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WAKING THE BODY'S DEFENDERS

Formore than a century, researchers have tried to harness the human sssg:wwm\%nas to fight cancer.
But high c%a.m, too often, have been followed by disappointment. Here, some milestones.

/S19AW-|0)s11q-00G-8UNMO}/Z0/90/1 | 02/WOD duNLIo//:dny

New York surgeon NCl’s Steven FDA approves Merck’s Bristol’s
William Coley tries to Rosenberg describes Gardasil, first vaccine Yervoy
rev up immune response treatment in which against human papil- gets
to cancer by injecting a patient’s re-engi- lomavirus, which can FDA
patients ’ neered lymphocytes cause cervical cancer. nod.
with a ﬁﬁﬂwﬁﬁ:m fight cancer.
bacterial h ’
stew. anuman
y immune

substance,

“The Big IF in

Cancer.”

T T H V T X . 5 —
1890 1960 1970 1980 1990 H 2000 nono @ e

Scientists posit Fortune runs Jim Allison FDA okays Dendreon’s , Lo .
“immunosurveillance ﬂ ORTUVU n@fﬁ cover story on publishes study  Provenge for metastatic e T =
theory” that says the CANCER immune-boosting suggesting prostate cancer, the first ‘Immunotherapy i
immune system is BREAKTH O:m: molecule that blocking therapeutic cancer s e

always finding and h interleukin-2. CTLA-4in vaccine approved.

destroying cancer Calls it a “Cancer mice unleashes

cells; when it fails, Breakthrough.” immune cells to Science calls cancer w,»

tumors can grow. fight tumors. immunotherapy So :

“breakthrough of the year.”

x_.mCx_ZN "
yl, serine-125

E&@ VUmc “\ﬁ

Cancer Center Amsterdam




Melanoma: the revolution started with anti-CTLA4

1.0 3.0
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http://www.medicines.ie/medicine/15237/SPC/Yervoy+5mg+
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Can we cure cancer?

M

I'Mmunotherapy'
and I'm Curing Cancer

June is Cancer Immunotherapy
Awareness Month. Wear white on
June 7 to support cancer
immunotherapy research.

L Fight With White

:

http://www.cancerresearch.org/news-publications/our-blog/july-2013/inaugural-cancer-immunotherapy-awareness-month-a-success
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Starring...

http://198.81.200.84/cell_picture_show-immunology
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The principle of anti-tumor immunity: the Muppet version

Tumor with DC activate T cells
Dendritic cells in lymph nodes

A

T cells migrate to ...and kill the
the tumor tumor cells

http://www.giantmicrobes.com/




The principle of anti-tumor immunity: the Muppet version

Tumor with DC activate T cells
Dendritic cells in lymph nodes

A

T cells migrate to ...and kill the
the tumor tumor cells
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The Mellman cancer immunity cycle: slightly more scientific

Priming and activation

Anti-CTLA4 @
Anti-CD137 (agonist)
Anti-OX40 (agonist)
Anti-CD27 (agonist)
IL-2
IL-12

Cancer antigen
presentation @
Vaccines

IFN-cx

GM-CSF

Anti-CD40 (agonist)
TLR agonists

Release of @

cancer cell antigens

Chemotherapy
Radiation therapy
Targeted therapy

4

4

Trafficking of
T cells to tumors

_:ﬁ__:m:o:oﬂ._.om__m
@ into tumors

Anti-VEGF

Recognition of
@ cancer cells by T cells

CARs

Killing of cancer cells

Anti-PD-L1
Anti-PD-1
IDO inhibitors

Chen et al. Immunity. 2013 Jul 25;39(1):1-10.
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_ Breakthrough of the Y
- e -.O-.Q m Oﬁ

~ Cancer .
' “Immunotherapy
" T cells on the attack .

401 anti-CTLA4
3 i-PD-
S 0 anti-PD-1
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Tumor
afname Patients

Wolchok et al. N Engl J Med

VUmc \\R\. Cancer Center Amsterdam



PD-1 and CTLA4 expression: immune checkpoints
an important immune escape mechanism

EMA's CHMP Recommends
Yervoy for Patients 12 and
Older with Advanced
Melanoma

co-inhibitory AHW..M_W..”.\.;...M\
signals e -
mw[L» CD28
M3~ VISTA

Sharma et al. Nature Reviews Cancer 11, 805-812 (November 2011)




The NEW ENGLAND JOURNAL of MEDICINE

CORRESPONDENCE

Rapid Eradication of a Bulky Melanoma Mass |
with One Dose of Immunotherapy

Paul B. Chapman, M.D.
Sandra P. D’Angelo, M.D.
Jedd D. Wolchok, M.D., Ph.D.

