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Immune system and cancer

Cancer immunity cycle

Immunotherapy options in
Cancer




Avoiding "immuno-surveillance" is a key feature of cancer cells

Sustaining proliferative Evading growth
signaling suppressors

Deregulating Avoiding immune

cellular energetics destruction
Resisting cell Enabling replicative
death immortality

Genome instability and \
mutation

Tumor-promoting
inflammation

|n_dUC|n9 _ Activating invasion
angiogenesis and metastasis

- Original hallmarks ! Enabling characteristics - Emerging hallmarks

Hanahan & Weinberg, Cell 2011;144:646



Antigen presenting cells } - T-cells enter the tumor from
introduce tumoral antigens . T Smene sxclusd the blood

to T-cells tumor

) Antigen capture : Tumor recognition ()
& presentation ; T-cells identified tumor cells
Antigen presenting cells Immune desert Inflammed tumor based on the tumor antigens
trap, endocyte, digest and they recognize
present the antigen

o Tumor antigen release




4| HOW THE IMMUNE SYSTEM ATTACKS CANCER

Tumor antigens Activated T cell

" Activated T cell
Naive T cell ivate e Destroyed

Tumor

tumor
cell ‘ cell
Tumor cells APCs gather tumor T cells are Activated T cells find the tumor
release tumor antigens and prepare to activated by cells with the same tumor
antigens. present to naive T cells. the APC. antigens and destroy them.

SPatent Resouwrce LLC

Cancer cells are created by the body

In early stages, cancer cells may shed proteins into the body

The DNA changes (mutations) that cause the cancer may be different enough to stimulate an immune response similar to the response for
invading virus cells

If the immune system detects the cancer, the APCs must share the information with the T cells, which are the primary players in the fight
against cancer

Tumor cells can create cytokines, which means that cancer cells can communicate with and confuse other immune cells, allowing the cancer

to take control of certain parts of the process that the body uses to regulate the immune response. So, even if the immune system
https://www.youtube.com/watch?v=K09xzIQ8zsg recognizes the cancer, it may not be able to successfully start or maintain an attack long enough to kill the cancer cells




Steps required for the development of strong antitumor
Immunity

Tumor elimination ,

Lymphocyte __L
recruitment 2?;

Inflammatory cytokines
and chemokines

Signal 3

* Signal 1 represents TCR:HLA-
peptide antigen interactions, Signal
2 represents co-stimulatory (or co-
inhibitory) signals, Signal 3
indicates cytokine secretion, which
may be proinflammatory, type 1
(Th1) antitumor mediators, or
tumor-permissing type 2 (Th2)
cytokines. Signal 4 represents cell
extrinsic attracting chemokine
signals to recruit cellular immune
populations into the tumor
microenvironment and
augment/amplify or suppress
antitumor immunity.

RL Ferris JCO 2015;33:3293




Mechanisms to avoid "immuno-surveillance” by
cancer cells

Recruitment of immunosuppressive cells

Ineffective presentation of tumor St :
with inactive T cells

antigens
(eg Tregs, MDSCs)

(eg downregulation of MHC I) —a

C. T-cell check-point

D. Tumor release of dysregulation

immunosuppressive factors (eg
TGF-B, IDO, IL-10) (eg CD27, CD137,
CTLA-4, LAG-3, OX-40, PD-1,
TIM-3)

Immunosuppressive
factors



The double-edged sword of the tumor immune

microenvironment

Immune infiltration into tumors

Cancer cells

Immune Cell

Roles in cancer

Release cytotoxic cytokines

Anti-tumorigenic

Pro-tumorigenic

L. s'\ Dendritic Antigen presentationto T cells
%V‘( cell (DC) Suppress T cell functions
Promote tumor growth and progression
Directly lyse cancer cells
Tcell Release cytotoxic cytokines
(CD8+,

@ CD44) Release tumor promoting cytokines
Restore homeostasis to reduce chronic
inflammation

