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Goals

To understand the development of active
immunotherapy of cancer

To be aware of limitations associated with active
immunization approaches for cancer care

To review the outcomes of various active
immunization strategies for the treatment of cancer



Categories of Immunotherapy

Monoclonal
Antibodies

Tumor Non- Immunologic

Specific Checkpoint Inhibitors Liishines

Active Immunotherapy: Uses the patient’s own immune system

for antitumor effects
— Cancer Prevention
— Cancer Therapy



First Non-Specific Cancer Vaccine: Coley's Toxin
(Heat-killed Streptococci & Serratia marcescens)
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Potential Benefits of Coley's Toxins

END Resurts oF 484 Cases or Mavionant Disease wits Historocic ConFirmation v WHICH

Type of tumor

Carcinoma
Malignant melanoma
Bone sarcoma

Soft parts sarcoma
Lymphosarcoma
Hodgkin's Disease

Total

Total no.
cases

69
24
205
123
49
14
484

CoLeY's Toxins WEre Usep

Total

$
19
98
9]
45
14
312

Inoperable

Five year
survivals

15
4
37
53
24
]
134

Total

24
5
107
32
4

0
172

Operable

Five year
survivals
2
3
51
25
4
0
105

49% success rate



Milestones in Active Immunization

William Coley uses live bacteria as
immune stimulant to treat cancer’®

Discovery of molecularly defined tumour First approval of therapeutic
antigens recognized by human T cells™ Cancer vaccing™

Discovery of tumourspecific
antigens in mice by George Klein'™

1967

1973 1991

Burret proposes theo

of immuncsurveillancet™

—SIpUtEUCEr-

First approval of monoclonal
antibody as anticancer therapy'™

1992 1997 1998 2010

IL-2 approved as
anti-cancer therapy™

Sir Mac Burnet publishes theory of

Dendritic cells discovered

acquired immunological tolerance®

by Ralph Steinmant™

First report of complete/ partial regressions

with therapeutic cancer vaccine!™




What is a Modern Tumor-Specific Cancer Vaccine?

A preparation of a tumor antigen (usually protein) that
upon administration stimulates fumor-specific antibodies
and/or T cells.



Challenges in Developing a Cancer Vaccine

« Target antigens are different for each tumor, and the
profile of those antigens may change with different
stages of tumor

* Although most immunoresponsive tumors “"autovaccinate”,
an effective anti-tumor response is still not achieved
because of:

— Immunosuppressed tumor microenvironment
— Activation of immunologic checkpoints



Human tumor Ag recognized by T cells

Adapted from P.G. Coulie et al. 1999
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Unmutated self tumor antigens

4. Differentiation
« Tissue-specific »
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« Cancer-germline »
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Tumor Expression Profile of Cancer-Germline Genes

Genes Metastatic Lung Colorectal Breast Prostate
melanoma carcinoma carcinoma carcinoma carcinoma

MAGEA1 46 46 0 19 18

MAGEA3 74 47 17 13 18

MAGEA4 25 51 il 6 0

MAGEA12 62 30 il 13 5

MAGEC2 43 11 0 15 1 of10*

BAGE1 31 10 0 12 0

GAGE1 41 38 0 10 15

XAGE1B 43 2 ol 3 4 of 12%

CTAG?Z 33 41 8] 23 27

CTAG1 35 27 0o 23 27

SSX2 50 0 26 19 25

BAGE1, B melanoma antigen 1; CTAG, cancer/testis antigen (CTAGZ2 is also known as LAGE1; CTAG1 is also
known as NYESO1); GAGE1, G antigen 1; MAGEA, melanoma antigen family A; SSX2Z, synovial sarcoma X
breakpoint 2; XAGE1B, X antigen family member 1B. *Percentage of tumours that express the gene.

*The numbers of tested tumours are low, and the real numbers are shown.

Coulie. Nat Rev Cancer 2014; 14: 135



Potential of cancer-germline gene antigen vaccination

= Cancer germ-line gene antigens have not shown much
therapeutic success so far.

* The response is most likely compromised by their highly
heterogeneous expression in many tumors and low frequency in
some cancers.

= Efforts are underway for tumor-cell-selective enhancement of
cancer germ-line gene antigen expression using epigenetic
modifiers.



Components of a Cancer Vaccine

* Antigens are targets of T cell immunotherapy

« Adjuvants are useful in directing cellular immune

responses to these antigens
0 Antigen depot for prolonged release
o Save antigen from degradation
0 Increase antigen uptake by APCs
0 Provide pro-inflammatory/pro-immunogenic milieu



Whole
tumor cells

Irradiated
tumor cell
lysates

Antigenic
peptides

Protein

Emulsifiers or

surfactants:

Oil (IFA), ASO,,
MF59, Montanide,
Qs21

Particulates: Aso,

Mineral salts: Alum

Cytokines:
GM-CSF, IL-12

Innate agonists

Microbial products:

BCG, Cp6, lipid A

Antibodies

Viral vectors

Dendritic
cells

Attenuated
bacteria

Injection

Gene gun

Hydrodynamic
delivery

Systemic
infusion

Nasal spray



Cancer Vaccine: Mechanism of Action

Specific
CD4* T cell

Intradermal vaccine: Dendritic cell
protein or peptide
and adjuvant

Adjuvant

activates DC

Antigen uptake

by immature DC .
Activated
CD8* T cell

Drake CG et al. Nat Rev Clin Oncol, 2013



Advances in Cancer Vaccination approaches



Oil-based vaccines sequester T cells at the

vaccination site

gp100/IFA  eluc-
+ covax

pmel-1
T cells at

tumor site

Hailemichael et al., Nat. Med. 13, 2013



Water-based vaccines permit T cell accumulation

in tfumor

gp100/IFA 1 gp100/saline
+ covax pInet- + covax
T cells at -

tumor site

Hailemichael et al., Nat. Med. 13, 2013



Water-based vaccines permit T cell accumulation

in fumor
gp100/IFA gp100/saline
+ covax pmel-1 + covax
- T cells at
tumor site

Hailemichael et al., Nat. Med. 13, 2013



pmel-1 T cells (% of CD8%)

