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Objectives

 Explain the pathophysiology of the
Immune System and Cancer

e Describe the relevance of Immuno-
oncology in the Clinic



Conflicts of Interest

 Advisory Boards

e Clinical Trials



Breakthrough of the Year; Science 2013
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Breakthrough of the Year _ 4 “This year marks a\

Cancer turning pointin

cancer, as long-
Immunﬂthﬂl"ap}' sought efforts to

T cells on the attack - )
- unleash the immune
' system against
tumours are paying
off — even if the
future remains a
\_ guestion mark” .




2018 Nobel Prize In
Physiology or Medicine

James Allison Tasuko Honjo
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The history of cancer immunotherapy: from
empirical approaches to rational, science-based

therapies
Treatment of
cancer with
bacterial  Treatment FDA approval of
products of bladder  Adoptive Adoptive  sipuleucel-T  FDA approval
(“Coley’s cancer cell T cell (DC vaccine) in of anti-PD1 for
toxin”)  with BCG therapy therapy prostate cancer  melanoma

Description of Cancer IL-2 Discovery HPV FDA approval of
iImmune immuno- therapy of human vaccination anti-CTLA4
infiltrates in surveillance  for cancer tumor in VIN (ipilimumab) for
tumors by hypothesis antigens melanoma

Virchow (Burnet, (Boon,

Thomas) others)



Ebers Papyrus c1550 BC
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CONTRIBUTION TO THE KNOWLEDGE OF
SARCOMA?

By WILLIAM B, COLEY, M.D,,
OF NEW YORK.

A Case oF PeriosiEaL Rouxp-CELLED SARCOMA OF THE
MeracarpaL Boxg; AveuratioN oF THE FOREARM; GEx-
ERAL DissEMiNaTioxN ¥ Four Weeks; DeEat Six WEEKS
LaTeR.

II. THe GExerAL COURSE AND PROGXNOSIS OF Sarcoma, BASED
Urox ax AnaLvysis oF NIxETy UNPUBLISHED CaAsEs.

III. Tue TREATMENT OF SarcoMma By Inocuratioxn WitH
Ervsiperas, With Ao RerorT oF THREE REecenT (ORIGI-
xaL) Cases.

THE patient a young lady, zt. 18, had been in perfect health
I o from earliest childhood. The family history was likewise good
with the exception of a remote tubercular tendency, and the fact that
an ancestor, three generations before, had died of “‘cancer” of the lip,
presumably epithelioma.
. In the early part of July, 1890, she received a shight blow upon the
back of the right hand. The hand became a little swollen and some-
what painful the first night. The next few days the pain became a
trifle less and the swelling subsided, but did not entirely disappear,
About a week later the swelling again began to increase very slowly,
and the pain became more severe. She consulted a physician at the
time of the injury, but there being no evidence of anything more than
an ordinary bruise the usual local applications were applied.
August 12. The pain and swelling continuing, she again sought

'Read before the Surgical Section of the New York Academy of Medicine, April
27,1891, (With a report of three cases treated since).







Immuno-Oncology



The Immune System is Comprised
of Two “Arms”: Innate and Adaptivel

* Immediate

e First line of » Slow response

immune defense Innate Immunity23 Adaptive Immunity  aouden:
* Not antigen- y P Y  specific
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response « Memory
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killer cell ‘eSee! '/
¥
it

* External threats: viruses, parasites, protozoa, fungi, bacteria, toxins
* Internal threats: cancer



T-cell Activation: Tumour-associated
Antigens

Tumour-associated antigens can trigger a tumour-specific immune
cell response:

Inactive
T cell
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express a cell APC) captures with T cells*

multitude of
proteins, known
as



T-cell Activation: Cytotoxic T cells

Active,
cytotoxic (killer)
T cells

Activated APC presents
the
to the T cell
along with a
co-stimulatory signal®
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The Cancer — Immunity Cycle

d. Trafficking of
T cills fa tumiors
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&1 5, Infiftration of T cells
into the tumor
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7. Killing of cancer cells
1. Belease of cancer cell antigens




