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Bladder Cancer: Molecular Classification
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The Consensus Molecular Classification
of Muscle-invasive Bladder Cancer

1750 MIBC transcriptomic profiles from 6 published
classification cohorts identifies 6 molecular classes
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CAN GENETICS HELP US TO
IMPROVE TREATMENT
STRATEGIES IN MIBC?



Preliminary results suggest activity of FGFR
inhibitors in metastatic Urothelial Carcinoma
with FGFR3 alterations

Erdafitinib Rogaratinib BGJ398
(JNJ-42756493)
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Precision Medicine in Neoadjuvant CT

Biomarker “ Translational relevance Reference

ERCC2 mutation Association with pathologic response Van Allen EM et al, Cancer Discov 2014

Association with improved OS in 2 independent i lD) @i e, SN (Cipee 2000

ERCC2 mutation 48+54 . . . Plimack ER et al, Eur Urol 2015
cohorts of cisplatin-treated MIBC patients Plimack ER et al, ASCO 2014

:L,\t/la/t TanlS/ FANCC 34 Association with improved pT<2 response and OS Plimack ER et al, Eur Urol 2015

ATM/F.{Bl/FANCC 25 Association with improved pT<2 response Anari F et al, Eur Urol Oncol 2018

mutations

ERBB2 mutations 71 Association with pTO response Groenendijk FH et al, Eur Urol 2015

DNA damage response 16 Association with pT<2 response and RFS with dose-

(DDR) gene alterations dense GC I @ it Jf Clip el AU

Single-sample genomic 343 Basal tumors benefited the most from neoadjuvant

subtyping classifier chemotherapy administration Saiarii ciet, 157 Urel 2007



Genomic Subtyping Classifier (GSC) to p
consensus subtypes with highest clinical

in the context of NAC.
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BRCA1 mRNA levels associate better
outcome

Overall Survival
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Platinum Priority - Bladder Cancer
Editorial by Cyrill A. Rentsch, Frank Stenner, Christian Ruiz and Lukas Bubendorf on pp. 968-969 of this issue

Defects in DNA Repair Genes Predict Response to Neoadjuvant
Cisplatin-based Chemotherapy in Muscle-invasive Bladder Cancer

B
100 100
g 80 § 80
2 2
7 60 H
b o 60
e e
£ 40 p=0.0085 5 40 p=0.02
0 0
@ @
° i 2 i sl
§ 204 Discovery (AMVAC) .g’ 204 Validation (DDGC)
[ — ATM/RB1/FANCC wt — ATM/RB1/FANCC mut o — ATM/RB1/FANCC wt — ATM/RB1/FANCC mut
0] o]
T T T T T T T T
0 10 20 30 40 Time (mo) 0 10 20 30 40 Time (mo)
# PTs at risk # PTs at risk
wt 21 16 12 6 2 wt 15 9 4 0 0
mut 13 13 12 7 2 mut 9 7 3 0 0
Cc D
100 100
~ 80+ 80
£ £
£ 60 S 60
g 2
» H
? 40 p =0.007 = 40-| p=0.055
5 [
> . ] daoa
O 2. Discovery (AMVAC) 3 20 Validation (DDGC)
— ATM/RB1/FANCC wt —— ATM/RB1/FANCC mut — ATM/RB1/FANCC wt — ATM/RB1/FANCC mut
0] 0|
T T T T
10 20 30 40 Time(mo) 0 10 20 30 40 Time (mo)
#PTs at risk # PTs at risk
wt 21 19 15 7 2 wt 15 12 4 0 0
mut 13 13 13 8 2 mut 9 8 3 [] 0

Plimack ER. Eur Urol 2015

VOLUME 36 + NUMBER 19 - JULY 1, 2018

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Multicenter Prospective Phase II Trial of Neoadjuvant
Dose-Dense Gemcitabine Plus Cisplatin in Patients With
Muscle-Invasive Bladder Cancer
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Clinical trials with NAC including DDR
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TMB and response to anti-PD1

Objective Response Rate (%)
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Percent with Germline Mutation

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

MissMatch Repair defects are frequently
observed in urothelial carcinoma

MMR 38%

Other DDR 12%

Early Onset (Age =45)
N=8

ATM 1%

BRIP1 1%

FH1%
. MLH1 1%
No Germline :

