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Breakthrough of the Year

Cancer

Immunotherapy
T cells on the attack .
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Cancer Immunology and
Immunotherapy
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FACT OF THE DAY

b6

[After immunotherapy]
.. they didn't find any
cancer at all”

- JIMMY CARTER

Former US. President



Emily Whitehead: Miracles do happen!

Years
cancer

Age 5in 2012: gum bleeds, bruises on body,
excruciating pain in legs- diagnosed with B-ALL;
relapsed twice after intensive rounds of chemotherapy

Age 12 in 2019: 7 years cancer free!




Dr. Stephen Grupp (Oncologist)
Children’s Hospital of Philadelphia (CHOP)

Dr. Carl June (U. Penn)



Immunotherapy: Treatment to boost or
restore the abllity of the immune system
to fight cancer



HOW CANCER CELLS GROW AND DIVIDE
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Frank Mac Farlane Burnet Paul Ehrlich Lewis Thomas







Dynamics Between Cancer
and the Immune System ®

In a dynamic process, the immune system can either

Suppress tumor growth, development & survival

Allow tumor growth

Immune Immune
Protection Evasion

N

Dunn GP. Schreiber RD. et al. Nat Rev Immunol. 2006:6(11):836-848.



Increased Incidence of Cancer in o &
Immunocompromised Individuals ® @

» Malignant tumors develop in individuals with compromised immune

SyStemS1'3 Tumor/cancer risk in transplant patients
compared to general population’-®

Non-melanoma skin cancer § {
Non-Hodgkin's lymphoma } £R-loiand beyond
Kidney cancer — 15-fold
Melanoma
Hepatobiliary cancer
Bladder cancer
Testicular cancer
Breast cancer
Prostate cancer

Colon cancer

; |
0 5 10 15 20
Fold-increase in tumor/cancerrisk

1. Kasiske BL, Wang C. et al. Am J Transplant. 2004:4(6):905-913.
2. Le Mire L, Wojnarowska F. et al. BrJ Dermatol. 2006;154(3):472-477.
3. Abbas AK. Lichtman AH. Basic Immunoiogy. 3rd ed. 2011.



Oncology meets Immunology: The
Cancer Immunity Cycle



The Cancer Immunity Cycle

@ Trafficking of T cells
to tumours (CTLs)

@ Infiltration of T cells
into tumours
(CTLs, endothelial cells)

Priming and activation
(APCs and T cells)

Cancer at\;m:fgen Recognition of cancer
presentation cells by T cells
(dendritic cells/APCs) (CTLs, cancer cells)
Riieasa:of cances @ Killing of cancer cells
cell antigens (immune and cancer cells)
(cancer cell death)

Chen & Mellman. 2013



CD28/B7.1

CX3CL1
CD137/CD137L OXCLY
Co7/CDT0 CxcL10
GITR, HVEM @ Trafficking of T cells CCLs
IL-2, IL-12 to tumours (CTLs)
CTLA-4/B7.1 LFA1/ICAM1
PD-1/PD-LL /N o ,, (5) infitation of T cells  ></°CtNS
PDL1/B7.1 (3) riming and actation zﬁm into tumours VEGF
Prostag| andins ViRCe and Teells) , (CTLs, endothelial cells)  Endothelin  receptor

TNF-a, IFN-a
CD40/CD154 .
IL-1 KTP Gancer arriges) Recognition of cancer TCS q
, ; ngr%sentﬁglo:m cells by T cells Reduced p-MHC on
TLR, HMGB1 (dendritic ce s) (CTLs, cancercells)  cancer cells

IL-10, IL-4, 1L-13

IFN-y, T cell granule content

@ Killing of cancer cells PD-1/PD-L1, LAG-3, TIM-3,
(immune and cancer cells) PD-L1/B7.1, IDO, TGF[3, BTLA,

VISTA, B7-H4, Arginase

Release of cancer
Immunogenic cell death cell antigens
. (cancer cell death)
Tolergenic cell death

Chen & Mellman. 2013



Types of Cancer Immunotherapy

Oncolytic
Virus Therapy

Checkpoint
Inhibitors

Adoptive Cell
Therapy



Types of Cancer Immunotherapy

DC-based vaccines (Increased antigen presentation to T cells)
Vaccinate with tumor antigens (protein, DNA, RNA)

Immun .
= Oncolytic

Checkpoint

Inhibitors e

Adoptive Cell
Therapy




Dendritic Cell
(DC)-based

Vaccines

- ———
Surgery

2]

Tumor Cells

©

HOCL Lysate

j- | ©
Apheresis %

Monocytes
0O
GM-CSF + IL-4
Tumor & - DC vaccination (5]
Lymph node
LPS + IFN-y Immature DC

DC pulsed with
whole tumorlysate
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IMPACT: OS With Sipuleucel-T vs Placebo

100 =
Median OS, Mos
< 80+ Sipuleucel-T 25.8
Tzu Placebo 21.7
2 60+
7 HR: 0.78 (95% Cl: 0.61-0.98; P = .03)
S Sipuleucel-T
£ 404
3
m
'E 20 = Placebo
=9
D L L ] | | 1
0 12 24 36 48 60 72
Mos Since Randomization
Pts at Risk, n .
) Sipuleucel-T was approved by the FDA on
illpuliuceI—T i;i gg 15259 ‘;3 1;1 i April 30, 2010, for the treatment of
acebo metastatic prostate cancer.

