 and CTLA4 can restore the
function of exhausted CD8 cells




Immune Dysfunction Inhibiting Vaccine Efficacy and
Treatments to Overcome This

(b) APCs are not optimally immunogenic
» Low co-stimulatory molecules

e | ow MHC-|
» Poor cytokine production

Treatments:

« Vaccines using ex-vivo opltimally activated
dendritic cells to deliver antigen (Provenge)

= Co-treatment with radiation can improve antigen
presentation

* Powerful adjuvants can improve vaccine
antigen presentation (e.g. CpG)




Immune Dysfunction Inhibiting Vaccine Efficacy and
Treatments to Overcome This

(€) T-cells activated by vaccines are inhibited
in the tumor microenvironment

* Up-requlation of PD-L1 by tumor cells

« Sacretion of Immuno-suppressive
molecules, e.g. TGF-j

Treatments:
e Antibody treatments blocking PD1
* siBMNA against tumor produced TGF-fi

suppression

£~ Inhibit local |




Preventing cancer:




Human Papillomavirus Quadrivalent
(Types 6, 11, 16, and 18) Vaccine, Recombinant

Cervical Cancer:

— Prevented_ 100%of HPV 16- and 18- related cervical pre-
cancers and non-invasive cervical cancers

— Protects against 4 types of HPV in females ages 9 to 26

— Protects against 2 types of HPV that cause about 75% of
cervical cancer cases, and 2 more types that cause 90% af
genital warts.

Cervical Intraepithelial Neoplasia (CIN):

— Prevented 95%o0f low-grade cervical dysplasia and pre-
cancers caused by HPV 6, 11, 16 or 18

Genital Warts:

— Prevented 99%o0f cases of genital warts caused by HPV 6
orll

— Males ages 9 to 26, protect against 90% of genital warts




Human Papillomavirus Quadrivalent
(Types 6, 11, 16, and 18) Vaccine, Recombinant

Vaginal cancer:

— Helps protect females ages 9 to 26 against 70% of vaginal
cancer cases and up to 50% of vulvar cancer cases.

Head/Neck Cancer ?7?77?

— HPV infections, especially HPV 16, contribute to some H/N
cancers

— HPV is found in an estimated 26-35% of head and neck
sguamous cell carcinoma).

— In principle, HPV vaccines may help reduce incidence of such
cancers caused by HPV, but this has not been demonstrated.

e Given as 3 injections over 6 months.




Timeline of the Development of
Immunotherapy

j..

Ipilimumab approved

1990
BCG approved
1891 1960s for bladder 2010
Firstcancer Adjuvants cancer Sipuleucel-T
“vaccine” (eg. BCG) 1986 approved as
demonstrated shown to IFNa approved first autologous
(Coley bacterial eradicate as cancer cellular
toxin) sometumors immunotherapy immunotherapy
l s 1960 1970 1980 1990
1909 Late 1950s 1992
Cancer occurs Immuneosurveillance IL-2 approved
spontaneously; theory introduced as cancer 2011
immune system  (Thomas, Burnet) immunotherapy
recognizes and 1985 for metastatic
protects (Elrich) R melanoma

BECG = Bacille Calmette-Guérin

IFM =interferon

IL = interleukin

TIL = tumer-infiltrating lymphocyte

Coley WE. Ann Surg 1891;14:199—220

Kim C) et al. Cancer Control, 2002;9:22-30,

Dudley ME et al. Science. 2002;298:850-854.

Mature Milestones Cancer 2006; 57-523.

Cancer: Principles and Practice of Oncology. 9t ed . 2011,

immunotherapy
for patients with
cancer
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Edward Jenner

=

All based on a simple 4
observation

Milk maidens who developed|
cowpox NEVER developed

smallpox B
L 4
A

Smallpox




~ circa 1804

Bronze sculpture by Giulio
Monteverde showing
Edward Jenner
Inoculating his son with
cowpox liquid as a
prevention against
smallpox

Variolation: Pricking into
the skin with the fluid
from a cowpox blister

(vaccinia)




THE COW-POCKOR: THE WONDERFUL EFFECTS OF THE NEW
- INOCULATION [Ja

s T o

o

R T T s
B Prdieiedomr of ¥ B R P A T




Willlam B.

1891: Attending Surgeon to
the NYC Cancer Hospital

Utilized a combination of live
bacterial cultures
(Streptococcus pyogenes
[erysipelas] and_Bacillus
prodigiosus)

Injected around a cancerous
tumor (sarcoma)

Changed to filtered cultures
due to high toxicity

Coley’ s Toxin resulted in
disappearance of large,
bulky tumors in many
patients, primarily with
sarcoma

Possibly led to discovery of
tumor necrosis factor (TNF)




William B.

First patient: to receive Coley Fluid
was a sixteen-year-old boy with a
massive abdominal tumor.