Mechanisms for Regulation
of the Adaptive Immune System



Immune System Pathways

e Normal conditions;

« Tumour evasion of the immune system may be associated
with an imbalance in immune activation and inhibition.1

Tumours may down-regulate
co-stimulatory pathways.3
Co-stimulatory receptors include:

*CD28
*CD40
*0X40
*CD137
*GITR

Tumours may up-regulate immune
checkpoints (inhibitory signaling
pathways).2356 Checkpoint pathway
molecules include:

°*LAG-3
*CTLA-4
*B7-H3
*PD-1
TIM-3



T-cell Checkpoint Regulation

Activating Inhibitory « T-cell responses are
receptors receptors regulated though a
complex balance of

inhibitory
(“checkpoint”) and
activating signals

e Tumours can
dysregulate these
pathways and
consequently,
the immune response

Agonistic Antagonistic » Targeting these
antibodies (blocking) pathways is an
antibodies

evolving approach to

T-cell stimulation
cancer therapy



Mechanisms for Cancer
to Evade the Immune System



Immune Escape in Cancer

Many tumours escape the immune response by creating
an immunosuppressive microenvironment that prevents
an effective antitumour responsel?

Recruitment of
iImmunosuppressive
cells

Release of
iImmunosuppressive
factors

Factors/enzymes

(‘ directly
(regs or indirectly
suppress

immune response

T-cell checkpoint
dysregulation

Ineffective presentation
of tumour antigens
to the immune system

Downregulation of Suppression
MHC Expression of APC

/4 3 \
>C Co- Co-
Tumour stimulatory inhibitory

. . receptors receptors
Microenvironment P P

The mechanisms tumours use to escape the immune system provide a
range of potential therapeutic targets for cancer

APC=antigen-presenting cell; MDSC=myeloid-derived suppressor cell; MHC=major histocompatibility complex; Treg=regulatory T cell.



CHECKPOINT INHIBITION
AS A WAY TO AWAKEN THE
IMMUNE SYSTEM



Multiple Potential I-O Targets
to Activate the Immune System

 Antitumour response is a net balance
of complex inhibitory and stimulatory
interactions between APC, T cell,
and tumour?!®

 Multiple potential I-O targets, such as:

« Modulation of these targets by I-O
therapies may activate the immune
system to eliminate the tumour




Immuno-oncology: Blocking CTLA-4 and PD-1
Pathways with Monoclonal Antibodies

Effector Phase

Priming Phase _ _
,, Tumour microenvironment

Perlphery

T-cell actlvatlon
(cytokines, lydlis, proliferation,
mlgratlori to tumour

Tumour cell

CTLA-4 pathway blockade

PD-1 pathway blockade



CTLA-4 Monoclonal
Antibodies



CTLA-4: Mechanism of Action (MoA)

Attenuated or
Terminated
Proliferation

Unrestrained
Proliferation

IL-2
Tumor A
A o
A AN N AT
imi [ U ~
/l‘ A ‘I\ \- )’ .I._ A _.I.
APC / e \
Tumor-specific e ~N
Antigenic Peptides TCR ’l‘CD28 CTLA-4
Can Lead to

Anti-Cancer
Immune Responses

| Peptide/MHC ¥B7-1,2 Yipilimumab)




Anti-PD-1/L1



PD-1 and PD-L1 Antibodies

 PD-1-inhibitory receptor i -l 1 iiian
found on activated 7 U
lymphocytes and monocytes
and is associated with
tumour immune escape

e Binds with PD-L1 on
tumour cells
e |Interaction between PD-1

and PD-L1 suppresses
the cytotoxic T-cell response




Response to |I-O Therapy Is a Multi-step
Process that May Impact Response Kinetics

Therapies that affect the immune system may not induce
a measurable impact on tumour growth immediately
after administration?

