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Breakthrough of the Year

* Immunotherapy: Cancer
. Immunotherapy
— Drugs and applications T cells on the attack "

— NSCLC

— PD-L1 immunohistochemistry

— Other biomarkers for prognosis/prediction
— Resistance to immunotherapy

« Biomarkers and targeted therapy for NSCLC
 Molecular Tumor Board
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The Cancer-Immunity Cycle is Central to
Immune Surveillance and Defence

Trafficking of
T cells to tumoars

@ ©m

Priming and activation
(APCs & T cells) 3

[,-5.‘_ Infiltration of T cells
s into tmors
[CTLs, endothelial calls)

Cancer antigen ﬁ]
presentation &

(dendritic calls/ APCs) e 6'1
=/ Recognition of

cancer cells by T cells

(CTLs. cancer cells)

Release of “-]-f' -
cancer cell antigens Killing of cancer cells

{cancer cell death) (Immune and cancer cells)
Chen DS, Mellman I. Immumity. 2013
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T cell recognition
of tumor antigen
leading to T cell

activation

Tumor T |'.‘.E|.| i
MHC antigen specific for
molecule tumaor antigen

Anti-tumor immunity

F

Failure to produce tumor antigen

Antigen-loss
variant of tumor

cell Lack of T cell
ez recognition of
- tumor

Mutations in MHC genes or genes needed
for antigen processing

Class |
MHC-deficient
turnor cell Lack of T cell
O, recognition of
_

—

Immune evasion by tumors

tumor

Secretion of immunosuppressive proteins or
expression of inhibitory cell surface proteins
Inhibitory Inhibitory
ligand receptor

—

T cell activation

Inhibition of I

4

. g@ Immunosuppressive
cytokines

= Abbas, Lichtman, Pilai: Cellular and
@ Inhibitory © Stimulatory Molecular Immunology, 8th ed

CCR Focus Imace sowte: AACR Joumal
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7 Companies Developing PD-1 checkpoint inhibitors!
Anti-PD-1

Nivolumab  Bristol-Myers Squibb  1gG4 Phase 3
UPOIGEN MK-3475 Merck & Co IgG4 (humanized) Phase 3
Pidilizumab CureTech IgG1 (humanized) Phase 2
AMP-224 AstraZenecal ;E{;';B? Fefusion  phase |
AMP-514 Medimmune e Phase |
Novartis (CoStim) IgG Phase |
Anti-PD-L1

MPDL3280A Genentech/Roche lgG1 Phase 3
MEDI4736 strazeneca/ 1gG1 Ehase 2

Medimmune

MSB0010718C
EMD Serono (Merck KGa) 1gG Phase1

NSCLC H. Groen, 03-06-2015
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Immunotherapy combinations currently
in clinical trials
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Nivolumab (PDL1 complementary: Dako 28-8)

FULL PRESCRIBING INFORMATION: CONTENTS=
1 INDICATIONS AND USAGE .
Unresectable or Metastatic Melanoma AtGZOl uzim ab

Metastatic Non-Small Cell Lung Cancer

Renal Cell Carcinoma PDL1 complementary
Classical Hodgkin Lymphoma

Squamous Cell Carcinoma of the Head and Neck (Ventana SP142)
Urothelial Carcinoma

[ ST BN NS

1.
1.2
1.
1.
1.
1.

|j"|

DICATIONS AND USAGE
TECENTRIG is a programmed death-ligand 1 {(PD-L1} blocking antibody
indicated for the treatment of patients with locally advanced or metastatic
urathelial carcinoma who:
1 INDICATIONS AND USAGE sHave disease progression during or following platinum—containing

Melanoma chemotherapy (1)
sHave disease progression within 12 months of necadjuvant or adjuvant

H on —5"1:3 Il ':-E"” |_Llr'|l_;| EE ncer treatment with platinum-contaiming chemaotherapy (1)

- .
H‘EE d _an d Neck F"Hn cer This indication is approved under accelerated approval based on tumor
{_,IHE.E][:_EI Hl}l:lg hln |_'||||T'|"| ph{ll’ﬂﬂ response rate and duration of response, Continued approval for this indication

may be contingent upon verification and description of clinical benefit in

U!l}thEIiEI I:E:E rﬂinl}rﬂ H ) UUI;I_]IIT.IEJDE}" lFiﬂls._ (1, 14)
Microsatellite Instability-High Cancer

|'__'|'|.l':|.|'__..'|r._:|_|.

