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Question 1

Modern immunooncology-drugs block inhibitory receptors on immune
cells.

Yes
No

Question 2

Modern immunotherapy is so great because it does not have any
serious side-effects

Yes
No



Question 3

In the future immuno-oncology will be based on combinations of two
or more drugs with PD-1 or PD-L1 inhibitors as the most frequent

backbone drugs.

Yes
No

Immuno-Oncology trials of leading
pharmaceutical companies
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Why has Melanoma become the model
tumor for |0-therapies?

C. Hoeller 2017 De=r=nem

Melanoma shows a high rate of
spontaneous regression of primary lesions
.'ja"__o‘ 3 . Py =
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Patients with unknown primary melanoma
have a better prognosis
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Lee CCet al, JCO 27 (2009) 3489-3495; A.C. de Waal et al

Immunotherapy of Melanoma

Adoptive T-Cell
Therapy

Vaccines

. Eur J Cancer 49 (2013) 676-683

High-dose 112

Response Rate

Overall Survival (months)

Applicability

Current Status

3-30%

No overall survival benefit

Peptide based good, DCs
require specialized lab,
HLA restriction

experimental

49-72%

NA (8-44% Complete
Response)

Low due to specialized
technique and high cost

experimental

16%

12 months
(11% durable response
>5 a)

Low due to severe side
effects

Approved (US, Denmark)
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Immunotherapy of Melanoma

Tumor-Vaccines

T-Cell Transfer
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Breaks in the immune-response: “Checkpoints”

=)

* Inhibitory checkpoints are
important for limiting an
inflammatory repsonse

* Prevent tissue damage
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Mahoney KM, et al. Nat Rev Drug Discov. 2015;14(8):561-584,
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Blocking inhibitory check-points can start an
Immune response

Enhancement of Antitumor Immunity
by CTLA-4 Blockade

Dana R. Leach, Matthew F, Krummel, James P. Allison”
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Furthermore, this rejection resulted in immunity 10 a secondary exposure to tumor
cefs. Thess resuits suggest thal blockade of the inhibftory eftects of CTLA-4 can aliow
for, and potentiate, effactive immune responses aganst tumor calls,

C. Hoeller 2017 Leach DR et al. Science. 1996 Mar 22;271(5256):1734-6. .’@)

CTLA-4 counteracts early T-cell activation

APC — antigen presenting cell

TCR —T-cell receptor

MHC — Major histocompatibility antigen
CTLA-4 — Cytotoxic T-Lymphocyte Antigen 4
B7 - Ligand for CD28

CD28 — costimulatory receptor

C. Hoeller 2017



The NEW ENGLAND
JOURNAL o MEDICINE

Dirk Schadendorf, M.D., Jessica C Hassel, M.D., Wallace Akerley, M.D,, Alfons .M. van den Eertwegh, M.D., Ph.D.,

ESTABLISHED IN 1812 AUGUST 19, 2010 VOL. 363 NO, 8

Improved Survival with Ipilimumab in Patients
with Metastatic Melanoma

F. Stephet Hodi, M.D., Steven J O ‘r).r,, M.D., David F, McDermott, M.D., Robert W, Weber, M.D.,
Jeffrey A. Sosman, M.D., John B. Haanen, M.D., Rene Gonzalez, M.D., Caroline Rabert, M.D_, Ph.D
ose Lutzky, M.D.. Paul Longan, MD. Jul..c M. Vaubel M.D., Gerald P. Linette, M.D Ph.D.. David Hoge. M.D..
Christian H, Ottensmeier, M.D., Ph.D._, Celeste Lebbé, M.D., Christian Peschel, M.D,, lan Quirt, M.D._,
Joseph |, Clark, M.D., Jedd D. Wolchok, M.D., Ph.D., Jeffrey S. Weber, M.D,, Ph.D., Jason Tian, Ph.D
Michael ). Yellin, M.D., Geoffrey M. Nichol, M.B., Ch. 8, Axel Hoos, M.D., Ph.D_, and Walter ). Urba, M.D., Ph.D
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Hodi FS et al, N Engl J Med, 2010,711-23

