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Objectives

1. Organize the human immune system info its various components
and understand how they work together to generate a
coordinated immune response.

2. Explain the various mechanisms by which cancer can evade
immune surveillance.

3. Explain the different types of active and passive immunotherapies
that are clinically used and their relative strengths and
weaknesses.
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The Immune System Controls Cancer

Site of cancer No. of cases observed No. of cases expected® Ratio observed/expected
Non-melanoma skin 127 51 247
Thyroid, other endocrine 30 21 143
Mouth, tongue, lip 22 16 138
Cervix, vulva, vagina 39 3.6 108
Non-Hodgkin's lymphoma 25 24 103
Kidney, ureter 32 35 9.1
Bladder 26 a7 55
Colorectal 38 105 36
Lung 30 125 24
Brain 10 a1 24
Prostate 1 52 21
Melanoma 7 41 17
Breast 15 136 11
Tablo 151 Tho 2007
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Immune Tolerance

Organization of the Immune System

* Innate immune system responds non-specifically to foreign
pathogens.
« No immunologic memory

* Adaptive immune system responds to pathogens by
enhancing recognition and developing memory
« B cells differentiated to produce antibodies
« CD8+ (cytotoxic) T cells directly kill cells presenting target antigens
* CD4+ (helper) T cells produce cytokines to enhance immune
responses

* Immune folerance prevents pathologic immune responses
(i.e. autoimmunity)

Immune Targeting of Cancer

« Infectious diseases are far more lethal to human beings
than cancer

* The immune system is extremely well tuned to recognize
and aftack “non-self” infectious agents
« Develop inflammation towards chemicals produced by bacteria
and viruses
« Develop both humoral and cellular adaptive immune responses
against “non-self" proteins

» Cancer is significantly more “self” than “non-self”, which
makes immune targeting difficult.
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Human Cancers are similar to normal cells
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Tumors Target Anti-Cancer T cells
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Tumor Microenvironment Hinders T Cells
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Aerts JG ot al. Cancer Res 2013

Tumor Immune Evasion

« Cancer cells are genetically very similar to normal cells
« There are very few “good” immune targets in cancer

» Cancer cells actively target immune cells
« Induce T cell anergy and T cell exhaustion

« Induce T cell death (activation induced cell death, Fas/FasL)

» The tumor microenvironment impedes immune cell function
* Hypoxia and impaired blood flood
« Tumor recruits immunosuppressive immune cells

« Non-cancer cells secrete immunosuppressive cytokines

Types of Immunotherapeutics

« Passive immunotherapy: the administration of an immunotherapy agent
to a patient to target a disease.

» Active immunotherapy: the administration of a agent intended to
enhance a patient’'s immune response to a disease.

Passive Immunotherapeutics Active Inmunotherapeutics
Anti-tumor antibodies Cancer epitope vaccine

Dendritic cell vaccine
Anti-CTLA4 antibodies
Anti-PD1/PD-L1 antibodies
Cytokines

Allogeneic stem cell transplant
Tumor infiltrating lymphocytes
CAR-modified lymphocytes
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Types of Immunotherapeutics

« Passive immunotherapy: the administration of an immunotherapy agent
to a patient to target a disease.

« Active immunotherapy: the administration of a agent intended to
enhance a patient’'simmune response to a disease.

Passive Immunotherapeutics Active Inmunotherapeutics
Anti-tumor antibodies

Allogeneic stem cell fransplant
Tumor infiltrating lymphocytes
CAR-modified lymphocytes

Cancer epitope vaccine
Dendritic cell vaccine
Anti-CTLA4 antibodies
Anti-PD1/PD-L1 antibodies
Cytokines

Targeting Cancer Surface Proteins

* Many tumors overexpress proteins on their plasma
membranes

» Overexpressed proteins are NOT cancer-specific, but
targeting them on tumors has improved clinical outcomes
in many diseases.

» Always a concern for targeting normal tissues.