1.
1.2
1.
1.
1.
1.

|j"|

Pembroluzimab (PDL1 companion: Dako 22C3)



deparoment

= pathology S
Maastricht UMC

Response Rate by PD-L1 Status

Nivolumab Pembrolizumab  Atezolizumab Durvalumab Avelumab

miTT
mPD-L1+
mPD-L1-

Men-sg.=non-squamous; sq.=sguamaus

1. Weber et al. Lancet 2015; 2. Robert et al. Lancet 2015; 3. Larkin et al. N Engl J Mled 2015; 4. Borghaei et al. N Engl J Med 2015
5. Brahmer et al. M Engl J Med 2015; §. Antonia et al. ASCO 2015; 7. Motzer et al. J Clin Oncol 2015; 8. Le et al. ASCO Gl 2018

9. Kefford &t al. ASCO 2014; 10. Garon et al. M Engl J Med 2015; 11. Plimack et al. ASCO 2015; 12. Vansteenkiste et al. ECC 2015
13. Rosenberg et al. Lancet 2016; 14. McDermott et al. J Clin Oncal 2015; 15, Rizvi et al. ASCO 2015; 16, Segal et al. ASCO 2015
17. Gulley et al. ASCO 2015; 18. Apclo et al. ASCO GU 20148; 19. Dirix et al. SABCS 2015; 20. Chung et al. ASCO Gl 2018
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Adenocarcinomas of the lung -
ss5UE
analysis and HE staini IHC ::.a i FISH :
diagnesis Histopatholorcal e e
diagnosis CK7 ROST |
Assessment of tumour CK5/& RET
MEK °'h¢a“:;"‘= KRAS load and location P63 MET
/ - CD5é
1% : a0 Synaptophysin
AKT Chromaogranin A
<%
MTRK1™
PI3KCA =1%
1%%
MRAS )
Ll [\ 15-20%
< H.ET I|-|E||=t2 AY: 00 4=
1% 1% 1-atg 1-3% 31% Interpretation
=z and
preparation of
B pathology report
Squamous cell carcinomas of the lung
A =
FGFR1 Eﬁ;ﬁ ! "
205 E
";‘f”ﬂ“ . ‘\-"F. Ih% P 'HHI‘I'|I il
 FGFR2/3/4 g .'\ .l'-' I ! | ...l.
other/none 5-10% sm%% T} Y ll h] L 1! v i Illl‘!
~50% ﬁﬁ% 1 I R L I [
il ,5: AN T R Rk g )
PI3KCA | I i IR :
| . 1
DDR2 5-10% ' ml:n Print = ] Anm;:::un mzlmruouu = impémnganum
B Truncation B Dclabion I Multiple gain of function E Mubipk bss of funcion

Gerber et al., ASCO 2014 educational book Roemen, Speel, ERM 68, Lung cancer 2015 ; Frampton et al., Cancer Disc 2015
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Matching Targeted Therapies to Targets in NSCLC

Metastatic or incurable

All patients with
lung cancer

advanced disease

L MOLECULAR GENOTYPING ] i
| _

| ROS1 j | CMET |

‘ EGFR ’

Targets
erlotinib crizotinib crizotinib crizotinib dabrafenib + entrectinib
gefitinib trametinib larotrectinib 1L
afatinib ceritinib
alectinib
osimertinib brigatinib

25
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Changes Iin management stage IV
NSCLC with EGFR and ALK mutations

— Osimertinib has high CNS activity (35-50% brain metas at diagn/progr)
— Dacomitinib is a new active first line EGFR mutant treatment option
— Alectinib is the new first-line ALK + treatment

— Lorlatinib is highly active in relapsed ALK + NSCLC for brain

metastasis

mdhan follow up PFS in AURA3 over.
ch-mﬂ,.;_‘ —— P all population
o i T
£ :
1
g.;
| 40
e
o

(] 9 17
Time from first dose {montha)

OS|mert|n|b. NSCLC with EGFR T790M

J- ALEX VS ALEX vs ASCEND 4: eﬁmacy

| Tial -l_-ﬂ«.LEx ]_LEN: =
Dirug

JALEX

T
. ALEX | ASCENDS

crizolint  enzotinih | alecting

AEcinit CeMini
OA 15 103 152
Median PFS 10.2

mn
184
04 HR (=21) 257 186

034" 0.50™ o &5
OAT-0.71)  (036-070)  (DA2078)
ORR (%) 7 7 32 a3 T3

Median PFS BM+ NR (>27) 107
Median PFS BM- 5 203 MR (=27} 263

Intracranial ORRE{%) a0 - B '.':1.

PFS HR (95% Cl)
NR (=21}

Sharw ASCO (2017 Hida Lance |

AacuAununLHEEﬂNGﬁ ﬂﬁ5ﬂﬂ1? Rresartea iy Zacih

Alectinib;: NSCLC with ALK +
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Immunotherapy in lung cancer

First-line pembrolizumab study updated Immunotherapy should be
Risnkscn HHe: e o8 given frontline in patients

Fembralizumab T 0.54

cromoningy. | Hs | Daarh with advanced NSCLC with

1007
01

.z PD-L1 => 50% with
f "R negative mutation profile.