Mutations

9
78% MUTYH 1%

MMR 19% MMR 1%
Other DDR 11% Other DDR 13%

Upper Tract Bladder
N=35 N=76

Carlo M. ASCO 2017



Efficacv in patients in progression to cisplatin

Pembrolizumab? Atezolizumab? Nivolumab3 Avelumab? Durvalumab®

Study design Phase 3 Phase 3 Phase 2 Phase 1b Phase 1/2
N 270 462 265 44 191
Dose 200 mg/3w 1200 mg/3w 3 mg/kg/2w 10 mg/kg/2w 10 mg/kg/2w
ORR 21.1% 13% 19.6% 18.2% 17.8%
Ongoing 72%/14.1m 63%/17.3m 77%/7m 75%/16.5m 81%/5.8m
(%;Median FU)

PFS (median) 2.1 2.1* 2.0 2.7 1.5m
0OS (median) 10.3 8.6 8.7 13.6 18 m
Toxicity

G3-5 13.5% 20% 18% 6.8% 7.5%
G5 1.5 % (0.5% IR) 1% IR 1% 0% 1.5%

1Belmunt J. N Engl ) Med 2017 2Powles T. EAS 2017 3 Sharma P. Lancet Oncol 2017 # Apolo A. J Clin Oncol 2017 > Powles T. JAMA Oncol 2017



KEYNOTE-045: Pembrolizumab associates long-lasting
responses and improves Overall Survival in cisplatin
treated patients

> A CRorPR
Pembrolizumab . . . @ PD or death
(n=157) f. . . 2 > Treatment
: ongoing

Median 7.4 vs 10.3 m
HR 0.70 (1C95%0.57-0.8

Median time to response:
2.1 mo (range, 1.4-6.3)

S
©
=
> Chemotherapy ¥ -
5 (n=30) ' oL e Median time to response:
(7] . . : 2.1 mo (range, 1.7-4.9)
©
L
[e4]
>
o No. of Deaths/
Subgroup No. of Patients Hazard Ratio (95% CI)
] . Overall 33/542 - | 0.73 (0.59-091)
Tumor PD-L1 combined positive score, 1% cutoff
12 16 20 24 1% 184298 : 089 (066-120)
Months 21% 142130 —a 061 (0.43-086)

Belmunt J. N Engl J Med 2017



Events/ Median OS 12-mo OS Rate

[ ] Primary Endpoint Patients (95% CI) (95% CI)
I IVI V I g O r 2 1 1 (PDL1 2/3) Atezolizumab 72/116 11.1 mo (8.6, 15.5) 46% (37, 56)

Chemotherapy 88/118 10.6 mo (8.4, 12.2) 41% (32, 50)
100
- 0, . -
Key Eligibility Criteria® HR = 0.87 (95%CI: 0.63, 1.21), P=0.41
mUC with progression during or 80
following platinum-based =
chemotherapy Atezolizumab Loss of S e
— <2 prior lines of therapy 1200 mg q3w Cl'n'cél ;
Measurable disease per RECIST benefit &
vi.1 = 407
©
ECOG PS 0-1 . >
S |
Evaluable sample for PD-L1 R No crossover fulrlvwa 3 20+
— 1:1 permitted ollow-
TCC histology as primary per protocol R ol
componen(tN 931) TR 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
(investigator’s choice) RECIST v1.1
Stratification Factors *  Vinflunine g3w progression ITT Events/ Median OS 12-mo OS Rate
No. of risk factors® (0 vs. 1/2/3) : '3°°|‘?‘a"el' qu Patients (95% C1) (95% Cl)
) . aclitaxel g3w
;‘S?[l";te;’jf’(;‘jsl(\‘,’fsz‘;ss')”) Atezolizumab  324/467  86mo(7.8,9.6)  39% (35, 44)
: 100~
Chemotherapy (vinflunine vs. Chemotherapy 350/464 8.0 mo (7.2, 8.6) 32% (28, 37)
taxanes)
80
s 8 HR = 0.85 (95% CI: 0.73, 0.99); P = 0.038
z B .
5 40
2 & )
1 o 3
= 160 260 60 50 S0 600 G0
'r‘% Number at risk BT““E (d“y:) ’ ’ 209
E Wy A O B : o
All mo24 16 11 10 10 6 3 1
Responder/ v o1 13 1 10 9 7 1 ° o4

non-responder

T I S O o e o o e e B ) S N B B B I N |
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25



Efficacy in patients 1st line un-fit

Study design
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Efficacy in patients 1st line un-fit

Pembrolizumab?

Atezolizumab?