lpilimumab — 3mg/kg
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Months
No. at Risk
Ipiplus gpl00 403 297 223 163 115 81 54 4 33 24 17 7 & 4 0O
Ipa 137106 79 $6 38 30 24 13 13 13 &8 § 1 1 0O
gpl00 136 93 58 32 B3 17 16 7 5 5 3 1 0 o0 0O
Hodi FS et al, N EnglJ Med, 2010,711-23 i
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Long term survival is seen in up to 20% of patients

on CTLA-4 inhibition
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C. Hoeller 2017 Schadendorf et al., J Clin Oncol. 2015 Jun 10;33(17):1889-94

CTLA-4 inhibition with Ipilimumab
Response during Therapy

C. Hoeller 2017



Initial PD with delayed response and CR

Corresponding CT-Scans

Screening Week 12 Week 16 CR for 7.5 years
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C. Hoeller 2017 Harmankaya K et al, Med Oncol 2010

Check point inibitor induced T-Cell Activation

Safety:
Immune related
Adverse Events

(IrAE) through T-
cell activation

C. Hoeller 2017
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Side effects observed under treatment with

checkpoint inhibitors

Fatigue
Hypophysitis
{
Uveitis ‘.R«z
Pneumonitis ) i
Hepatitis — —— /|

Adrenal insufficiency
Colitis

Arthritis ©=—

Vasculitis

Encephalitis

Thyroiditis
Pancreatitis, Hyperglycemia,
Diabetes
~ Myositis, Myasthenia
gravis

Thrombopenia
Nephritis

Neuritis, Guillaine Barre
Syndrome

Rash (including but not limited to Dermatomyositis,
Bulluous Pemhigoid, SIS/TEN, Psoriasis)
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Stimulatory and inhibitory factors in the cancer

immunity cycle

ey
3 "-"-"-.l .f 'O/I \4

PD1/PD-L1

C. Hoeller 2017 Chen & Mellman, Immunity 2013
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Blocking PD-1/PDL-1 (Programmed-death (Ligand) 1):

the next break released
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C. Hoeller 2017 Iway et al. PNAS 2002 Dr=r=nrms

PD1 — Blockade: Mode of action

Recognition of tumour by T cell through MHC/antigen

interaction mediates IFNy release and PD-L1/2 Priming and activation of T cells through MHC/antigen

: and CD28/B7 interactions with antigen-presenting cells
upregulation on tumour

PD1 Receptor Blocking Ab h

24

C. Hoeller 2017 Pardoll DM. Nat Rev Cancer. 2012 Mar 22;12(4):252-64. l'@‘:’--‘ff‘.':.'.'.}‘.'
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PD-1 Blockade is superior to chemotherapy:
Nivolumab vs. DTIC

NIVO omc
N =210} N = 208)

Probability of Survival

02 4 : 26.7
v NVO
01 4 =TI
00 T T T T T T T T 7
o 3 6 g 12 15 18 21 24 2 30
Months
Number of Patients at Risk
NIVO 21 125 i 154 142 135 " B8t ]
onc 208 1o 148 122 a e &0 kl:] 18 1 0
Cl = confidence Interval, HR = hazard ratio; mo = month
C. Hoeller 2017 G Long et al., N Engl J Med. 2015 Jan 22;372(4):320-30; Atkinson et al, SMR 2015 =

Blocking PD-1 is superior to blocking CTLA-4:
Pembrolizumab vs. Ipilimumab

Events. n  HR (85% Ci)

Overall Survival

12 14 16 18
Time, months

C. Hoeller 2017

Presented By Jacob Schachter at 2016 ASCO Annual Meeting nﬂ[. L
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Lower rate of important immune-related
adverse events with PD-1 inhibition

PembrolizumabQ2W @msm Grade 1-2
113 Pembrolizumab Q3W oEE Grade 3-4
10 Ipilimumab

Incidence, %

"I ¢ .

i __ Hypo- \Pheumon-
froidism Sots/ Hepatitls o N itis  TIDM  Uveitis  Myositis Nephrit

Necidence med adjusted for deration of exposure.