107

Tima, maniki
He, wyrien

Pathologic responses to neoadjuvant nivolumab

2 *Major Pathologic Response (MPR)
10/ was seen in 9/21 cases
_ [43% (95% Cl 24-63%)]

[N B
| ‘ | ‘ I I *Pre-treatment PD-L1 positivity

[21% membranous staining (Dako

Tyl 28-8)] did not correlate with MPR

Unknown
H Negative
H Positive

(=
s
?
8
g
il
g
(]
£
1]
o
£
8
a

8838888830

*MPR is defned as <10% viable tumor cells
(Pataer, et al. JTO, 2012. Hellmann, et al. Lancet Oncol 2014.)
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PFS

Study {months)

OS (months)

KEYNOTE 024 [15] Pembrolizumab vs. CT 10.3 vs. 6.0 HR, 0.60; P=

0.005
HR, 0.50; P

<0.001 1-year OS:
70% vs. 54%

CheckMate 026 [31] Nivolumab vs. CT HR, 1.02

14.4 vs.
13.2 months

KEYNOTE 021 [39] Pembrolizumab +CT vs. CT 1 HR, 0.90; P=
0.39

CheckMate 012 [42] 5 Not

calculated
Nivolumab + Ipilimumab/12 weeks until

disease progression or toxicity

Nivolumab + Ipilimumab/6 weeks until disease
progression or toxicity

H. Groen, ASCO 2017
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TMB is predictive of benefit to |0

Melanoma (n = 65) NSCLC (n=464) Urothelial carcinoma (n=94) MSI-High Colorectal Cancer

- Low & —— Tk ¢ ] B Overall Survival in Coborts with Colorectal Cancer

— AT 3
= [nbemediate - 404 P00 by logwk
LS

- Hgh
—

L etion foncl SrandedBona pat MY
3 = B

0
= Low

ﬂw B, __ Le etal, NEJM, 2015
4 - High TMB NSCLC

All Tumors

(g e bttt = & = High ncnsynonymous burden

(~]

sodon ) (vt D 20 685}
Sjereiingeridtedt 1

g e srermal peobatul

=

X i SOl 1)
“ ’ RN W
Days elapsed ] i 4 o om o ] w 08
Time (days,

DB Johnson et al, Cancer immunol Resesrch, 2017 M Kowanetz et al, Annals of Oncology, 2017 Balsr AV et al. Lencet, 2017

* Low nonsynonymous burden

Parcart p rogresss andres
s

Non-synonymous missense mutations create neoepitopes for T cell recognition
TMB correlates with degree of DNA damage (UV exposure, cigarette exposure)

R [T

M')l‘l‘l"l!i
Rizvi et al., Science, 2015

Stephen P. #5Y40-02 AACR 2017
resoreoat. ASCO ANNUAL MEETING 17 | #ASCO17 Presented by: Ben Creelan, MD MS

Slides are the property of the author. Permission required for reuse.
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MM + MMR - POLE + FOLE -
n=859  n=91,579 n=92,336

=

Mutations/Mb Targeted Test

e Sy it § Bl P

T g ' TMB high:
B 1 >20 mut/ Mb

=R

Min 1.1 Mb seq | |

vy . 1.0 100 100.0 1000.0

shralanaidh Mutations/Mb Whole exome
Fig. 3 Thelmndeape ot mer mussion buden For sl diesse oe with grester than 100 sempdes, e medisn mutstion Burren B @ oted o
mch dese e The BT nd soir sd gen of the bon comeymmd o the 0h s Beh pecersiien. Wh soems scemd o e hig e slusthas B
within 1.5 = LMt the hi nge, whes £H & the iner-pesie range, or ditsncs between the Bt snd thid pussils. Poins beyosd this se go ted

redviciually Thoe e of ineree sne vh own in cior, an inliowe sin, gera uneg, ananas; Harider, p o kidney, ik ch o, wire The snes scos 71 Chalmers et al.’ Genome Med 2017

st B which we heree denicnaed @& high WME, B odoeed in arey
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High TMB

Nivolumab Chemotherapy
n=47 n=60

Median PFS, months 9.7 5.8
(95% Cl) (51,NR)  (4.2,85)

HR = 0.62 (95% CI: 0.38, 1.00)

Nivolumab

Maastricht UMC

Low/medium TMB

Nivolumab Chemotherapy
n=111 n=94

Median PFS, months 4.1 6.9
(95% Cl) (28,54)  (55,856)

Chemotherapy )

HR = 1.82 (95% CI: 1.30, 2.55)

Chemotherapy

Nivolumab

Does immunotherapy select chemosensitive tumor? Peters, AACR 2017

Modification tumor microenvironment?
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Continuation of immunotherapy beyond PD is beneficial in an selected
population of advanced NSCLC who have clinical benefit.

Stable disease in 30 — 70% but they are short lasting!

OS Post-PD: By Treatment Arm OS Post-PD in Docetaxel Arm

Immunotherapy vs Non-immunotherapy as NPT

e
mos 17.3mo 15mo
95% €1 (13.9,196) (60,82}

Datn cutoft 7 July. 2016 :
ASCO ANNUAL MEETING 17

#ASCOT s O

Gandara et al., randomized ph Il OAK study

Immune response occurs usually within 6-8 weeks; patients do improve
clinically. Ty mw

Nivolumab + ipilumimab promising in
Ph I/l studies malignant mesothelioma
and SCLC

=
@
£
©
®
©
o
E
o
2
w
@
o
c
«
=
(3]

9 18 27 36 45 54 63 72 81 0 99 108 117
Time, weeks

Scherpereel ASCO 2017; Hellman ASCO 2017 Soria, KEYNOTE-001, ESMO 2015
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80