(KEYNOTE-052)
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Phase 3 trials of CheckPoint Inhibitors
plus chemotherapy

KEYNOTE-361 Advanced or Metastatic Pembro +- CT vs CT PFS, OS (2019)
Urothelial
Carcinoma
(N=990)

IMvigor-130 Advanced or Metastatic Atezo +- CT vs CT PFS, OS (2020)
Urothelial Carcinoma
(N =1200)

DANUBE Cisplatin Elegible or Inelegible Avelumab +- Tremelimumab vs  PFS, OS (2018)
(N=1340) SOC

CHECKMATE-901 Cisplatin Elegible or Inelegible IPI + NIVO vs SOC PFS, OS (2020)
(N=1097)

May 2018. FDA halts accrual of low PD-L1 patients due to relatively worse OS in single
agent anti-PD1/PDL1 arms



Bladder Cancer: Personalized therapies

Clinical criterias (ECOG, Renal function..) are the most
important factors to date.

PD-L1 positivity is required for the treatment of cisplatin-
inelegible patients with front line CPI.

Molecular subtypes and genomic aberrations (DDR, ERCC2)
are included in the design of current clinical trials

Future trials include CT and CPI, and BKs in this setting need
to be validated.
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Clear-Cell Renal Cell Cancer

Table 1. ccRCC-Mutated Genes

TCGA Cohort Japanese Cohort™
Tumors With Passenger Tumors With Passenger
Mutation Probability Mutation Probability

Genes (%) (g value) (%) (g value)
VHL 52.3 < .0001 39.61 < .0001
PBRM1 32.9 < .0001 26.4 < .0001
SETD2 11.5 < .0001 11.3 < .0001
BAP1 10.1 < .0001 7.5 < .0001
MTOR 6 < .0001 5.7 .0431
TCEB1 0.7 .0566 4.7% < .0001
PIK3CA 2.9 < .0001 4.7 .0268
KDM5C 6.7 < .0001 3.8 12
TP53 2.2 < .0001 2.8 .0176
PTEN 4.3 < .0001 1.9 116

Abbreviations: ccRCC, clear-cell renal cell carcinoma; TCGA, The Cancer
Genome Atlas.

“Mutations found by whole exome sequencing.

tIncluding complementary approaches overall VHL mutation rate, 66%.
$Possibly higher TCEBT mutation rates in preselected ccRCC population.
Data are obtained from Creighton et al (Table S4).° and Sato et al (Table S4).°
For methodology, see Creighton et al® and Sato et al.®
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TRACERXx Renal Cancer
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The ages of ccRCC

CHigh-dose IL-ZJ CTemsirolimus) [Bevacizumab }

plus interferon-a

Interferon-a

* New drugs

¢ Drug combinations

* Drug sequences

¢ Vaccinations

e Improved local management
e Precision therapy

1992 2005 2006 2007 2008 2009 2010 2012 2015 2016 2025

Dark age Modern age Golden age Diamond age

— Dark age (before 2005)

— Modern age (2005-2014)
Golden age (2015-2025)

— Diamond age (after 2025)

Overall survival (%)

Hsiej JJ. Nature Primer 2017

Time (years)



International Metastatic RCC Database
Consortium (IMDC) Criteria

IMDC First line

Karnofsky PS <80%
Met_iian overall
Time from initial diagnosis to treatment <1 year SapaLmonts
Favourable
Hemoglobin <LLN
g Intermediate
Corrected calcium >10 mg/dL =
E Log rank p<0.0001
Platelet count >ULN g
(o]
Neutrophil count >ULN
24 36
Number Time since start of treatment (months)
of risk No. of patients at risk
factors?! Favourable 157 40
Intermediate 440 59
Poor 252 7
0 Favourable 43.2 35.3 299
1-2 Intermediate 225 16.6 155
23 Poor 7.8 54 55

Heng DYC. Lancet Oncol 2013; 14: 141-8



F t-Li Ph 3 trial
JAVELIN Renal 101 : . CheckMate 214

Avelumab + Axitinib Sunitinib Pembrolizumab + Sunitinib (N = 429) Nivolumab + Ipilimumab Sunitinib
(N = 442) (N = 444) Axitinib (N = 432) o (N = 425) (N =422)
ORR (95% Cl), % 51 (46.6, 56.1) 26 (21.7, 30.0) 59.3 35.7 42 (36-47) 27 (22-31)
CR 3 2 NR NR 9 1
PR 48 24 32 25
SD 30 46 31 45
PD 12 19 29 17
Not evaluable 6 8 8 12
Patients with ongoing response, % 70 7] NR 72 63
13.8 (11.1, NE) 8.4 (6.9,11.1) 15.1 11.1 11.6 (8.7, 15.5) 8.4 (7.0,10.8)
Median PFS (95% Cl), months, HR = o . b
HE =168 (:5_&0%16:‘;563, 0.840) HR = 0.69 [95% CI1 0.57-0.84]; P = 0.0001 HR 0.82 (99.1% CI, 0.64 -1.05); P = 0.03
’ 4
OS HR NR HR 0.53 HR 0.63
12 mo OS rate, % 86.3 83.0 89.9 78.3 80.0 60.0
All TRAEs, % 95 96 NR 93 97
Grade 3/4 TRAEs, % [ 55 55 62.9 (Gr. 3-5) 58.1 (Gr. 3-5) 46 63
TRAESs leading to discontinuation of 4 8 63 10.1 29 12
all study drugs, %
TRAESs leading to death, n 3 1 8 4

