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Molecular biomarkers in GU malighancies

* Prognostic

* Identify patients more likely to have a
particular outcome

* Predictive Biomarker

* Experience a favorable or unfavorable
effect from exposure

Tissue-based
» DNA sequencing
» Gene expression / epigenetic profiling

POS, EXPT TRT
POS. STND TRT

BMINEG, EXPT TRT
BN NEG, STND TRT

- BM POS. STND TRT
B NEG, BXPT TRT
B NEG, STND TRT

» IHC (protein expression / cellular composition [e.g. immune infiltration])

Blood-based

» CTCs (enumeration, gene expression, IHC [AR-v7], [epi-]genetic profiling)

» ctDNA (screening, MRD [ctDNA+ — adjuvant ther

pyl, [epi-]genetic

(o}illlgls)}

Commercially available gene expression-based diagnostics

in primary prostate cancer

® Prolaris

Prostate Cancer

Laboratories tumor biopsy, or
prostatectomy

specimens

List
Price,*
Test(s) Company usp Sample Requirement Clinical Utility/Intended Use Comments
H Decipher $5,150 FFPE tissue from prostate Categorize patients into low/high Evaluates mRNA expression levels
D e C I p h er Biosciences biopsy, or risk to stratify patients to of 22 genes from FFPE tissue;
prostate cenomic cuassikier  (formally surveillance vtreatment (and generates score from 0 to 1.0
Genome Dx) intensity of treatment) cell cycle proliferation
. . adhesion and motility
Prostate tissue after RP Postprostatectomy for patients immune modulation
with adverse pathologic androgen signaling
features to guide whether
surveillance, adjuvant, or
salvage therapy may be
warranted
OnCOtype ) Genomic Health  $4,520 Tumor tissue from original Biopsy-based likelihood of GPS ranges from 0 to 100 based
N 1 - biopsy in neutral adverse pathologic features on mRNA expression of 17
Genomic Prostate Score buffered formalin; (Grade Group = 3 or genes across four pathways
prostatectomy extracapsular extension); stromal response
. . y y proliferation
specimens not accepted ldenhfytho_se who may benefit androgen signaling
from surveillance v treatment cellular organization
Myriad Genetic ~ $3,900 FFPE tissue from: prostate Aggressiveness of cancer; mRNA expression of cell-cycle

provides a 10-year risk of
metastasis after definitive
therapy, and disease-specific
mortality under conservative
management

progression genes are used to

calculate the score; clinical

factors are subsequently added

for risk assessment (31 genes)
cell cycle progression

cor Institute

Eggener SE, et al. J Clin Oncol. 2020 May 1;38(13):1474-1494.




Clinical utility of genomic classifiers

» Decipher®, oncotype DX® and Prolaris® all
improve prognostic accuracy of multivariable
models for PrCa-related outcomes in addition to
clinicopathologic variables

=)
=3
L

=)
=3
L

* Role in decision making unclear — e.g. oncotype
DX® (GPS) did not add to model including Gleason
Grade Group (GG) and PSA density in predicting
adverse pathology in pts on active surveillance

@
=3
A

¢ A
Disease prevalence

a
S
L

' GG +GPS
- == GG + log, PSA density

~——— GG + log, PSA density + GPS
Commercially available molecular biomarkers (ie, oncotype p s s s e
DX Prostate, Prolaris, Decipher) may be offered in situations - B ’
in which the assay result, when considered as a whole with Risk in Population (%)

routine clinical factors, is likely to affect management. Lin DW, et al. J Clin Oncol. 2020 May 10;38(14):1549-1557,

Estimated 2-Year Risk of AP (%)
N
3

Recommendation 1.1

Routine ordering of molecular biomarkers is not recommended

(Type: Evidence based; Evidence quality: Intermediate; Strength of
recommendation: Moderate).

Eggener SE, et al. J Clin Oncol. 2020 May 1;38(13):1474-1494.

The Genomic Landscape of the SU2C-PCF mCRPC Cohort
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cenpt
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-
H

3
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Pathway osona P:mway Associated
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Cell cycle (RB1 loss;
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Modifier Cell Cycle
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The Genomic Landscape of the SU2C-PCF mCRPC Coho‘[t

Mutation 0
per Mo ' I

287816

AR-
y Associated

PI3K pathwayx ¥
(PTEN loss, etc.)= &

MAPK pathway &
(RAF fusions, etc.)®

s

NCOR?
NCOR2
PIK3CA
PIK3CB
PIK3RT
AKT1
BRAF
RAF1
Apc

CTNNB1
RNF43
RSPO2
ZNRF3

INT
thway fus

Wnt pathwa!
(APC, CTNNB1, etc.)% 3

&

HR (e.g. BRCA2, ATM

DNA repair pathwa:
MMR (e.g. MSHZi

DNA Repair

RB1
COKN1B
CDKN2A

cenp1

Cell cycle (RB1 loss;
CCND1, CDK4/6 amp)

KMT2C
KMT2D
KDM6A

CHD1

Modifier Cell Cycle

Chromatin

spoP ]
MED12 | 27%
2FHX3 i X i [} !

Other

Robinson D, Van Allen EM, et al. Cell. 2015 May 21;161(5):1215-1228.