* The best developed immunotherapeutics directed against
overexpressed cell surface proteins are antibodies.

Antibody Mechanisms
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Improved Survival with "Bare” Antibodies
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Sehn L Hetal. JCO2005

Antibody-drug conjugates

Brentuximalb vedotin: Hodgkin's Lymphoma

Moskowitz CH et al. Lancet 201
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Bi-specific Antibodies
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Blinatumomalb

Median Overall Survival (mo)

Blinatumomab 7.7 (95% C1,5.6-9.6)
Lo Chemotherapy 4.0 (95% Cl, 2.9-5.3)
Y gm Hazard ratio, 0.71 (95% Cl, 0.55-0.93)
Blinatumomab Group Chemotherapy Group  Treatment Difference P
Response Category (N=271) (N=134) (95% C1) Valuef
o 9% (95% C) o 9% (95% C1) percentage points
Complete remission with full hemato- 91 336(280-395) 2 157(100-230)  17.9(96-262) <0001
logic recovery
Complete remission with full, partial,or 119 43.9 (37.9-50.0) 3 246(17.6-328)  193(99-287) <0001
incomplete hematologic recovery
Complete remission with partial hema- 24 89 (5.8-129) 6 45 (17-95)
tologic recovery
Complete remission with incomplete 4 15 (0.4-3.7) 6 45 (17-95)

hematologic recovery
Montns since Kandomization

No. at Risk
Blinatumomab 271 176 124 79 45 27 9 4 0
Chemotherapy 134 71 41 27 17 7 4 1 0

Kantarjan H et al. New England J Medicine 2017

Antibodies - Summary

» Antibodies target cell surface proteins
« The targets are not cancer-specific

* Antibody based therapies have improved clinical outcomes in
many different cancer types

» Antibody-drug conjugates kill cells by delivering cytotoxic
agents at high concentrations to cells that overexpress the
surface protein

« Bi-specific antibodies couple T cells to cells that express the
target surface protein, which enables T cell mediated
cytotoxicity
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Chimeric Antigen Receptor T Cells

Chimeric Antigen
Receptor

June CHetal, N Engl Med 2018

What is the scFve

scFv

/‘" Transmembrane Domain

Costimulatory Domain
(CD28, 4-1B8B)

Antibody

CD3-{ TCR Signaling Domain

Why CD19 is a Good Target
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Bendall SC et o, Science 2011
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Axicabtagene Ciloleucel

A Duration of Response
100

Response (%)

Complete response

Objective response
Median (95% C1)
Complete Response ~ NR (NE-NE)

Objective Response 1.1 (3.9-NE)
Partial response Partial Response 19 (1.4-2.1)

01 2 3 456 7 8 910

No. at Risk

Complete response 63 61 58 53 50 47 46 45 45 41 37
Objective response 89 82 67 56 53 49 48 47 47 42 38
Patialresponse 26 21 9 3 3 2 2 2 2 1 1

1012 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Months
30191612 6 6 4 3 3 3 3 3 1

311916 12 6 6 4 3 3 3 3 3 1
1

Neslapu SS et al. N Engl J Med 2017

Tisagenlecleucel

B Event.free and Overall Survival
10

Overall Survival
vent

Survival

Overal survival

No.of No.of Median
Patients Events Survival Rateat6 Mo

mo % (95%Cl)

7s 19 191 9 (81-95)
7 7 not 73 (60-82)
reached

0o 2 4 &

No. at Risk
Overall survival 75 72 64 58
Event.free survival 75 64 51 37

8 10 12 14 16 18 20 2

Months since Tisagenlecleucel Infusion

ss 40 30 20 12 8 2
3019013 8 3 3 1

Maude SLetal. N

JMed 2017
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Success in Targeting CD19+ Cancers
| [risogenlecloucel (kymrioh) [ Axcablagene cilleucel (Yescarta) |

Indications Adults - R/R large cell lymphomas R/R large cell lymphomas (DLBCL,
(DLBCL, transformed FL, etc) transformed FL, efc)
Age £25-ALL