Memorial Sloan Kettering Cancer Center
Mew York, NY

A REVOLUTION!!

VUmc \\m\ Cancer Center Amsterdam




The promise of Immunotherapy: durable responses

1004 -6~ Nivolumab plus ipilimumab
56 . &~ Ipilimumab
Still...not everyone responds.
80+
£ - How come?
2
c -
5 What to do?
LU
£ so-
<
3 40
o
g 30+
o
204
104 HR0-36 (95% C10-22-0-56); b
p<0-0001
0 1 ) 1 1 Ll 1 |l 1 1 1
0 3 ) 9 12 15 18 21 24 27 30
Kot il Follow-up (months)
(censored)
Nivolumabplus 95(0) 69(5) 58(7) 47(9) 43(10) 43(10) 40(12) 38(14) 24(28) 2(50) 0(52)
ipilimumab

Ipili 2 1 1
pilimumab 47(0) 22(6) 10(7) 8(7) 5(8) 4(9 3(9 3(9 3(9) 0(12) 0(12) Hodl et al. Lancet Oncol 2016
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What is recognized by immune cells in tumors?

What tumor types do respond
and why?

Melanoma

TV

LUV

LUAD .
Bladder R
Stomach -
ESOAD .
Head and neck -
Colon 8
DLBCL .

Cervical 8

Papillary RCC
Ovarian :
Clear cell RCC 1

Pancreas

= qlmn_f\- ia
mﬂmmmﬁ l

Prostate
Neuroblastoma

Carcinoid
Medulloblastoma
Thyroid

Ewing Sarcoma

CLL 1

AML . r--E ) -
Rhabdoid tumor r--[4

VUmc

102 10" 10° 10" 10
Somatic mutation frequency (/Mb)

Rajasagi et al Blood 2014
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High mutation load translates into hot and cold tumors...

_Zo_m:osm 4 oo -
—q —

LUAD ] poeeee- -
Bladder . e~ ---4
Stomach ) bocoome- B - ;.
ESO AD 1 -- G-
Head and neck 1 ro--J -~
Colon :
DLBCL :
Cervical q
Rectum 0
GBM a
Papillary RCC -
Cloar el RCC |

ar ce i

2 Il © 2013 American Association for Cancer Research

I S COLD [ R

Breast - poos il --~-4
Prostate i be-- -~
Neuroblastoma - r--------1 -
cLL " -l ' —
Carcinoid 7 k- 5 8,000}
Medulloblastoma +-- - € 7.000}
Thyroid y -~ --4 2 Q.OS ! o
Ewing Sarcoma v---C)---+ c & :
AML R v~ - - + 5 95000p o
Rhabdoid tumor - b=l 5 4,000p
T \hdio B T T vy m 3,000} o
102 10" 10° 10" 10 5 2,000F " =
: : € 1,000}
Somatic mutation frequency (/Mb) m ° &
T .
Rajasagi et al Blood 2014 Response Progression
Tumeh et al Nature 2014
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N vume (12 cacer cenves amstrdam

Tumors shape their microenvironment
to escape the immune response

Treg

. / Common hepatic O Th2
-

i =58 / e Celiac axis
A N (%% (trunk) v

: U, 2 Suppressive cytokines
Portal vein Aa— - ¥

M2-macrophage

\
N
/

Bile duct

=
e m:vmq ior mesenteric

Pancreatic O ~ arterv

H.%a; )\Be=  Suppressive factors
S - condition the tumor and
lymph nodes and
sabotage immune
protection against
metastatic spread

monocytic MDSC

granulocytic MDSC

_______________

aaaaa

Goal: overcome tumor induced
suppression and release antigens to
boost anti-tumor immunity

T cell tolerance




Can we make cold tumors (like pancreas) hot?

Reinfuse post- ( v\ Excise
lymphodepletion ——» |\ /) \—_tumor

ZIQ & o / >
3 YO 1N T
f 0@ @ ,wu J , _
/@ 0 O / A\ ,
Q0.9 |
Select and /,/W.h\.c
expandto |

10 cells \ Plate /

P = W B
Y Ya
OO0 ===

O®

' 6000 IU/mLIL-2

_ 72N\ (G
Assay for A n )
specific tumor S N8 &2
recognition \/ e~ .
u ﬁ .A | <« Culture with
N N

Steve Rosenberg

Approach #1: the
Rosenberg
strategy

VUmc ﬁ\ﬁ\ Cancer Center Amsterdam



Oncotarget, Vol. 5, No. 24

www.impactjournals.com/oncotarget/

Classification of current anticancer immunotherapies

A plethora of immunotherapies

Immunogenic cell
death inducers
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Translational Research = Recycling

From “bench to bedside”... .and back to the bench.

