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Outline
Immune surveillance

Tumor antigens

Immune responses to tumors and anti-tumor effector
mechanisms

Tumor evasion of immune system
Cancer immunotherapy

« Checkpoint blockade

« Adoptive cellular therapy

« Personalized vaccines

« Antibody-based therapies



Tumor Immune surveillance: hypotheses
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“[during development] aberrant cells become
unusually common. Fortunately, in the majority of
people, they remain completely latent thanks to the
organism's positive mechanisms”

Ez“ll_ . “Small accumulation of tumor cells may develop and
1909 because of their possession of new antigenic

potentialities provoke an effective immunological
reaction with regression of the tumor and no clinical
hint of its existence.”

Frank MacFarlane Burnet

1957
“The immune system recognizes newly arising

tumors through the expression of tumor specific
neo-antigens on tumor cells and eliminate
them”

Lewis Thomas

1959



Tumor Immune surveillance modified by data

Some types of malignant tumors arise more frequently in
immunocompromised exp. animals and in humans.

In humans, many of these tumors are caused by viruses.
Nonetheless, cancers are very common and arise in overtly
immunocompetent people.

Human cancers stimulate innate and adaptive immune
responses (antibodies, T cells).



Tumor Immune surveillance modified by data

Most often, the immune responses fail to control the cancers, in large part
because of selective outgrowth of tumors that have can evade immune
responses.

Evasion of host immunity is one of the hallmarks of cancer cancer
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Hanahan D . Robert A. Weinberg RA. Hallmarks of Cancer:
The Next Generation Cell. 2011;144:646-74.



https://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/21376230

How Do Tumor Evade Host immunity

* Cancer cells are like many microbes...they have high growth and
mutation rates

* The immune response selects for variant cells that are resistant to or
not seen by the host immune system (described by Schreiber in 2002
as “Immunoediting”)

Cancer immunoediting

a. Elimination

CD8'T cell




In combination with therapeutic intervention, the hosts immune response
can control and eliminate cancers....e.g. Colon Cancer after Colectomy
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More T cells in tumor, longer

disease-free survival
Th1 responses, high density of CD3*, CD8*, and
CD54RO* T cells predicted good clinical

outcome
(Galon et al. (2006) .Science )
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What kind of host immune responses to cancers matter most?
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Steps in a CD8 T cell Response to a Tumor

,,,,,,

7<—Phagocytosed
Y tumor antigen

[ Migration of —
| tumor-specific CTL killing
~ CTL to tumor of tumor cell

Activation
of tumor
“antigen-specific
CD8* T cell



Cross-Presentation of Tumor Antigens
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Types of Tumor Antigens Recognized by T cells: Mutant pertides

A Normal cell

no responding T cells

Normal self peptides
displayed on MHC;
due to tolerance

neoepitope = New
TCR contact residue

Mutation-generated
7 | —
T cell response

Peptide from a
protein encoded by
an oncogenic virus;

T cell response

Cancers are genetically
unstable

Some mutations drive
malignant phenotype
Many more mutations are
random, “passenger”
MHC-binding peptides
containing mutations will
be seen as foreign, and
induce T cell responses



Non-mutated Tumor Antigens Recognized by T cells
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Tumors Have Many Ways of
Evading the Immune System

Production of immunosuppressive proteins or
expression of inhibitory cell surface proteins

Inhibitory Inhibitory
ligand (e.g., PD-L1) receptor (e.g., PD-1)

Inhibition of
= T cell activation |
el

S@-L°  Yimmunosuppressive
\cytoklnes (e.g., TGF-B)

Immunosuppressive tumor microenvironment
Th1

Inhibition of
T cell activation
and differentiation
into Th1 and CTL

Treg

Failure to produce tumor antigen

Lack of T cell
recognition of
tumor

Antigen-loss
variant of tumor cell

Failure to present tumor antigens

Lack of T cell |
recognition of
Class | tumor
MHC-deficient
tumor cell

Abbas, Lichtman, Pillai. Cellular and Molecular Immunology. Elsevier. 2021



Immunosuppressive Tumor Microenvironment
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T Cell Exhaustion

Cancers evade host anti-tumor T cell responses by inducing a dysfunctional T cell state
called exhaustion.

Exhaustion is the progressive decline of T cell function due to chronic TCR stimulation
in the setting of persistent antigen exposure.

Tgy cells show reduced cytokine production and they express inhibitory receptors such
as PD-1, CTLA-4 and LAG3.

PD-1 contributes to the induction and maintenance of exhaustion.

Exhausted T cells are derived from a stem cell-like precursor which express some of
these inhibitory molecules such as PD-1 and CTLA



Lymph node or TLO T Cell Exhaustion

Decrenseo: Tumor
TIM-2 cTL A4 (FN-Y

-2

TNF

Tumor Rilling

Precursor of Textausten Tumor cell
Tex ( Toex) Repetltlve tumor antigen (TEX)
stimulation of primed T cells

Tn PFEX TI]
\ -'. * Sensitive tumour targets
) * Normoxia
,) \ ‘ * Favourable TME
* 'Goldilocks' TCR signalling
TCF1 . * Resistant tumour targets
. * Hypoxia
‘ . Unfavourable TME
T Exhaustion markers * Excessive TCR signalling
1 Effector function

T Metabolic dysfunction



The Immunosubpbpressive Tumor Microenvironment
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Abbas, Lichtman, Pillai. Cellular and Molecular Immunology. Elsevier. 2021



History of Cancer Immunotherapy

Abbas, Lichtman, Pillai. Basic Immunology 7 ed. Elsevier. 2023



Lymph node or TLO T Cell Exhaustion
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Immune Checkpoint Blockade (ICB)
Counteracts a Common Tumor Evasion Mechanism

« Many tumors express checkpoint ligands (e.g. PD-L1) and/or induce expression
of checkpoint receptors on T cells ( e.g. PD-1).