Inherited DNA-Repair Gene Mutations in Men with
Metastatic Prostate Cancer

RADS5IC, 1%
MRE11A, 1%
BRIP1, 1%

-A total of 84 germline DNA- y | o— FAM175A, 1%
repair gene mutations that W\

were presumed to be = oo

deleterious were identified RADSID, 4%

in 82/692 men (11.8%) .

-Mutations were found in 16 e
genes

Pritchard CC, et al. N Engl J Med. 5):443-53.

" Dana-Farber cancor Instituto
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DNA-Repair Defects and Olaparib in Metastatic Prostate Cancer

Response to Olaparib No Response to Olaparib
PatiantNa |17 18 14200 10) 0l sl 1] &l sioalas] 2l &l 2T Taalulsnl 2l aTal alialiahizlial n1l22023 24 26127120020 12 vl w7 [anl a1 (a2l anlas [as | 02 140
Timeon | 24| 36 | 36| 48 244|ada|240 &7 | 73 | 16| 58| 19 39| 62 =40 12[ 12| 11 | 2¢| 8] 8|24| 8|7 11|13 )12] 1|12 7|12| 4[12|12|2213] 41217 4|12|11]12]12] 9[12|12| 1[12]
Treatment
(wk)
Biomarker | X | X | X | X | X | X | X | X |X|X | X|X|X|X
Positive

X|X
BRCA2 * Kk *-
ATAr ‘ a— I
O m
EEEEE |

FANCA .
A Radiclogic Progression-free Survival
CHEK2 100
P<0.001 by log-rank test
BRCA1 .
PALB2 0 i \
- [ 075 3 Biomarker-positive,

HDAC2 B 1 median: 9.8 mo

o 1

‘s )
RADS1 2 050 |

= ] S
MLH3 | £ 1
—_ S 1

ERCCS 3 ! ) )

E 0.25- L___ Biomarker-negative,
MREI1 | ', median: 2.7 mo

)
T 1 ,
NBN
000 |
[0 Frameshiftmuation [0 Single copy deletion [l Missense mutation H Gemline eve 0123456738091011121314151617181920
, deles. c Ll onths since Trial Ent
B swop ] 9 Months since Trial Entry

Mateo J, et al. N Engl J Med. 2015 Oct 29;373(18):1697-708.

PROfound — Study Design

Primary Endpoint
Cohort A: "

BRCA1, BRCA2 or ATM Radiographic progression-f
* mCRPC with N=245 survival (rPFS) in Cohort A
disease progression (RECIST 1.1 & PCWG3 by BICR)
:gif;‘lz: Or:]:‘;’ reg 21 o Upon BICR progression,
; ' physician's choice patients were Key Secondary Endpoints
CEEMIELES Open-label allowed to cross over to olaparib y - y =ncp
« Alterations in 21 of « rPFS in Cohorts A+B

any qualifying gene i . « Confirmed radiographic objective

with a direct or Cohort B: response rate (ORR) in Cohort A

indirect role in HRR* Other alterations « Time to pain progression (TTPP)
N=142 in Cohort A

« Overall survival (0S) in Cohort A

Key eligibility criteria

Stratification factors
* Previous taxane
* Measurable disease

*An investigational Clinical Trial Assay, based on the FoundationOne® CDx next-generation sequencing test
Developed in partnership with Foundation Medicine Inc, and used to prospectively select patients harboring alterations in BRCA1, BRCA2, ATM,
BARD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D and/ or RAD54L in their tumor tissue

#Physician’s choice of either enzalutamide (160 mg qd) or abiraterone (1000 mg qd + prednisone [5 mg bid])
BICR, blinded independent central review

rDana-Farber Cancer Institute de Bono J, et al. N Engl J Med. 2020 May 28;382(22):2091-2102.




A Imaging-Based Progression-free Survival in Cohort A
04
0.904
B— 0804 Value at
8 s 6mo
9T 070 |
E8 ool )
g’g : Median
& o5
s U Valieat mo
28 040 12mo Olspars 5
£8 0.28 ontrol X
:g :%n gzs‘ @ Olaparib Haza;d rati for progression
i b or death,
& oo 023 conticl R 0.34 (95% C, 0.25-0.47)
Dvm ‘ =5 o P<0.001
X — T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 HR=0.34
Months since Randomization
No. at Risk
Olaparib 162 149 126 116 102 101 82 77 56 53 42 37 26 24 18 11 11 3 2 0 0 0
Control 83 79 47 44 22 2013 12 7 6 3 3 3 2 2 1 1 1 1 0 0 0
B Interim Overall Survival in Cohort A
1.00— Value at 6 mo
0.9
0.904 Value at
§ 0.80-| 2
3 o0 Value at
2 18 mo
g 060 56
§ 0.50 | % __Olaparib Nadias
5 mo
0.404
£ e Olaparib 185
3 oa0] Gortrol Control 151
S 0.20 Hazard ratio for death,
S 0.64 (95% Cl, 0.43-0.97)
0.104 P-002
0.00 B S e S s B S S e N N A S Sy S s
T35 135 675 snhnbubisbisboa2sxsHR=0.64
Months since Randomization
No. at Risk
Olaparib 162 158 155 152 150 147 141 136 125 115 95 86 76 67 59 50 46 33 26 17 11 4 3 2 0 0
Control 83 82 79 76 74 72 69 69 54 50 44 40 34 29 25 23 18 15 11 9 6 3 1 1 0 0

de Bono J, et al. N Engl J Med. 2020 May 28;382(22):2091-2102.