VUmc \\R\ Cancer Center Amsterdam



Personalized immunotherapy: the cancer immunogram

CANCER IMMUNOLOGY

N..;m «uﬁaaﬁmﬂ. Tumor foreignness

’ Mutational load

NEEN&\NQ%A RNE Tumor sensitivity

: s e to immune effectors
Visualizing the state of MHC expression,

.nm_DOmﬂl.wBBEDm m%mﬁmg ~ﬁ2-<m¢:m3<_.~< A~ ,‘....‘x. ,“ mmﬂmﬂ_hﬂ_,:“:mowwﬁcw
interactions may spur N ymphocyte ¢
personalized therapy

By Christian U. Blank,? John B. Haanen,?
Antoni Ribas,* Ton N. Schumacher?

Absence of inhibitory

tumor metabolism :.:3::@.
LDH, glucose utilization - cellinfiltration
Intratumoral T cells

Case1l PD-1 blockade

Absence of soluble inhibitors .
IL-6, CRP Absence ww mwwoxuo_am

sciencemag.org SCIENCE 6 MAY 2016 » VOL 352 ISSUE 6286
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Case 3 CAR-T cell therapy

Tumor foreignness
Mutational load
Tumor sensitivity
to immune effector
MHC expression,

General immune status

IFN-y sensitivity Lymphocyte count

Absence of inhibitory

tumor metabolism :.:..:::o .
LDH, glucose utilization cell infiltration
Intratumoral T cells

Absence of soluble inhibitors ‘ Absence of checkpoints
IL-6, CRP PD-L1
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Can we make cold tumors (like pancreas) hot?

1) T Cell 2) T Cell 3) T Cell Adoptive
Collection Transfection Transfer

1. Binding

+/-Lymphodepleting
conditioning

T e Approach #2: the

membrane

4. Transcription and gerten June st —.m._nmm<

protein expression
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Oncotarget, Vol. 5, No. 24

www.impactjournals.com/oncotarget/

Classification of current anticancer immunotherapies

A plethora of immunotherapies

Immunogenic cell
death inducers
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Immuuntherapie trials in kanker: uitdagingen

Challenges/questions to be
addressed in immuno-oncology
clinical trials
Who to treat How to treat How to evaluate endpoints
_ : _ _ . [
; — * Dosing » Pseudoprogression
Sl Predichive  Frequenc Combinations * Hyperprogression
characteristics biomarkers d ; y <c. ._o 9 :
» Duration * Toxicity evaluation
« Autoimmune disease » Chemotherapy
« Viral infection » Radiation
« Elderly » Immuno-oncology
« Brain metastasis agents
« BM transplant
« Limited PS
© 2017 American Association for Cancer Research
CCR Focus AACR

Baik et al Clin Cancer Res 2017
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Active Specific Inmunotherapy (ASI)

Active Specific Inmunotherapy:

..
o %
o“. A mom 100=
e +
— % 5
S ASI
, Z  60- Control
=
w
e’ S 40+
.. ® m
.... %
o 20+
Irradiated o+
: 0 5 10 15 20
single-cell Time (v)
suspension
from tumor

—> Shown effective in stage Il colorectal cancer patients and stage lIl/IV melanoma
patients (Vermorken et al, Lancet 1999 and de Weger et al, Clin Cancer Res 2011)
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Active Specific Inmunotherapy (ASI)

A
100- . .
e s MSI s> DNA repair defect> meer mutaties>

80+ immunogener>verbeterde survival
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> 60-
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T 40+
o
[}
o 20

n v LJ L L - LJ L L) LJ - LJ v LJ LJ - v L L v -

0 5 10 15 20
Time (y)
B RF
- Alleen patiénten met MSS stage Il hebben baat
bij vaccinatie
ke MSI

o 80 ~i- MSS Stege Il ASI
e —- MSS stage Il control
? 60- ~ie MSS Stage lll AS|
m ~i-' MSS Stage il control
£ 40
@
ot
o 204

o ' L) L) L)

0 5 10 15 20

Years (de Weger et al, Clin Cancer Res 2011; Turksma et al Clin Cancer Res 2016)
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Active Specific Inmunotherapy (ASI)

