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Flavors of Cancer Immunotherapy

Checkpoint blockade

Cellular therapies

Vaccines

Disinhibit CD8+ T-cells, antigens
responsible for tumor clearance
unknown.

Success stories:

o aCTLA-4 (ipi)

o oPD-1 (pembro, nivo)
o oPD-L1(atezo)

Ex-vivo expansion of patient T-cells
after receptor engineering and/or
selection.

Success stories:

o CD19 CAR T-cellsfor
B-cell malignancies

Therapeutic vaccines against tumor
antigens. Significant interestin
personalized “neo-antigen”
vaccines.

Success stories:

o 772
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Therapeutic Cancer Vaccines s

Intramuscular

e Cancer cells differ significantly from their tissue v e
of origin (mutations, expression, dysregulation)

e Cantheimmune system detect these differences

and selectively kill cancers without harming
normal tissue?

e Many cancer vaccine trials, only 1 FDA approval | X @ @

Therapeutic cancer vaccines, Melief, et al.




Complementary w/ Checkpoint Blockade?

e Tumor specific T-cells Malignant tumors must have feeble antigenic
inhibited? power as well as sufficient resistance to the
' normal inhibiting influences to provide

o Checkpoint continued growth in the animal in which they

blockade originate, otherwise reactions sufficient to
o Insufficient tumor destroy them would occur more frequently.
A 5
specific T-cells: Ernest Edward Tyzzer
o Cancer vaccination "Tumor Immunity"

The Journal of Cancer Research, 1916



T-cell Vaccines & Antlgen Processing

1 Oﬁ‘ltlgens presented by APCs
to T-cells

e [nnate activation required
“danger signal”

e Proteinfragments
presented on Class | MHC to
cytotoxic (CD8+) T-cells

e Repertoire of CD8+ T-cells
undergoes thymic selection

to limit self-reactivity Morten Nisisen




What’s In a Cancer Vaccine?

e Antigen

o Tumor Lysate

o Peptides

o mRNA

o DNA

o Viral vector

o Bacterial vector
e Adjuvant



Shared Tumor Antigens



Shared Tumor Antigens

e Overexpressed and/or tissue-specific

o Abundant on tumor cells but also present in
some normal cells
o Examples: Her2, Survivin, Telomerase, gp100

e Cancer/Testis Antigens

o Expressed in testis and placenta
o Thought to be excluded from tolerance
o Examples: MAGE-A1, NY-ESO-1



Successful Shared Antigen Vaccine Trial
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A Phase Il Multi-institutional Randomized Study of. Immunization with gp100:209-217(210M) Peptide.Followed by High Dose IL-2 vs High Dose IL-2 Alone in Patients
with Metastic Melanoma (2009)



A Less Successful Trial...

e MAGRIT: Phase lll MAGE-A3 vaccine trial

e ~14klung cancer patients screened

e ~4k had MAGE-A3 positive samples

e 2,272 patients enrolled

e Randomly assigned (2:1) to receive vaccine or placebo for 27 months
e Nodifferencein Progression Free Survival

MAGRIT, a double-blind, randomized, placebo-controlled Phase Ill study to assess the efficacy of the recMAGE-A3 + AS15
B



Shared Antigens Mostly Unsuccessful

Cancer type Vaccine Total patients Patients responding
Melanoma Tyrosinase + GMCSF 16 0
Melanoma Peptides in [FA or on DC 26 3
Melanoma MART-1 +1L-12 28 2
Prostate Peptides 10 0
Melanoma Peptides on PBMC + 20 2
IL-12
Breast and prostate Telomerase 7 0
Cervix HPWV16 ET7 17 1]
Colorectal Peptides in [FA 10 0
Multiple NY-ESQO-1 12 ]
Multiple Ras in DETOX adjuvant 15 0
Multiple Peptides in [FA 14 ]
Prostate WVaccinia-PSA 33 0
Prostate Waccinia-PSA 42 0
Colorectal Vaccinia-CEA 20 ]
Colorectal Vaceiniz-CEA and BT-1 18 ]
Multiple Avipox-CEA(IGMCSF) 60 0
Multiple Avipox-CEA 15 ]
Multiple Waccinia + avipox-CEA 18 0

Cancer immunotherapy: moving beyond current vaccines



Cancer/Testis Antigens Subject to
Negative Selection P T r T T
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e Medullary thymic
epithelial cells (mTECs)

MAGE-Al == -

MAGE-A3 == —
express commonly
studied cancer/testis mace-as RS-
antigens wesor B
e Might explain failure of e sk 2
MAGE vaccine trials , | |
Tyrosinase - - i .