70

60

0 ASCO 2017:
“M 7. (Ben Creelan)

30

% of AD with PD-L1
positive tumor cells

20

° | - ldem
EGFR+: no

STK11 mutation

TP53 mutation ALK+: no

KRAS mutation

.
MET ex14 skip:
ex SKIP: NO
STKA1 wildtype is associated with the highest percentage of PD-L1 expression in adenocarcinoma tumor cells. Conversely, STK 1 mutations in the absence of TP33 and -
KRAS mutations are associated with the lowest percentage. I I I g h I M B u yeS
u

Figure 4. Percentage of PD-L1 expression in adenocarcinomas and mutational status of significantly associated genes. The combination of TPS3 mutation, KRAS mutation and

Scheel et al.
Oncoimmunology 2016
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Dakolink48  Mivoluemah = 1%, = 5% Complemnentary
(Briztol-Myors Sguibbi diwice:

Dl Limk 48 Pambrolumah = 1%, = 50 Compamion
iManck) dawice:

Ventana Atazolirumakb Turmor calls Complemantary

Bendhwnark or  (GenentechTocha) = 1%, 5%, x50 davics:
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= 1%, = 5%, = 10% by arca
Ventana Durvalurak: = 25 Ho designation
IASLC ATLAS OF PD-L1 Sk harnlarcy
Likra Piod ] mrreung)

IMMUNOHISTOCHEMISTRY 710 Dskoliokss  Auhmsh  amasmzsos indewdopart

(PlimarMfarck Serono)

TEST I NG I N LU NG CAN CE R o Tabda 1. Recommanded 3"n..r.1lgti: Conditons for o

DA, e "
productsofven Immunohistochemistry (HC)

EDITED BY

IASLC " ”;ﬁ‘;:ﬂ':iii’;ﬂ acoe Cold ischamia tma Fewar than 30 minutes if possial,
SAMJA DACIC, MD, PHD not ascaading 1 hour
YASUSHI YATABE, MD, PHD Focatiem 1% meswiral buffered formalin
FRED R. HIRSCH, MD, PHD Tim: of fixation |biopey) &0 4= hiowrs
Tirme of focrtion [resaction] 24 o 4= howrs
Praparation Parafhr-ambsdded sections, out
at a thickness of 3 bo & pm
Specimen storage Tezue blodks

Storags tima for blodks Fessear than 2 years for PO IHC
Storags conditions for Pravented from light, haat, and

blocks hurmdity

Storage tima for out Fesmer than F momths, parti oulary
sortions for besting with SP263 antibody
Decakification EDTA, if nocassary

POLLT = programmed e death-igand 1.
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PD-L1 IHC
variation

% Tumar Call Staining
p F R Y PREIBRE

-#- 13Extracellular epitope
- 18-Extracellular epitope
== S"Gytoplasmic epitope
=i~ SFEXtracellular eptope

Different PD-L1
clones on
consecutive
sections of one
tumor

~5 +

P T TS e o s e
Camas

r amp of four chinies! irial assays for
on consacutive slides stainasd with the indicated asays, The cass was seared PO

Scheel et al. Modern Pathol 2016

.....

o v e S| Stairireg

lxiraily
priktes
3
;
T o 4
FEEEEE LRI EEE R L E YL
Cazpe

IASLC Atlas PD-L1 2017

Scheel et al., Modern Pathol 2016
Hirsch et al., JTO 2017
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Schats et al., ASCO 2017 Histogenex

: - 7 PD-L1 (Q9NZQ7); [expected MW isoform 1 = 33 kDa; isoform 2 = 20 kDa]
26 56 58 113115 121 125 142

MRIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTI ECKFPVEKQLDLAALIVYWEMEDKNIIQFVHGEE DLKVQHSSYRQRARLLKDQLSLG NAALQITDVKLQDAGVYRCMiS\’GGAD"(KRITVKVNAPYNKJNQRM

143 238 259 290

VVDPVTSEHE'LTCQAEGYPKAEV|WTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRINTTTNE!FYCTFRRLDPEE NHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCG!QDTNSKKOSDTHLEET
e

PD-L1 Ab | Linear epitope mapping : 5 :
U228 | concentration primary ab Immunogen [adapted from *datasheet; ** patent] Epitope location B w'“de

clone -‘ e
Purified recombinant human PD-L1 cont
i (Phe19-Thr239).2
Synthetic peptide derived from the C-terminus
sP142 078 (aa 279-290; SKKQSDTH LEET).** i
cel
Human PD-L1 (aa 272-290; CGIQDTNSKKQSDTHLEET).** Intracellular & extrs

oxy terminus of human PD-L1 protein.*
t.** Extracellular; 156-178 & 19

aining the extracellular domain of huPD-L1 intracellular

of human PD-L1 protein.* Intracellular & extracellular

sp263 1.61
Intracellular

Linear epitope mapping

Synthetic peptide corresponding to residues carb

E1L3N 1;10
of PD-L1 (PhelQ-Thr239) fuse:

d to a human IgG1 fragmen'

22¢3 Not tested Human extracellular domain

Progressive dinease

Hilterman et al., ASCO 2017
e e

Sex Age KRAS mutation chles of Responder ECOG PS PFS 0os
(plasma) Nivolumab (RECIST) (weeks)  (weeks)