Costimulatory domain 4-1BB CD28

Dose Lymphoma 2x106-2x 108cells/kg

- 0.6-6 x 108cells/kg

ALL
~<50kg 0.2-5 x 106 celis/kg
- >50kg 0.1-2.5x 108cells/kg

ORR Lymphoma - 50% 72%

CR Lymphoma - 32% 51%
ALL -83%

DOR Lymphoma - not reached 9.2 months
ALL - not reached

DORif CR Lymphoma - not reached Not reached
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Toxicity fromm CAR T Cells (CRS)

Yes Any Any Any

vital Sign  Temp >38°

SBP <90 No Fluid High-dose or  Life-threatening
responsive or  multiple
low-dose pressors
pressor
O2Requirement  No FiO2 <40% FiO2 >40% Ventilator
for sat >90% support
Organ Grade 1 Grade 2 Grade 3 or Grade 4
toxicity Grade 4 (except
fransaminifis  transaminitis)

« Develops 4-7 days after infusion
« 75-90% (15-50% grade 3+)
+ Depends on product and disease

Lee DW et al. Blood 2014|

Management of CRS
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Neelapu $5 et al. Noture Rey Gln onc 2015 |
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Toxicity fromm CAR T Cells (CRES)
[sign/symptom _Grade 1 _JGrade2 lGrages _____Jorases _____|

CARTOX-10 Mild (7-9) Moderate  Severe (0-2) Critical/obtunded

Score (3-6)

Raised ICP Stage 1-2 papilledema Stage 3-4 papilledema

R <20 mmHg opening >20 mmHg opening
pressure pressure or cerebral
edema

Seizure/motor Partial or non- Generalized seizures

weakness | convulsive New motor weakness
Responds to BZD Status epilepticus

CARTOX-10 Scoring (1 point for each):

Orientation to year, month, city, hospital, and president (5 points)
Name three objects (e.g. point to pen, button, phone - 3 points)
Write out a standard sentence (1 point)

Count backward from 100 by tens (1 point)

Can occur during CRS (roughly day 5) or after CRS (roughly day 7 - 14)

1 Nature Rev Ciin Orc 2018
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Management of CRES
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Toxicity Comparisons

| [tisagenlecleucel (Kymriah) Axicabtagene ciloleucel (Yescarta)

Hospital certification Yes Yes
REMS requirement Yes Yes
Incidence of CRS 7479% 94%

- 23-49% Grade 3+ -13% Grade 3+
Median CRS onset 3days 2 days
Median CRS duration 8 days 7 days
Incidence of CRES 58-72% 87%

-18-21% Grade 3+ -31% Grade 3+
Median CRES onset 6 days 4days
Median CRES duration  6-14 days 17 days
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CAR T Cell Summary

with aggressive hematologic malignancies

 Very few good fargets:
« Highly expressed in cancer cells
» Uneccessary for "normal” human physiology

» Personalized therapy that is very expensive

« Significant toxicity

« Can provide long-term complete responses to patients

» Long-term disease control with persistent CAR T cells

Immune Checkpoint Blockade

Priming phase Effector phase
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ANnti-CTLA4 - Ipilimumalb

A Recurrencefree Survival X
No. of Events/ Median RFS 5-Yr Rate B Overall Survival

ind without

Ipilimumab

Patients Alive (%)

Placebo 2

0 TotalNo.  (95%Cl) (5% 1) 100 {os%.Cl)
; o 2

904\ Ipilimumab 264475 27.6(193-372) 403 (36.0-45.6) i . ©03-609

e P B ] ® il 1czirs G4 03659

Placebo

No.of Deaths/  5-¥r Rate

Ipilimumab

o 1 2 3 4 5 6 7 8 o 1 2 3
Year
No. at Risk No. at Risk
Ipiimumab 475 283 217 184 161 77 13 1 Ipilimumab 475 431 369 325
Placcbo 476 261 199 154 13 65 17 0 Placebo 476 413 348 297

