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WWiteiegy Tumor-derived immune suppression
IN ONCOLOGIA

® Systematic studies have identified multiple mechanisms by which
cancers defeat the immune response:

—Immunosuppressive cytokines: TGF-B, IL-4, -6, -10, VEGF

—Immunosuppressive immune cells: T-regs, macrophages

—Disruption of immune activation signaling: loss of MHC
receptor, IDO (indoleamine-dioxygenase) production

® Goal: therapy strategies that “liberate” underlying anticancer
immune responses

® Immune checkpoints not even in the picture in 2008!

Weiner LM. N Engl J Med. 2008;358:2664-2665; Atkins MB, Brahmer J. Immunotherapy in cancer: from principles to
practice — Clinical Care Options Oncology 2014
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PD-1 CTLA-4
Biological function Inhibitory receptor Inhibitory receptor
Expression on Activated T cells, activated B cells, activated NK T cells at the time of their initial response to antigen
cells, TILs in different tumor types (activated CD8+ effector T cells)
Major role o Limitation of T cells activity in peripheral tissues Regulation of the early stage of T cells activation
following inflammatory responses
e Limitation of autoimmunity
Ligands ¢ PD-L1 (B7-H1/CD274) ¢ CD80 (B7.1)
¢ PD-L2 (B7-CD/CD273) ¢ CD86 (B7.2)
Mechanism of action e PD-1 binds to the ligand o CTLA-4 interacts with the ligand

y
e Recruitment of phosphatase SHP-2

o Decreased expression of the cell survival protein
Bel-xL

!
o PD-1 inhibits kinases (PI3K/AKT) that are

involved in T cells activation

v
¢ Binding with PI3K, phosphatases SHP-2 and

PP2A
e Blockade of lipid-raft expression

o Blockade of microcluster formation

B. Merelli et al. Critical Reviews in Oncology/Hematology 89 (2014) 140-165



oo Cancer immunotherapy with anti-PD-1
Meteeisel and anti-PD-L1/L2 antibodies

Cancer immunotherapy

Y with mAb to PD-1

T cell

Treg
\r/ immune cell
Cancer immunotherapy
with mAb to PD-L1 or PD-L2

N
4

Kim C. Ohaegbulam et al. Trends in Molecular Medicine 2015, Vol. 21, No. 1
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s oo Crystal structures of PD-1/PD-L1 (left)

IMMUNOTERAPIA

NMetesiisey and PD-1/PD-L2 complexes (right)

Kim C. Ohaegbulam et al. Trends Mol Med 2015, Vol. 21, No. 1
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PD-1
PD-1:PD-L1T
270-526 nM  Youngnak et al”” (Scatchard plots analysis)
590-770 nM  Butte et al*® (Scatchard plots analysis)

770 nM Butte et al*® (equilibrium bindingf)
PD-1:PD-L2

89-106 nM  Youngnak et a|*’ (Scatchard plots analysis)

590 nM Butte et al™® (equilibrium binding*)

Kathleen M. Mahoney et al. Clin Ther.
2015;37.764-782 11



e |nteractions between PD-1 and anti-
IMMUNOTERAPIA
NMelseield PD-1 drugs

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

PD-1

PD-L1
binding site

binding sites binding sites

Ju Yeon Lee et al. Nature Communications Oct 2016 DOI: 10.1038/ncomms13354 5
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e -606A>G, 7146G>A, 7625G>A, 7785C>T, 7786G>C,
8669A>G, and 8737G>A

e LiuCetal., IntJ Genomics 2014;2014:247637

 Dong W et al., PLoS One 2016;11(3):e0152448
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Dephosphorylation

®

Proximal
signaling
kinases

Reduced TCR signaling
Reduced cytokine production
Reduced target cell lysis
Altered lymphocyte mortilicy
Metabolic programming

PD-1
ligand

ﬁo-u (B7-H1)
PD-L2 (B7-DC)