Every few days, Coley injected
“Coley s fluid” directly into the
tumor mass

Produced the symptoms of an
Infectious disease, but did not
produce the disease itself

On each injection, there was a
dramatic rise in body temperature
and chills

The tumor gradually diminished in
size
By May 1893, after four months of

intensive treatment, the tumor was
1/5" its original size

By August, the remains of the growth
were barely perceptible

The boy received no further anti-
cancer treatment and remained in
good health until he died of a heart
attack 26 years later.




INOPERABLE

2

+HE TREATMENT OF INOPERABLE SAR-
COMA WITH THE MIXED TOXINS OF
ERYSIPELAS AND BACILLUS
| PRODIGIOSUS.

(MMEDIATE AND FINAL RESULTS IN ONE HUNDRED AND
-- - FORTY CASES. |

ted to the Sectibn on Surgery and Anatomy, at the Forty-ninth
Annual Meeting of the American Medical Association, held
at Denver, Colo., June 7-10, 1998.

BY WILLIAM B..COLEY, M.D.
JITENDING SURGEON TO THE NEW YORK CANCER HOSPITAL; ASSISTANT
SURGEON TO THE HOSPITAL FOR RUPTURED AND CR

NEW YORK, N. Y.
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Annual Meeting
of the AMA, June
7t 1898

Memorial Sloan-Ketrering
2 Cancer Center
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Table 2. Summary of Patients Treated with Coley’s Toxins béfore. 1940

Type of cancer Total A B C D E
Soft tissue sarcomas! 34 32 12 11 12 17
L.ymphosarcomas (lymphomas)? 33 10 4 4 7 8
Osteosarcoma’ 3 2 1 0 0 0
Ewing’s tumor/reticulum cell sarcoma* 1 0 0 0 0 1
Ovarian carcinoma’ 4 1 2 0 0 1
Cervical carcinoma’ 2 0 1 0 0 1
Testicular® 14 5 3 3 2 1
Renal’ 8 4 1 i 1 1
Multiple myeloma3 1 0 0 i 0 0
Colorectal carcinoma® 1 1 0 0 0 0
Breast carcinomal® 13 5 6 2 0 0

6 2 3 0 i 0

Melanoma!l!

Evaluation was restricted to those patients who were considered to be inoperable at the time of
treatment, and who received no therapy other than the vaccine. Individual patient records are
tabulated as follows: A, those making no beneficial response to the treatment; B, those making an

initial response, but either known to relapse dat any time or lost to follow-up in less than 5 years;

C, those rendered free of disease, but lost to follow-up after at least 5, but less than 10, years; D,
those rendered free of disease, but lost to follow-up after at least 10, but less than 20, years; E, those
rendered free of any clinical evidence of disease for a period of time not less than 20 years. ‘Nauts
1975c. 2Nauts and Fowler, 1969. *Nauts, 1975b. *Nauts ez al., 1953. ’Nauts, 1977. *Fowler, 1968.
"Nauts, 1973. ®Nauts, 1975a. *Fowler, 1969b. 1'Nauts, 1984. “Fovgl,er 1969a.

A complete response rate of 47.6% (40/84 pts. at Bars)
e CR@ 5yrs., but <10 yr (13%)
 CR @ >10yrs., but <20 yr (13%)
e« CR@ > 20 yr (20%)
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Pioneers of cancer iImmunotherapy

Steven A. Rosenberg Donald Morton



Investigator

Hersh et al.
Parkinson et al.
Whitehead et al.
Sparano et al.
Demchak et al.

Rosenberg et al.

Clinical Studies with rIL -2 for the

Treatment of Metastatic Melanoma

Dosing//Schedule _Pts.

12x161U/m, day 1,3,5 every week
600,000 IU/kg, TID x 5 days, q¥5d 46
36-60 x 19U/m, day 1,3,5 q week

6 x 10U/m, TIDx 5 days, q1%'d
600,000 IU/kg, TID x 5 days, q¥sd 27

720,000 IU/kg, TID x 5 days, q1'5

_CR PR _CR+PR %

26 0 3 12%
2 8 22%

42 0 4 10%
44 0 2 5%
0 4 26%
134 9 14 17%

CR=7%

PR = 10%

Total CR + PR = 17%




Pretreatment 1 month 15 months



04/18/97 > - ReMN1/97

Rosenberg et al., Nature Med., 1998



Tumor Cell Recognition by the Host Immune System
Mechanisms for Self-Antigens to Become Tumor Antigens

_ . Post-Translational
Mutation Over-expression Modification




Immunologic and Therapeutic Evaluation of a Synthdt Peptide Vaccine for the Treatment of
Patients with Metastatic Melanoma. Nature MedicineMarch 1998. Rosenberg SA, Yang JC,
Schwartzentruber DJ, Hwu P, Marincola FM, Topalian SL, Restifo NP, Dudley ME, Schwarz
SL, Spiess PJ, Wunderlich JR, Parkhurst MR, KawakamiY, Seipp CA, Einhorn JH, White DE.

