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,1he greatest single advance in
our understanding of bladder
cancer In the past 5 years has
been the description of
molecular subtypes”

Peter C. Black Editorial Eur Urol 2017:; 72: 366-367



MIBC- Somatic Mutation Rate
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Molekulare Heterogenitat des MIBC
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Blasenkarzinomsubtypen

Choi W. et al., Eur Urol 2017: 72: 354-365



mRNA Subtypes

Papillary Histology
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Molekulare Subtypen des MIBC

Bladder cancer subtypes
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Enrichment of significantly mutated genes in the
Lund Molecular Subtypes
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Molecular Subtypes might be distinguished

o8B 888388

Positive cases (%)

Mluminal W Basal M Double Neg.

Czerniak, eBiomedicine, 2017

by IHC

Tumour cell phenotype definitions
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Sjodal G et al., J Pathol, 2017; 242:113-125



Zusammenfassung - Molekulare Subtypen des MIBC

Ahnlich dem Mammakarzinom konnen Urothelkarzinome in
luminale und basal-like Subtypen unterteilt werden

- Luminal: kann je nach Classifier weiter in p53-like,
UroA, infiltrated, genetic unstable, bzw Cluster | und
Cluster Il unterteilt werden

- Basal: kann je nach Classifier weiter in SCCL, UroB,
Claudin low, bzw in Cluster Ill und IV



Zusammenfassung - Molekulare Subtypen des MIBC

Mit IHC lassen sich luminale von basal-like Tumoren
unterscheiden, wie auch die weiteren molekularen
Subtypen identifizieren

Die verschieden molekularen Subtypen weisen eine
differentielle Anreicherung von signifikant mutierten
Genen auf, die fur die Identifizierung von drugable
targets bedeutsam sind, bzw. pradiktiv fur
Therapieansprechen sein kdnnen



Biomarker fur Response
NEOADJUVANTE

CHEMOTHERAPIE



Neoadjuvante Chemotherapie ist Standard of

SWOG-8710

Care fur MIBC

3 cycles standard MVVAC = Cystectomy
Vs.
Cystectomy alone

2.6 year

Survival (%)
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M-VAC and cystectomy (90 deaths; median suryival, 77 mo)
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Neoadjuvantes Setting ist optimal fur
pradiktive Biomarker Forschung

Tissue Collection at Immediate pathologic

Baseline (TURBT) endpoint at surgery

Follow up
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Plimack ER, Hoffman-Censits JH, et al
J Clin Oncol. 2014




p53-like signature at baseline TUR predicts
chemo-resistance (2T2)
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Choi et al, Cancer Cell 2014



Percent survival

Percent survival
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OS assoziiert zu molekular Subtyp in den

non-NAC (li) und NAC (re)

Non-NAC TCGA dataset (n = 397)

Discovery NAC dataset (n = 200)
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Genomische Analyse von pra-therapeutischen
MIBC Samples (FoundationOne)

. = stop
Total Bladder Cancer Patients
E lled i linical Trial N ™ indel
nroiie in Clinica ria ] 34 patlent Samples 1 )
n=44 = splice
728 alterations in 212 genes ¢

W amplification
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Sequencing

n=34

Non- Responders
responders (ST1NOMO)
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Plimack et al, European Urology, 2015



3-Gensignature: Alterationen in ATM, RB1 oder
FANCC sig. assoziiert mit pathologischer Response
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ATM/RB1/FANCC Mutationen korrelieren mit
verbessertem Response und Survival

AMVAC discovery set
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ERCC2 Alterationen korrelieren mit verbesserter RR
und OS in Discovery und Validation Sets

m Overall survival: FCCC (validation) cohort Overall survival: DFCI/MSKCC (discovery) cohort
1.0 ~+~—+ - —+ +++ 1.0 ~
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Liu, et al. JAMA Onc 2016

Liu et al., JAMA Oncol, 2016



Hypothese: Defekte in DNA Reparaturgenen bewirken
Sensitivitat fur platin-haltige Chemotherapie

ATM, RB1, FANCC, and ERCC2 mutations cause defects in DNA damage
repair that confer sensitivity to cisplatin-based chemotherapy

The accumulation of alterations seen among patients with pathologic
complete response reflects this phenotype.
(p=0.024 FCCC AMVAC discovery, p= 0.018 FCCC DDGC validation, p= 0.0003 in MSKCC/DFCI cohort)

_ Gene Dysfunction Results in Impaired DNA repair

Dysfunctional ATM impedes DNA repair induced by cisplatin. Accumulation of damaged,

e unrepaired DNA triggers apoptosis.
Dysfunctional Rb1 results in increased double-strand breaks. Accumulation of cisplatin-damage
Rb1 triggers apoptosis by a mechanism other than Rb1l checkpoint tumor suppression.
Dysfunctional FANCC impedes DNA repair induced by cisplatin. Accumulation of damaged,
FANCC unrepaired DNA triggers apoptosis.
Dysfunctional ERCC2 leads to inability for nucleotide excision repair after cisplatin-induced DNA
ERCC2

damage. Accumulation of damaged, unrepaired DNA triggers apoptosis.