Gullev JL. ASCO GU 2019



Check-Mate 214

(Intermediate-Poor Prognosis mRCC)

Nivolumab
Subgroup +lpilimumab  Sunitinib Hazard Ratio for Death (95% Cl)
no. of deaths/no. of patients

Overall 140/425 188/422 —— 0.66 (0.53-0.82)
Age

<65 yr 77/265 118/259 _— 0.53 (0.40-0.71)

=65 and <75 yr 46/125 55/133 —_— 0.86 (0.58-1.27)

=75 yr 17/35 15/30 _ 0.97 (0.48-1.95)
Sex

Male 104/314 130/301 —— 0.71 (0.55-0.92)

Female 36/111 58/121 — 0.52 (0.34-0.78)
Region

United States 33/112 43/110 — 0.64 (0.40-1.00)

Canada and Europe 51/148 68/147 — 0.70 (0.49-1.01)

Rest of the world 56/165 77/165 —— 0.63 (0.45-0.89)
Baseline IMDC prognostic risk

Intermediate 87/314 121/317 —e— 0.66 (0.50-0.87)

Poor 52/102 66/97 ——— 0.57 (0.39-0.82)
Previous nephrectomy

Yes 103/341 127/319 — 0.69 (0.53-0.89)

No 37/84 61/103 ——— 0.63 (0.42-0.94)
Baseline PD-L1 expression

<1% 93/284 114/278 ——| 0.73 (0.56-0.96)

=1% 28/100 57/114 ——— 0.45 (0.29-0.71)

Not reported 19/41 17/30 _ 0.75 (0.39-1.45)
Bone metastases

Yes 40/84 50/89 _— 0.71 (0.47-1.08)

No 100/341 138/333 — 0.64 (0.49-0.82)
Liver metastases

Yes 40/88 54/89 —— 0.64 (0.42-0.96)

No 100/337 134/333 — 0.66 (0.51-0.85)
Lung metastases

Yes 98/294 141/296 —— 0.61 (0.47-0.78)

No 42/131 47/126 . e 0.81 (0.53-1.22)
Lymph-node metastases

Yes 75/190 99/216 —_——+ 0.79 (0.59-1.07)

No 65/235 89/206 — 0.55 (0.40-0.76)

0.’25 O.;O 1.00 2.b0
Nivolumab+Ipilimumab Sunitinib
Better Better

N
904 ¥
‘; No. of Median
< 80- | W Patients (95% Cl1)
:_: “‘:\ mo
3 704 Wy Nivolumab-+Ipilimumab 425 116 (8.7-15.5)
5 604 Sunitinib 422 8.4 (7.0-10.8)
a
8 5 Hazard ratio for disease progression
& 7 or death, 0.82 (99.1% Cl, 0.64-1.05)
5 404 P=0.03
‘n
3 304 Nivolumab+ipilimumab
g
& 201 Sunitinib
10+
O T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33
Month
No. at Risk
Nivolumab+ipilimumab 425 304 233 187 163 149 118 46 17 3 0
Sunitinib 422 282 191 139 107 86 57 33 11 1 0
No. of Median
Patients (95% CI)
mo
100t Nivolumab + Ipilimumab 425 NR (28.2-NE)
90 == Sunitinib 422 26.0 (22.1-NE)
Hazard ratio for death,
0.63 (99.8% Cl, 0.44-0.89)
: P<0.001
X i
_‘: ! Nivolumab+ipilimumab
2 !
£ 5o : ; Sunitinib
i 12-Mo 18-Mo
S 40 Overall Overall
g Survival Survival
304 (95% C1) (95% CI)
20 % %
Nivolumab+ 80 (76—84) 75 (70-78)
10+ Ipilimumab i i
Sunitinib 72 (67-76) 60 (55-65)
0 T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33
Month
No. at Risk
Nivolumab+ipilimumab 425 399 372 348 332 318 300 241 119 44 2 0
Sunitinib 422 387 352 315 288 253 225 179 89 34 3 0



KeyNote 426 : Pembrolizumab-Axitinib vs Sunitinib

from Disease Progression (%)

