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To exist, tumors must evolve
mechanisms to locally disable and/or
evade the iImmune system.

The goal of immmunotherapy, then, is to
restore the capacity of the immune
system to recognize and reject cancer.



T lymphocytes at the center of
immune therapy

Killer T cell:
(immune
system cell)

Peter Jaret “Our Immune System: The Wars Within,”
National Geographic (June 1986).
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Immunotypes in Metastatic Melanoma
purple = CD31; blue = CD45; brown = S100

Diffuse

Erdag G, et al. Cancer Res 2012



Survival is associated with the ability of T cells to
infiltrate metastases

Patient Survival by Immunotype (n = 147)
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Types of immunotherapy

T cell checkpoint modulation

~

T cell adoptive transfer

Agonistic
antibodies

Activating Inhibitory
receptors receptors

Blocking
stimulation antibodies

Targeting element

Spacer
Transmembrane domain

Costimulatory domain
(e.g. CD28 or 4-1BB)

CD3g
Essential signaling domain

Single-chain variable fragments (scFvs)

J

Therapeutic cancer vaccines

Effector antibodies and antibody-drug conjugates

N

Viral and bacterial-based
vaccines

Antibody
Specific to tumor-
associated antigen

Cytotoxic agent

when internalized and
released/activated

Attaches cytotoxic agent
to the antibody

Designed to kill target cells
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Checkpoint blockade therapy

The goal of T cell checkpoint blockade is to
make T cell “off-switches” inaccessible to
tumor cells, thus restoring tumor-specific immunity.



CTLA-4, a negative regulator of T cell activity,
limits the responsiveness of activated T cells

0 hr 0-24 hr 24-48 hr

Signal 1 and 2, CTLA-4
shuts off

T cell makes
CTLA-4

Signal 2 Stop signal,
“all clear” cell cycle arrest (SiItQ
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Anti-CTLA-4 induces regression of
transplantable colon carcinoma
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Durable improved survival with CTLA4
blockade in melanoma
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T cell checkpoint modulation

Activating Inhibitory
receptors receptors

CD28 PD-L1

CTLA-4

Agonist

4 Blocking
antibody

i antibody

Dendritic cell

co-stimulatory

Antibodies targeting many
receptors

of these checkpoint
molecules are in the clinic
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Summary significance of checkpoint blockade

Checkpoint blockade antibodies have no direct
anticancer effect.

They only work by unleashing pre-existing
antitumor immunity.

Thus, the success of checkpoint blockade (anti-
CTLA4 and anti-PD-1) proves that spontaneous
antitumor immunity exists and can be therapeutic.

However, the failure of checkpoint blockade
antibodies in some patients highlights the need to
induce antitumor immunity or to modulate other
checkpoints.




Cancer Vaccines

The goal of therapeutic cancer vaccination is
to increase the immunogenicity of tumor
antigens which are poorly presented by the
tumor in order to generate a high frequency
of tumor-specific T cells.



Therapeutic cancer vaccines - composition
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Prostate cancer vaccine

e Cancer vaccine FDA approved for hormone-
refractory prostate cancer:

Sipuleucel-T:
PAP/GM-
CSF/dendritic cells
and T cells?
Integrated data
from 2
randomized phase
Il trials

Percent survival

100~
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50+
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1) Higano CS. Cancer 20009.



Shared and mutated antigens for T cells
in human melanoma and other cancers

Shared Tumor Antigens
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Targeting shared peptide antigens in melanoma

6 Class II-MHC Restricted Melanoma Peptides (6 MHP)
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Combinations with checkpoint blockade may
enhance outcomes with vaccines

Therapeutic cancer vaccines

Allows activated Makes checkpoint

T cells to | | blockade more effective and
enter, survive in | | less toxic by keeping focus
and kill tumors on tumor-specific T cells

T cell checkpoint modulation
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Clinical trials of combination immunotherapies
with 6MHP vaccines for melanoma

CTLA4 blockade |* Expands T cell responses to tumor Ag

NCT02385669 |+ Mediates effects initially through CD4+ T cells
(Allison)

* Induces T cell infiltration of metastases

PD-1 blockade |+ depends on T cell reactivity to tumor antigens
NCT02515227 |+ canincrease T cell infiltration of metastases

BRAFi/MEKi e induce MHC and antigen expression (J Wargo)
NCT02382549 * increase T cell infiltration

* 6MHP vaccines plus systemic therapy in advanced melanoma with
biopsies of tumor and vaccine-draining nodes.

