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Timeline for Development of Immunotherapy

o
Late 1950s IL-2 approved for approved as first
Immunosurveillance RCC oncolytic
theory introduced immunotherapy
(Thomas Burnet) 2010
1986 Sipuleucel-T
1891 IFNa approved approved as first
First cancer "vaccine” as cancer autologous cellular
demonstrated (Coley immunotherapy immunotherapy
bacterial toxin)
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(Paul Erlich) BCG) shown to melanoma
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tumors 1990
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for bladder Nivolumab and
cancer Pembrolizumab approved
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lung cancer & RCC

| \ J
|

Precision agents

Unspecific agents

CENTER FOR CANCER IMMUNE THERAPY



Tumor microenvironment

I
* Granulocyte
* Eosinophil
* NK cell
* Platelet

microenvironment

Mesenchymal origin I:

* Mast cell B cell

* Pericyte
* Fibroblast

Hematopoetic origin

* Macrophage * CTL * Dendritic cell
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endothelium
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Suppressive mechanisms

MDSC cell

 Secretion of NO, arginase and ROS
* Sequestration of cysteine

* Impaired differentiation

» Defective antigen presentation

Troq cell

* Secretion of suppressive
cytokines (TGF-f, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15

* Impaired activation of CTLs
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Macrophage - %

* M2 differentiation/cytokine profile
» Defective antigen presentation

* Lack of costimulation for T cells
* Impaired tumorocidal activity

Dendritic cell

* IDO expression; induction of Tregs
* Impaired maturation

» Defective antigen presentation

* Lack of costimulation for T cells

Cancer cell | ‘/‘ @

* Loss of MHC class | and antigen
processing machinery

 Antigen loss variants

* Secretion of VEGF, GM-CSF,
G-CSF and gangliosides
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Immunostimulatory and —suppressive forces in the
tumor micro-environment
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Immunotherapy approaches in cancer

Cytokine Therapy Therapeutic Vaccines
IL=2, IFN Dendritic coll vaccnes
-7, IL-15, 121 DNA, RNA, Engneared tumor cells

SUURELTAL Tumorsspecific T cell

Checkpeint blockade Chemotherapy

Antibody=drug conjugates
h{’. Gentuzumab azogamicin

T cell clones

CAR T cells
TCR engineered T cells

BLOOD, 24 APRIL 2014 - WOLUME 123, NUMBER 17



Immune check point inhibition

@

Lymph Peripheral
node tissue

Brahmer et al. Safety and Activity of Anti-PD-L1 Antibody in Patients with Advanced Cancer. N Engl J Med 2012.
Topalian SL et al. Safety, Activity, and Immune Correlates of Anti-PD-1 Antibody in Cancer. N Engl J Med 2012.



Immune check point inhibition in
metastatic melanoma
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Impressive clinical response to
ipilimumab + nivolumab

: 3 A L%

Figure 1. Response of a Large Chest-Wall Melanoma Metastasis to One Dose of Ipilimumab plus Nivolumab.

A pretreatment photograph (with the camera pointing upward from the patient's waist) (Panel A) and a pretreatment CT
scan with soft-tissue windows (Panel B) show the chest-wall mass (asterisk). Three weeks after the first treatment, the tumor
resolved, leaving a cavity (Panel C). Six weeks after the first treatment, a CT scan showed resolution of the chest-wall mass
(Panel D).

This letter was published on April 20, 2015, at NEJM.org.




Clincal response rate to PD1/ PDL1 antibody
therapy

Single agent:
Melanoma ~35%
Lung cancer ~30%
Renal cancer ~25%
Gastric cancer ~15%
Bladder cancer ~20%
Head and Neck cancer ~20%
Colorectal cancer <10%
Prostate cancer <10%

Combination:

Melanoma >60%
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Check point inhibitor (PD1/PDL1)
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status

Numbers of tnals using common combo strategees:
1. Ant-CTLA-4 agents: 251
2. Chemotherapies: 170
3. Radotherapies: 64
4, Ant-VEGFA agents: 43

5. Chemoradiotherapy combos: 42

Tang, Annals of Oncol 2017



Personalized immunotherapy
Adoptive T-cell therapy using autologous tumor-infiltrating

lymphocytes

+ Patient hospitalized
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Adoptive T-cell Therapy for metastatic melanoma patients —
CCIT, Denmark

Clinical Cancer Res 2016
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Patients without Progression (%)

Resistance to immunotherapy
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80 == Resistance
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Which patients are likely to respond to immunotherapy?