Patients Who Were Alive and Free

No. at Risk
Pembrolizumab-axitinib
Sunitinib

Patients Who Were Alive (%)

No. at Risk
Pembrolizumab-axitinib
Sunitinib

90

80

70

60

50

40-|

30

20+

HR 0.69 (95%Cl,0.57-0.84)
P<0.001

Pembrolizumab-axitinib

Sunitinib

357
302

251
193

T T T 1
12 16 20 24

Months

140 42 3
89 29 1

oo

Pembrolizumab-axitinib

Sunitinib

HR 0.53 (95%Cl,0.38-0.74)

P<0.0001

432
429

417
401

T
8

378
341

T T T 1
12 16 20 24

Months

256 136 18
211 110 20

oo

No. of Deaths/

Subgroup No. of Patients Hazard Ratio for Death (95% Cl)
Overall 156/861 —— 0.53 (0.38-0.74)
Age
<65 yr 91/538 — 0.47 (0.30-0.73)
265 yr 65/323 — 0.59 (0.36-0.97)
Sex
Male 108/628 —n— 0.54 (0.37-0.80)
Female 48/233 S E— 0.45 (0.25-0.83)
Region of enrollment
North America 31/207 —— 0.69 (0.34-1.41)
Western Europe 31/210 —a— 0.46 (0.22-0.97)
Rest of the world 94/444 —a— 0.51 (0.33-0.77)
IMDC risk category
Favorable 17/269 = 0.64 (0.24-1.68)
Intermediate 93/484 —a— 0.53 (0.35-0.82)
Poor 46/108 — 0.43 (0.23-0.81)
Karnofsky performance-status score
90 or 100 83/688 —i— 0.53 (0.35-0.82)
70 or 80 67/172 —a— 0.49 (0.30-0.81)
PD-L1 combined positive score
<1 54/325 —— 0.59 (0.34-1.03)
1 90/497 —a— 0.54 (0.35-0.84)
No. of organs with metastases
1 21/210 — 0.20 (0.07-0.57)
=2 134/646 —i— 0.60 (0.42-0.85)
0?1 OTS 1.0 ZTO

Pembrolizumab-Axitinib Better

Rini B. N EnglJ Med 2019

Sunitinib Better




PBMR1 associates with greater benefit from Anti-PD1

>

[l Nonsynonymous

Mutations
per exome

VHL
perv1 BEEE BEE | ] [ |
setoz 1 HE | I |

ATXN7L1
Ggucyze i | |
komsc i

BAP1 ']
chr3p CNA

Tumor purity

Synonymous

3 6 9 12

@ Gene significantly mutated (p<0.05)

Patients with
truncating
mutation in gene

@ Gene significantly mutated and
mutations enriched in CB (q<0.10)

Responder significance: -log, (g-value)

therapy

Mutation type
Missense Inframe indel
M Nonsense Frameshift indel
[ | | Splice site Heterozygous
| deletion
[ ]

Estimated
tumor purity

0.8
I 0.6
1 N

0.2

Response group
M Clinical benefit
I Intermediate benefit

No clinical benefit

PBRM1
L e ! n B
GUCY2C VHL
0.54 .
KDM5C SETD2
0.0 rrrevrnnennenns R R . ...............
ATXN7L1
[ ]
0 5 10 15

MutSig2CV significance: -log, ,(p-value)

Change in tumor burden (%)

150+ mmm PBRM1 LOF (n=16)
0S 3.5+ months PBRM1 intact (n=16)
100- PBRM1 LOF
no clinical benefit (n=3)
50f OS 28/6+ months
9.1
0 -
-50-
-100-
0 1 2
Time from start of anti-PD-1 therapy (years)
1.004
0.751
©
>
S 0.501
>
»
0.25
p =0.0074 m== PBRM1 LOF (n=19)
PBRM1 intact (n=16)
0.00
00 05 10 15 20 25

Time from start of anti-PD-1 therapy (years)

Miao D. Science 2018



Immotion 150: Randomized Phase 2

ITT
Atezo + bev vs. sunitinib 1.00 (0.69-1.45) 0.982
100 - Atezo vs. sunitinib 1.19 (0.82-1.71) 0.358
— Atezo + bev (n =101, 67 PFS events)
80 - —— Atezo (n =103, 61 PFS events)
— Sunitinib (n =101, 59 PFS events)
60 +
o e % M
o
o
40 I 1
I 1 1
6.1 mo| | Sunitinib}
20 (5.4 13.6)} :8.4 mo (}7.0, 14.0)
L |
} ! | Atezo + bev: 11.7 mo (8.4, 17.3)
0 T T T = T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36
Time (months)
No. at risk
Atezo + bev 101 73 62 55 48 40 34 21 13 5 1 1
Atezo 103 59 43 35 31 29 24 14 10 4 2 1
Suntinib 101 69 53 37 30 26 22 11 7 4 2