C Imaging-Based Progression-free Survival in Cohorts A and B
1.00~
0.90+
T 030
s2 Value at
HE 0701 b
W'y 0.60-
E “;:.u’ 0.50 W Median
55 Value at =
20 0.404 12 mo
g Olaparib 5.8
| 0307 Control 35
S& 0204 Hazard ratio for progression
e 5 or death,
0.104 = 0.49 (95% Cl, 0.38-0.63)
0.00 Contiol P<0.001
. — T T T T T T T T T T T T T T T T T T 1
0O 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21
Months since Randomization
No. at Risk
Olaparib 256 239 188 176 145 143 106 100 67 63 48 43 31 28 21 11 11 3 2 0 0 O
Control 131123 73 67 38 35 20 19 9 8 5 5 5 3 3 2 2 1 1 0 0 0
Gene alteration i
BRCA1 —_—— 0.41 (0.13-1.39)
BRCA2 —— - 0.21 (0.13-0.32)
ATM — 1.04 (0.61-1.87)
CDK12 —_— 0.74 (0.44-1.31)
CHEK2 ——— 0.87 (0.23-4.13)
PPP2R2A (excluded from FDA label) ———— 6.61 (1.41-46.41)
RADS54L ® : 0.33 (0.05-2.54)
I ¥ T ¥ T ¥ T L 1
0.06 0.25 1.00 4.00 16.00

Olaparib Better Control Better

'- Dana-Farber cancor Instituto

de Bono J, et al. N Engl J Med. 2020 May 28;382(22):2091-2102.




TRITONZ2: A Phase 2 Study of Rucaparib in Patients with Metastatic
Castration-Resistant Prostate Cancer (NCRPC) Associated with
Homologous Recombination Repair (HRR) Gene Alterations

Figure 5. Best Change from Basel PSA (i ure 4. Best Change from Baseline in PSA in Rucapa ated Patients with a

BRCA1/2 Alteration (n=96)
17 ESMO 2018 EZ%%:",% wam ESMO 2019 P —

80 CDK12  MFANCA ,0ngoing on study
HBriPt Hother
60+ o
*Confirmed PSA response
40 b
204
e

i
‘oé“éégmam.am | J

&'

Change from baseline (%)
o
Change from baseline (%)
N &

8 & 858 o

8855

tus: | |Germiine [ Somatic  Measurable disease:

L o

with =1 surement). Each bar

Visual cary. docranse from
baseine PSA and. 231%, and 183% bars
1003 Tor susl ety were capped at 100% fo visualclary

ostate-spectc anigen . iocase: PSA, prostalespecic atige; U, BRCA2 germinelsomatic satus unknoun.

KRR, nomelogous recambinaton fpai

Table 4. Clinical Benefit Rates in Rucaparib-Treated Patients?®

DDR gene

BRCA1/2 ATM CDK12 CHEK2 Other
6 mo, n/N (%) 47/84 (56.0) 14/48 (29.2) 3/14 (21.4) 2/3 (66.7) 6/12 (50.0)
[95% CI] [44.7-66.8] [17.0-44.1] [4.7-50.8] [9.4-99.2] [21.1-78.9]
12 mo, n/N (%) 13/53 (24.5) 2/25 (8.0) 114 (7.1) 0/1 (0) 3/9 (33.3)
[95% CI] [13.8-38.3] [1.0-26.0] [0.2-33.9] [0.0-97.5] [7.5-70.1]
Visit cutoff: 02 Jul 2019.
aClinical benefit rate was the proportion of patients without radiographic progression per modified RECIST/PCWGS3 criteria (per investigator assessment) who were
ongoing with treatment through the indicated time interval.
Cl, confidence interval; DDR, DNA damage repair; PCWGS3, Prostate Cancer Clinical Trials Working Group 3; RECIST, Response Evaluation Criteria In Solid Tumors
version 1.1.

Non-BRCA DNA Damage Repair Gene Alterations and
Response to the Rucaparib: Analysis From the Phase Il
TRITONZ2 Study

L i » Pt PR (1.9+ mo); PSA

o
s X PR {3.9+ mo); PSA 1 (3.1 mo] PALB2

x
x

x

x
6 1 2 3 4 5 B 7 B8 8 10 1 12 13 14 15 16 17 18 19 20 21 22 23

Months
Germline/somatic status: Germline © Somatic = Unknown
Zygosity: B, biallelic; M, monoallelic; U, unknown
Time on study — Response period A Radiographic response start A PSA response start

Ongoing on study < PFS event -#» Radiographic response ongoing —» PSA response ongoing
@ Radiographic response end ® PSA response end

#f= Dana-Farber cancor nsituto Abida W, et al. Clin Cancer Res. 2020 Jun 1;26(11):24




PARP inhibitors - Conclusions

» Approved by the US Food and Drug Administration in May 2020

» Olaparib - mCRPC patients (post AR-directed therapy) with
deleterious or suspected deleterious germline or somatic
homologous recombination repair gene mutation