4 s 6 7 8
Year
2% 19 6 4

273 18 s 8
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Eggermont AWM et al, N Eng!J Med 2016
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Anti-PD1 - Nivolumalb

A Intention-to-Treat Popul

Nivolumab: 154 events/453 patients

Hazard ratio, 065 (97.56% CI, 0.51-0.83)
P<0.001

Ipilimumab: 206 events/453 patients

Recurrence-free Survival (%)
g

40
30
20
10
0 3 s 5 12 s ) 2 2
Months
No. at Risk
Nivolumab 453 399 353 332 311 291 249 n 5 0
Ipilimumab 453 364 314 269 252 225 184 56 2 0
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Weber J ot al. N EnglJ Med 2017

Anti-PD1 - Pembrolizumalb

A Overall Intention-to-Treat Population

Total  No.with  Hazard Ratio
No. Event (98.4% Cl)
100 Pembrolizumab 514 135 057 (043-074)
%0 Placebo 505 26 100

b
g 30 P<0.001 by stratified log-rank test
°
2g 70 o Pembrolizumab
=g
23 60
£8
25 50 Placebo
£5 4w
5
M E
£ 2
> 10-
o 3 6 9 12 15 18 21 24
Months.
No. at Risk
Pembrolizumab 514 438 413 392 313 182 B 15 o
Placebo 505 415 363 323 264 157 60 15 o

Eggermont AWM et al. N Engl J Med 2018

lpilimumalb + Nivolumalb

B Overall Survival

Nivolumab plus ipilimumab
Nivolumab

Ipilimumab

Patients Who Survived (%)

Months

No. at Risk

Nivolumab plus ipilimumab 314 202 265 247 226 221 209 200 198 192 18 180 17 131 27
Nwvolumab 36 292 265 244 230 213 201 191 181 15 171 163 156 120 28
pilimumab 35 285 253 227 203 181 163 48 135 128 117 107 100 68 20 2

=

hot D et ol N EnglJ Med 2017
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Anti PD-L1: Atezolizumab

Rate of Overall Survival
2mo. At24mo

Overall Survival (%)

624-722)  43.4% (95% CI, 36.9-49.9)
$5.3-65.9) 33.7% (95% Cl, 27.4-40.0)

tified hazard ratio, 0.78 (95% C1, 0.64-0.96)

40
30
BCP
20
104 Median in the BCP group, Median in the ABCP group,
14.7 mo (95% C1, 13.3-16.9) 19.2 mo (95%C1, 17.0-23.8)
1 23 45 67 8 910111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Months
No. at Risk
ABCP 359 339 328 323 314 310 296 284 273 264 256 250 235 218 188 167 147 133119103 84 66 57 41 34 28 16 9 2 2 2
BCP. 337 326 315 308 287 280 268 255 247 233 216 203 196 174 152 129 115101 87 77 66 56 40 32 29 22 13 6 3 1 1 1 1

Socinski MA et al N EnglJ Med 2018
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What are Checkpoint Inhibitors Doing?

2 W
« Neogntigens are derived from . > Retculum
" ptope <
mutated proteins that are WA g
specific fo cancer >
« Single nucleotide variants 'Y S Nucleus
N S
« Gene fusions 7 A o 2

« Splice variants

« No central folerance

« Neoantigen specific T cells are
present in patients

« Checkpoint inhibitors activate
neoantigen specific T cells

Cancer Cell
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Most Efficacy on Highly Mutated Cancers

013

Checkpoint Inhibitors Summary

« Checkpoint inhibitors enable cancer antigen specific T
cells to target tumors.

* Have been shown to be most effective in cancers with high
numbers of mutations, and presumably, neoantigens.

* Anti-CTLA4 and anti-PD-1/PD-L1work on different aspects
of immune checkpoints
« Explains differences in efficacy and toxicity
« Allows for possible synergy among agents

« Additional checkpoint inhibitors are under development.
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