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History of Cancer Immunotherapy
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http://www.clinicaloptions.com/oncology

The Cancer Immunity Cycle

. Trafficking
Priming and to tUMors
activation

(CTLs)
(DCs, T cells)

@ Tumor
m Infiltration

e (CTLs,
endothelial cells)

lymph node

@

Antigen
presentation @ Recognition
(DCs, APCs) (CTLs, cancer cells)

immunity cycle. p. 1-10. Copyright 2013, with permission from Elsevier.

Release of cancer
cell antigens

(cancer cells)

@ Killing of cancer cells

(CTLs, cancer cells)

Reprinted from Immunity 39(1). Chen DS, et al. Oncology meets immunology: the cancer-

23/03/18 Slide credit: clinicaloptions.com 5



Pennell, N. Sem Oncol 2015, S3-S10

23/03/18

CTLA-4 and PD-1/L1 checkpoint blockade
for cancer treatment
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Classification of anti-PD-1/PD-L1 mADbs

Compound Clinical indication

Nivolumab PD-1 Melanoma, NSCLC, RCC, Urothelial, cHL,
HNSCC, +ipilimumab combos

Pembrolizumab | PD-1 NSCLC, +chemo (NSCLC), HNSCC, cHL
(adult), MSI-H and dMMR tumors, Melanoma,
cHL (peds), Urothelial

Atezolizumab PD-L1 | NSCLC, Urothelial

Durvalumab PD-L1 | Urothelial

Avelumab PD-L1 | Merkel cell, Urothelial

23/03/18 5



Activation of ADCC/CDC by IClIs

Table II. Isotype of immune-checkpoint inhibitors.

Checkpoint Inhibitor Killer Isotype Nonkiller Isotype
Anti-CTLA-4 Ipilimumab (1gG1) Tremelimumab (1gG2)

Anti-PD-1 Pidilizumab (1gG1) Nivolumab (IgG4), pembrolizumab (1gG4)
Anti-PD-L1 - BMS-936559 (1gG4), MPDL-3280A

(mutated 1gG1 that eliminates ADCC and CDC)

ADCC = antibody-dependent cell-mediated cytotoxicity; CDC = complement dependent cytotoxicity; CTLA = cytotoxic
T-lymphocyte antigen; lg = immunoglobulin; PD = programmed cell death protein.

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764—782



3-D model of drug-target-immune-activation
relationships for ICPI

Drug concentration-
affinity (mAbs)

Danesi et al., unpublished
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PD-1

PD-1:PD-LT
270-526 nM
590-770 nM
/70 nM

PD-1:PD-L2
89-106 nM
590 nM

Kd of PD-L1 and PD-L2 for PD-1

Youngnak et al”” (Scatchard plots analysis)
Butte et al”® (Scatchard plots analysis)
Butte et al*® (equilibrium binding")

Youngnak et al”” (Scatchard plots analysis)
Butte et al”® (equilibrium binding")

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764—782
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SCIENTIFIC REPg}RTS

High-resolution crystal structure
of the therapeutic antibody
pembrolizumab bound to the
e human PD-1
Published: 13 October 2016 - ghoichiro Horita!, Yayoi Nemura'?, Yumi Sate'”, Tatsuro Shimamural?, So lwata’* &
Morimichi Nomura®?
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Interactions between PD-1 and anti-PD-1 drugs

PD-1/PD-L1 PD-1/Pembrolizumab PD-1/Nivolumab

PD-1 .