* Rucaparib - mCRPC patients (post AR-directed therapy AND
taxane) with deleterious germline or somatic BRCA gene mutation

» Clear benefit to patients with mutations in BRCAZ2 (and likely BRCAT)
* Unclear benefit in patients with mutations in ATM, CHEK2, CDK12

» ? Benefit in patients with mutations in genes canonically involved in HR
(PALB2, FANCA, RAD51C/D, RAD52, RAD54L)

Mismatch repair deficiency predicts response
of solid tumors to PD-1 blockade

= Ampulla of Vater

= Cholangiocarcinoma

®m Colorectal

= Endometrial cancer
Gastroesophageal

= Neuroendocrine

= Osteosarcoma

B Pancreas

== Prostate

= Small Intestine

= Thyroid

mm Unknown Primary

B 100~

% Change from Baseline SLD

* Prostate

Le DL, Science. 2017 Jul 28;357(6349):409-413.

rDana-Farber Caneor Institute © 2020 Dana-Farber Cancer Institute, Inc. All rights reserved.



Analysis of the Prevalence of Microsatellite Instability in Prostate
Cancer and Response to Immune Checkpoint Blockade

1346 PrCa pts underwent

MSK-IMPACT testing Patient No.

+ 32 of 1033 patients (3.1%)  roouss | B (r) 0o
with adequate tumor quality ~ Foosse -813
for analysis had MSI- paoasss2 | () w0 |
H/dMMR disease P-0000755 | T 0 08 | &

+ 11 treated with anti- rooisis7 | NN > e g
PD1/PD_L1 CP| P-0012928 | [EZSM——— Inevaluable (toxic effects) _..;Zi:‘memdmm" 183 ,%

- 60f 11 (54.5%) with PSA v | o> > Tmmtonors |03 §

. ® Anti-PD-L1 g
response, of whom 4 also P-0021650 o Ani-p0-1 w9 £
had radiographic P021355 | [CH—— o P woss | %
responses P-0024660 | (TN —> bone-on Monotherapy 995

. 5 of the 6 responders Stl" P-0001071 | [[ET-e Inevaluable (clinical progression) 388
on therapy for as |0ng as 0 10 20 30 40 50 60 70 80 90 100

Time, wk
89 weeks

Abida W, et al. JAMA Oncol. 2019 Apr 1;5(4):471-478.

© 2020 Dana-Farber Cancer Institute, Inc. All rights reserved.

| ||| Lol I

FOXA1
287816
NCOR?
NCOR2
PIK3CA
PIK3CB
PIK3RT
AKT1
BRAF
RAF1
APC
CTNNB1
RNF43
RSPO2
2ZNRF3
BRCA2
ATM
BRCA1
CK12

AR

P:lnway osona P:mway Associated

PI3K pathwa
(PTEN loss, etc.

MAPK pathwa
(RAF fusions, etc.

a
(APC, CTNNBl etc\sg

HR (e.g. BRC

DNA repalr/&)athwa
MMR (e.g. MSHZ\i

DNA Repair

MLHT
MsH2
RB1
CDKN1B
CDKN2A
cenpt
KMT2C
KMT2D
KOM6A
CHD1
sPoP
MED12
2FHX3
ERF

Cell cycle (RB1 loss;
CCND1, CDK4/6 amp)

Modifier Cell Cycle

Chromatin

Other

= Dana-Farber cancor nsituto Robinson D, Van Allen EM, et al. Cell. 2015 May 21;161(5):1215-1228.



The AKT inhibitor ipatasertib with abiraterone prolongs
radiographic progression-free survival compared to placebo

Events,n  Patients, N Median progression-free
survival, months (95%CI)
142(109-187)

191 (139-NE)

19.1 mo vs. 14.2 mo
HR 0.65 (95% Cl1 0.45 — 0.95)

— Placebo-abirateronegrowp 70
— Ipatasertib-abiraterone group 47

Progression-free survival (%)

o 3 6 9 1 15 18 21 2% 7 30 3
Numberat risk
(number censored)
Placshoabirateronegrovp 103(0)  942)  80(2)  66(3)  S6() 401 2909 17(4) 609 460  1(2)
Ipatasertib-abirateronegroup 105(0)  92(6)  83(9)  74(12) 63(12) 4502 30G5) 21(40) @) 44
B Events,n  Patients,N  Median progression-free
survival, months (95% C1)
— Placebo-abiraterone group 83 ) 141(111-18.4)

— Ipatasertib-abiraterone group 56 18 193 (164-NE)

19.3 mo vs. 14.1 mo
HR 0.63 (95% Cl 0.44 — 0.88)

PIK3CA/AKT1/PTEN-altered by NG?_H—L_

Progression-free sunvival (%)

21

0 3 6 9 2 15 18 2 7 30 3
Ninberat i ‘Time since randomisation (months)
(number censored)
Placebo-abirateronegroup 122(0)  110(2)  94(3)  78(4)  67(4)  46(14) 34(3) 19029) 8(34)  4B36)  1(8)
Ipatasertib-abirateronegrovp _128(0)  113(6)  101(11)  90(14)  79(14) _56(27) _38(41) _ 26(49) 14(59) _ 4(68)

Sweeney CJ, et al. Lancet. 2021 Jul 10;398(10295):131-142.