@ -

Suppress anticancer immune responses
Stimulate inflammatory cytokine production
Release cytotoxic cytokines
Antigen presentationto T cells
a Macrophage
Promote angiogenesis, tumor proliferation,
ch taxis, i i , and metastasis
Myeloid Limited
4 derived
9
Ll
cell Suppress T cell functions
(MDsC) Recruit immunesuppressive immune cells
Release cytotoxic cytokines
Directly cytotoxic to cancer cells
NK cell

Limited

Anti-tumor Pro-tumor

N1-

. N2-
Neutrophils Neutrophils
M1-
£ Macrophages

M2-
Mature
TLS-associated A
DCs
NK

Macrophages
S u D8+
Tre
CDa+ T cells 8
effector
T cells

TNF-a, IL-2, IL-12, IFNy VEGF, TGF-B1, PDGF, IL-35, IL-10

— Prognosis

Immature
tolerogenic
DCs
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Types of Cancer
Immunotherapy Treatments

©

VS Hospita)S'"

Care. Cure. Compassion.

Monoclonal Immune - Cancer Adoptive Cytokines

Antibodies Checkpoint Vaccines Cell Transfer

(MABS) Inhibitors (ACT)

0
* Immune systemcan e Releases e Two types; * Pretty new with ¢ Man made

recognize cancer immune Preventative only two drugs versions of some
celisthat itwasnt system's and treatment.  approved. proteins that boost
able to previously. molecular e Possibly will e Uses gene immune system.
Overde dugs brakes called use artificial editing. e Kind of

approved to date.

‘checkpoints”.
e Atleast 6 drugs
approved so far.

intelligence for
personalized
medicine.

complicated stuff.



ﬂ Trafficking of T cells to tumors

Treatments-
Priming and activation
Ca n C e r Anti-CTLA4 @

Anti-CD137 (agonist)

immunity cycle Ant.0X40 (agonist

Anti-CD27 \ .
IL-2 blood Infiltration of T cells
IL-12 vessel O Q into tumors

Lymph nod

ymPne Anti-VEGF

Recognition of cancer
cells by T cells

Cancer antigen tumor
presentation

Vaccines 0 \

IFN-

GM-CSF

Anti-CD40 (agonist)

TLR agonists

Release of cancer

CARs

Killing of cancer cells

D o

cell antigens 0 Anti-PD-L1
Anti-PD-1

Che_mqtherapy IDO inhibitors

Radiation Therapy

Targeted Therapy
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Immune Checkpoint Inhibitors

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

CTLA-4/B7 binding inhibits
T cell activation

Antigen-presenting
cell

we

Inac(ive T cell

Tumor cell

Blocking CTLA-4 allows
T cell killing of tumor cell

L —Anti-CTLA4
;. + antibody

P crias

Tumor cell
death




PD-1 inhibitors

Pembrolizumab (Keytruda)
Nivolumab (Opdivo)
Cemiplimab (Libtayo)

PD-L1 inhibitors

Atezolizumab (Tecentriq)
Avelumab (Bavencio)

Durvalumab (Imfinzi)

CTL-4 inhibitors

Ipilimumab (Yervoy)

Tremelimumab (Imjuno)

O IMMUNE CHECKPOINT INHIBITORS

#4

CTLA4

PDL1

PDL2

B7-2

B7-1

PD1

Ipilimumab

D28

CD2s

7

RGMb
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2011: ipilimumab
receives FDA approval
|
2011: pembrolizumab || 2015: nivolumab

begins clinical trials + ipilimumab
combination
receives FDA
approval

1990: BCG receives
FDA approval for
bladder cancer

1986: IFNo receives
FDA approval for HCL

1999: ipilimumab
discovery

1988: Rosenberg 2000: ipilimumab 2007: Korman 2014: 2018: James
uses IL-2 activated begins clinical and Selby show pembrolizumab Allison & Tasuku
TIL therapy trials CTLA4 + PD1 receives FDA Honjo win Nobel
ICB synergy in approval Prize in
1992: IL-2 receives mouse tumour Medicine for ICB
FDA approval for RCC model
2003: ipilimumab 2009: nivolumab
shows durable + ipilimumab
complete responses | | begins clinical
trials




PRIZE
MEDICINE 2018

=
(%]
5
o
=
O
>
2
<
o
o
n
Al
3
()
=5
D
Q.