 Immunodominant peptides from the gp100 melanoma-associated
antigen were identified, and a synthetic peptide (gp209-2M),
designed to increase binding to HLAA2 molecules, was used as a
cancer vaccine to treat patients with metastatic melanoma

e On the basis of immunologic assays, 91% of patients could be
successfully immunized with this synthetic peptide

e 13 of 31 patients (42%) receiving the peptide vaccine plus IL-2
had objective cancer responses

* Four additional patients had mixed or minor responses

* Proof-of-principle that synthetic peptide vaccines based on the
genes encoding cancer antigens can be effective therapies for
development of novel cancer immunotherapies
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. Post-vaccination
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(Rosenberg €t al., Nature Med., 1998)
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NATURE MEDICINE, Volume 10(9), September 2004

Cancer immunotherapy: moving beyond current

vaccines

Steven A Rosenberg, James C Yang & Nicholas P Restifo

Great progress has been made in the field of tumor
immunology in the past decade, but optimism about the
clinical application of currently available cancer vaccine
approaches is based more on surrogate endpoints than on
clinical tumor regression. In our cancer vaccine trials of 440
patients, the obiective response rate was low {2.6%), and

comparable to the results obtained by others. We consider here
results in cancer vaccine trials and highlight alternate
strategies that mediate cancer regression in preclinical and
clinical models.

patients who achieved clinical responses, many cancer vaccine trials
have been optimistically reported because surrogate or subjective
endpoints were achieved. Sensitive techniques such as tetramer or
ELISpot assays have been used to demonstrate the generation in vivo
of antitumor T cells in vaccinated patients, but the scarcity of clinical
responses in these patients has made it difficult to validate any of
these assays as a useful surrogate of clinical response.

Analysis of trials using standard oncologic criteria
Standard oncologic criteria for evaluating and reporting objective

cliniral resnnnsss tn treatment are well ectahlichoed 1n ancalooce and

In the year 2003, there were 216 ongoing vaccinddifs in cancer patients. For DC-
based vaccines alone, there are 98 published stusliigeating over 1,000 patients
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Peptide Vaccine
| mmunization of
Patients with
M etastatic Cancer

Overall Response
Rate = 2.9%




Virus HLA restriction Total patients NR PR CR
Fowlpox MART-1 Any 12 12 0 G
Fowlpox gpl100 Any 20 20 0 0
Fowipox gpl0G(210M, 288V) A2 15 14 1 0
Fowlpox gpl10O(ES,0q9_571(210MY) A2 46 46 0 0
Vaccinia MART-1 Any 5 &) 0 0
Vaccinia gpl00 Any 16 16 0 0
Adenovirus MART-1 Any 17 16 0 1
Adenovirus gp100 Any 7 / 0 0
DNA gpl100(210M, 288Y) A2 22 21 1 0
2 1

Total 160 157

Viral Vaccine | mmunization of Patients with
Metastatic Cancer

Overall Response Rate = 1.9%



Rosenberg SA, Yang JC, Restifo NFCancer immunotherapy: moving
beyond current vaccines. Nature Medicine, 10(9), 909-915, 2004

* 440 patients with stage IV melanoma

« Treated with 541 different vaccines over a nine-year period
[Surgery Branch, NCI]

e Vaccine strategies: synthetic peptides, naked DNA, dendritic
cells (DC) and recombinant viruses

* Overall Objective Response Rate = 2.6%

« Comparison was made of 35 other vaccine trials from around
the world: 765 patients receiving similar type vaccines

* Overall Objective Response Rate = 3.8%

« Combining the results: 1,306 vaccine treatments in over 1,20Q
patients:

OVERALL RESPONSE RATE OF CANCER
IMMUNOTHERAPY OF 3.3%




Adoptive Immunotherapy

« Cancer “Vaccines’
|» Dendritic Cell-Based Therapy
e Cell-Transfer Therapy




Allogeneic Melanoma Vaccines

» Polyvalent, allogeneic, antigen-enriched whole cell irradiated
melanoma vaccine

» Developed at the JWCI in Santa Monica, CA. (Mortoret al.)

» Composed of 3 melanoma cell lines

» HLA haplotype match in 95% of melanoma pts

» Grow separately, combine, XRAY (150 Gy), stored sterile

» Most extensively studied vaccine with the longest followp

Common Tumor Antigens Melanoma-Associated Antigens
(+) GM2, GM3, GD2, GD3 Tyrosinase

gp90 MART-1

gp70 gp75, gpl00
MAGE 1 HMW antigen
MAGE 3 LP 180

Sialyl Lewis X, a O-acetyl GD3




Vaccination Schedule

v Induction Phase with SQ injections g 2weeks x 5
doses over 2 months

v' BCG given with the first 2 vaccinations as a
nonspecific iImmunostimulant

v' Maintenance phase with SQ injections g 4 weeks
X 1 year, then g 2 months x 1 year and then g 3
months for a total of 5 years

v Minimal toxicity noted (fever, local reactions,
fatigue, and muscle weakness)