Biology of Urothelial Carcinoma
Molecular heterogeneity but target-rich environment

# Alterations

TP53 (48%)

Basal/Squamous
KRTS5,6,14+, GATA3-, FOXA1-

PIK3CA (22%)

Luminal
KRT20+, GATA3+, FOXA1+

SPTAN1 (12%)

KMT2A (11%)
RBB3 (10%
ERCC2 (9%,
DKNTA (9%
ASXL2 (9%)

TSC1 (8%)
FBXW7 (8%)

E2F3.amp (12%)
PPARG.amp (6%)

MDM2.amp (6%)
NN  CDKN2A.de %
[ | RB1.del (4%,
B FGFR3.

fusion (2%,
. PPARG.fusion (3%)
100 50 0

" Dana-Farber cancor Instituto

Myofibroblast markers
Wild type ps3

Vv
Anti-PD-L1, PD-1, CTLA4 (Targmed merapw)
Cisplatin-based NAC**

EP300 (15%) | ) vi

et =)

ATM (14%)] -

FAT1 (12%) v ¥ ¥

ELF3 (12%) FGFR3 mut, fusion, amp Low purity Female

CREBBP (12%) | Papilary histology EMT markers (TWIST1, ZEB1) Squamous differentiation
ERBB2 (12%) |2 miR-200 family Basal keratin markers
Low CIS Medium CD274 (PD-L1), CTLA-4. High CD274 (PD-L1), CTLA4

Immune infitrates

Anti-PD-L1, PD-1, CTLA4
Cisplatin-based NAC

High cell cycle

Etoposide/Cisplatin NAC

Low risk
NAC*
FGFR3 inhibitors

* Low predicted
likelihood of response,
based on preliminary
data

**Low response rate

Robertson AG et al. Cell. 2017;171(3):540-556.




Association of molecular features with response to
cisplatin-based chemotherapy

b
w

100 100
g 3
3 80 3 80
z z
2 e H
™
g g
§ 40 p=0.0088 5§ a p=0.02
o [7]
o [
@O
a 20 Discovery (AMVAC) B 20- Validation (DDGC)
E ~—— ATM/RBA/FANCC wt — ATM/RB1/FANCC mut 3 — ATM/RB1/FANCC wt — ATM/RB1/FANCC mut
0 - 0 -
T 5 ™ 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 16 12 6 2 wt 15 9 4 0 L]
mut 13 13 12 7 2 mut 9 7 3 0 0

DNA repair gene variants associated with pCR and prolonged PFS

Plimack ER et al. Eur Urol. 2015;68(6):959-967

Association of molecular features with response to
cisplatin-based chemotherapy

Respopder B
Alsraticris Responders (pTO/Tis) Nonresponders (pT24)

Max.

P O - I

g S 0
o

m
€2
5 O B -
N - B
aT
|

|
RB1

ARID1A \ TP53 - KDMSA -
0 5 10 15 10 5 0 0 5 10
MutSigCV significance Number of patients MNumber of patients
[-log,,(P-value)]

ERCC2 mutations associated with pCR - Bladder sparing approach for
those with somatic ERCC2 mutations planned to be prospectively investigated

= Dana-Farber cancor nsituto Van Allen EM et al. Cancer Discov. 2014;4(10):1140-1153




Association of molecular features with response to
cisplatin-based chemotherapy

MNon-NAC TCGA dataset (7 = 397) Discovery NAC dataset (n = 200)
1a p=nofd
oa

Q =
= E
= P
02
a0 o0
] 24 48 72 o6 a2 44 ur 2 E
Tima {mc} Tirme {mah
Claudin [l 4 14 ¥ 1 i | ES 20 7 4 1
Basal 158 54 2 1 a [ 4] 14 a 4
Lumiral [l 185 a6 50 11 ] | Rlig &4 36 17 &

Basal gene expression subtype showed most improvement in OS with NAC

Seiler R et al. Eur Urol. 2017;72(4):544-554.

Biology of Urothelial Carcinoma
Molecular heterogeneity but target-rich environment

# Alterations
TP53 (48%)
KMT2D (28%)

| I KDMB6A (26%)
| ARID1A (25%) Luminal Basal/Squamous
| I PIK3CA (22%) KRT20+, GATA3+, FOXAT+ KRTS,6,14+, GATA3-, FOXA1-
I KMT2C (18%)
[ ] RB1 (17%) \

| — P300 (15%) | . ) v
AG2 (14%, E—
ATM (14%) -
FAT1 (12%) v ¥ ¥

Female

ELF3 (12%) FGFR3 mut, fusion, amp
CREBBP (12%) | Pepilary histoogy
ERBB2 (12%) Low CIS

Low purity
EMT markers (TWIST1, ZEB1)
miR-200 family

Medium CD274 (PD-L1), CTLA-4
Myofibroblast markers

Wild type p53

) \
ASXL2 (9%) Low risk Anti-PD-L1, PD-1, CTLA-4 (Targmed merapw) Anti-PD-L1, PD-1, CTLA-4 Etoposide/Cisplatin NAC
TSC1 (8%) NAC* Cisplatin-based NAC** Cisplatin-based NAC
FGFR3 inhibitors.