Patient 1 (980) 59 c.34G>T, p.G12C 34+ R NR NR
Patient 2 (1032) 59 |  c.35G>A; p.G12D 9 R Tz NR
Patient 3 (1035) 68 ¢.34G>T, p G12C 33+ R NR NR
Patient 4 (1067) 64 ¢.34G>T, p.G12C 3 4 5

Patient 5 (1083) 60 c.34G>T, p.G12C 2 7 14
Patient 6 (1096) 53 ¢ 35G>A; p.G12D 24+ NR
Patient 7 (952) 50 ¢ 38G>A, p.G13D 1 8

Patient 8 (1091) 69 ¢.35G>A; p.G12D 9 M

Patient 9 (1066) T ¢.34G>T. p.G12C NonR

Patient 10 (986) c35 G>T, p.G12V NonR Stable dmeass
Patient 11 (987) ¢ 34G>A, p.G12S 3 NonR

Patient 12 (1116) 6 ¢ 34G>T, p G12C NonR

Patient 13 (1112 ¢.34G>T p.G12C R : ' ! —

. ) ¢35 G—,rp.m:v 24 sD = 1 = il CONCLUSION

o i ke : : <5 ] ! | Specific plasma ctDNA testing seems a very
c-35G>T, p.G12Y > : promising early biomarker (1 week) for tumor

response to PD-1 therapy.

Patient 14 (1097)
Patient 15 (1166)
Patient 16 (7008) ¢.35G>T, p.G12V
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Patientplasma Extracted Emulsion and Droplet flow Quantification of
DNA amplification cytometry genome prevelance

©
g

* Lung cancer
* EGFR mutated
VN /) = \ - Liquid biopsies
“tamaase i izzaias Erexxerl ° Blood cf DNA
o S | * ddPCR
* EGFR T790M
resistance

[

- -

l/\ { o ; /, ; . . . .

no ‘ i e a " Disease monito

0 8 16 24 32 40 48 56 64 m0!16ﬂ32m4!5654 0 B 16 24 32 40 48 56 &4 I nl rln
Weeks on treatment Weeks on treatment Weeks on treatment

G 1,000 H 1,000 I 1,000

g

EGFA mutation
concantrationimL
=

-
_§E
a8
i:
]
3

-

3
g

H
EGFAR mutation
concantrationiml

concentrationimL
3

EGFR mutation
EGFR mutation
concentrationfmL

g
g
g

Oxnard et al., CCR 2014

\ Momenteel n=20

PD PD
1 A 1 \

wDBIBH&EdDJBSﬁEﬂ. mh‘lﬁﬂﬂdﬂdﬁ%ﬁd m08151!d32dn485554 invalidatiefase

Weeks on treatment Weaks on treatment Weeks on treatment

concentration/ml
-
=

EGFA mutation
=
EGFR mutation
conce ntration/mlL
EGFAR mutation
concentrationfml
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Clinical Outcomes in Patients Identified as T790M-
Positive by Tumor or Plasma Testing

Tumor T790M Positive (n = 173) Plasma T790M Positive (n = 164)

I ORR (95% Cl): 62% (54 to 70) l ORR (85% Cl): 63% (55 to 70)
" W Plasma T790M Positive B Tumor T790M Positive
Plasma T790M Negative 3y Tumor T790M Negative
W Plasma T790M unknown s B Tumor unknown

mPFS 9.7 months

mPFS 9.7 months

Oxnard et al , J Clin Oncol 34: 3375-82, 2016

Summary

* Liquid biopsies have entered clinical practice for NSCLC

* Atdiagnosis of advanced NSCLC, tissue genotyping remains the
gold standard

* Plasma genotyping can be used upfront or in the resistant setting

— Cobas EGFR Mutation Test v2 is a blood-based assa approved
by the FDA as a companion diagnostic for EGFR TKis

— Negative plasma assays require tumor genotyping

womsr ASCO ANNUAL MEETING ‘17 #ASCO17  peqantedy AiceT Shaw
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IASLC PD-L1 atlas lung cancer 2017

Maastricht UMC

Appl Immunohistochem
Mol Morphol. 2017 May 25.
doi:
10.1097/PAl1.00000000000
00540. [Epub ahead of
print]

Paired Comparison of
PD-L1 Expression on
Cytologic and Histologic
Specimens From
Malignancies in the Lung
Assessed With PD-L1 IHC
28-8pharmDx and PD-L1
IHC 22C3pharmDx.