— —

Medullary Epithelial Cells of the Human Thymus Express a Highly Diverse Selection of Tissue-specific Genes Colocalized in Chromosomal Clusters



Neoantigens



Tumor Specific Neoantigens

e Nooverlap with normal

B
-

o mutations

Tumor '\
neoantigens

o abnormal splicing

Pathogens

o abnormal £
post-translational £ § = oo
T tumor self-antigens
.ps . o
modifications z St

antigens

e Unlikely to be shared

Lack of central tolerance for T cells

between patients

v

. . . Tumor-specific expression of antigen
e Requires personalization
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Mutated neo-antigens as targets for individualized cancer immunotherapy, Mathias Vohrmer

o Intronicsplice sites




Typical Neoantigen Pipeline

e DNA tumor + normal sequencing
o Somatic variant calling
e Tumor RNA sequencing
o Prioritize expressed variants
e Predict mutant proteins
e MHC binding prediction
o NetMHC/NetMHCpan

b

WES, WGS
or RNA-seq

HLA tvpi Identification of
yping mutated peptides

Selection of —
MHC expressed peptides
soped®

Prediction of

\————— neoantigen-MHC

binding

|

Candidate
neoantigens

Computational genomics tools for dissecting tumour—-immune cell interactions




Preclinical Evidence



John Castle & Ugur Sahin (2012)
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Exploiting the Mutanome for Tumor Vaccination, Castle et al. (2012)




Matt Gubin & Bob Schreiber (2014)

@l
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Checkpoint blockade cancer immunotherapy targets tumour-specific mutant antigens, Gubin et al. (2014)




Mahesh Yadav & Lelia Delamarre (2014)
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D ete Cte d by W E S + m a S S S p e C Predicting immunogenic tumour mutations by combining mass

spectrometry and exome sequencing, Yadav et al. (2014)




Mathias Vormehr & Ugur Sahin (2016)
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Mutated neo-antigens as targets for individualized cancer immunotherapy (Figure 3.18), Vormehr (2016)




Ongoing & Upcoming
Neoantigen Vaccine Trials
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THERAPEUTICé
o Synthetic long peptides + Poly-ICLC + anti-PD-1 (nivo)

o In-silico epitope prediction

o Read: Mass Spectrometry Profiling of HLA-Associated Peptidomes in

Mono-allelic Cells Enables More Accurate Epitope Prediction
o Phase | (NCT02897765) enrolling: 90 patients with {skin,
lung, bladder} cancer



Agenus (AutoSynVax) d g CINNIuUusS

o Synthetic long peptides + HSP carrier + QS21 adjuvant

o Why heat shock proteins? APCs pick them up viaCD9%1

o In-silico epitope prediction

o Phase | (NCT02992977) enrolling: 20 patients with
“advanced cancer”
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o Ultrasound guided injection of mMRNA into lymph nodes
o Phase | (NCT02035956)ongoing: 15 melanoma patients
o Phase | (NCT02316457) enrolling: 30 TNBC patients

LHSGQHFLKEHAIS“LEAMC,#AAGQE
\ S

Bduti Mut2 Mut3 Mutd Muts

RNA backbone Vaccine-sequence RNA backbone

Mutanome Engineered RNA Immunotherapy: Towards Patient-Centered Tumor Vaccination



Caperna Ca perno

D I I GEEED GEEED GEEED NN D I

a moderna venture

o Launched by Moderna
o MRNA vaccine

e 20 variants
o Status: IND (submitted?)



Genocea (GEN-009) genocezf‘

BIOSCIENCES

o WES to identify candidate neoantigens
o Screens mutant peptides with patient APCs & T-cells

® N O M H C bi n d i ng .".P;EE“. Autologous e

0056 f\PC_Z_ Snd Tcells  ‘wuwune
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Use antigen prioritization

[ ] ot

Response
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3
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. Neoanfigen Activation criteria defined through

120 1%
o Status: I N D by liorary ongoing retrospective analysis

of CPl-freated subjects
e n d O f 2 O 1 7 Prioritization of Neoantigens without Predictions: Comprehensive T cell Screening using ATLAS




ADVAXIS
Advaxis (ADXS-NEO) IMMUNOTHERAPIES™

 Listeriavector

o 20+ neoepitopes per )
Advaxis designs vector to target

Sequencing to identify non-

plasmid srenmesators =
« Translated neoepitopes ety nepitopstrpes "“""‘“”m:
secreted into APC e 0BLPP
cytoplasm m,.... p T :""q:?&c““"“m
« Status: IND accepted Eop 50

Advaxis slides from AACR 2016




The Near Future

o Targeteddelivery
- RNA lipoplex from BioNTech
o Enhanced retention time in lymph node

- Particle size matters
- PEGylated peptides
o Adjuvant + antigen nanodiscs

\ ::}E‘—' WA f-:.p?
i CREIE 2
sHDL-Ag/CpG /

Designer vaccine nanodiscs for personalized cancer immunotherapy

o Fine-grained immune modulation

o Post-translational modifications




Thanks!