Presented By Elizabeth Plimack at 2017 Genitourinary Cancers Symposium



Zusammenfassung NAC bel MIBC

. Basale Subtypen des UC profitieren von Platin-

haltiger NAC

. P-53 like Subtypen bzw. Claudin low Subtypen und

luminal( infiltrated) Subtypen profitieren eher nicht von
NAC

. Luminale Tumoren (non-infiltrated) haben die beste

Prognose profitieren nicht/ brauchen keine NAC



Zusammenfassung NAC bel MIBC

Genetische Alterationen in ATM, RB1, FANCC sowie
ERCC2 Mutationen haben maoglicherweise einen

pradiktiven Wert fur Responsevorhersage auf NAC bel
MIBC,

Wilde type Tumoren in den oben gelisteten Genen zeigen
praktische keine Response

Caveat: Alle Daten sind retrospektiv zum Tell in nur kleinen
Kohorten gezeigt —Prospektive Validierung noch
ausstandig



Biomarker fur Response
IMMUNCHECKPOINT

INHIBITOR THERAPIE



Rolle der PD-L1 IHC

* PD-L1 is expressed both on tumor and immune
cells in urothelial cancer

* Higher level of staining leads to higher
response rates with some agents, and may be
linked to overall survival

* Multiple PD-L1 assays exist and are being
evaluated in bladder cancer

* Interpretation of assays depends on the
antibody
Rosenberg JE, et al. Lancet. 2016;387:1909-1920.

Sharma P, et al. Lancet Oncol. 2017;18:312-322.
Bellmunt J, et al. N Engl J Med. 2017;376:1015-1026.



Response Rate

PD-L1 Testing (IC 2/3 vs. 1/2 IHC) Fehlender Nachweis
Responder in den Atezolizumab mUC Studien zu
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PDL1 Testing (CPS 2 10%) Fehlender Nachweis
Responder in den Pembrolizumab mUC Studien zu

Identifizieren

Combined positive
score (CPS) is

determined by IHC
using the PD-L1 22C3
pharmDx assay

LI YRR
e o

PD-L1 1 - Specificity
Tumor, inflammatory cells . 2
( - ) Confirmed and Unconfirmed
Balar et al. ESMO 2016. Best Overall Response Bellmunt et al. SITC 2016.
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_—
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Biomarker beyond PD-L1 Mutational Load und

* Atezolizumab in platinum-pretreated patients

e Estimated using a targeted panel

* Focuses on non-hotspot alterations

* Extrapolates from 3% of genome covered in assay

* Mutation load associated with higher objective responses

@ Stable/progressive disease m Complete/partial response

- o
o - -
é 40+ . -
2 * - 3
S 304 s
3
3 . : E
= 20+ . 2
= =
=
2 10 =
ES
o T T T T T
All dusters Cluster | Cluster Il Cluster 1l Cluster IV
Luminal Basal

RR

p<0-0001
10-0—
5-00 *
1-00-
0.50 =
0-10— .
0.05-

@

T T T 1

ICo 1 €2 I3

Reprinted from Lancet, 387, Rosenberg JE, et al., Atezolizumab in patients with locally advanced and metastatic

urothelial carcinoma who have progressed following treatment with platinum-based chemotherapy
multicentre, phase 2 trial, 1909-1920., Copyright 2016, with permission from Elsevier.

: a singlearm,



Biomarker beyond PD-L1 Mutational Load und OS

* Patients treated with
atezolizumab

Cohort 2 Cohort 1 Y .
Platinum-treated mUC 11 cisplatin-ineligible mUC * Mutation load associated
100% 4 P =0.0012° 100% P = 0.0079° with ORR

* Quartile-split mutation
load was associated with
OS in platinum-treated
patients (cohort 2)

* Similar results were seen
for 1L cisplatin-ineligible
25% patients (cohort 1)

* |In both cohorts, patients
with the highest median

75% 75% 4

50% + 50% -

OS Probability
OS Probability

25% 4 Median load
quartile (range)
-Q4:(>160t0<62.2)
-Q3:(>81t0<16.0)
-Q2:(>54t0=8.1)

0% 1 -Q1:(209t0<54) 0% 4 i bed
0 100 200 300 400 500 600 0 100 200 300 400 500 600 rputgFlon oad (Q4) ha
T By significantly longer OS vs

those in Q1-Q3

Rosenberg JE, et al. ASCO 2016. Abstract 104. Reprinted with permission.
© 2016 American Society of Clinical Oncology. All rights reserved.

Rosenberg JE, et al. J Clin Oncol. 2016;34(suppl). Abstract 104.
Balar AV, et al. Lancet. 2017;389:67-76.