Skov BG1, Skov T.
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Pitfalls of using PDL1 immunohistochemistry as a
biomarker test for anti-PD1-PDL1 therapy

Focal programmed cell death 1 ligand 1 (PDL1) expression in some tumours
may be missed in small biopsy specimens, such as needle biopsies

PDL1 expression among multiple tumour lesions from individual patients can
vary over time and by anatomical site

PDL1 expression in tumour biopsies collected months or years earlier might not
accurately reflect PDL1 status at the time of treatment initiation; therapies
given after biopsy but before administration of programmed cell death protein
1 (PD1) pathway blockade (radiation therapy, chemotherapy or kinase
inhibitors) may alter PDL1 expression

PDL1 epitopes detected by some antibodies are potentially unstable with
prolonged specimen fixation or inadequate tissue handling before fixation (see
NCI guidelines for tissue handling)

Antibodies used for PDL1 detection have different affinities and specificities

PDL1 protein expression can be membranous and/or cytoplasmic; however,
only membranous PDL1 is functionally relevant, by contacting PD1+ T cells

PDL1 can be expressed by multiple cell types within the tumour
microenvironment, which poses challenges for scoring and interpretation

Kerr, JTO 2015; Topalian, NRC 2016
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PD-L1 testing evaluation is encouraging with respect to
better and simpler, reliable routine application in pathology

Since PD-L1 alone is not the optimal biomarker for PD-1
therapies, considerable effort is and should be spent in
examining (combination with) others such as tumor-
infiltrating immune cells, mutational load, gene signatures

In the future, it is likely that it will be an optimal
combination of biomarkers to be used to determine,
with a sufficient degree of certainty, whether a particular
patient will benefit from anti-PD-1/PD-L1 therapy and
future immune checkpoint blocking drugs to come

Timens, week Pathologie 2017
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The Tumor Immunity Continuum

Inflamed Non-inflamed
I

Pre-existing immunity Excluded infiltrate Immunologically ignorant

-
—ar ol
_,..!‘ £

A
3

Mutational Load

Proliferati
CD8 T cellsFNy Angiogenesis Tumors/ Low
',f POL1 Reactive stroma MHC Class |
MDSCs

Respond favorably to Convert to inflamed phenotype with combinations
checkpoint inhibition

Hegde, et al. Clin Cancer Res 2018
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TIL subtype can identify susceptible
tumors for iImmunotherapy

Typrd=HighTDYowGIAR Ki6?  TypeB=HighLD3 hgh GIBBrEi67

A

Prngressinmfree survival Overall survival

Log-rank P=0.043

Type 1 n=19
Typelna 7

Type In=l}

O

Log-rank P=0.003

Type 1 n=15
Type 2, n= 7

Type 3n=13

Surviving probability
: ¢ &t 8

('] LT 1] i T F
Time (years) Time {Haﬁ}l

Herbst R et al. ASCO 2017
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Prim ng anc @cir ST

Anti-CTLA4
Anti-CD137 (agonist)
Anti-OX40 (agonist)
Antl-CD27 [agonist)
IL-2

IL-12

Cancer antigen

presentation  —,
Vacclnes b

IFM-e

GM-CS5F

Anti-CD40 (agonist)
TLR agonists

Infiltration of T celis
nio tumors

Anti-VEGF

Recognition of
cells by T celis

CEGET

CARs

Killing of cancer cells

Anti-PD-L1
Anti-PD-1
IO inhibitors

L

Ralease of
cancer cel| antigens
Chemotherapy

Radiation tharapy
Targeted therapy

Chen & Mellman, Immunity 2013
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Cancer vaccins

Intradermal vaccine: Dendritic cell

protein or peptide
and adjuvant

Adjuvant
activates DC _»
e

/ Antigen uptake

{ by immature DC

t UMC

>

Maastric

Specific
CD4* T cell

e Modified T-cell Tnfusion

9 Modified T-cell
Expansian

Class | MHC

T-cell Activation/ 'ﬁ d ﬁﬁ

Transduction

rd
o CDaT cell )
) @ )
02016 Rockland Immunochamicals, Inc.

Activated
CD8™* T cell
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Monitoring strategy Immunaologically-unresponsive tumor Immunologically-responsive tumor
VWhole exomea sequencing Low mutational burden High mutational burden
Genea signature/pattorns | BCtvaton Ssgnalure T actvabion ssgnatuie

f TragCOA ratlo ; Treg/CD3 ratio

Epigenetic modification

| GO cads 1 GDJ calls
Poor goneral Hotust genaral
Protein microarray antibody response anibody response
Low CD3 coun High CD3 count
B! T-cell receptor repartoire Low clonality High clonalty

L,

effecior cells  PD-1040 + effector cels PO o

* i
Flow/Mass cytometry TeftTreg rabo  MDSC# * TefiTreg rahe  MDSG.
Multicalar IHC | effecior calls, * suppressor cels T @ffector cells | SUppressor
fow PO-L7 on fumor and umor infiltrating immung cails hgh PD-L1 on tumor and tumaor infilrating immune cel
Therapeutic strategy Vaccination , ablation, radiotherapy, chemotherapy Immune v;r_'-ach;puun! blockade therapies
oncolytic therapy, adaptive cellular tharap:,' first and other immunotherapies first
Bilaod e LLymigeh Live Dwing ~ e Make Kb Inmature Mature
L-lﬂ'ﬂ'l'l-ﬂ g s Tl '{;. BTG I n FTCl T.call {\_:'I_:* Al &> dandnlic osll * ohEndnlc cell
* Prolferating subset as assessad by KiBT™ fraction inn st J bnmassler Ca 2018

ES Jeffrey Weber , ASCO 2017
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Microbiome as a biomarker for
checkpoint inhibition

« Microbiota composition enriched in Bacteroides phlilym
associated with decreased immune colitis in patients
treated with anti-CTLA-4'

 Significant differences in diversity and composition of the
gut microbiome were noted in responders (R) vs non-
responders (NR) to anti-PD-1, with a higher diversity of
bacteriain R vs NR (p = 0.03). There was a higher
abundance of Clostridiales in R and of Bacteroidales in NR.
Diversity (p = 0.009; HR = 7.67) and abundance of specific
bacteriain R (p = 0.007; HR = 3.88) was associated with
improved PFS?