Allogeneic Melanoma Vaccines are NOT Effective

Stage Il Trial Results

Stage |V Trial Results

Disease-free| 5-year DF | Median DF
survival survival survival
Placebo arm 52.1% >60 months
Vaccine arm 47.2% 42.6 months
Overall 5-year Median
survival survival survival
Placebo arm 67.7% >69 months
Vaccine arm 59.1% >69 months

Disease-free 5-year Median
survival survival survival
Placebo arm 20.9% 7.2 months
Vaccine arm 27.4% 8.3 months
Overall 5-year Median
survival survival survival
Placebo arm 44 .9% 38.7 months
Vaccine arm 39.6% 31.5 months

Morton DL et al. SSO, San Diego 2006




Although the vaccine doesn’t work:
Up-Front Surgery May Help in Select Cases:

e 40% of all patients (in
Surgical resection of both arms) were alive at
all metastatic lesions 5 years

l  Prolonged survival not
Randomize due to the vaccine

* Prolonged survival is
' ' likely due to complete

CancerVax + BCG Placebo + BCG Surgical resection Of
metastatic disease

Morton et al., SSO 2006



Allogeneic Melanoma Lysates in Active
Specific Immunotherapy

» Composition: Two melanoma cell lines grown to cohfence, expanded and mechanically
disrupted

» Frozen lysates are thawed and mixed with Detox aduant (lipid A, mycobact. cell wall
skeleton)and injected SQ in divided doses (0.5mlL0-40 M tumor cell equivalents)

1988 and 1990 (N=114): 1993 (N=106)

Multicenter Phase Il Trial

Cyclophosphamide + Melacine vs.
DTIC+Cisplatin+Carmustine+Tamoxifen

Objective Response Rate=7%
10% chemo. with no diffn OS (9.4 mo.
vs. 12.3 mo., vs. chemo.)

Phase | and Il trials with Melacine

20% Objective Response Rate

5% CR, 15% PR

8% (13/150) long-term survivors

Median duration of response of 21 months
Median survival time of 46 months




SWOG 9035 Phase Ill observation-controlled trial of allogeneic
melanoma vaccine in patients with intermediate thickness (1.5-4.0
mm Breslow’s depth) melanoma and clinically negative regional

lymph nodes (T3NOMO)

e 1:1 randomization of observationvs. 2 years of
adjuvant vaccinations with four 6-month cycles
composed of 10 treatments (2 injections/treatment or
20 injections/cycle)

 No clinical evidence of nodal or distant metastasis and
surgical staging allowed, but not required

* Results reported after median followup of 5.6 years,
RFS reported but OS endpoints not yet met




Sondak et al.: Adjuvant Immunotherapy of Resected, | ntermediate-Thickness Node-
Negative Melanoma with an Allogeneic Tumor Vaccine. |. Overall Results of a
Randomized Trial of the Southwest Oncology Group. J Clin Oncol 2002; 20: 2058-66

100% _ _
Disease-free survival by treatment arm for

all 689 patients on SWOG 9035

P=0.34 after correction for

20% — Relapse or 5-Year :
v At Risk Death Estimate known prognost|c
i accine 346 120 66% .
== == Observation 343 133 62% variables
P=0.17
0% ' : ' I y | - | . 1
. ) 4 6 8 10

Years from Registration




Phase Ill, Randomized, Double-Blind, Placebo-Contrited Multicenter
Vaccinia Melanoma Oncolysate Trial
Wallack, Balch, Sivanandham, Urist, Bland, Murray, Robinson, Flaherty,
Richards, Bartolucci, Rosen. J Am Coll Surg 1998

v Polyvalent vaccina melanoma oncolysate developed from 4 cell
lines and vaccinia virus

v’ Stage Il patients randomized to VMO (n=104) vs. control virus
(n=113)

Results:
v No difference in overall survival or disease-free survival in total

group

v Retrospective subset analysis of pts. with 1-5 nodes (+), b/t the ag
of 44-57, showed a survival advantage with VMO




A Phase Il Clinical Trial of an Anti-Tumor Immunotherapy Regimen
Comprised of Pegylated Interferon-Alpha-2b and Dorgenmeltucel-L
for Subjects with Advanced Melanoma.