FBXW?7 (8%) ** Low response rate

Squamous differentiation
Basal keratin markers

High CD274 (PD-L1), CTLA4
Immune infiltrates

High cell cycle

* Low predicted
likelihood of response,
based on preliminary
E2F3.amp (12%) data
I PPARG.amp (6%)
MDM2.amp (6%)
CDKN2A.del (22%)

FGFR3.fusion (2%

#= Dana-Farber cancor Insiituto Robertson AG et al. Cell. 2017;171(3):540-556.




Erdafitinib: Antitumor Activity in Post-Platinum mUC With
FGFR®3/2 Activating Mutations/Fusions (RT-PCR)

| | _xal |

Patients, n 99
i i ta,.0 (%)
I ORR 40 (40.4) [30.7-50.1] |
CR 3(3.0)
PR 37 (37.4) FGFR gene fusions (RT-PCR)
SD 39 (39.4) FGFR3-TACC3, FGFR3-
BAIAP2L1 FGFR2-BICC1,
PD 18 (18.2) FGFR2-CASP7 (n=6)
Unknown 2 (2.0) FGFR3 gene mutations (RT-
Median time to response 1.4 months PCR)
- - R248C, $249C, G370C, Y373C
| Median duration of response 5.6 months [4.2-7.2] |
ORR among patient subgroups, n (%)
Chemo-naive 5/12(41.7)
Progressed or relapsed after chemo 35/87 (40.2)
With visceral metastases 30/78 (38.5)
Without visceral metastases 10/21 (47.6)

2Confirmed with second scan at least 6 weeks following the initial observation of response.

Loriot Y et al. N Engl J Med. Jul 25 2019;381(4):338-348.

Erdafitinib: PFS and OS

A Progression-free Survival B Overall Survival
100+

90

Overall Survival (%)
3
;

Progression-free Survival (%)
g
;

40 40
30 30
20 20

Median overall survival,

10+ [ "13.8 mo (95% Cl, 9.8-NR)]

NG. of deaths, 40

Median progression-free
No. of progressions or deaths, 77
T T T T T J T T T T T J

3 6 9 12 15 18 3 6 9 12 15 18
Months Months
No. at Risk 99 63 35 16 6 1 0 No. at Risk 99 87 70 42 22 4 0

FDA-approved for locally advanced or metastatic urothelial carcinoma that has
. susceptible FGFR3 or FGFR2 genetic alterations and

. progressed during or following at least one line of prior platinum containing
chemotherapy including within 12 months of neoadjuvant or adjuvant platinum-
containing chemotherapy.

fDana-Farber Cancer Institute Loriot Y et al. N Engl J Med. Jul 25 2019;381(4):338-348.




Biology of Urothelial Carcinoma
Molecular heterogeneity but target-rich environment

# Alterations

TP53 (48%)
[ | KMT2D (28%)
[ ] KDMBGA (26%)
ARID1A (25%) Luminal Basal/Squamous
PIK3CA (22%) KRT20+, GATA3+, FOXA1+ KRTS,6,14+, GATA3-, FOXA1-
KMT2C (18%)
RB1 (17%) v
E£r300(12%) [ oumemmmwm oumewSn  Emw— | : )
FGFR3 (14%) aminat=papitary uminat-infitrated : i
STAG2 (14%) | G W | | J
ATM (14%)
FAT1 (12%) v ¥ ¥
ELF3 (12%) FGFR3 mut, fusion, amp | [ Low purity Female
GREBBP(12%), | Sy heooor iRty o 28 Sakaersin maers
ERBB2 (12% Low ClS Wodium CD274 (PD-L1), CTLA4 High CD274 (PD-L1), CTLA4
PTANT (12%, Myofibroblast markers Immune infiltrates

Wild type p53

High cell cycle

ERCCZ (9%)
CDKN1A (9%)

\
ASXL2 (9%) Low risk Ant-PD-L1, PD-1, CTLA4 |~ (Targeted therapy? | [ Anti-PD-L1, PD-1, CTLA-4 Etoposide/Cisplatin NAC
TSC1 (8%) NAC* Cispl NAC* Cispl NAC
FGFR3 inhibitors.

FBXW?7 (8%) ** Low response rate

* Low predicted
likelihood of response,
based on preliminary

E2F3.amp (12%) data

I PPARG.amp (6%)
MDM2.amp (6%)
NN CDKN2A.del (22%)
RB1.del (4%)
B FGFR3.fusion (2%)
Ml PPARG.fusion (3%)
100 50 (0]

Robertson AG et al. Cell. 2017;171(3):540-556.

HER?2/3 Kinase Inhibitors in Urothelial Carcinoma

Afatinib (pan-HER TKI)! Trastuzumab + Pertuzumab?
P 001
= 100 -~ HERZ/ERBB3 molecular alterations.
© No alterations.
=
2 75
S
3 H
@
2
@ 50
=
2
2
g = .
g n
& B
. . . . = e
o 3 6 9 12 T on veavment (o) iomrat nd i s o bk st P o o e s o s
Months s et o 0 R e o e R et s e

Trastuzumab-deruxtecan?®

DS-8201a
Trastuzumab-mc-GGFG-Dxd o

1. Choudhury NJ et al. J Clin Oncol. 2016;34:2165-2171

" Dana-Farber cancor Instituto 2. Bryce AH et al. J Clin Oncol. 2017;35(suppl 6S): 348
= 3. Doi T et al. Lancet Oncol. 2017:18:1512-1522.