Molekulare Heterogenitat bei metastasierten
Tumoren
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Biomarkers Beyond PD-L1:
Expression Subtype

* Gene expression data used to classify

n=73 n=52 n=38 n=36 IMvigor210 tumor samples
100 + [ 1 recapitulated TCGA subtypes
* Responses occurred in all subtypes,
75 A RECIST vi.1 Put ORR was significantly higher in
e response luminal 2 vs other subtypes
= @ SD
25 - m PR
Luminal
. | N i
.I I'I I'“ {/ Umbredla O
i
Luminal Basal Intermexsiate

Rosenberg JE, et al. ASCO 2016. Abstract 104.
Reprinted with permission. © 2016 American Society
of Clinical Oncology. All rights reserved.

em cell

Reprinted by permission from Macmillan Publishers Ltd:

Rosenberg JE, et al. J Clin Oncol. 2016;34(suppl). Abstract 104. Choi W, et al. Nat Rev Urol. 2014:11:400-410.

Choi W, et al. Nat Rev Urol. 2014;11:400-410.



Molecular Subtype, 25-Gene Interferon-
v Signature, and Response to Nivolumab

* Basal 1 and luminal 2 have higher response rates vs the other 2 subtypes
= Interferon-y genes are enriched in responders vs those with progressive disease (P <0.01)

Complete Partial Stable Progressive P<0.001
Response® Response Disease Disease 2
2 -
100
b -
A B %}\ !
1 o R
= 2§ i 3
P v < «£ i
£ g o = 4
& so | = < i
& A i =
o -1 - < =
. -
25
-2 =2
(o]
Luminal 1 Luminal 2 Basal 1 Basal 2 CR/PR/SD PD
(Cluster 1) (Cluster 2) (Cluster 3) (Cluster 4)
n=66 n=55 n=23 n=33 Response

Molecular Subtype

Reproduced with permission from Matthew D. Galsky, MD.



Predictors of Response to Atezolizumab

PD-L1IC TCGA Subtype Mutation Load

P=0.0109 P=00384 S A PD-L1IHC, TCGA subtype and

mutation load were significant

independent predictors of response
P=0.0229 /0-0057 « PD-L1IC + subtype combination
significantly improved on PD-L1 IC

alone or subtype alone

PD-L1IC P=0.0935
+ TCGA Subtype + 3-biomarker combination
significantly improved on PD-L1 IC
P=0.0005 + subtype combination

« These data highlight the importance
of the interaction between the tumor
PD-L1IC + TCGA Subtype and its microenvironment in
+ Mutation Load understanding response to
atezolizumab

Based on data cutoff: March 14, 2016.
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Zusammenfassung fur 10

PD-L1 hoch-exprimierende Tumoren (CS >10 bzw. IC2/3) zeigen
moglicherweise eine bessere Response auf PD-1/PD-L1
zielgerichtete Therapien voraus

Hoherer Mutational Load ist mit hGherer objektiver Response-
Rate assoziiert

Luminal 2 (Cluster 2 infiltrated) und Basal 1 (Cluster 3)
molekulare Subtypen zeigen einen signifikant hdhere
Responsrate, Cluster IV zeigt hohes Immunzell-infiltrat aber
schlechtes Ansprechen auf I-O



Zusammenfassung fur 10

Caveat: Die Methodik der molekulare Subtypisierung in gezeigten
beiden Studien wurde nicht veroffentlicht

Zusammenhang Qualitat des Immunzellinfiltrat (Effektoren vs,
Suppressoren) und Mutational load nicht ausreichend gut
charakterisiert

Weitere prospektive Studien mit moglichst standardisierter
molekularer Subtypisierung notwendig



Zukunftiger Behandlungsalgoritmus far MIBC ?

TCGA (n=412)

l Luminal ] [ Basal/Squamous I

KRT20+, GATA3+, FOXA1+ KRTS5,86,14+, GATA3-, FOXA1-

v |
Vv DE—
Ve \ Y
y 9 -
FGFR3 mut, fusion, amp Low purity Female SOX2
Papillary histology EMT markers (TWIST1, ZEB1) Squamous differentiation DLX6&
SHH+ miR-200 family Basal keratin markers MSI1
Low CIS Medium CD274 (PD-L1), CTLA-4 High CD274 (PD-L1), PLEKHG4B
. Myofibroblast markers CTLA4 E2F3/SOX4 amp
‘P53-like’ Immune infiltrates High cell cycle
Low risk Anti-PD-L1, PD-1, CTLA-4 (Targeted therapy’?) Anti-PD-L1, PD-1, CTLA-4 (Etoposide/Cisplatin NAC )
NAC* Cisplatin-based NAC** Cisplatin-based NAC
FGFR3 inhibitors

** Low response rate
* Low likelihood of

response based on

preliminary data (Seiler

etal. 2017)

Presented By Seth Lerner at 2017 ASCO Annual Meeting Cell, submitted
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