Analysis on-off date: September 34, 2034 W AMEK 2055_t8pi15

PD-1 Blockade vs. CTLA-4 Blockade: do we see the
plateau move up?

100
—+— IPI (Pooled analysis)*
90

i =& NIVO Monotherapy (Phase 1 CA209-003)2
80

70 4 2 NIVO Monotherapy (Phase 3 Checkmate 066)3
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Overall Survival (%)
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1. Schadendorf et al. J Clin Oncol 2015;33:1889-1894; 2. Current analysis; 3. Poster presentation by Dr. Victoria Atkinson at SMR 2015 International Congress.

C. Hoeller 2017 Hodi et al., presented at AACR 2016 i@_:“-""!"‘ T T
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Activity of Pembrolizumab across tumor
types

1 2 3 ial4 5 ict 7
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1. Daud A et al. ASCO 2015; 2. Garon EB et al. ESMO 2014;
ASCO 2015 ; 7. Moskowitz C et al. ASH 2014; 8. Zinzani PL
etal. ASC Cetal. ECC 2015; 14. Ott PA et g Y-J etal. ECC 2015; 16. O'Neil B et al. ECC 2015; 17.
18. Frenel JS et al. ASCO 2016; 19. Mehnert JM et al. ASCO 2016; 20. Cohen R et al. ASCO 2016., 21 Mateos et al, ASCO 2016 (M-Protein)

etal. ASCO 2015; 4. Plimack E et al. ASCO 2015; 5. Nanda R et al. SABCS 2014; 6. Bang YJ et
15; 9. Alley EA et al. AACR 2015; 10. Varga A et al. ASCO 2015; 11. Ott PA et al. 2015 ASCO; 12. Doi T

igo HS et al. SABCS 2015;
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Talimogene Laherparepvec (TVEC)

Talimogene laherparepvec is an oncolytic herpes simplex virus type 1 (HSV-1) strain

engineered to selectively replicate in tumor cells and to express human GM-CSF
— ICP34.5 deletion (neurovirulence factor)
— ICP47 deletion
— Insertion of GM-CSF
— Created in JS1 virus strain

ICP34.5 ICP34.5 ICP47

[ a— X %]

pA hGM-CSF CMY CMV hGM-CSF pA

Talimogene laherparepvec (JS1/ICP34.5-/ICP47-/hGM-CSF)

HSV: Herpes simplex virus; ICP: Infected cell protein; CMV: Cytomegalovirus promoter

C. Hoeller 2017 Liu BL, et al. Gene Therapy. 2003;10:292-303 .‘@_;':--z--- R
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T-VEC — a HSV1 based oncolytic Immunotherapy @

€&———— local effect: > € Systemiceffect: — 5
virus-induced tumour-cell lysis tumour-specific immune response

¢

Selective viral replication Systemic )
) Tumour cells rupture for " Death of distant
in an oncolytic effect!-> tumour-specific 1t
5 - cancercells
tumour tissue’? immune response*”

1. Hawkins LK, et al. Lancet Oncol 2002;3:17-26; 2. Fukuhara H and Todo T. Curr Cancer Drug Targets 2007;7:149-155;
3. PolJG, et al. Virus Adapt Treat 2012;4:1-21; 4. Melcher A, et al. Mol Ther 2011;19:1008-16;
5. Dranoff G. Oncogene 2003;22:3188-92; 6. Liu BL, et al. Gene Ther 2003;10:292-303.
C. Hoeller 2017 Andtbacka RHI, et al. J Clin Oncol 2015;33:2780-8. [ ) R e T