Immune cell
activation and Effect on
|-O Start? proliferation tumour

Initial I-O Immune Clinically

therapy activation and measurable

administration T-cell immune-
proliferation mediated
start early on antitumour
after initial 1-O effects occur
administration over weeks to

months




50 Therapy start

Tumour change from baseline (%)

Potential Tumour Response
Patterns to Therapy

“Stable disease”: Slow, steady
decline in tumour volume seen
with chemotherapy, targeted
and 1-O therapies. Captured by
existing RECIST and WHO
criteria
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Tumour change from baseline (%)
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Potential Tumour Response
Patterns to Therapy

Therapy start
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Reduction in tumour
burden after appearance
of new lesions; novel and

specific to I-O therapy,
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Example of Evolution of Response
to CTLA-4 Inhibition

|| Screening

Week 12:

Initial increase in
total tumour burden
(mWHO PD)

Week 96:
Durable and ongoing response
without signs of irAEs



Pseudo-progression: Inflammation Causes
Swelling, May Appear as Tumour Growth or
New Lesions Upon Imaging?

Considerations when evaluating true progression vs. pseudo-progression

May indicate May indicate
progression pseudo-progression
Performance status Deterioration of performance Remains stable or improves

Systemic symptoms  RUW/elg1=)! May or may not improve

Sl GInER IRl Ii[gm Present May or may not be present
enlargement

Tumour burden
Baseline Increase Increase followed by response
New lesions Appear and increase in size Appear then remain stable

and/or subsequently respond

Evidence of tumour growth Evidence of T-cell infiltration

Biopsy may reveal




Measurement of Response

Table 1. Comparison of mRECIST With RECIST v1.1 and irRC

Criterion RECIST v1.1 irRC® IMRECIST*

Tumor burden Unidimensional Bidimensional per WHO Unidimensicnal,
Up to five target lesions/two per organ Up to 10 target lesions/ with other target
five per organ lesion criteria
(number,
measurability)
per RECIST v1.1
New lesions Always represent PD New lesions do not categorically
define PD

Measurable new lesions incorporated into the total tumor burden
Nonmeasurable new lesions preclude CR
Nontarget lesions Can contribute to defining CR or PD Nontarget progression does not define PD
{unequivocal progression) Can only contribute to defining CR (complete disappearance

required)
PD = 20% increase in the SLD (RECIST) Determined only on the basis of measurable disease
and = 5 mm increase compared with
nadir, unequivocal progression in
nontarget lesions, and/or appearance
of new lesions
Negated by subsequent non-PD assessment = 4 weeks from the
date first documented (lack of confirmation)
= 25% increase in the SLD = 20% increase In
compared with baseline/ SLD (RECIST)
nadir compared with
baseline/nadir
Confirmation of PD not required Best response may occur Best response may
before confirmed PD occur after any
number of PD
assessments

Abbreviations: CR, complete response; imRECIST, immune-modified RECIST; irRC, immune-related response criteria; PD, progressive disease; RECIST, Response
Evaluation Criteria In Solid Tumors; SLD, sum of longest diameters.
*IMRECIST follows RECIST v1.1 conventions unless otherwise stated.




Impact of Immunotherapy In
the clinic



Somatic mutation frequencies observed
In exomes from 3,083
tumour—normal pairs
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Rhabdoid tumour
Ewing sarcoma
Medulloblastoma
Carcinoid
Neuroblastoma
Prostate
Low-grade glioma
Pancreas
Multiple myeloma
Kidney clear cell
papillary cell
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multiforme
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Oesophageal
adenocarcinoma
Stomach
Bladder

Lung adeno-
carcinoma

Lung squamous
cell carcinoma
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Mutational heterogeneity in cancer-altered proteins contain neoepitopes for immune recognition




* Currently approved/access to In
Manitoba;



e Coming up in the next six months;



Change From Baseline in Tumor Size, %
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Pembrolizumab Activity
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0 0 0 0 0
-100 -100 -100 -100 -100
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Landmark Meta-analysis: Overall Survival
(OS) in Metastatic Stage IV Melanoma