Response rates and median overall survival with
anti-PD-1/PD-L1 blockade in metastatic urothelial carcinoma

Medication Phase # ORR PFS 0OS  PD-L1 Response
Patients (%) (m.) (m.)
Metastatic 2nd Line Atezolizumab | 100 21.0 - 8 -
Therapy . B . .
1] 310 15.0 21 7.9  PD-L1onIC > 5% associated with ORR, testing not required for treatment (1)
Pembrolizumab | 1l P 270 216 2.1 10.3 | PD-L1TC and IC composite score > 10%, no difference in ORR or mOS  (2)
c 272 6.7 33 74 | -
Nivolumab Il 270 19.6 20 | 874 | PD-L10onTC > 1% not associated with ORR but associated with OS @)
Avelumab b/l 241 176 16 7.0 | PD-L1onTC > 5% associated with improved ORR, no OS data as of yet ~ (4)
Durvalumab Ib 191 17.8 - - Composite biomarker of PD-L1 > 25% on TC or IC predicts response rates, (5)
approved companion diagnostic
Metastatic 1st Line*  Atezolizumab I 100 230 27 | 159 | PD-L1 on IC not associated with improved ORR or mOS (6)
Pembrolizumab | 1| 370 29.0 - - PD-L1 TC and IC composite score with cutoff of 10%, no difference noted in(7)
ORR

1. Rosenberg JE, et al. Lancet. 2016;387:1909-20.

2. Bellmunt J, et al. N Engl J Med. 2017;376:1015-26.

3. Sharma P, et al. Lancet Oncol. 2017;18:312-22.

4. Patel MR, et al. J Clin Oncol. 2017;35:330.

5. Massard C, et al. J Clin Oncol. 2016;34:3119-25.

6. Balar AV, et al. Lancet. 2017;389:67-76.

7. Balar A, et al. Ann Oncol. 2016;27:LBA32_PR-LBA_PR.

Aggen DH, Drake CG. J Immunother Cancer. 2017 Nov 21;5(1):94.

FDA update 6/19/18

FDA limited use of pembrolizumab and atezolizumab in 1st line due to decreased
survival compared to platinum-based chemotherapy in patients with low PD-L1.

KEYTRUDA (pembrolizumab) is indicated for the treatment of patients with locally
advanced or metastatic urothelial carcinoma who:

» Are not eligible for cisplatin-containing therapy and whose tumors express PD-L1
(Combined Positive Score = 10 by Dako PD-L1 IHC 22C3 PharmDx Assay), or

» In patients who are not eligible for any platinum-containing chemotherapy
regardless of PD-L1 status.

TECENTRIQ (atezolizumab) is indicated for the treatment of patients with locally
advanced or metastatic urothelial carcinoma who:

» Are not eligible for cisplatin-containing therapy, and whose tumors express PD-L1
(PD-L1 stained tumor-infiltrating immune cells [IC] covering 25% of the tumor area
by Ventana PD-L1 [SP142] Assay)

» Are not eligible for any platinum-containing therapy regardless of PD-L1 status.

» Carboplatin-containing chemo preferred over pembro/atezo for 15t line tx if PD-L1 low

r Dana-Farber cancor Instituto 30




Antibody-drug conjugates (ADCs)

Linker for SN-38
- Hydrolyzable linker for payload release
* High drug-to-antibody ratio (7.6:1)

anti-nectin-4 Humanized anti-Trop-2 antibody
5 « Directed toward Trop-2, an
monoclonal antibody “ pithelial antigen expressed
on many solid cancers
-
protease-cleavable D,

linker =
SN-38 payload
. . — . -
monomethyl auristatin E = ?3;?&.“;’?
(MMAE) parent compound,
irinotecat
microtubule-disrupting agent e
Enfortumab vedotin Sacituzumab Govitecan

(Nectin-4) (Trop-2)

No biomarkers of response (Nectin-4 and Trop-2 levels not predictive)

Location and cell of origin of RCC histological subtypes

Clear cell renal cell
carcinoma

Xp11 translocation
renal cell carcinoma

Papillary renal cell
carcinoma

Chromophobe renal
cell carcinoma

Tubular
epithelium

Intercalated
cells
Principal
cells
Calyceal
epithelium

[ Proximal
l convoluted tubule

Distal convoluted
tubule
Collecting duct

| Collecting duct

renal cell carcinoma

N
Loop of Henlej/

Renal medullary
cell carcinoma

r Dana-Farber cancor Institute Dizman N, et al. Nat Rev Nephrol. 202! 9;16(8):435-451.




Comprehensive molecular characterization of clear cell
renal cell carcinoma

a 385 ccRCC samples
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Inactivation of von Hippel-Lindau (VHL) gene seen in familial and most sporadic clear cell RCC

Leads to increased levels of hypoxia-inducible factors (HIF) and overexpression of HIF targets, such as VEGF
VEGF-targeted agents are standard in advanced clear-cell RCC, but biomarkers of activity are lacking

Cancer Genome Atlas Research Network. Nature. 2013 Jul 4;499(7456):43-9.

Choueiri TK; et al. Clin Cancer Res. 2013 Sep 15; 19(18): 5218-5226.