Exploratory subgroup analysis — OS in the Stage
I11B/C, IV M1a subpopulation*

Median (95% Cl),
100 ~ Events/n (%) months
— T-VEC  B80/163(48)  41.1(30.6-NE)
we GM-CSF 57/86 (66) 21.5(17.4-29.6)
F 757 ) HR, 0.57 (95% Cl, 0.40-0.80)
5 g Log-rank P <0.001 (descriptive)
T LS. : '
f 50
g ' \
: i
25 1 R R TR
0 L] Ll L] L] L] L] L) L] L] L) L] L
0 5 10 15 20 25 30 35 40 45 50 55 60
Patients at risk Time (months)
T-VEC 163 157 18 12 113 104 0 73 51 23 10 1 0
GMCSF a0 B o % a3 » 0 » 17 10 2 0 0

“Due to the exploratory nature of the analysis and based on the current evidence, it has not been established that T-VEC is associated with an effect on OS.

C. Hoeller 2017 Andtbacka RHI, et al.J Clin Oncol 2015;33:2780-8. i'@jr:--r--‘ DL 2]
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Where to from here?

* Adjuvant use
* Neo-adjuvant use
* New targets

° Combining therapies ’

C. Hoeller 2017 De=r=nmmm

Combining therapies - the new standard

PD1-Ab
LAG3-Ab

IDO-Inhibitors

C. Hoeller 2017 Chen & Mellman, Immunity 2013 i@:t.-::‘.':.'.':.-.-.-,::z
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Combined CTLA-4 & PD-1 Blockade

Checkmate-067

Randomized, double-blind, phase Ill study

to compare NIVO + IPI or NIVO alone to IPI alone N=314
Stratify by:
Unresectable or voiis
g % wxpression® N=316
* Praviously untreated
* BRAF status
* 945 patients
* AJCC M stage
*Verified PD-L1 assay with 5% expression level was used for the stratification N=315

of patients; validated PD-L1 assay was used for efficacy analyses.

**Patients could have been treated beyond progression under protocol-defined circumstances.

Nivo = Nivolumab = PD-1 blockierender Antikorper
Ipi = Ipilimumab = CTLA-4 blockierender Antikdrper

NIVO 1 myg/lg +

1Pl 3 mg/kg QAW

for 4 doses then
NIVO 3 mg/kg Q2W

NIVO 3 mg/kg Q2W »
PEmatched placebo

1P13 mg/kg Q3W
for 4 doses +

NIVO-matched placebo

Treat until
progression**

unacceptable
toxicity

13-4-2017
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Larkin et al., N EnglJ Med 2015; Wolcok J, presented at ASCO 2015

Checkmate 067:Response Rates

Dr=r=nrms

ORR, % (95% CI)* 57.6 (52.0-63.2) 43,7 (38,149 3) 19.0(14.9-238)
Two-sided P value vs IPI <0.001 <0.001 -

Best overall response — %
Complete response 121 98 22
Partial response 455 a3e 168
Stable disease 131 10.4 219
Progressive discase 226 380 489
Unknown 6.7 78 10.2

Median duration of response. months (85% Cl) NR (20 5-NR) 22.3(20,7-NR) 14.4 (8 3-NR)

Ongoing response among responders, % 725 724 51.7

Dy RECINT v 1 N = rot ieached

Database ek Nov 2018

C. Hoeller 2017

Larkin et al., N EnglJ Med 2015; Wolcok J, presented at ASCO 2016
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Checkmate 067: Progression-free survival

Progression-Free Survival (Intent-to-Treat Population)

202884
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Larkin et al., N EnglJ Med 2015; Wolcok J, presented at ASCO 2016

Checkmate 067: Side effects

« Updated safety information with 9 additional months of follow-up were consistent

with the initial report

NIVO+IPI

(N=313)