The cancer immunogram

Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-y sensitivity General immune status

Lymphocyte count

Absence of inhibitory

tumor metabolism I[nrr_lune_
LDH, glucose utilization cellinfiltration
Intratumoral T cells

Absence of soluble inhibitors )
IL-6, CRP Absence g;) (.:lli'lleckpomts

Blank et al. Science 2016



Immuno-Cold versus Hot tumor

Cold Tumor

% Ve gn Tumor cells
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Immune-sprressing cells T cells and other
cancer fighters

Inflamed Non-inflamed
TILs

CD8+ T cells
IFN-y gene signature
PDL1 expression
Pre-existing immunity




PD-L1 expression and efficacy of anti-PD1
(pembrolizumab) in NSCLC

Tumor foreignness
Mutational load

Tumor sensitivity
toimmune effectors
MHC expression,

IFN-y sensitivity

General immune status
Lymphocyte count

Absence of inhibitory
tumor metabolism
LDH, glucose utilization

Immune
cellinfiltration
Intratumoral T cells

Absence of soluble inhibitors

Absence of checkpoints
IL-6, CRP
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PS250% 119 a2 56 22 5 4 3 0
PS1-49% 161 119 58 15 6 4 0 0
PS <1% 76 55 33 8 0 0 0 0

05 was assessed in all patients whose samples were stained within 6 months of cutting.

Analysis cut-off date: August 29, 2014.
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Genetic Basis of Response to Immunotherapy

Somatic mutation prevalence
(number mutations per megabase)

UNLIKELY

adapted from:
Schumacher and Schreiber, Science 2015
Alexandrov et al., Nature 2013



Correlation between tumor mutational burden
and objective response to anti-PD1/PDL1

Tumor foreignness
Mutational load
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tumor metabolism
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Immune
cellinfiltration
Intratumoral T cells
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Figure 1. Correlation between Tumor Mutational Burden and Objective Response Rate with Anti-PD-1 or Anti-PD-
L1 Therapy in 27 Tumor Types.




Combined TMB and Tcell-inflamed signatures are predictive of
PFS after anti—PD-1 treatment across multiple tumor types

B Moderate: Immune evasion

D Strong: Intense cytolytic activity

Mutation Burden (TMB):

lumor

T

A Reduced: Lack of immunogenicity

C Moderate: Stromal/endothelial TME

T-cell-inflamed Gene Expression Profile (GEP)

Cristescu et al., Science 362, 197 (2018)
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GEP", (n=68)
GEPP, (n=45)
0.54; 0.35-0.81

6 Non-immunogenic
tumor cell (low TMB/
neoantigenicity)
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©
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—====—Fibroblast

TMB"GEP", (n=27)

TMB* or GEP¥, (n=86)
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Cristescu et al., Science 362, eaar3593 (2018)



Mismatch repair deficiency predicts response of
solid tumors to PD-1 blockade

Type of response

Patients (n= 86)

Complete response 18 (21%)
Partial response 28 (33%)
Stable disease 20(23%)
Progressive disease 12 (14%)
Not evaluable 82 (9%)
Objective response rate 530%
859 Cl A2% to 64%
Disease control rate 77%
95% CI 66% to 85%
Median progression-free survival time MR
95% CI 14 8 months to NR
Z2-year progression-free survival rate 3%
95% CI 42% to 68%
Median overall survival time NR
95% CI NR to NR
2-year overall survival rate 64%
95% CI 53% to 78%

Le Science 2017
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Neutrophil Autoimmune )‘ h(

function encephalitis
- 4 s
Commensal
bacteria
shape
systemic
. . Mucosal
Immunity immunity
Anti-tumor
Immunity?
Adapted from Goldszmid RS

& Trinchieri G, Nature
Immunology 2012
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EMBARGOED UNTIL 2:00 PM US ET THURSDAY, 2 NOVEMBER 2017
Science
Gut microbiome influences efficacy of PD-1-based
immunotherapy against epithelial tumors