Gene Expression Signatures

&

04,

§
oY

oo

-
&
& P ,

(o

S
¥ T 1" T HR(95%Cl) P

Sunitinib +—@—t | n=44 n=45 0.31(0.18-0.55) < 0.001 Sunitinib +-o» n=43 n=46 1.31(0.77-2.23) 0.320
Atezo + bev —@— n=45 n=43 0.90 (0.54-1.51) 0.697 Atezo +bev  —e— | n=43 n=45 0.50(0.30-0.86) 0.011
.—0—.' n=43 n=43 0.74 (0.42-1.28) 0.274 —e4—  n=46 n=40 0.83(0.48-145) 0516
———e—
0.05 05 1 2

0.05 05 1 2
Hazard ratio
—_—

In favor of In favor of
Angiotiah - AngiokoW

Hazard ratio

In favor of In favor of
Tsﬂmgh Te“u;w

Tei 19Myeloido"
HR (95% Cl) P
Atezo + bev vs atezo 0.25 (0.10-0.60) 0.002
0.55 (0.28-1.09) 0.086

1 4
0.9 4 nﬂl"‘,
08+ «
0.7 4
0.6 H
0.5
0.4 4
0.3 H
0.2 4
0.1 A

0 -

fl
LI |
02 46

Sun vs atezo

Probability of
progression-free survival

3 25.07.

7

T T T T T T T 11
8 10 14 1
PFS (months;
Sunitinib 2523141311 8 7 6 6 5 2 2 0 0
Atezo +bev 1918 1312121110 8 8 8 6 6 6 3

McDermott. Nat Med 2018



Clinical
Cancer

Predictive Biomarkers and Personalized Medicine
See related article by Chism and Rathmell, p. 1721

Research

Tumor Genetic Analyses of Patients with Metastatic Renal
Cell Carcinoma and Extended Benefit from mTOR Inhibitor
Therapy r¢

Martin H. Voss'®, A. Ari Hakimi?®, Can G. Pham®, A. Rose Brannon®, Ying-Bei Chen®, Luis F. Cunha®,
Oguz Akin*, Han Liu®, Shugaku Takeda®, Sasinya N. Scott®, Nicholas D. Socci®, Agnes Viale’,

Nikolaus Schultz®, Chris Sander®, Victor E. Reuter®, Paul Russo?, Emily H. Cheng®®,
m Robert J. Motzer'®, Michael F. Berger®®, and James J. Hsieh'-¢

|_ 2 R1 R2 R3 M1
PTEN PI3K/Akt/mTOR Somatic mutations Complete functional

m pathway alterations TSC1 frameshift (c.1738delAT) X X X X loss of TSC1
CNA
J_ Heterozygous loss of Chr 9 X X X X
A A Other pertinent Somatic mutations
- genomic alterations VHL missense (H115N) X X X X
TP53 missense (R273H) X X X X
CNA
Treatment
Everolimus Histologic MSKCC Number Treatment duration Number of duration on
T iroli RCC risk of prior on prior VEGF-targeted metastatic rapalog
er:;::lnrznus Sex Age subtype score®® regimens agent (months; agent)  sites Rapalog (months)
l 1 F 58 Clear Int 1 14 (sunitinib) >3 Temsirolimus 27
2 F 73 Clear Int 1 3 (sunitinib)® 1 Temsirolimus 34
2 3 M 66 Clear Int 2 5 (sunitinib) >3 Everolimus 20
4 F 60 Clear Fav 3 11 (sunitinib) >3 Temsirolimus 28
+ 5 F 50 Unclassified Fav 1 2 (sunitinib) >3 Temsirolimus 45+ |

Cell growth - - N — ! N N
Proliferation
Angiogenesis

Metabolism Voss MH. Clin Cancer Res 2014



Clear-Cell Renal Cell Carcinoma:
Precision Medicine

e Current treatments are guided by clinical
factors and drug coverage by the health
systems

* Currently proposed BK need to be
prospectively validated in combination
treatments




Genetic evolution in Prostate Cancer

LA

Inflammation

Oxidative St Senescence
XidaTive res.s ERK/MAPK activation
Telomere Shortenmg PTEN inactivation P53 inactivation EZH2,
TMPRSS2-ERG Rb inactivation P53, Rb inactivation
Prevention Prevention of invasion Local treatment (RP “Prevention” of evident Systemic treatment
of the disease or RT) or observation metastatic disease (ADT, HT, CT)

(only selected pts)
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Chromatin
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Lessons from Advanced disease .