NIVO
(N=313)

Patients reporting event, % | Any Grade | Grade 3-4 | Any Grade | Grade 3-4 | Any Grade | Grade 3-4
[Treatment-related adverse

event (AE) 958 56.6 840 198 850 270
Treatment-related AE leading

(o discontinuation 87 307 105 73 154 1356
Treatment-related death’ 0 03 03

+ 68.8% of patients who discontinued NIVO+IPI due to treatment-related AEs

achieved a response

"One repotted In the NIVO group (nectropsnia) and one i the 1P group (colon perforabion)

Database lock Now 2018

C. Hoeller 2017

Larkin et al., N EnglJ Med 2015; Wolcok J, presented at ASCO 2016
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Pooled analysis of patients who discontinued (DC)
therapy due to AEs on Nivolumab + Ipilimumab
PFS per Investigator

MIVOSIPIDC | NIVOWIPI na DC
10+ g {n«176) {n « 233)
09 e MedianPESepo™ 7% | 167 (102, h4) | 10859, 230)
03 3x%7l»m HR (99.5% CI) 0.74 (0.56.0.98), P < 0.04
0.7+ D
£ "\
3 0% Ny, 522%
0.5 56.5% S ——
04~
H 485.4% 45.9%
0.3
0.2
0.1
00 T T T T Y T T T T 1
0 s 6 ® 12 15 18 2 M 2 30
Namber of patieres o dak: P¥S per Investigator (Months)
» 4 . % L i . n n “w »
O ol dscorime deriom A2 113 . 1 m " ” L L] “ x 39
*  Minimum follow-up of 18 months, median length of follow-up = 21.3 months
DC = 20000 W CBCOnbaeed 00 10 80 AE. WA «n0f vt 10 DC » polents Wha 06 (0 GeConinue Ouo 1o an AE
C. Hoeller 2017 Schadendorf et al. Presented at EADO 2016, Vienna [
Combination of MEDIOGS0, an Arti-PD-1 Antibody, With Durvalumab, an Arti-PO-L1 Antibody: A Phase 1, Opan-label Study in Advanced Maligrancios
=
Any AE 30 (Y00
Any gracks o3 At 16 (53)
| A R e el Any deaths 0
| |4 _~ Sarious AE 0 ()
] : '___—:g_ = AL lnading to dmconsmmation & 120
t S : AE retated to wmer drug A
g R N.: s :
b N ; S Grade =3 AE refated 10 other drug 8120/
e . Dasth ralated to oithae driig 0
' TR 7 Sartous AE retated to wifer drug 390
e L e S e e e e W ading 10 0FC relaied o sitae drig | 2(7)
C. Hoeller 2017 Poster presented at ESMO 2016 l@l R v evTs 1Y T
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Indoleamine 2-3 Dioxygenase (IDO)

Epocadostat Plus Pembrolizumab in Pationts With Advanced Melanoma and
Select Solid Tumors: Updated Phase 1 Results From ECHO-20UKEYNOTE-037

111000

C. Hoeller 2017 Poster presented at ESMO 2016 @:-_7;—';‘-‘-.:-_-’-.-;:

TVEC & Check-point Inhibitors

S Yool tamox irkladon

4 Tol prodininon and megidon

Tgae mmntmrj-nmuul Gare Ther 00518290300
3 Section S 1

s A W Bl ) Med 200, u'nml s

C. Hoeller 2017 ‘m"‘-”'—”"’m‘“
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Melanoma Therapies 2017

ﬁ C_kitmut
/A;-,A eg ATNE NIVOLUMAB
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E— PD-1 PEMBROLIZUMAB