Median OS: 6.2 months

Survival data from 42 phase Il trials
with over 2100 stage IV patients
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Overall Survival

. NR 20.0
Median OS, mo (95% ClI) NR (29.1-NR) (17.1-24.6)
100 ~85s 0.55 0.63
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Patients at risk:
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IPI 315 285 254 228 205 182 164 149 136 129 104 34 4 0
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Case Presentation

Oct 22, 2015 December 30, 2015




Case Presentation

May 26, 2016




Quo Vadis?



Combining anticancer agents with
Immunotherapy

Radiotherapy

Anthracyclines
Oxaliplatin v

\ Anti-CTLA4
aQ£»—
Tumor cell Dendritic cell \ / _
Anti-PD-1

Induction of immunogenic CTLA4

tumor cell death PD-L1 Checkpoint inhibitor

blockade

® IL-15
® IL-21
Cytokines

5-Fluorouracil
Gemcitabine \
Radiotherapy

Regulatory T cell

5-Fluorouracil

Myeloid derived Dacarbazine

suppressor cell
Sensitization to T cell lysig
Elimination of
immunosuppressive cells Tumor bed




he landscape of T cell activating and
Inhibitory receptors

Activating
receptors

W CD28

N,
OX40 ‘I

GITR <.
CD137

co27 & 9

,./
HVEM

Agonistic
antibodies

Inhibitory
receptors

LT TIM-3

S BTLA

O TIGIT

LAG-3

Blocking
Teall antibodies

stimulation






Conclusion

 This Is an exciting time to be in Medical
Oncology/Hematology

e The new I-O drugs are changing the
way we look at managing patient with
advanced cancer

* In one previously untreatable
malignancy long term survival are now
being seen routinely



 We have only scratched the surface of
what the Immune system can
potentially be harnessed to do In
treating cancer patients



	Immunotherapy:�”Cry ’Havoc!’ and �Let slip the dogs of war” ��
	Objectives
	Conflicts of Interest
	Breakthrough of the Year; Science 2013
	2018 Nobel Prize in Physiology or Medicine
	Slide Number 6
	Slide Number 7
	Ebers Papyrus c1550 BC
	Slide Number 9
	Slide Number 10
	Immuno-Oncology
	The Immune System is Comprised �of Two “Arms”: Innate and Adaptive1
	T-cell Activation: Tumour-associated Antigens
	T-cell Activation: Cytotoxic T cells
	Slide Number 15
	Mechanisms for Regulation �of the Adaptive Immune System
	Immune System Pathways
	T-cell Checkpoint Regulation
	Mechanisms for Cancer �to Evade the Immune System
	Immune Escape in Cancer
	CHECKPOINT INHIBITION AS A WAY TO AWAKEN THE IMMUNE SYSTEM�
	Multiple Potential I-O Targets �to Activate the Immune System
	Immuno-oncology: Blocking CTLA-4 and PD-1 Pathways with Monoclonal Antibodies 
	CTLA-4 Monoclonal Antibodies
	Slide Number 25
	Anti-PD-1/L1
	PD-1 and PD-L1 Antibodies
	Response to I-O Therapy is a Multi-step Process that May Impact Response Kinetics
	Potential Tumour Response �Patterns to Therapy
	Potential Tumour Response �Patterns to Therapy
	Example of Evolution of Response �to CTLA-4 Inhibition 
	Pseudo-progression: Inflammation Causes Swelling, May Appear as Tumour Growth or New Lesions Upon Imaging1
	Measurement of Response
	Impact of Immunotherapy in the clinic
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Pembrolizumab Activity
	�
	Overall Survival  
	Slide Number 41
	Case Presentation
	Case Presentation
	Quo Vadis?
	Combining anticancer agents with Immunotherapy
	Slide Number 46
	Slide Number 47
	Conclusion
	Slide Number 49