Mutation
perMb

AR
P53
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ETS fusions

DNA Repair Pathway

Cell Cycle

Other

CNAs

FOXA1
ZBTB16
NCORY
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PIK3CA
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AKT?
BRAF
RAF1
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BRCA2
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2L
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cCcnND
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CHOD1
SPOP
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ZFHX3
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8g

&p

133

16q
18q

=

Robinson, D. et al. Cell 161, 1215-1228 (2015).
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Key molecular events in mCRPC compared to primary PCa

20 -
@
@ sroP
10 A
. PTEN
—_
2
N—
%) J
R 8
Q.
e
(4]
»n
> 6
©
g @ Foxat
o , @KMT2C
© L ’
O 4 - K mvyc @
Q 7 @ATM KMT2D
= BRCA2
< ® ZFHX3 APC‘ .
ZMYM3 7 @ xiRP2 o RB1
2 . CTNNB1 CCND1
IDH1 gyramcat .- STAB2 P @ coxiz
MAPSKL” " J0ycr " @GRINZA
o ST o
I 2)
TP538P1 GNAS PREX2 ‘
0 R ARID1B
1 L’ ’ NF1  USP28 AR
0 2 4 6 8 10 30 50

Altered metastatic samples (%) Robinson, D. et al. Cell 161, 1215-1228 (2015).



Metastasis pattern of spread

a A22 - 1

A21

A - L humerus BM
D - Sem. vesicle
C - Prostate

E - L adrenal

F - R adrenal
G - Bladder

H - Pelvic LN
i- L pelvic LN

J - R pelvic LN A-Lnb

K - L pelvic LN C - Liver

L - L media. LN E - Liver
G - Liver
H - Liver

D - L adrenal
F - R nb nod

| - L clavicle

J - L iliac crest
N - GLS EPE
Q- GL3/S

A- R axillary LN

C - R diaphrag. met.
D-Rrb

E - Xiphoid

F - L lobe liver

G - Falciform ligam.

Gundem, G. et al. Nature 520, 353—-357 (2015).



The evolutionary history of lethal
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Tumor activity
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mCRPC patients
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Plasma DNA study is clinically relevant

Jaqunu Adod  (eupwnyyy)

panLiap-H9Qe  bas ¥y
50658
Cabmg
4 W Ik

Ve

!
H
i
Increasing progression-free survival on enzalutamide

BRCA2
BRCAT1

ATM
PALB2
CHEK2

Il Amplification™

I
B Gain
B Loss

[ mutation

> No result

=) Pt on-treatment

OO0 0000 O0
NOoOWOoWwOoWw
- NNM M

o
=]
<

o
0]
<

(shep) leanins aa1p-uoissalbiold

o
(]
n

p-

Wyatt et al, JAMA Onc

I stopgain

|| Frameshift

[ | Missense

IN/A

| No mutation



Concordance of Circulating Tumor DNA and Matched
Metastatic Tissue Biopsy in Prostate Cancer
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Multiple Genomic markers Correlate with TTP

Median TTP Univariate Multivariate***

Genomic Alteration Positive vs Negative™ BECATG
(months) HR P-value HR -

B AR e e P Y L 1.8 vs 8.0 6.14 (3.35-11.26) <0.001  5.34 (2.84-10.03) <0.001
mutation
TP53 inactivation** 3.3 vs 10.2 2.78 (1.92-4.03) <0.001 2.21 (1.38-3.55) 0.001
PI3K pathway 3.3vs 10.4 2.73 (1.91-3.90) <0.001 1.95 (1.31-2.90) <0.001
AR amplification 50vs 9.3 2.05 (1.43-2.93) <0.001 1.29 (0.85-2.09) 0.271
RB1 inactivation™* 3.6 vs 8.2 2.03 (1.36-3.04) <0.001 1.45 (0.95-2.21) 0.08
SPOP mutation 7.3vs 7.4 1.00 (0.51-1.97) 1.00
AR mutation 6.2vs 7.4 1.02 (0.53-1.95) 0.95

Includes patients without ctDNA. ** Mutation, deletion or rearrangement. *** includes trial arm, presence of quantifable ctDNA and clinical prognostic factors (LDH, ALP,
Visceral Mets, ECOG PS).