40-60% NIVOLUMAB &

IPILIMUMAB
ATP VEMURAFENIB

‘ DABRAFENIB ’
ATP
E H 2 IPILIMUMAB

13

Cellular
Proliferation

C. Hoeller 2017 De=r=nmmm

Targeted therapies have an impact on immunity

B-raf & MEK
Inhibitoren

rr vy YGF4
0 It persrres tuo Suad l HTLA 1IN 3tz tesgen

C. Hoeller 2017 Chen & Mellman, Immunity 2013 i@:t.-::‘.':.'.':.-.-.-,::z
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Potential improvement through combinations of

immunotherapy and targeted therapy
Currenttreatment options for BRAFY mutated melanoma include:

*  BRAF alone or BRAF/MEK inhibitors => rapid clinically significant responses usually with limited durability
*  Immunotherapy - less frequent objective responses but clinically significant durability

Immunotherapy Targeted therapy Combination?
@ o [
= = o =
~ o o
: + £ — i
Ly @ pe— Ty
o hed o
& & S
| I I ] 1} i
3 3 1
0 : Years - . o 0 Years 2 P

Hypothesis: Combining anti-PD-L1 with ERAF and MEK inhibitors may result in higher frequency of long-
lasting responses in patients with advanced BRAF**Y mutated melanoma

LS AL Pa( PR Y 67 VHE A Te RSN AEGEILE T8 LI

Medfed tom R s et el Cleient Cancer Ascearch 2002

A.SC’ r\;f\\mul 15

tocting

' C. Hoeller 2017

Presented By Antoni Ribas at 2015 ASCO Annual Meeting

PD-1/PD-L1 + B-RAF/MEK inhibition

Phase 1 study combining anti-PD-L1 (MEDI4736)
with BRAF (dabrafenib) and/or MEK (trametinib)
inhibitors in advanced melanoma

Safety and Clinical Activity of

Atezolizumab + Cobimetinib + Vemurafenib
in BRAF V600 Mutant Metastatic Melanoma

Ryan Sulivan,' Omid Hamid,? Rene Gonzakez,? Juffrey Infante,
Manish Patel® F. Stephen Hodi, " Karl Lewis,? Jefirey Wallin * Bethany Pitcher ®
Edward Cha,* Nicole Richie,* Marcus Ballinger,* Patrick Hwa'

‘Vara Farter Carcer inattste, Bowon. WA; "The Angelas Clinkc and Ressarch natiude,

5 Carmon
“Genestoch, ., South Sas Franvises, CA ™MD Anderson Caseer Camer, Housion. TX

Pembrolizumab in Combination With Dabrafenib and Trametinib for

BRAF-Mutant Advanced Melanoma: Phase 112 KEYNOTE-022 Study

C. Hoeller 2017
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Atezolizumab + Vemurafenib + Cobimetinib:

Reduction in Tumor Burden

n
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¢ 5 patients had a 100% reduction in tumor burden

— 3 of these patients were considered PRs due to the lack of confirmatory scans or

remaining target lesions

¢ Due to limited follow-up time at data cutoff, the median DOR and median PFS was

not estimable
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“Landmark-OS” of current melanoma therapies
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Important: The patient populations are not equivalent and data from different trials cannot be compared directly

13-4-2017

C. Hoeller 2017 i@y-u e

Question 1

Modern immunooncology-drugs block inhibitory receptors on immune
cells.

Yes
No
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Question 2

Modern immunotherapy is so great because it does not have any
serious side-effects

Yes
No

Question 3

In the future immuno-oncology will be based on combinations of two
or more drugs with PD-1 or PD-L1 inhibitors as the most frequent

backbone drugs.

Yes
No
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Take home messages

* Immuno-oncology drugs will become the principal therapy for the
majority of malignant tumors with drugs targeting the PD-1/PD-L1
axis as the main group.

* Knowledge of the mode of action as well as the management of
immune mediated adverse events is a prerequisite for the safe use of
these drugs.

* Novel targets, use as adjuvant or neo-adjuvant therapy and most
importantly combinations of I0- with I0- or other anti-tumor agents
are the major strategies currently in clinical development.
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Thank you for your attention!
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