Riker et al. 2014, The Ochsner Journal

Clln‘calTrIals‘gov Home Search Study Topics Glossary

A service of the U.S. National Institutes of Health | _Search

Study 13 of 873 for search of: melanoma
<@ Previous Study  Return to Search Results  Next Study =

] Full Text View ] [ Tabular View ] [ No Study Results Posted 1 [ Related Studies 1

A Phase Il Study of an Anti-Tumor Immunotherapy Regimen Comprised
of Pegylated Interferon-Alpha 2b and HyperAcute Melanoma Vaccine
for Subjects With Advanced Melanoma




Dorgenmeltucel-L Vaccine Platform

e Mixture of irradiated, allogeneic, whole cancer cells

e Genetically modified to add o-(1,3)-galactosyl transferase
gene to cell surface antigens

e Based on mechanism of Hyperacute rejection in xeno-
transplantation

e Designed to break tolerance and enable longer duration of
anti-tumor effect

e Platform is broadly applicable to multiple cancers

e Simple to manufacture and QC
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Table 3. Patient Responses

Stage at Duration of

Enroliment  Clinical Survival,
Patient in Trial Response  Status Months
1 4 CR Alive 36 Table 4. Summary of Clinical Responses
2 4 CR Alive 28
3 4, NED NED Alive 26 Duration of
: jj - e e e Response Number of Survival Range,
6 4 NED Alive 12 by Stage Patients (%) Months
7 4 SD Alive 21
8 4 PD Alive 16 Stage 4
10 ‘ m oo s S L
12 4 PD DOD 29 CR 2 {12.5) 28-36
13 4 PD DOD 10 NED 4 (25) 12-26
14 4 PD DOD 5
15 4 PD DOD 16 SD 1(6.3) 21
16 4 PD DOD 6 PD (alive) 1 (6.3) 16
17 2C, NED NED Alive 30 Stage 2/3
18 3B, NED NED Alive 28
19 38, NED NED Alive 28 Overall g
20 3B, NED NED Alive 18 DOD 5 (55.5) 2-19
21 38, NED PD DOD 9 NED 3 {33.3) 18-28
22 3C, NED PD DOD 19 a
23 3B, NED PD DOD 11 PD 1(11.1) 30
24 3B, NED PD DOD 7

3C, NED PD DOD 2

CR, complete response; DOD, dying as direct result of disease; NED, no

evidence of disease; PD, progressive disease; SD, stable disease.
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Phase I Trial of Interleukin-12 Plasmid Electroporation in
Patients With Metastatic Melanoma

AdilI. Daud, Ronald C. DeConti, Stephanie Andrews, Patricia Urbas, Adam I. Riker, Vernon K. Sondak,
Pamela N. Munster, Daniel M. Sullivan, Kenneth E. Ugen, Jane L. Messina, and Richard Heller

ORI e R R e

Purpose

Gerge-based immunotherapy for cancer is limited by the lack of safe, efficient, reproducible, and
titratable delivery methods. Direct injection of DNA into tissue, although safer than viral vectors,
suffers from low gene transfer efficiency. In vivo electroporation, in preclinical models, signifi-
cantly enhances gene transfer efficiency while retaining the safety advantages of plasmid DNA.

Patients and Methods )
A phase | dose escalation trial of plasmid interleukin (IL)-12 electroporation was carried out in

patients with metastatic melanoma. Patients received electroporation on days 1, 5, and 8 during
a single 39-day cycle, into metastatic melanoma lesions with six 100-us pulses at a 1,300-V/cm
electric field through a penetrating six-electrode array immediately after DNA injection. Pre- and
post-treatment biopsies were obtained at defined time points for detailed histologic evaluation and
determination of IL-12 protein levels.

Results

Twenty-four patients were treated at seven dose levels, with minimal systemic toxicity. Transient
pain after electroporation was the major adverse effect. Post-treatment biopsies showed plasmid
dose proportional increases in IL-12 protein levels as well as marked tumor necrosis and
lymphocytic infiltrate. Two (10%) of 19 patients with nonelectroporated distant lesions and no
other systemic therapy showed complete regression of all metastases, whereas eight additional
patients (42 %) showed disease stabilization or partial response.

Conclusion
This report describes the first human trial, to our knowledge, of gene transfer utilizing in vivo DNA

electroporation. The results indicated this modality to be safe, effective, reproducible, and
titratable.

J Clin Oncol 26. ® 2008 by American Society of Clinical Oncology
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Table 1. Patient Characteristics and Treatrnent Response