Adapted from Kim Chi at 2017 ASCO Annual Meeting



PSA Progression-free survival (%)

AR Normal
AR Gain

Plasma AR status is associated with worse outcome
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Conteduca V & Grande E. Annals of Oncology 2017



Overall survival (%)

50 +

Plasma Androgen Receptor and Docetaxel for Metastatic
Castration-resistant Prostate Cancer

Vincenza Conteduca “”"*, Anuradha Jayaram %', Nuria Romero-Laorden °/,

Daniel Wetterskog ™, Samanta Salvi®, Giorgia Gurioli®, Emanuela Scarpi®, Elena Castro “,
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PTEN-loss tumors might benefit from the addition of
AKT inhibitors to Abiraterone in mCRCP

PTEN Loss
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Neuroendocrine PCa is derived from
divergent differentiation

Divergent clonal evolution of castration-resistant
neuroendocrine prostate cancer

N-Myc Induces an EZH2-Mediated Transcriptional
Program Driving Neuroendocrine Prostate Cancer

Etienne Dardenne,’'' Himisha Beltran,>**'' Matteo Benelli,> Kaitlyn Gayvert,®” Adeline Berger,' Loredana Puca,*
Himisha Beltran'->13, Davide Prandi®'3, Juan Miguel Mosquera>%, Matteo Benelli%, Loredana Puca!, Joanna Cyrta!, Joanna Cyrta,':* Andrea Sboner, . Zohal Noorzad,' Theresa MacDonald,’ Cynthia Cheung, ' Ka Shing Yuen,'

. R, . R Dong Gao,® Yu Chen,*%¢ Martin Eilers,'° Juan-Miguel Mosquera,’-* Brian D. Robi
Clarisse Marotz!, Eugenia Giannopoulou$, Balabhadrapatruni V S K Chakravarthi’, Sooryanarayana Varambally?, Maﬂ? A. Rubin,»24¢ Francesca Demichelis, amgnav;doss_qmc&muza.m

Department of Pathology and Laboratory Medicine, Weill Cornell Medicine, New York, NY 10065, USA
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Rb1 and Trp53 cooperate to suppress prostate cancer
lineage plasticity, metastasis, and antiandrogen resistance
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@ Cell with lineage plasticity
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Mu, P. et al. Science 355, 84-88 (2017)
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mPCa is associated with increased presence of
germ-line mutations
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Effect of BRCA Mutations on Metastatic Relapse and Cause-
specific Survival After Radical Treatment for Localised Prostate
Cancer.
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Radiographic-Progression Free

Overall Survival

Survival

HR-defects predict response to PARP inhibitors and

Olaparib
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Screening

Estudio Fase 3 de Olaparib
en CaPRCm en progresion a Abi/Enza
Estudio PROFOUND

Cohort A
BRCAT1, BRCA2 or
ATM mutation
N=240

Cohort B
Other HRR gene
mutations
N~100

)

Randomization 2:1 (open label)

i

Olaparib
300 mg bid

{

Investigator choice
Enzalutamide, OR
abiraterone + prednisone

Olaparib
300 mg bid

Investigator choice
Enzalutamide, OR
abiraterone + prednisone

)

A 4

Radiographic progression (BICR)

(

Optional:
Olaparib —>
Switch post-BICR progression
Optional:
Olaparib -
Switch post-BICR progression?

2nd progression and survival follow-up
Subsequent anticancer therapy

at investigator’s discretion

NCT0298754
3



PARP inhibition increases activity of antiandrogen
therapy in unselected patients

100-p=— —— Olaparib and abiraterone (n=71)
i — Placebo and abiraterone (n=71)
HR 0-65 (95% Cl 0-44-0-97); p=0-034

o)
o
|

¥

Radiographic progression-free
survival (%)

Number at risk

(number censored)
Olaparib and abiraterone 71(0) 58(5) 50(6) 42(8) 33(9) 26(12) 21(13) 18(13) 13(17) 8(19) 0(25)
Placebo and abiraterone 71(0) 48(3) 39(4) 25(5) 21(7) 19(7) 16(7) 14(7) 10(8) 7(10) 0(17)

Clarke. Lancet Oncol 2018



PCa can be hypermutated and
associated with MSI-high

Lynch syndrome increases the risk of prostate cancer

Cumulative Risk (%)
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Advanced PCa can be associated with complex MSH2 and
MSH6 mutations
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MSI is observed in 3% of Prostate
Cancers in large cohorts
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Agnostic treatment in MSI-High tumors:
Anti-PD1 treatment- Prembolizumab

euroendocrine
Osteosarcoma
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100+

Le DT. Science 2017



Prostate Cancer: Precision
Medicine

Current treatments in mCRPC are guided by
clinical factors, toxicity profile and drug
coverage by the health systems

Molecularly guided clinical trials are needed

Currently proposed BK need to be
prospectively validated in clinical trials
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