PD-L1
binding site Nivo

binding sites

binding sites

Ju ;(3%9/[18 Lee et al. Nat Commun. 2016
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Binding affinity of blocking antibodies to PD-1

K_ Binding
Agent Target Description Affinity
Nivolumab PD-1 Finally human IgG4 3nM
(BMS-936558, ONO-4538, MDX-1106)
Pembrolizumab PD-1 Humanized IgG4 kappa 28 pM
(MK-3475, lambrolizumab)
Pidilizumab (CT-011) PD-1 Humanized anti-PD-1 IgG1 kappa 20nM

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764—782
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Agrawal et al. Journal for InmunoTherapy of Cancer (2016) 4:72
DOI 10.1186/540425-016-0177-2 Journal for ImmunoTherapy

of Cancer

RESEARCH ARTICLE Open Access

Nivolumab dose selection: challenges, @
opportunities, and lessons learned for
cancer immunotherapy

Shruti Agrawal'’, Yan Feng', Amit Roy', Georgia Kollia? and Brian Lestini’
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Trough target engagement, %
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Adverse Event Timing

Time to onset of treatment-related Immune-related AEs (any Grade) In patients who recelved
NIVO +IPI Regimen across three clinical studies in melanoma (n=448)"
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Slides are the property of the author. Permission required for reuse.

Presented by: Hossein Borghaei, DO
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What about resistance?

* The majority of patients demonstrating innate
resistance

* Objective responses to PD-1 blockade iIs observed in
only 30—40% of them

* Acquired resistance to anti-PD-1 therapy Is also a
problem

» 25% of responders later demonstrating disease
progression

Andrews and Wargo. J Immunother Cancer. 2017



Genetic Changes between Baseline Tumor and Relapse Tumor

The NEW ENGLAND
JOURNAL of MEDICINE ommaryms)

ESTABLISHED IN 1812 SEPTEMBER 1, 2016 VOL. 375 NO.9

Mutations Associated with Acquired Resistance
to PD-1 Blockade in Melanoma

Mutations

@ Relapse only
O Baseline only

Jesse M. Zaretsky, B.S., Angel Garcia-Diaz, Ph.D., Daniel S. Shin, M.D., Helena Escuin-Ordinas, Ph.D., :
© Baseline and relapse

Willy Hugo, Ph.D., Siwen Hu-Lieskovan, M.D., Ph.D., Davis Y. Torrejon, M.D., Gabriel Abril-Rodriguez, M.Sc.,
Salemiz Sandoval, Ph.D., Lucas Barthly, M.Sc., Justin Saco, B.S., Blanca Homet Moreno, M.D.,
Riccardo Mezzadra, M.Sc., Bartosz Chmielowski, M.D., Ph.D., Kathleen Ruchalski, M.D., |. Peter Shintaku, Ph.D.,
Phillip J. Sanchez, Ph.D., Cristina Puig-Saus, Ph.D., Grace Cherry, R.N., N.P., Elizabeth Seja, B.A.,
Xiangju Kong, M.Sc., Jia Pang, B.S., Beata Berent-Maoz, Ph.D., Begofia Comin-Anduix, Ph.D.,

Thomas G. Graeber, Ph.D., Paul C. Tumeh, M.D., Ton N.M. Schumacher, Ph.D., Roger S. Lo, M.D., Ph.D.,
and Antoni Ribas, M.D., Ph.D.
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Nivolumab in Previously Treated Squamous NSCLC
(CheckMate 017): OS by PD-L1 Expression

Brahmer J, et al. N Engl J Med.
2015;373:123-135.
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Micro-PET imaging of hPD-L1 with *Cu-DOTA-HAC

o

Tumor uptake (% ID/g))

Maute et al. Proc Natl Acad Sci U S A. 2015 <2>\0
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Scientific rational for combinations;
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Schaer et al. Cell Rep. 2018 Mar 13;22(11):2978-2994.
Goel et al. Nature. 2017 Aug 24;548(7668):471-475.
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Key points

®How can anti-PD-1 and anti-PD-L1 antibodies be
Integrated into current treatment regimens in breast cancer
patients?

®Preclinical models and hypothesis-driven clinical
investigations may help to find new drugs’ combinations

® |dentification of predictive pharmacokinetic and
pharmacogenetic biomarkers (translational approach)