Long-lived versus short-lived vaccine
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Hailemichael et al., Nat. Med. 13, 2013



Vaccines + Checkpoint Blockade

Hypothesis: Vaccines and anti-CTLA-
4/PD-1 both activate T cells, through
different pathways, and could synergize.




Improved survival with anti-CTLA-4 (ipilimumab)
in patients with metastatic melanoma could not
be extended with gp100 vaccination
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IFA-based vaccination does not synergize with
anti-CTLA-4 therapy

pmel-1 mouse model

100 —— noTx
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Yared Hailemichael



Survival (%)

Virus-based vaccination synergizes with
anti-CTLA-4 therapy
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Oncolytic Virus Immunotherapy

Inside a healthy cell,
the virus (@) is
unable to replicate,
leaving the cell
unharmed.

Inside a cancer cell,

the virus replicates

and secretes

GM-CSF (@) until 2
the cell lyses, releasing

more viruses, GM-CSF,

and antigens (#4).

GM-CSF attracts dendritic
cells to the site, which
process and present
the antigens to T cells. )
The T cells are now & G | | \
5 . 2 28 N,
“programmed” to identify 44;":}"4' : '/ T cells destroy

and destroy cancer cells |t cancer cells
T cells destroy throughout

throughout the body. L
g 4 — noninjected cancer cells the body,
including those
not directly
injected with
the virus.




T-Vec improves durable response rate in patients with
advanced melanoma

 T-Vec (Talimogene laherparepvec): a herpes simplex virus type 1—
derived oncolytic immunotherapy

* Replicate within tumor cells and produce GM-CSF to support anti-
tumor immune responses

Median (95% CI) OS
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Robert H.I. Andtbacka et al. JCO , May 26, 2015



Sipuleucel-T Vaccination in mCRPC

Sipuleucel-T: Patient’s leukapheresed cells exposed to recombinant fusion
protein consisting of prostatic acid phosphatase (PAP) antigen and GM-CSF

Harvested Intravenous
@ leukocytes administration

Anfigen
Uptake

Density-gradient
centrifugation
Short-term
'o culture (364 b)
o PAP (GM CSF Patiant wilh 1
Erched [ ] 1 R RO .-, s OO - .2

monocyles  Fusion protein cancer

Mulders PF et al. Cancer Immunol Immunother. 2015, 64: 655—663



Phase ITT IMPACT Study: Sipuleucel-T in mCRPC

Probability of Survival (%)
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Median OS benefit: 4.1 months
HR : 0.78 (95% Cl: 0.61-0.98; P = .03)

— Sipuleucel-T (n = 341)
Median Survival: 25.8 Mos

Placebo (n =171)
Median Survival:
21.7 Mos =

12 24 36 48 60 72
Mos Since Randomization

Kantoff P et al. New Engl J Med. 2010,363:411-422



Therapeutic vaccines in clinical trials for lung cancer

Vaccine Target /Composition Status Clinical Trial #
GVv1001 Targets the human telomerase reverse A phase lll study for patients NCT01579188
transcriptase, hTERT subunit of with stage Il NSCLC
telomerase
Tergenpumatucel-L Consists of 3 human NSCLC cell lines A phase Il/1ll trial for NSCLC NCT01774578

genetically modified to expressi-gal

carbohydrates on cell surface to stimulate

immune response

TG4010 Targets the MUC1 antigen A phase II/lll study for stage IV NCT01383148
NSCLC.
DRibbles (DPV-001) Consists of over 25 tumour antigens A phase Il trial for stage Il NCT01909752
including nine from the NCI's list of NSCLC
prioritized cancer antigens and multiple
DAMPs, such as S100A8, nucleolin,
calreticulin, HMGB1, HSP70, HSP9O0,
DNAs and RNAs that bind to TLRs
MUC1 Epithelial glycoprotein-based vaccine A phase I/ll trial forany stage of NCT01720836
NSCLC
CVv9202 MRNA-derived NSCLC vaccine that A phase | trial for stage IV NCT01915524

expresses six tumour antigens

NSCLC

Wilms tumour antigen (WT1)

Recombinant WT1 peptides containing
HLA-A2.1 binding anchor motifs that
stimulate CTL responses

A phase Il trial for mesothelioma NCT01265433
after completing surgery and
chemotherapy and/or radiation

TroVax

Targets the tumour-associated antigen,
5T4, with a pox virus vector, widely
expressed on solid cancers

A phase Il trial for patients with NCT01569919

mesothelioma

Shanker A, Dikov MM, Carbone DP. Immuno-Oncology. 2015,42:95-109




Lessons and Take Home Messages

Cancer vaccines can have clinical impact.

To induce better clinical responses:
Identify potent antigens:

mutations/overexpressed/cancer-germline
Formulation matters: possible T cell sequestration
Add immunomodulators (cytokines, TLR agonists)
Combination Vaccines: multiple immunostimulatory
molecules

Combine with checkpoint blockade antibodies