Current landscape of 10 biomarker investigation in ccRCC

Immuno- Histology
histochemistry

PD-L1 IHC! Sarcomatond histology?

Benefit to 15t line 10 combination over TKI alone regardless of PD-L1 status
* |O-IO (ipilimumab+nivolumab)

TKI-IO (axitinib+pembrolizumab, cabozantinib+nivolumab, lenavitinib+pembrolizumab)

Multiple retrospective studies suggest preferential benefit to 1O with sarcomatoid histology

5. Choueiri et al., Clin Cancer Res, 2015. PMID: 25538263
#= Dana-Farber cancer Institute

6. Debien et al., Cancers, 2020. PMID: 31906050



Current landscape of IO biomarker investigation in ccRCC

Genomics Immune
nfiltration

PBAMT

Immune infiltrated

Immune desert

Immune excluded

Tumor mutation burden? CD8+ infiltration*

g St ot pr N

Integration of biologically important features likely necessary to better predict benefit from 10 in RCC

Miao et al., Science, 2018. PMID: 2930196 ., N Engl J Med, 2017. PMI

McDermott et al., Nature Med, 2018. PMID: 29867230. 4. Braun et al., Nature Med, 2020. PMID: 32472114 s

Location and cell of origin of RCC histological subtypes

s st e LELERE Y Clear cell renal cell
e ' carcinoma
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Calyceal
epithelium

Xp11 translocation
renal cell carcinoma

Papillary renal cell
carcinoma

Chromophobe renal
cell carcinoma

Collecting duct
renal cell carcinoma

Renal medullary
cell carcinoma

'iDana-Farber Cancor Instituto Dizman N, et al. Nat Rev Nephrol. 202! ;16(8):435-451.




Comprehensive Molecular Characterization of Papillary
Renal-Cell Carcinoma

q<0.05 for all genes Mutation Type
2 010 W Missense
S q<0.10 for pan-cancer i
= SMGs M Splice site
5 M Nonsense
E M Frame shift
Z M In-frame indel
z
All PRCC (N=157)
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The Cancer Genome Atlas Network. N Engl J Med 2016; 374:135-145.

Outcomes in clinical trials of MET-targeting agents in
metastatic papillary renal cell carcinoma

Cohort  Tissue source for Therapeutic agents Overall PFSor TTF ORR  Response in patients with MET  Response in patients
size analysis of MET (months) (%) alterations without MET alterations
mutations
Germline MET alterations: PR, NA
. 5/10; SD, 5/10
74 Archival tumour issue or g4 oinip 93 135
Iquid biopsy Patients with non-germline MET NA
alterations: PR, 3/20; SD, 16/20
Tivantinib or Tivantinib, 2;
50 Archival tumour tissue . o L tivantinib—erlotinib, 0 PR or SD, 0/1 PR, 0/34; SD, 0/34
tivantinib-erlotinib 39
23 Archival tumour tissue Crizotinib 5.8 174 PR 2/4;SD, 1/4 PR, 1/16; SD, 11/16
109 Archival tumour tissue Savolitinib NA 7 PR, 8/44; SD, 22/44 PR, 0/46; SD, 11/46
37 Archival tumour tissue Cabozantinib 6.9 32 PR, 4/10; SD, 4/10 PR, 7/27;SD, 15/27

r Dana-Farber cancor Institute Dizman N, et al. Nat Rev Nephrol. 2020 Aug;16(8):435-451.




Tissue-based molecular biomarkers in GU malignancies

» Prostate cancer
« Gene expression-based genomic classifiers (Prolaris, oncotype DX, Decipher)
« Homologous recombination repair deficiency — olaparib or rucaparib (PARP inhibitor)
« Mismatch repair deficiency — pembrolizumab (anti-PD1 checkpoint immunotherapy)
« PTEN alteration — candidacy for trial of AKT inhibitor

« Urothelial cancer

* PD-L1+ by IHC — CPI (rather than carboplatin-based chemo) for 15t tx in cisplatin-
ineligible patients

« Activating FGFR2/3 alteration — erdafitinib (FGFR inhibitor)

» Kidney cancer
« MET alteration in papillary RCC — candidacy for trial of MET inhibitor

» Many others investigated but with limited clinical utility to date

» Targeted agents based on molecular biomarkers under study

FDA update 8/31/21

On 8/31/21, the FDA converted accelerated approval of pembrolizumab for first line
treatment of locally advanced or metastatic urothelial carcinoma (UC) to full approval.
Full approval was accompanied by a label change.

Previous accelerated approval was in the following patients:
» Those who are not eligible for cisplatin-containing therapy and whose tumors

express PD-L1 (Combined Positive Score = 10 by Dako PD-L1 IHC 22C3 PharmDx

Assay), or

» Those who are not eligible for any platinum-containing chemotherapy regardless

of PD-L1 status.

Current full approval:
» Those who are not eligible for any platinum-containing chemotherapy

Cisplatin-ineligible patients who are eligible for another platinum-containing chemo (i.e.

carboplatin) are not included in full approval regardless of PD-L1 status.

» PD-L1 is no longer a relevant biomarker for selection of pembrolizumab for 13! line
treatment of UC.

+ Dana-Farber cancor nstitute
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