J Clin Oncol 2008; Dillon PM. JITC 2014, Hu, Y. Cll 2014; Reed, C. Clin Ca Res 2015



Mutated A dendritic cell vaccine increases the  Science
neoantigen breadth and diversity of melanoma May 2015
neoantigen-specific T cells

Beatriz M. Carreno," Vincent Magrini,” Michelle Becker-Hapak,' Saghar Kaabinejadian,?
Jasreet Hundal,? Allegra A. Petti,? Amy Ly,> Wen-Rong Lie,* William H. Hildebrand,?
Elaine R. Mardis,” Gerald P. Linette!

vaccines

Mutated neoantigens selected in silico for 3 patients with resected stage Ill melanoma
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T cell responses to mutated peptides
pulsed on dendritic cells
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Carreno...Linette. Science May 2015



DC vaccine + neoantigen peptides in
melanoma patients: Summary

* Neoantigen peptides selected in silico for high binding:

* May have differential expression among different metastases of
the same patient

* Vaccination with these peptides + [L12* DC have high rates
of immunogenicity
* |s safe (patients remain alive)

* Induces durable T cell responses that can recognize naturally-
processed antigen

* Expands T cell repertoire

* Challenges:

* T cell responses were demonstrated after 1 in vitro stimulation
(not ex vivo)

* Peptides must be selected for each patient
* Antitumor activity not known

Carreno...Linette. Science May 2015



Randomized phase lll trial of Talimogene
laherparepvec (T-vec,

IN SITU VACCINATION:
Making a vaccine of a patient’s own tumor

CR PR
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FDA Advisory meeting (April 29, 2015). Does talimogene laherparepvec have an overall favorable benefit-risk
profile to support traditional approval for the treatment of injectable, regionally or distantly metastatic
melanoma? Voted Yes: 22 to 1.

IMLYGIC Indicated for the Local Treatment of Unresectable Cutaneous, Subcutaneous and Nodal Lesions in
Patients With Melanoma Recurrent After Initial Surgery - November 2015

Andtbacka RH. J Clin Oncol 2015; http://www.fda.gov/AdvisoryCommittees/Calendar/ucm433807.htm .



Adoptive T cell therapy

The goal of T cell adoptive transfer is to
win the numbers game and overwhelm
the tumor with a higher frequency of
tumor-specific T cells than it is capable
of suppressing.



Adoptive Cellular Therapy: Rehabilitating a
patient’s own T cells to destroy cancer
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Melanoma Regression with T cell
therapy

TIL after lymphodepletion. Dudley, J Clin Oncol 2005



Durable benefit with adoptive T cell

transfer of tumor-infiltrating lymphocytes.
Surgery Branch, NCI (SA Rosenberg)

Overall survival of
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Rosenberg et al. Clinical Cancer Research 2011
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Effective treatment of relapsed
B cell ALL with CD19 CAR T cell therapy
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Maude S, Frey N, Shaw P, Aplenc R, Barrett D, Bunin N, Chew A, Gonzalez V, Zheng Z, Lacey S, et al. 2016.
Chimeric antigen receptor T cells for sustained remissions in leukemia.
The New England Journal of Medicine. 374(10): 998.
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ACT: Successes and Future Directions

e TIL therapy:
* 50-70% response; 25% durable survival - T A Rdconsoponson
melanoma
* CAR-T cells:
* 90% response in ALL (acute lymphoblastic / r":‘j
leukemia - | |\:r")
« CD19 CARs for: ALL, non-Hodgkin’s lymphoma, \@n L e
and chronic lymphocytic leukemia (CLL), ° m )\ | e
* T-cell receptor-transduced T cells ity ‘/
* Dramatic benefit in selected cancers ;3,\
* BAT cells: promising clinical outcomes in a range of '
solid tumors

* Can they be effective in more patients by adding
therapy that makes the tumors more receptive to
infiltration by T cells (eg: PD-1 antibody)?

Copyright © 2006 Nature Publishing Group
Nature Reviews | lmmu qy


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKqmhdPB_cgCFUblJgodRu4KAQ&url=http://www.nature.com/nri/journal/v6/n5/fig_tab/nri1842_F1.html&psig=AFQjCNEmMlHKy75N4VsmNqQEjqScw23afQ&ust=1446958199741353
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKqmhdPB_cgCFUblJgodRu4KAQ&url=http://www.nature.com/nri/journal/v6/n5/fig_tab/nri1842_F1.html&psig=AFQjCNEmMlHKy75N4VsmNqQEjqScw23afQ&ust=1446958199741353

Effector Antibodies and ADC

The goal of effector antibodies is to
utilize the exquisite sensitivity of
antibodies to specifically target and Kkill
tumor cells using mechanisms which are
difficult to evade or suppress.