IL-12 Plasmid Electroporation Objective Response
AJCC Concentration Lesion Distant Disease Qverall Duration
Cohort Patient  Age Sex  Stage LDH (mg/mL) Volume {(mL) Nao. Site Sites Response  (months)
1 1 35 M VA 382 0.1 0.56 3 Leg SQ, LN PD
2 54 M IvVC 927 0.1 3.9 4 Trunk SO, LN PD
3 69 M VC 923 0.1 4.4 2 Trunk SQ PD
P 4 55 AV IVC 1,974 0.25 4.98 4 Trunk Multiple sites PD
5 66 M VB 368 0.25 4.03 3 Trunk Multiple sites SD 4
6 43 M IVA 483 0.25 2.98 2 Trunk, arm S0 PD
3 7 50 M HC 541 0.5 1.16 4 Trunk, arm sSQ : =18
8 61 A HC 356 05 0.82 4 Leg SQ PD
9 80 M VA 449 0.5 2.13 4 Trunk, arm S0 CR =20
4 10 68 M IVA 514 1 0.07 3 Trunk sQ SD > 20
11 64 F vC 908 1 1.2 3 Leg SQ, LN PD
12 70 M e 370 1 0.96 3 Trunk — PD
5 13 61 A HIC 418 1.6 0.57 4 Arm — PD
14 76 F mc 151515} 1.6 0.27 4 Leg SQ CR =16
15 83 M Hc 465 1.6 0.04 4 Arm 5Q PD
(3] 16 56 M Hec 400 1.6 R 4 Trunk S0 SD 4
17 79 F HIB 470 1.8 FV 3 Leg — sD =4
18 56 F Imc 584 1.6 FvV 4 Leg sQ PD
7 19 T2 M HIC 507 1.6 Fv 3 Leg LN PD
20 41 M HIB 433 1.6 FV 4 Leg = SD 4
21 26 M IVA 358 1.6 FV 4 Leg SQ SD 4
22 62 M IVA 480 1.6 FvV 2 Trunk S0 PD
23 85 WY/ IVA h72 1.6 FV 4 Leg 5Q, LN SD e85
24 63 M IVC 1,380 1.6 FV 3 Neck Liver, lung PD

Abbreviations: AJCC, American Joint Committee on Cancer; LDH, lactate dehydrogenase; IL, interleukin: lesion volume, cumulative volume of lesions treated: M,
maie; SQ, subcutaneous; LN, lymph node; PD, progressive disease; F, female; SD, stable disease; CR, complete response; FV, fixed volume; em, no distant disease.
“Patient 7, overall response was a CR 5 after following treatment with plasmid IL-12 delivered with electroporation; however, the patient was treated with
dacarbazine after completion of the IL-12 study and before the CR. Therefore, the response can not be definitively attributed to either therapy:.
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Histoloqgic Appearance of Electroporated Lesions
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GOING VIRAL AGAINST CANCER

The virus-based cancer therapy T-VEC infects tumour cells and destroys
them by stimulating the immune system to direct an attack against

malignant cells in the body.

T-VEC enters but cannot replicate
in normal cells,

Healthy cell
T-VEC virus
Cancer cell :ﬂtﬂlﬁEﬁ”
£ L
2 ? e '* #*
GM-CSF
T cell
Dendritic cell

T-VEC destroys malignant cells
directly, releasing the protein
GM-CSF and antigens that enable
the immune system to target
cancerous cells nearby and
throughout the body.

GM-CSF attracts dendritic cells,
which present tumour antigens
to the immune system’s T cells,
programming them to destroy
cancer cells throughout the body.




Overall Response
Rate:

26.4% in T-VEC
arm vs. 5.7% In the
GM-CSF arm

Median Overall
Survival

23.3 months in T-
VEC vs. 18.9
months in the GM-
CSF group
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Talimogene Laherparepvec Improves Durable Response
Rate in Patients With Advanced Melanoma

Robert H.I. Andtbacka, Howard L. Kaufman, Frances Collichio, Thomas Amatruda, Neil Senzer,

Jason Chesney, Keith A. Delman, Lynn E. Spitler, Igor Puzanov, Sanjiv S. Agarwala, Moharmmed Milhem,
Lee Cranmer, Brendan Curti, Karl Lewis, Merrick Ross, Troy Guthrie, Gerald P. Linette, Gregory A, Daniels,
Kevin Harrington, Mark R. Middleton, Wilson H. Miller Jr, Jonathan S. Zager, Yining Ye, Bin Yao, Ai Li,
Susan Doleman, Ari VanderWalde, Jennifer Gansert, and Robert S. Coffin

See accompanying article on page 2812
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Purpose

Tali':nogene laherparepvec (T-VEC) is a herpes simplex virus type 1-derived oncolytic immune-
therapy designed to selsctively replicate within tumors and produce granulocyte macrophage
colony-stimulating factor (GM-CSF) to enhance systemic antitumor immune responses. T-VEC
was compared with GM-CSF in patients with unresected stage llIB to IV melanoma in a
randomized open-label phase Il trial.

Patients and Methods _
Patients with injectable melanoma that was not surgically resectable were randomly assigned at

a two-to-one ratio to intralesional T-VEC or subcutaneous GM-CSF. The primary end point was
durable response rate (DRR; objective response lasting continuously = 6 months) per independent
assessment. Key secondary end points included overall survival (OS) and overall response rate.