« Tumor-specific T cells often acquire an exhausted phenotype, in part
characterized by upregulated expression of immune checkpoint molecules.

» |CBs are inhibitors of these inhibitors of anti-tumor T cell immunity and can
reverse the exhausted phenotype.

» Approved ICB drugs are function blocking monoclonal antibodies specific for
CTLA-4, PD-1, PD-L1, LAG-3; clinical trials for others are in progress.

« Melanomas were the first tumors treated by ICBs, but now ICBs (mostly anti-
PD-1 or anti-PD-L1) are used for many different tumor types.

« Many patients with metastatic tumors that would have been invariably fatal
within months under older therapies have now survived for years on ICB
therapy, with no evidence of tumor progression.



Challenges to Overcome in ICB Therapy

» Overall, only ~15% of ICB-treated patients respond to ICB therapy;
why is not clear.

o How to predict who will respond? ( e.g. neoantigen burden) O et v ) oty
o How to convert non-responders to responders? ( e.g. make tumors "hot” -
Thyrold =

o Use of combinations of ICBs or ICB plus other types of therapies ? (ICB Fyportard
angiogenesis inhibitors)

— Lungs
Proumandis

« ~50% of ICB treated patients develop immune related adverse 6‘\{:
events IRAEs. (Autoimmunity is a predictable complication given ) & & e
that the checkpoint molecules’ normal functions are to prevent e
autoimmunity)

o How do we predict who will develop IRAES? =N =
o How can IRAEs be treated or avoided T orese i

o What do IRAEs teach us about autoimmunity?

* Many responders will eventually suffer recurrences of tumor. From: June, Warshauser and Bluestone
o What are the mechanisms of developed resistance to ICB therapy? Nat Med 2017
o How can this resistance be overcome?



High Mutational Burden Predicts Responsiveness to ICB Therapy

* Mismatch repair deficiency/ microsatellite instability in tumors is associated with high mutational

burden.

* High mutational burden leads to more frequent T cell responses, and more likely tumor evasion through

checkpoint inhibitor pathways.

* FDA has approved anti-PD-1 therapy for any MMR-deficient tumor, regardless of histological type.
* Suggests that making immunologically cold tumors more antigenic, via radiation or chemotherapy will

improve responsiveness to ICB
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Li etal. N Engl J Med 2015 DOI: 10.1056/NEJM0a1500596




Other T cell Checkpoint Molecules

PO-LY

CD155. CD112. TIGIT PD-1 PD-L2
CcD113
CDBO
ClLA4 CD86
VSIG3/PSGL-1 VIETA
Tumor cell T cell Tumor cell

TIM-3 GAL-9, CEACAM1,
0 -
CcD112 CD112R PtdSer and HMGB1
MHC-1l molecules,
Gal-3 and FGL1

Guo et al. Fronteirs Cancer Immunity and Immunotherapy . Volume 14
- 2023 | https://doi.org/10.3389/fimmu.2023.1121285

Nivolumab and Relatlimab (anti-PD-1 + anti-LAG3 mAbs) —FDA
approved to treat melanoma in 2022


https://doi.org/10.3389/fimmu.2023.1121285

Tumor cll Chimeric Antigen Receptor T Cells

First-generation Second-generation  Third-generation  Fourth-generation  Fifth-generation CAR
CAR CAR CAR CAR of next-generation
CAR

Antigen Recognition: anti
Antibody-like single Killing -
chain variable ) eceeis ‘ A '
fragment | '

(no MHC restriction)

----------------------------

CARs_ use signaling i e
motifs from TCR [TAM e 9 ;
complex and ITAM wuee: IS Vo smara
costimulatory  _| ITAM ITAM ITAM -
receptors to ; ~
activate the T cells ; Bk

Tokarew et al. Br J Cancer 120, 26—-37 (2019)

Patient’'s T cell

* Does not require MHC restricted recognition to activate the T cells

* Target could be any cell surface protein on tumor cells
Modifications of signaling domain can improve function: “armored CAR” and TRUCK (T cells redirected

for universal cytokine-mediated killing) CARs



CAR T Cell Therapy
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Eok T cell infected with lentivirus

o) & expressing a tumor antigen-specific
* CAR gene

“Living Drug”- long lived memory/effector T cells present years after treatment

* Unprecedented cures of refractory/relapsed childhood B cell leukemias

Long term remissions of refractory/relapsed B cell ymphoma, multiple myeloma



Limitations and Challenges of CAR-T Cell Therapy

Cytokine release syndrome — many T cells respond to target antigen, activate
macrophages

— Requires anti-inflammatory therapy (e.g. anti-IL-6R)
— Risk of long-term damage (especially brain)

Will tumors lose target antigen and develop resistance?
Finding target antigens specific for tumors, not normal cells
— Target pairs of antigens dual specificity CARs?

Technical and regulatory challenges of producing genetically modified CAR-T cells
for each patient

— Prospect of gene-edited “universal” CAR-T cells?

Exhaustion of transferred T cells

— Use CRISPR gene editing to delete PD-1 or genes regulating exhaustion from T cells

Only proven effective in B cell derived tumors ( CD19 specific CARs for
leukemias and ymphoma, BCMA specific CARs for MM)

Impaired migration into and effector function against sold tumors



Tumor Neoantigens Personalized Vaccines
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Waldman, A.D., Fritz, J.M. & Lenardo, M.J. A guide to cancer immunotherapy: from T cell basic science to clinical practice. Nat Rev
Immunol (2020). https://doi.org/10.1038/s41577-020-0306-5



Individualized mRNA neoantigen vaccines for Prostate Carcinoma
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Antibody-based Cancer

Therapies
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