®* 1. Dubin, K et al Nat Commun 2016 2. Wargo, J et al ASCO 2017

Presented By Jeffrey Weber at 2017 ASCO Annual Meeting
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Integration of analyses?

Microsatellite instable Microsatellite stable
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pembro in metastatic melanoma
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Clin Cancer Res; 22(22); 5487-96.
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Resistance to Immunotherapy

Anti-PD1/PDL1-sensitive Anti-PD1/PDL1-resistant

A Severe exhaustion B. Expression of co-inhibitony C. Expression of PD1-independent
inhibitory pathways

Stefan Willems, week Pathologie 2017
ASCO 2017
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Optimizing Access to Personalised Cancer Therapy in the Netherlands; from Table 1. Provisional Design of the PATH Gene-Panel
Tissue to Therapy

SNVs, CNVs SNVs, CNVs

ZO N MW CNVs SNVs
Wi PATH project

Predictive Diagnostics SNVs, Fusion- SNVs

transcript

ARAF SNVs, CNVs MAP2K1 (MEK1) SNVs

BRAF SNVs, CNVs MDM2 CNVs
artenson prbs gatonprsa | |
2024nt e

CCND1 CNVs MET SNVs, CNVs

CCND3 CNVs SNVs, CNVs

CDK4 CNVs SNVs

CDK6 CNVs Fusion-transcript

CDKN2A (p16) SNVs, CNVs SNVs

DDR2 SNVs SNVs, CNVs

EGFR SNVs SNVs, CNVs

ERBB2 (Her2) SNVs, CNVs SNVs, Fusion-transcript

FGFR1 SNVs, CNVs SNVs, Fusion-transcript

FGFR2 SNVs, CNVs CNVs, SNVs

FGFR3 SNVs, CNVs, CNVs, SNVs

Diagnostic Efficacy 4 fusion-transcipt
WP 5 HRAS SNVs, CNVs CNVs, SNVs

KIT SNVs

Expert Network

WP 3 1. Predictive genetic biomarkers that are currently associated with approved targeted agents
: for treatment of solid tumours in the Netherlands (in bold) and predictive biomarkers that are

currently under investigation in clinical trials (phase 2-4) or expected to start in 2016 for solid

tumours in the Netherlands

Note. the BRCA1 and BRCAZ2 genes are predictive biomarkers for olaparib treatment in

ovarium cancer. For ethical considerations these genes will not be included in the PATH
Figure 1. The Three-Tiered Approach of the Project panel.

Momenteel in MUMC+ in validatie (N=100)
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*Doel van de MTBM
*Advies geven over behandeling individuele patienten nav tumor-specifieke moleculaire veranderingen.

*Het advies kan betrekking hebben op bijvoorbeeld:

Interpretatie en uitleg van het moleculair resultaat.

*Ongewone of onbekende moleculaire bevindingen waarvan de optimale behandeling niet eenduidig is.
*Nieuwe mutatie-gerichte medicatie en/of behandeling in studieverband in het MUMC+ of elders in Nederland.
sInterpretatie van mutatie-heterogeniteit (bv mutatie is slechts in een deel van de tumor aanwezig).

*Mutaties met ontwikkeling van resistentie op moleculaire therapie.

*Mogelijkheden voor immuuntherapie mbt PD-L1 expressie of alternatieve biomarkers (MSI, tumormutatie load).
*Bespreken van onverwachte resultaten van andere technieken: FISH, immunohistochemistrie, NGS etc.
«Testen op circulerend cel-vrij tumor DNA in bloed (of andere vochten) bij te weinig weefselmateriaal.

«Samenstelling:
«\Wordt op aankomende OncoZon longziekten vergadering nader bepaald

*Bijeenkomst:
*Elke 1¢ en 3% maandag van de maand 15.45u voorafgaand aan het MDO.
*Aanvragen met complete moleculaire en aanvullende klinische gegevens vrijdag 12.45u (als ma MTBM)

Bereidheid tot uitbreiding naar meerdere indicaties!
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Ernst-Jan M. Speel

Future perspectives:
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* Cetuximab
* Papitumumab

*
\, EGFR ERBB2

* Trastuzumab
I— s Pertuzumab —I

MEHD7945A

(dual-action
Ab targeting _I

e EGFR and ERBEB3)
carbozantinib :

= Cefitinib
* Erlotinib

* Lapatinib
= Meratinib
= Afatinib

MAPK
BRAFinhibiturs _
pathway Ler;g- E&% 13 3?435

MEK inhibitors
(e.g. G5K1120212
and AZD6244)

ALM (bispecific Ab)

i I

ERBB2Z ERBB3

 -DM1 ‘
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Maastricht UMC

.
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e
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* MM-121
* AMG-888