Results

Among 436 patients randomly assigned, DRR was significantly higher with T-VEC (16.3%; 95% Cl,
12.1% to 20.5%) than GM-CSF (2.1%; 95% CI, 0% to 4.5%]; odds ratio, 8.9; P < .001). Overall
response rate was also higher in the T-VEC arm (26.4%; 95% Cl, 21.4% to 31.5% v 5.7%; 95%
Cl, 1.9% to 9.5%). Median OS was 23.3 months (95% CI, 19.5 to 29.6 months) with T-VEC and
18.9 months (96% ClI, 16.0 to 23.7 months) with GM-CSF (hazard ratio, 0.79; 95% Cl, 0.62 to 1.00;
P = .051). T-VEC efficacy was most pronounced in patients with stage IlIB, llIC, or IVM1a disease
and in patients with treatment-naive disease. The most common adverse events (AEs) with T-VEC
were fatigue, chills, and pyrexia. The only grade 3 or 4 AE occurring in = 2% of T-VEC-treated
patients was cellulitis (2.1%). No fatal treatment-related AEs occurred.

CGonclusion

T-VEC is the first oncolytic immunotherapy to demonstrate therapeutic benefit against melanoma
in a phase Il clinical trial. T-VEC was well tolerated and resulted in a higher DRR (P < .001) and
longer median OS (P = .061), particularly in untreated patients or those with stage 1B, IIIC, or
IVM1a disease. T-VEC represents a novel potential therapy for patients with metastatic melanoma.

J Clin Oncol 33:2780-2788. © 2015 by American Society of Clinical Oncology
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Overall Survival (%)
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0 5 10 15 2 2 30 35 4 45 5 55 60

No. atrisk StUdv Month

GM-CSF 141 124 100 83 63 52 46 36 15
T-VEC 295 268 230 187 159 145 125 % 66 36 16 2

Fig 3. Primary analysis of overall survival (OS) in intent-to-treat population.
GM-CSF, granulocyte macrophage colony-stimulating factor; T-VEC, talimogene
laherparepvec.
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FDA Approves First-in-Class Oncolytic Virus
Immunotherapy for the Treatment of Melanoma
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Immune-based therapy: Sipuleucel-T

Day 1 Day 2-3 Day 3-4
Leukapheresis Sipuleucel-T is manufactured Patient is infused
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COMPLETE COURSE OF THERAPY:
Weeks 0, 2, 4




Sipuleucel-T | J W | « Double-blind, placebo-controlled
i Phase 3 trial evaluating
. L supuleucel-T in men with
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o 34% of patientsreceiving
sipuleucel-T were alive at 36
months compared to 11%
receiving placebo.

e Survival benefit seen with
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T-cell T cmis attach Gleason “s Score

APC activates T cells __proliferation to cancer cells




Disease-Free Progression with or without Sipuleucel-T
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Overall Survival with or without Sipuleucel-T
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Sipuleucel-T: Survival Benefit
in Phase 3 Trial(s)
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‘ Optimal Use of Sipuleucel-T

= Sipuleucel-T is approved for asymptomatic or minimally symptomatic
metastatic castrate-resistant prostate cancer and a rising PSA level,

« It should not be used in patients with a life expectancy of < 6 to 9 months,
and after chemotherapy should be considered only in select patients.

= Consider the vaccine early in the course of advanced prostate cancer.

FDA Approval
April 29t 2010




Dendritic Cell-Based Immunotherapy for
Metastatic Melanoma

Schadendorf D, Nestle FO, Broecker EB, Enk A, Grabbe S, Ugurel S, Edler L, Schuler G, DeCOG-

DC Study Group. Dacarbacine (DTIC) versus vaccination with autologous peptide-pulsed
dendritic cells (DC) asfirst-line treatment of patients with metastatic melanoma: Results of a
prospective-randomized phase |11 study Journal of Clinical Oncology, 2004 ASCO Annual
Meeting Proceedings (Post-Meeting Edition). Vol 22, No 14S (July 15 Supplement), 2004: 7508

German Dendritic Cell Study Group: Prospective, randomized
phase lll clinical trial of autologous peptide-pulsed DCGbased
vaccine in patients with stage IV melanoma compared to
standard chemotherapy with DTIC alone

Response Rates
— DC vaccine group =3.8% TTP=2.8 0OS=9 months
— DTIC alone = 550 TTP=3.2 0OS=11 months

No statistically significant differences noted in response,
toxicity, overall and progression-free survival between groups




TWO MAIN APPROACHES TO TUMOR IMMUNOTHERAPY

VACCINE THERAPY CELL TRANSFER THERAPY
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THREE PRINCIPLES OF EFFECTIVE TREATMENT:
1. There must be a sufficient number of lymphocytethat recognize the tumor
2. These lymphocytes must reach the tumor
3. Once there, they must be able to destroy estalflisd tumor
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Cancer Regression and

Autoimmunity in Patients After
Clonal Repopulation with
Antitumor Lymphocytes

Mark E. Dudley,? john R. Wunderlich,! Paul F. Robbins,’
Jamaes C. Yang." Patrick Hwu,' Douglas J. Schwartzentruber,’
Suzanne L. Topalian,” Richard Sherry,’ Nicholas P, Restifo,’
Amy M. Hubicki,” Michael R. Robinson,? Mark Raffeld ?