Kathleen M. Mahoney et al. Clin Ther. 2015;37:764-782
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e el Biological agents targeting PD-1 or PD-L1 in
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CT-011 (pidilizumab) Humanized IgG1

MK-3475 (lambrolizumab, pembrolizumab) Humanized |gG4
BMS-936558 (nivolumab) Human IgG4

AMP-224 (B7-DC-Fc fusion protein) PD-L2 IgG2a fusion protein
BMS-936559 Human lgG4

MEDI4736 (durvalumab) Humanized IgG
MPDL3280A (atezolizumab) Human IgG

MSB0010718C (avelumab) Human IgG1

Kim C. Ohaegbulam et al. Trends Mol Med 2015, Vol. 21, No. 1

PD-1
PD-1
PD-1
PD-1
PD-L1
PD-L1
PD-L1
PD-L1

15



et Activation of ADCC/CDC by immune-

N ONCOLOOI checkpoint inhibitors

Checkpoint Inhibitor Killer lsotype Nonkller lsotype
Ant-CTLA-4 Ipilimumab (lgG1) Tremelimumab (1gG2)

Anti-PD- Pidilizumab (1gG1) Nivolumab (lgG4), pembrolizumab (1gGd)
Ang-PD-L1 - BMS-936559 (1gG4), MPDL-3280A

(mutated gG1 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
16
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Christopher G. England et al ] Nucl Med Doi: 10.2967/jnumed.116.177857
18



Prima Edizione

veeconpm Biodistribution of [89Zr]-Df-pembrolizumab in

MMUNOTERAPIA .
NeNeoteey ICR mice

B .l —a— Blood C12_5.
—o— Liver
—a— Spleen
15 —v— Kidneys 10.0-

—e— Muscle

OI i I K 1 4 I ) 1 y 1 N I LJ 1 ¢ B
00 24 48 72 96 120 144 168 A I A RN P
Time after injection (h) ¥ NS

Christopher G. England et al ] Nucl Med Doi: 10.2967/jnumed.116.177857
19



e e Biodistribution of [89Zr]-Df-pembrolizumab in

IMMUNOTERAPIA i
NtoNeolee’Y ICR mice

10 %ID/g

0 %ID/g

20



soitepl Imaging of tumor PD-L1 expression using
MEteerieN radiolabeled anti-PD-L1 antibody

MDA-MB-231 SK-Br-3 SUM149 B1474 MCF-7

Sandra Heskamp et al. Cancer Res 2015;75:2928-2936
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Wojciech G. Lesniak et al. Bioconjug Chem 2016; 27(9): 2103-2110 .
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NeNeetse] nivolumab by tumor type
MEL NSCLC RCC
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Agrawal et al. Journal for ImmunoTherapy of Cancer (2016) 4:72 26
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IMMUNOTERAPIA . . . .
MeNeotsery also an adjuvant for antitumor immunity
Inhibition of >Cyclophosphamide Non specific —————
immunosuppressive X activation of |  'GionitinG
cells macrophage
»Diphosphonates C Q
»Gemcitabine

e
DC mv»

Up regulation of @ @ Vi
recognition molecules

NKG2DL calreticulin
HMGB1
MHCI
Immunogenic
DR4.5 cell death
»cisplatin, » Anthracyclines

»Doxorubicin » X-Rays
»mitomycin C, » Oxaliplatin
»Fluorouracil
»camptothecin,

Cédric Ménard et al., Cancer Immunol Immunother (2008) 57:1579-1587 27
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*Why are the response rates of anti-PD-1 and anti-PD-

L

1 variable among different cancers?

®Can response biomarkers be identified and how can

t

nese be integrated into clinical practice?

°F

ow can anti-PD-1 and anti-PD-L1 antibodies be

integrated into current treatment regimens in

u

pfront and relapsed settings?

®Does PD-1 expressed on immune cells other than T
cells play a role in anti-PD-1/PD-L1 therapy?