Bertrand Routy,">* Emmanuelle Le Chatelier,* Lisa Derosa,'** Connie P. M. Duong,'**

Maryam Tidjani Alou,** Romain Daillére,** Aurélie Fluckiger,** Meriem Messaoudene,"* Conrad Rauber
Maria P. Roberti,"”** Marine Fidelle,"** Caroline Flament,** Vichnou Poirier-Colame,"** Paule Opolon,®
Christophe Klein,” Kristina Iribarren,*'*""? Laura Mondragon,**'*""'? Nicolas Jacquelot,** Bo Qu,'**
Gladys Ferrere,*# Céline Clémenson,'? Laura Mezquita,'* Jordi Remon Masip,''* Charles Naltet,"
Solenn Brosseau,'” Coureche Kaderbhai,'® Corentin Richard,' Hira Rizvi,'” Florence Levenez,”

Nathalie Galleron,* Benoit Quinquis,* Nicolas Pons,* Bernhard Ryffel,” Véronique Minard-Colin,""*
Patrick Gonin,'*° Jean-Charles Soria,''* Eri¢ Deutsch,''* Yohann Loriot,"'* Franc¢ois Ghiringhelli,'®
Gérard Zaleman,"” Frangois Goldwasser,”*** Bernard Escudier,’'** Matthew D, Hellmann,****
Alexander Eggermont,-*'* Didier Raoult,*® Laurence Albiges,"?'" Guido Kroemer,%10:11:12.2728%

Laurence Zitvogel'=**5*

Gut microbiome modulates response to anti-PD-1
immunotherapy in melanoma patients

V. Gopalakrishnan,"?* C, N. Spencer,>** L. Nezi,** A, Reuben,' M. C, Andrews,' T. V. Karpinets,” P. A. Prieto,
D. Vicente,' K. Hoffman,*S. C. Wei,” A. P. Cogdill,'” L. Zhao,* C. W. Hudgens,® D. S. Hutchinson,’ T. Manzo,*

M. Petaccia de Macedo,*] T. Cotechini,® T. Kumar,”? W. S. Chen,” S. M. Reddy," R. Szczepaniak Sloane,’

J. Galloway-Pena," H. Jiang,' P. L. Chen,"§ E. J. Shpall," K. Rezvani,” A. M. Alousi,” R. F. Chemaly,"

S. Shelburne,®' L. M. Vence,” P. C. Okhuysen," V. B. Jensen,"* A, G. Swennes,’ . McAllister,'* E. Marcelo
Riguelme Sanchez,'* Y. Zhang,'* E. Le Chatelier,"” L. Zitvogel,'* N. Pons,'* J. L. Austin-Breneman,’'|| L. E. Haydu,'
E. M. Burton,' J. M. Gardner,' E. Sirmans,'” J. Hu,"® A, J. Lazar,* T, Tsujikawa,* A. Diab,'” H. Tawbi,"”

I. C. Glitza,” W. J. Hwu,'" S. P. Patel,” S. E. Woodman,"” R. N. Amaria,”” M. A. Davies,"” J. E. Gershenwald,’'

P. Hwu,'" J. E. Lee,' J. Zhang,” L. M. Coussens,” Z. A. Cooper," ] P, A. Futreal,* C. R. Daniel,** N. J. Ajami,’

J. F. Petrosino,” M. T. Tetzlaff** P, Sharma,*"" J. P. Allison,” R. R. Jenq,*# J. A. Wargo,'?##%*



An evolving immunogram

Tumor foreignness
Mutational load
Neoantigen load

Tumor sensitivity to
immune effectors

MHC expression

IFN-y sensitivity
Heterozygocity at all MHC loci

General immune status
Lymphocyte count, | AG3, TIGIT, CD27
Ki67 PD1+ CD8

Microbiome
Low bacteroides
High faecalibacterium prausnitzii

Absence of inhibitory
tumor metabolism
LDH, glucose utilization

IDO1, tumor acidity

Immune cell
infiltration
Intratumoral T cells
Shared T cell clones
B7-H3/CD276 macrophages
CCL5 attracting T cells
CCRs5 expressing BATF3 DC
LAG3, TIM3, TIGIT, CTLA4
Absence of soluble inhibitors Absence of checkpoints
IL-6 — CRP/ESR PD-L1
(D73 — adenosine