MEHD7945A
[dual-action

Ab targeting
EGFR and EREB3)

@ Crizotinib

Se il PISK/AKT
pathway
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r S T X
AKT inhibitors
(e.g. MK2206
and GDC-0068)

mTOR inhibitors
{e.g. rapamycin
and INK128)

* Adenocarc



A EGFR mutations in NSCLC B N-lobe

exon 19 insertions
exon 19 deletions

~ ! = C-halix
Floop g -
i ' 4 axon 20 insertions

exon 18 A / LBSER
—F"l —Addoop u“-I CRE \ = L861Q
i — W R '
G719X exon 19 exon 19 mzﬂ LB58R LBE1Q _ - v A-loop
insertions deletions insertions
sensitivity  (3%)  (1%)  (45%)  (5-10%) (40%)  (2%)
to
gefitinib, — sensitive sensitive senzitive resistant* resistant sensitive sensitive
erlotinib, "'m,;mr"“
afatinib
resistant mutation (EGFR-TT90M) oncogene bypass tracks
mutant EGER mutant EGER esista utation (EGFR tracks
(delET46_ATS0 {delET46_ATS0 ERBB2
or LESER) or L858R) mutant EGFR mutant EGFR METIHGF
(delET46_ATS0
or L858R)
EGFR pmE——— s
gﬁfﬁ'::;'; gefitinib
F—atatinib Py S
n
EGFR TKis
( | TTI0M EMT
) L ) L
| X X X 1] sr| |
4 L
JAKISTAT HﬁPK.rERK PIZKIAKT JAKISTAT MAPK/ERK PRK/AKT JAKISTAT MAPK/ERK PIIK/IAKT JAK/ISTAT MAPK/ERK PI3KIAKT
] l EIMl * * XBIII‘X l | l EIHl l 1 BIHl
proliferation/ X pral ion/ ' proliferation/ X proliferation/ X
i apoptosi pﬁuul p:}( i
survival npﬂ)@" smm 4 ose survival a s survival . oo

Gerber et al., ASCO 2014 educational book
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A Point mutation (in neuroblastoma) B ALK fusion gene

Oligomerization
domain Tyrosine kinase

ALK NPM-ALK (( ] T{Niobe ] Ciobe [
X=X = {1 tobe [ Clobe [ ——

Oligomerization
domain

KIFSB-ALK Q [{N-tobe | C-lobe [

Identified mutation in ALK (neuroblastoma) | Identified ALK fusion gene

1151 T-ins
L152R
CNseY

L1152R
cnsey

Crizotinib

Fn74L
L1196M

GI202R
S1206Y

Reported crizotinib-resistant mutations

RIOS0H (germline) NPM-ALK RANBP2-ALK - : _— G1269A
TN5IM EML4-ALK SECIA-ALK \

M1GER ATIC-ALK SQASTMI-ALK
M70N/S CZorf44-ALK STRN-ALK
FTACAL/SV e - Tyrosine kinase domain of ALK Cases
IM83T (germiine) CLTCLI-ALK TPM4-ALK

L1196M FNI-ALK VCL-ALK i© 2015 American Association for Cancer Research
Al200V HIP1-ALK

L1204F (germline) KIFSB-ALK

L1240V KLCI-ALK . ( - |
F1245C/1/L/V LMNA-ALK Target alteration I Bypass tracks I Other mechanisms

D1270G (inactivating mutant) MSN-ALK
RI1275L/Q (germiine) PPFIBPI-ALK
12785 PRKARIA-ALK Mutant and/or amplified TK
Gl286R
1343

2015 American Association for Cancer Research ple [ pI]TL y PTP ] @
CCR Focus AAGR pr’, s i F'r{!’ ,ﬂ TKI fl : /
/ v
TKI
W § ™ ¥ ™

STAT ERK PI3K STAT ERK PI3K

AL K reSIStan Ce Crizotinib L1196M, G12694, CTISEY, EGFR, cKIT with SCF, IGFIR, | EMT (MED12, cell line)

sistance | G1202R, MSIT ins, i

BIM?
FN74L, L1152R
L, Microenvironment?

¢MET amplification CNS penetration
MAT/N/S, G1202R Ligand activation (EGFR
or cMET activation)

GI269A

Alectinib
resistance

Katayama et al, CCR 2015 Ceritinib

resistance

MEK-activating
FI174C/V, GI1202R mutation




3
AR
X

\

-
L)

Maastricht UMC

Intratumoral heterogeneity Intermetastatic heterogeneity B ranches:_ _
LS o ey ol R Genetic diversity
Clone1 Clone 2 - Subclonal drivers
'- — EGFR T790M
EGFR ampl
t Pancreas
Clone 4 Clone 3 ( ) M et
Primary tumor K R AS

Intrametastatic heterogeneity
within metastatic lesions

Interpatient heterogeneity

Patient 1 Patient 2 EGFR Trunk: driver
P,..-' p
(@ |18

Vogelstein et al. 2013
Gerlinger, Swanton 2014

Drivers can be subclonal: missed through a single biopsy
Combinations of subclonal drivers distinct from patient to patient
Driving force for polyclonal drug resistance and metastasis
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