Paul Duray,® Claudia A. Seipp,” Linda Rogers-Freezer,’
Kathieen E. Morton,” Sharon A. Mavroukakis,! Donald E. White,’

Steven A. Rosenberg’®

We report here the adoptive transfer, to patients with metastatic mela-
noma, of highly selected tumor-reactive T cells directed against overex-
pressed self-derived differentiation antigens after a nonmyeloablative con-
ditioning regimen. This approach resulted in the persistent clonal repopu-
lation of T cells in those cancer patients, with the transferred celis prolif-
erating in vivo, displaying functionat activity, and trafficking to tumor sites.
This led to regression of the patients’ metastatic melanoma as well as to
the onset of autoimmune melanecyte destruction. This approach presents
new possibilities for the treatment of patients with cancer as well as patients

with human immunodeficiency virus—related acquired immunodeficiency
syndrome and other infectious diseases.
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Patient Age/se CD4/CD8 Antigen [L-2  Sites of evaluable Respo Auto-
|:rln\3:|1+|1|:3r;:«e.rt specificity’ metastases duration" immunity
(%) (doses) {months)
1 18/M 2.3 11/39 Other 9 lymph nodes (axillary, PR (21+) ) None
mesenteric, pelvic)
2 30/F 3.5 83/15 MART-1, 8 cutaneous, subcutaneous Vitiligo
gpl00
3 43/F 4.0 44/58 gpl00 5 brain, cutaneous, liver, NR None
lung
4 51F 34 56/52 gpl00 9 cutaneous, suhcutanmu None
‘ 5 53/M 3.0 16/85 Other 7 brain, lung, lymph nodes w None
6 37/F 9.2 65/35 Other 6 lung, intraperitoneal, None

subcutancous
T 44/M 12.3 61/41 MART-1 7 lymph nodes, Vitiligo

subcutaneous
8 48/M S5 48/52 gpl00 12 subcutaneous NR MNone
9 57T/M 9.6 84/13 MART-1 10 cutaneous, subcutaneous\ PR (8+) Vitiligo
10 55/M 10.7 96/2 MART-1 12 lymph nodes, cutaneous, @ Uweitis
subcutaneous
1 29M 130 963  MART-l 12 liver, pericardial, (8R-mixed) Vitligo
subcutaneous
12 3WF 137 7224 MART-1 11 liver, lung, gallbladder, None
lymph nodes

13 41/F 7.7 92/8 MART-1 11 subcutaneous NR None




Cancer regression in patients with metastatic melanoma after the
transfer of autologous anti-tumor lymphocytes. Rosenberg SA,
Dudley ME, Proc Natl Acad Sci., September 20t , 2004

* Autologous cell transfer after lymphodepleting chemotherapy

e Eighteen of 35 patients (51.4%) treated with tumor-reactive
lymphocyte cultures with objective clinical response (>50%
reduction in tumor)

* 4 complete responders (11.4%)

e Tumor regression was accompanied by a larga vivo
expansion of the administered anti-tumor lymphocytes (ATL)

o ATL persisted in peripheral blood at >70% of total
lymphocytes for many months after transfer

 ATL consisted of heterogeneous lymphocyte populations with
high avidity for tumor antigens, derived from tumor-
Infiltrating lymphocytes




Adoptive Cell Therapy for Patients With Metastatic
Melanoma: Evaluation of Intensive Myeloablative

Chemoradiation Preparative Regimens
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Total No, PR
of
TE! Patients Mo % Duration (months)
MNone* 43 17 385 64+,32+,20+,29,28 14,13, 11,8, 8,7.4,3.3,2, 2.2
2 Gy 25 1 440  33+,29+,23+,14.10.6.5, 5. 4. 2.3
12 Gy 25 14 86.0 14+, 13+, 10+, T+, 7+, 7+, 6+.6+,4+,7.6.6,4, 3

TE. All patients received cyclophosphamide 60 mg/kg ¥ 2 days + fludarabine 25 mg/m? x 5

day
Abbreviations: TEI, totakbody irradiation; PR, partial response: CR, complete response; OR, abject

CR OR

No. % Duration (months) No. %
4 93 63+, 58+ 48+ 47+ |21 488
2
4

8.0 37+, 25+ 13

160 17+, 15+, 13+, 8+ 18 720

nse; TIL, tumordnfiftrating lymphocytes.



Pretreatment - 16+onths

Figure 3. Response of a melanoma tumor to a lymphodepleting chemotherapy regimen combined
with adoptive transfer of tumor-infiltrating T cells (Dudley et al., 2002a). (photo courtesy of
Dr Steven A. Rosenberg, Surgery Branch, NClI).



In Conclusion

The immunotherapy of cancer has dramatically
changed the way we treat cancer patients today

There Is proof of principle that our own immune
systems can become specifically activated to
attack and destroy cancer cells

The bodies Immune system is powerful, against
cancer, when properly activated

There will certainly be more advances in the near
future, with improved treatment options that are
based upon activating our Immune systems