T cel
infiltratie

Alleen patiénten met MSS én hoge T cel infiltraten hebben baat bij vaccinatie

C RFl high D RFllow
1.0 1.0 -
ASl/high
0.8+ 0.8 -
.m .m ASl/low
0.6 . 0.6 - . —
z Control/high = Control/low
T ]
£ 04- £ 04,
a o
0.24 0.2 -
P=0.01 P =0.98
0.0+ 0.0 -
20 0 5 10 15 20
Years

(Turksma et al Clin Cancer Res 2016)
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Immuuntherapie trials in kanker: lange tijdslijnen

Preclinical science . Clinical science
; * Primary endpoints of two
Treatment of Phase lll trials changed to OS
B7-1andB7-2are | | mouse tumours * No OS interim analyses
CTLA4 ligands with CTLA4
_ , Phase II:
Immune-regula- : * Novel responses Phase lll | | Regulatory

Cloning of tory role of First patient * Delayed separation positive | | approval in
CTLA4 gene CTLA4 in mice treated of KM curves for OS onOS | | the USA

1985 1990

1995

1997

2000 2002

2005 2006 2008 2009 2010

CIC founded to solve 'CIC workshop showing | | CIC and BMS:
methodological delayed separation of | | immune-related
problems of the curves for Phase Il response critria
immunotherapy field ‘immunotherapy trials .

2011

CVCTWG workshop suggesting

]
'
'
'
[
|

‘new response kinetics and criteria

[ Pre-clinical science milestones

[J Conventional clinical milestones

[J Novel clinical science milestones

[ CIC workshops driving changes in clinical science

Nature Reviews | Drug Discovery
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Immuuntherapie trials in kanker: te veel combinaties, te weinig patienten

ed from Vanessa Lucey of CRI by Gergely Jarmy Liver Gastric
nd Meliman, Nature 2017 Chen DS. AACR 2
en .

B VUM (/Z cancer conter Amsterdam




Immuuntherapie trials in kanker: sneller schakelen

Seamless phase I-l|
design

Safety and tolerability
demonstrated and
compelling preliminary
antitumor activity

Randomized trials

Combination strategies

Phase | dose
escalation

Safety and tolerability
demonstrated and
uncertain antitumor
activity

Limited efficacy
evaluations to make
go-no go decisions

Poor therapeutic
index

Stop

== Biomarker development (prognostic, predictive, pharmacodynamic, resistance, toxicity)

__= Selection of endpoints

© 2017 American Association for Cancer Research

CCR Focus AACR

Siu et al Clin Cancer Res 2017
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Immuuntherapie trials in kanker: steeds sneller FDA goedkeuring

May 2017:
Pembrolizumab
for urothelial
carcinoma (S)
I
May 2017: MSI-H
or dMMR solid
tumor (S)
Oct. 2015: !
Nivolumab for May 2017: Avelumab
NSCLC (S) for urothelial
— carcinoma (S)
_ —
Oct. 2015: Feb. 2017: May 2017:
Sept. 2014: Pembrolizumab Aug. 2016: » Nivolumab for Durvalumab for
Pembrolizumab for PD-L1>1% | Pembrolizumab’  yrothelial urothelial
for melanoma (S) | NSCLC (S) for SCCHN (S) ' carcinoma (S) carcinoma (S)
|
May 2017:
March 2015: Pembrolizumab
Nivolumab for | Nov. 2015: Nov. 2016: combination therapy
" ) squamous cell Nivolumab Nivolumab with chemo for non-
2012-2013: No FDA UUU_‘°<m_w NSCLC AMV for RCC AMV for SCCHN AMV , Squamous NSCLC A_HV
20M 2012 2013 2014 2015 2016 2017 2018
March 2011: Dec. 2014: Sept. 2015: May 2016 s March 2017
Ipilimumab for Nivolumab for Nivolumab/ Nivolumab for . =~ .~ Avelumab for
melanoma (S) melanoma (S) ipilimumab relapsed cHL for NSCLC (S) Merkel cell
for BRAF v600 post-HSCT carcinoma (A)
WT melanoma
G _ _ _
May 2016 Oct. 2016: March J00
z . Pembrolizumab
Atezolizumab  Pembrolizumab RO
forurothelial - forPD-1> O anmwoz
carcinoma (S) 50% NSCLC (F) cHL (L)
wm_—A mﬂ m\ O__D Omsomﬁ _nNmm NO‘_ N © 2017 American Association for Cancer Research
CCR Focus AACGR
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Hoe krijgen we een immuuntherapie zo snel mogelijk bij de patiént?