James P. Allison « Tasuku Honjo

“for their discovery of cancer therapy by inhibition
of negative immune regulation”

THE NOBEL ASSEMBLY AT KAROLINSKA INSTITUTET



ICl and Cancers

Ipilimumakb

Fembrolizumab

Nivolumakbs

Nivolurmab and
ipilimumakb

Atezolizumab

Avelumab

Durvalumab

Cemiplimab

Dostarlimab
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2011 2014 2015 2016 2017 2018 2019 2020 2021
@ Adjuvant _ O ICB only
@ Front-line Jrrent, unre .  ICB and chemotherapy
@ Later-line or chemotherapy/radiation/surgery-ineligible  advanced or metastatic £ ICB and targeted therapy
O FDL1 biomarker required w7 ICB and chemotherapy and targeted
therapy

Drug (Trade name)

CTLA-4 inhibitors
Ipilimurnats (Yervoy®)

PD-1 inhibitors
Mivolumab (Opdive®)

Pembrolizumab (Keytruda®)

Cemiplimab {Libtayo®)
PD-L1 inhibitors

Atezolizumab (Tecentriq®)

Avelimab (Bavencio®)

Durvalurnab (Imfinzi®)

Company

Bristol-Myers Squibb

Bristol-Myers Squibb

Merck

Sanofi
Roche, Genentech

Merck, Pfizer

AstraZeneca

Date of approval

2011

2014

2014

2018
2016

2017

2017

Indication

Melanoma
colorectal cancer
Renal cell carcinoma

Melanoma

Hodgkin's ymphoma

Diffuse large B-cell lymphoma
Urothelial cancer

Colorectal cancer
Hepatocellular carcinoma
Mon-small cell lung cancer
Small cell lung cancer

Renal cell carcinoma
Squamous cell carcinoma
Melanoma

Cenvical cancer

Hodgkin's ymphoma

Diffuse large B-cell ymphoma
Gastric cancer

Urothelial cancer

Colorectal cancer
Hepatocellular carcinoma
Non-small cell lung cancer
Small cell lung cancer

Renal cell carcinoma
Squameous cell carcinoma
Esophageal cancer

Merkel cell carcinoma
Cutaneous squamous cell carcinoma

Mon-small cell lung cancer
Triple negative breast cancer
Merkel cell carcinoma

Renal cell carcinoma
Urathelial cancer

Bladder cancer

Non-small el lung cancer



Immune checkpoint inhibitors (a type of immunotherapy) offer a promising new way to treat cancer

for some patients. But these medicines can occasionally cause your immune system to attack normal
organs and tissues in your body, affecting the way they work. Serious side effects typically occur in less
than 5% of patients, but certain mild side effects can occur in up to 30% — 50% of patients.




Learning Objectives

Understanding the role of
the immune system in
cancer development and
progression.

Understanding the signaling
pathways involved in
immune oncology

Understanding how these
pathways are altered in
cancer

Understanding the
mechanisms underlying the
interaction between cancer
cells and the immune
system.

Understanding the
challenges and
opportunities associated
with the development of
immunotherapeutic agents
and their clinical
implementation.
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Questions

* Tregs have:
a) Anti-tumor activity

b) Pro-tumor activity
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Questions

* CTLA-4 is involved in the connection:
a) T-cell/cancer cell
b) APC/cancer cell

c) APC/T-cell




Questions

e Anti-PDL1 used in the stage:
a) Killing of cancer cells

b) Priming and activation
c) Release of neoantigens
d) Cancer antigen presentation




* Thank you for your
attention!
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