Effector antibodies and
antibody-drug conjugates (ADCs)

Antibody
Specific to tumor-
associated antigen

Cytotoxic agent
Designed to kill target cells
when internalized and
released or activated

Q

f../

Linker

Attaches cytotoxic agent
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Key ADC/antibody principles

» Specificity: The more tumor specific the target
antigen is, the higher the agent can be dosed
without limiting toxicity

* Internalization: The target tumor surface protein
must internalize to deliver the toxin - it should do
so frequently and to a suitable endosomal
compartment.

« Stability: The toxin must remain inert and
tethered to the antibody until it is delivered to
its target cell.



SGN-70A in the clinic for NHL and RCC

ACHN RCC model Raji NHL model

1. Full reduction
2. Partial re-oxidation

Survival (total number of mice)
Survival (total number of mice)
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Conjugation process for the 239C antibody format. S S
The engineered antibody, expressed in CHO cells, 5 ]
was isolated as the cysteine disulfide at position 239. g g
The antibody was fully reduced with TCEP and = =
partially reoxidized with dehydroascorbic acid. 3 3
The resulting free cysteines at position 239 were = =
conjugated to the PDB-linker to give the PDB ADC
with nominally 2 drugs/mAb.

0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100 0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
Treatments Days post tumor implant Treatment  Days post tumor implant
X Untreated O higG239C-PDB 0.3 mg/kg

 h1F6239C-PDB 0.3 mg/kg @ higG239C-PDB 01. mglkg (Si t9

M h1F6239C-PDB 0.1 mg/kg =

Jeffrey SC, Burke PJ, Lyon RP, Meyer DW, Sussman D, Anderson M, Hunter JH, Leiske CI, Miyamoto JB, m) NATIONAL

Nocholas ND, et al. 2013. A potent anti-CD70 antibody-drug conjugate combining a dimeric pyrrolobenzodiazepine drug I(;lAS"‘r(I:TEURTE
with site-specific conjugation technology. Bioconjug Chem. 24(7): 1256-63.



Seeking combinations outside of T cell
checkpoint immunotherapy

Immune recognition
of tumor and mobilization
of anti-tumor effectors

 Vaccines

» Pharmacologic killing

» Radiotherapy

* ACT (CARs, TCR transfer)

Augmentation of tumor-
specific T cells; reversion
of tumor immune evasion

Removal of physical
and stochastic barriers
to immune rejection

l

 Co-inhibitory blockade
 Co-stimulatory activation

* Activation of APCs

* Innate immune recognition

l

« Tumor vascular resistance

» Desmoplastic stroma

« Extreme hypoproliferation

* Hypoxic microenvironments

Csite >
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Radiation therapy: A potent adjuvant for tumor immunity

Early evidence for

similar effects with
focused ultrasound
ablation of cancers

- ;__Chemokine
o release

specific

¢ 5~ Cytokine
\ o o release

Translocation
of calreticulin

Cancer cell

« Dying cells
* Necrosis
* Tumor killing
« Activation/expansion of tumor-specific
CD4 and CD8 T cells

» Novel peptides
* 1 Peptide pools and MTOR
* 1 Adhesion molecules (ICAM-1)
and death receptors (FAS)
» Up-regulation of MHC-1

» Vascular normalization
« T cell infiltration

« Initiate/potentiate immune responses

Low dose > High dose
Radiation
Exploiting the untapped potential of immunogenic modulation by radiation (SIEQ
in combination with immunotherapy for the treatment of cancer m) -

http://www.ncbi.nim.nih.gov/pubmed/18777956



Radiotherapy synergizes with blockade of
CTLA-4 and PD-1 to cure melanoma lung metastases
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Radiation and dual checkpoint blockade activate non-redundant immune mechanisms in cancer.

Nature. 520: 373-377. m) S,
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UVA Clinical trials: investigator-initiated at
UVA and in clinical trial networks

e Cancer vaccines
* Adoptive cell therapy
* Focused ultrasound ablation

* Checkpoint blockade combinations with
IL-2 and other immune therapies

* Intratumoral therapies with checkpoint
blockade and TLR agonists

* Personalized immune therapies




Lessons and Take-Home Messages

* Key Points and Lessons Learned

* As a cancer evolves in a patient, there is a constant battle between
the cancer and the patient’s immune system

e Different cancers have different weaknesses

e Cancer immunotherapy has enabled new tools to rehabilitate a

patient’s immune system or to equip it to overcome a growing
cancer

* Potential Impact on the Field

* The future of cancer immunotherapy includes new combinations
and new therapies that are tailored to a patient’s own cancer and
immune system and their response to each treatment.

 Clinical trials offer options for patients now and promise to
improve therapy for future patients.