Preclinical science - Clinical science
: * Primary endpoints of two
Treatment of Phase lll trials changed to OS
B7-1 and B7-2 are mouse tumours * No OS interim analyses
CTLA4 ligands with CTLA4
h . Phase II:
Immune-regula- . * Novel responses Phase lll | | Regulatory
Cloning of tory role of First patient * Delayed separation positive | | approval in
CTLA4 gene CTLA4 in mice treated of KM curves for OS on 0S the USA
|

1985 1990 1995 1997 2000 2002 2004 2005 2006 2008 2010 2011 2015
CIC founded to solve CIC workshop showing | | CIC and BMS:
methodological delayed separation of | | immune-related
problems of the curves for Phase Il response critria
immunotherapy field immunotherapy trials ,

CVCTWG workshop suggesting — - -
new response kinetics and criteria [ Pre-clinical science milestones
: [ Conventional clinical milestones

[J Novel clinical science milestones
[ CIC workshops driving changes in clinical science

]
'
'
'
[
|

Nature Reviews | Drug Discovery
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...een case studie

beta

Nieuws Regio Sport Show Video

Binnenland Buitenland Politick Economie Gezond Bizar Wet h Auto  Digitaal

Dna-injectie lijkt effectief middel
tegen huidkanker

Een simpele injectie met dna dat lijkt op dat van bacterién, kan de
overlevingskansen van een groep huidkankerpatiénten aanzienlijk vergroten.

EED N

De eerste, veelbelovende resultaten komen uit een onderzoek van het Amsterdamse VU
medisch centrum onder 52 huidkankerpatiénten, die ruim tien jaar geleden met een
verdachte moedervlek naar de huisarts gingen. Bij allen werd een melanoom -

Vrrij, Onverveerd

Het Parool .. ... ...

Injectie kan terugkomst
huidkanker mogelijk
voorkomen

VUmce Cancer Cehter Amsterde %
= ,\..\

A
¢ |=
Zo3 !

g

Cancer Center Amsterdam deed jarenlang onderzoek naar de injectie. © ANP

OO

Een injectie kan mogelijk voorkomen dat de meest dodelijke vorm
van huidkanker, melanoom, terugkeert. Dat blijkt uit onderzoek van
het VUmc.

DOOR: HET PAROOL 2 OKTOBER 2017, 15:45

VUmc \\m.. Cancer Center Amsterdam



Melanoom is een verraderlijke ziekte...

De patient was een 58-jarige man.

In 1976 werd een verdachte moederviek met een diameter van 8
mm van zijn rechter middenvinger verwijderd.

Na de diagnose melanoom werd de vinger geamputeerd en de
drainerende lymfeklier verwijderd en onderzocht op uitzaaiingen:
deze bleek schoon.

Het melanoom had een Breslow dikte van 1.5 mm.

Diagnose: stadium 2 melanoom: geen behandeling

In december 1992, op 74-jarige leeftijd, werd een tumor in de linker
long geconstateerd, die een uitzaaiing van de tumor bleek te zijn die
16 jaar eerder werd verwijderd.

Een deel van de long werd chirurgisch verwijderd in februari 1993.

Vijf maanden later overleed de man aan een bloeding van een
gemetastaseerde hersentumor.

Nozaki et al. Jpn J Clin Oncol 199

VUmc \\m.. Cancer Center Amsterdam



Het melanoom kan het immuunsysteem vroeg onderdrukken:
vroege metastasering

Melanoma

—

Epidermis

Schildwachtklier
(SWK)

VUmc \\m\ Cancer Center Amsterdam



Immunosuppressie in de SWK met uitzaaiingen

100+
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Verminderde activatie
van DC in SWK met .

uitzaaiingen
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:J’.r
»

v

Verminderde activatie
van DC in SWK is
geassocieerd met het
ontstaan van
uitzaaiingen op
afstand —soms jaren

later.
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Immuun stimulatie van de SWK in fase Il onderzoek

~ -
-~

. Al

~ Scar of primary melanoma
. -

T

A

1) i.d. injecties met saline / immuun
stimulator op de plek van het
melanoom 1 week voor de operatie

2) Chirurgische verwijdering van de SWK

3) Immuun cellen worden uit de
gehalveerde SWK geschraapt en
geanalyseerd

Twee studies, 22 placebo controles, 30 CpG b

VUmc \\R\ Cancer Center Amsterdam



Effecten van CpG op de SWK

Resultaten van fase Il klinische trials

T T L NEEIR

‘..?r

- < ~
g Cir

-

Saline , _um,.wm._uw%w

CpG: Lijkt op bacterieel DNA en
activeert immuuncellen

-zowel in de SWK als in het
bloed!
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DC en T cel activatie
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Koster et al. Clin Cancer Res 2017
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Verbeterde ziektevrije overleving!

|
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Koster et al. Clin Cancer Res 2017
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