Adapted from Blank Science 2016



Patient specific neo-antigen
targeting T-cell therapy

Immune recognition of somatic mutations leading
to complete durable regression in metastatic
breast cancer
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Patient specific neo-antigen
targeting vaccination therapy
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Day 15-30
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Personalized RNA mutanome vaccines mobilize
poly-specific therapeutic immunity against cancer

Ugur Sahin'22, Evelyna Derhovanessian!, Matthias Miller!, Bjérn-Philipp Kloke!, Petra Simon!, Martin Léwer?, Valesca Bukur!-2,
Arbel D. Tadmor?, Ulrich Luxemburger!, Barbara Schrérs?, Tana Omokoko!, Mathias Vormehr!, Christian Albrecht?,

Anna Paruzynski!, Andreas N. Kuhn!, Janina Buck', Sandra Heesch!, Katharina H. Schreeb!, Felicitas Miiller!, Inga Ortseifer!,
Isabel Vogler!, Eva Godehardt!, Sebastian Attig?®, Richard Rae?, Andrea Breitkreuz!, Claudia Tolliver!, Martin Suchan?,

Goran Martic?, Alexander Hohberger?, Patrick Sorn?, Jan Diekmann!, Janko Ciesla?, Olga Waksmann?,

Alexandra-Kemmer Briick!, Meike Witt!, Martina Zillgen', Andree Rothermel?, Barbara Kasemann?, David Langer!,

Stefanie Bolte!, Mustafa Diken!2, Sebastian Kreiter!2Z, Romina Nemecek?®, Christoffer Gebhardt®’, Stephan Grabbe®,

Christoph Héller®, Jochen Utikal®”, Christoph Huber*?, Carmen Loquai®* & Ozlem Tiireci®*

Nature 2017

eptid
An immunogenic personal neoantigMccine for
patients with melanoma

Patrick A. Otth?3*, Zhuting Hu'*, Derin B. Keskin'*#, Sachet A. Shukla"*, Jing Sun', David J. Bozym', Wandi Zhang',
Adrienne Luoma®, Anita Giobbie-Hurder®, Lauren Peter’-®, Christina Chen', Oriol Olive!, Todd A. Carter?,
Shugiang Li#, David J. Lieb*, Thomas Eisenhaure®, Evisa Gjini®, Jonathan Stevens'®, William J. Lane!®, Indu Javeri"
Kaliappanadar Nellaiappan'', Andres M. Salazar'?, Heather Daley', Michael Seaman’, Elizabeth I. Buchbinder"?3,
Charles H. Yoon®!3, Maegan Harden?, Niall Lennon?, Stacey Gabriel?, Scott J. Rodig®!°, Dan H. Barouch?®”-8, Jon C. Aster319,

Gad Getz3#*14, Kai Wucherpfennig®°, Donna Neuberg®, Jerome Ritz"23, Eric S. Lander®#, Edward F. Fritsch’*f, Nir Hacohen?*1>
& Catherine J. Wul-23:4

?

Nature 2017



Precision cancer immmunotherapy

=P Anti-PD-1/anti-PD-L1

+ anti-CTLA4 or other checkpoints
+ immune activating antibodies or

Bring T cells | cytokines
/ into tumors | + TLR agonists or oncolytic viruses
+ immune suppressor cell inhibitors

+ standard cancer therapies
\ " Vaccines

Generate T cells -4 TCR engineered ACT
. CAR engineered ACT

TIL therapy

N\

(3\

Modified from Ribas, Cancer Discovery 2016



Immunotherapy a revolution in cancer care
>3000 immunotherapy agents in development

T cell-targeted [~ 2018 A 716%
2017 increase
Other (" 2018 g5 HN A 79%
o immunomodulator |_2017 increase
Q . (2018 228 | ] 33%
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> —~ -
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3,394 agents were identified in six main classes
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Today, Tomorrow

Overall survival for advanced melanoma patients
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Adapted from Walter J Urba, ASCO 2013