Kantoff P, et al. N Engl ] Med. 2010.



Vaccination with tumor antigens
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Intramuscular
injection of
neoantigen-
encoding DNA

Neoantigens
expressed and
presented on
cell surface

¥ 5

Lymph node
injection of
neoantigen-
encoding RNA




Types of Cancer Immunotherapy

Immune
Checkpoint
Inhibitors

Oncolytic
Virus Therapy

Administration of oncolytic
viruses for systemic
autoimmunity

Adoptive Cell

Therapy




Virus duplicates itself STEP 3:

Cell explodes,
Virus enters cell releasing thousands
of brand-new virus particles



FIGURE 1. Talimogene laherparepvec (T-VEC) is a viral oncolytic immunotherapy designed to produce both local
and systemic effect resulting in tumor lysis and death.

Selective viral replication Tumor cells rupture for Systemic tumor-specific Death of distant
in tumor tissue an oncolytic effect Immune response cancer cells
CDAT cell
Dendritic call (helper T call)

Genatically
modified virus

e Local Effect: > 4 Systemic Effect: 3
Tumor Cell Lysis Tumor-Specific Immune Response

* Reproduced with permission from A mgen.
GM-CSF indicates granulocyte-macrophage colony-stimulating factor.




Talimogene
Laherparepvec (T-VEC):
FDA Approved for

Advanced Melanoma

12 months

Previously presented at IMWG, 2010




Types of Cancer Immunotherapy

Immun .
Hne Oncolytic

Checkpoint

Inhibitors LU

Adoptive Cell

Thera
Py Administration of immune

cells directly to the patient




Lymphodepleting
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TILs &
Melanoma

Regression
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Types of Cancer Immunotherapy

Immun .
Hne Oncolytic

Checkpoint

Inhibitors LU

Adoptive Cell

Thera
Py Administration of immune

cells directly to the patient




Immune checkpoints inhibitors

Dendritic

cell T cell

Inhibitor

The CTLA-4 checkpoint protein
prevents dendritic cells from priming
T cells to recognize tumours.
Inhibitor drugs block the checkpoint.

CTLA-4 blockade (e.g.
Ipilimumab)

Cancer cell

The PD-1 checkpoint protein
prevents T cells from attacking
cancer cells. The inhibitor drug
allows T cells to act.

PD- (L)1 blockade (e.g. Nivolumab,
pembrolizumab, Atezolizumab)

Ledford. Nature 508. 24-26.



Dawn of the present: Ipilimumab (anti-CTLA4) elicits low
frequency but durable responses in metastatic melanoma

* Ipilimumab (ipi) mediates a statistically
significant overall survival (OS)
advantage in patients with previously
treated metastatic melanoma

* Patients who received ipilimumab (ipi)
alone or ipi + gp100 peptide vaccine had
a median survival of 10.1 months
compared to 6.4 months for patients
receiving gp100 peptide vaccine alone

* Pilot trials with ipi in RCC, prostate
cancer as well as NSCLC are underway

Overall Survival

Overall Survival (%)
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Hodi et al (2010) NEJM



Pembrolizumab (anti-PD-1) versus Ipilimumab (anti-CTLAA4)
In advanced melanoma

B Overall Survival
100+
Pembrolizumab, Q3W
90
80+
70~ : ,
§' 60 \JMM
Ll
3
c J
a 50+ Ipilimumab
§  40-
>
o}
304
20+
10+
0 ] T I ] 1 1 1 T 1
0 2 4 6 8 10 2 14 16 18
Month
No. at Risk
Pembrolizumab, Q2W 279 266 248 233 219 212 177 67 19 0
Pembrolizumab, Q3W 277 266 251 238 215 202 158 71 18 0
Ipilimumab 278 242 212 188 16% 157 117 51 17 0




Broad activity
for anti-PD-

1/PD-L1in
human cancer

& g
@ Head & neck cancer\. Glioblastoma @

fo Lung cancer Breast cancer @
—e
! 4| Liver cancer Pancreatic ¥,

/ / .\ i
& ) Melanoma Gastric | S
@‘éz’ﬁf
Renal cancer Ovarlan !{*3'

v
@ Colorectal cancer Hodgkin lymphoma @
Bladder cancer

Broad activity, but only subset of
patients benefit: ~10-30%



Other IC
Blockade

Therapies:

Multiple other IC
pathways have been
identified: LAG3, TIM3,
TIGIT, VISTA, BTLA

Several TIM3 antagonists
are in pre-clinical
development

Therapies targeting LAG3
are the furthest along in
clinical development
(mono & combo)

Numerous other immune
check point agents are
currently under
development



Combination Therapies:

ADVANCED CANCERS MAY COMPLETE REMISSION
RESPOND TO AND CURES FOR CANCER
MONOTHERAPY, BUT FOR PATIENTS, THE
THE MAJORITY, COMBINATION OF
MONOTHERAPY MAY BE MULTIPLE THERAPEUTIC
INEFFECTIVE APPROACHES MAY BE
REQUIRED

COMBINING IC BLOCKADE
THERAPIES IS THE NEW
TREND

fi

IPI-NIVO STUDY: IPI (ANTI-
CTLA-4) + NIVO (ANTI- PD1) :
TUMOR REGRESSION IN 50%
PATIENTS WITH ADVANCED
MELANOMA

PATIENTS WITH PREVIOUSLY
UNTREATED METASTATIC
MELANOMA WHO RECEIVED
IPI + NIVO SHOWED AN
OBIJECTIVE RESPONSE RATE
OF 61% COMPARED TO 11%
SEEN IN PATIENTS TREATED
WITH IPI ALONE



IC Inhibitors
+
Conventional
Therapies:

Chemotherapy may boost the
immunotherapies by modifying
the immunosuppressive tumor

environment: Cyclophosphamide
is known to deplete Treg cells;
Paclitaxel & 5FU eliminate MDSCs

For melanoma patients with the
B-raf V60OE mutation: trials
looking at combining FDA-
approved B-raf inhibitors
(Zelboraf) with anti-CTLA-4 (Ipi)
and anti-PD1 are underway

VEGF enhances the number of
immunosuppressive Tregs and
MDSCs in the tumor, while
reducing the intratumoral flux of
lymphocytes and suppressing DC
maturation: combining IC
inhibitors + VEGF inhibitors




Immune-Related AEs With Immunotherapy

Endocrine

Skin * Hypothyroidism
Dermatitis exfoliative = Hyperthyroidism
Erythema multiforme . * Adrenal
Stevens-Johnson syndrome ; insufficiency
Toxic epidermal necrolysis = Hypophysitis
Vitiligo
Alopecia

Pulmonary

= Pneumonitis

= |nterstitial lung
disease

= Acute interstitial
pneumonitis

Hepatic
= Hepatitis,
autoimmune

Gastrointestinal
= Colitis Neurologic
= Enterocolitis ’ = Autoimmune neuropathy
= Necrotizing colitis = Demyelinating
= Gl perforation / Polyneuropathy
' ) = Guillain-Barre

Renal . = Myasthenia gravis—like
= Nephritis, Iant. vigilant, mey syndrome

autoimmune result in more serious

= Renal failure immune-related AEs




Immune-Mediated Hepatitis: Symptom
Surveillance

* Monitor LFTs at baseline
and prior to each dose of
treatment

* Pts with abnormal LFTs
should be monitored more
frequently

* Hepatotoxicity appears
worse when ipilimumab
combined other drugs!’-3]

1. Robert C, et al. N Engl J Med. 2011;364:2517-2526.
2. Ribas A, et al. N Engl J Med. 2013;368:1365-1366.
3. Wolchok JD, et al. Ann Oncol. 2013;24:2174-2180.



Immune-Mediated Hepatitis: Symptom
Management

* Rule out other causes of LFT

abnormalities

* Increase LFT monitoring

* Mycophenolate may be useful

* LFT abnormalities appear to be
dose dependent

* Corticosteroid treatment with
grade 2 2 LFTs (prolonged taper
may be required)

LFT Grade 1 Grade 2 Grade 3 Grade 4

Bilirubin >ULNtol1l5xULN | >1.5t0 3.0 x ULN >3.0to 10.0 x >10.0 x ULN
ULN

ALT/AST >ULNto2.5xULN | >2.5t05.0x ULN >5.0to0 20.0 x > 20.0 x ULN
ULN

Albumin <LLN to 3 g/dL <3to2g/dL <2g/dL -




Immune-Mediated Dermatitis

* Reported in up to 40% of pts
with anti—CTLA-4 and anti—PD-1

agents
* Occasionally severe rashes

* Onset within a few wks of
starting or several wks/mos into
therapy

* Severity driven by symptoms
* Rule out other etiologies
* Generally not infusion related

Hodi FS, et al. N Engl J Med. 2010;363:711-723.
Image courtesy Matthew M. Burke, MBA, RN, MSN, APRN-BC.



Immune-Mediated Dermatitis: Symptom

Management

Severity Management

Mild/moderate (rash/pruritus)

Topical nonsteroidal cream, antihistamine, oatmeal
baths
Skin care, moisturize, sunscreen, avoid sun

Persistent (> 1 wk) or interferes with ADLs

Moderate-potency steroid creams or
Moderate-dose parenteral steroids

Severe

Discontinue treatment
High-dose steroids
Avoid rapid steroid taper







Oncolytic viruses

* Native or engineered viruses that target, infest and kill cancer cells

* Tumor debulking due to tumor infection and induction of immune
response

* Viral genome can be modified to increase cytotoxicity and attenuate
pathogenicity

Farkona et al. BMC Medicine (2016) 14:73



