Ultrasensitive ctDNA : Current Evidence and
Future Directions in the Genitourinary
Malignancies

Arnab Basu, MD, MPH
Site Lead, GU Oncology
Mavyo Clinic, Jacksonville , Florida




DISCLOSURE OF RELEVANT FINANCIAL
RELATIONSHIP(S) WITH INELIGIBLE COMPANIES

- Aveo anoIoEgy (Advisory, ISR Funding) , Daiichi Sankx\o (Steering
Committee) Eisai (Advisory), EMD Serono (Advisory), Arcus
Biosciences (Advisory/Research), Pfizer (Advisory/Research) ,
Natera (Advisory/Research/SC) ,BMS (Research) , Kura Oncology
Research), , Grail (Stock), Exelixis (Advisory/ Research) , Summit
herapeutics (Research), Amgen (Advisory),



ctDNA In cancer

* cellfree DNA (cfDNA) first described
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* DNA turnover high in cancers ( apoptosis,
necrosis, division, secretion)
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* Short half life ( t,,, ~2 hours)
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Progression of ctDNA testing & applications

A shift from biologic observation to clinical decision support

1948 Tumor biology 1970s-80s 2003/04+ 2005-2020s
. Signal without i .
cfDNA discovered Cancer sheds DNA gn - Actionable mutants Panel-based testing
actionability
Cell-free DNA recognized Tumorturnover_and v_ascular Higher cfDNA in advanced EGFR alterations make liquid Liquid biopsies bundle 50-300
. - access create a circulating tumor . o o . - .
decades before clinical utility. signal disease, but limited clinical use. profiling clinically relevant. clinically relevant genes.
. . . . . {3 M »
® higher titers of cfDNA in advanced disease versus Modern platforms developed as a “one stop solution
localized
® Genesare pre-determined into a “package” of 50-300 of clinically
® | ack of actionability in the 1970s -80s relevant alterations
[

. . . Not built specifically for “detection of cancer” but for “detection of
(EGFR) alterations in lung cancer became first mutants of therapeutic or prognostic interest”
actionable mutants with Erlotinib/Gefitinib ~2003/4



Ultrasensitive ctDNA tests

From: Liquid biopsy and minimal residual disease

latest advances and implications for cure
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Non-metastatic cancer

Mutations relevant
to therapy?
For example, EGFR,

KRAS, BRAF or ESR1
mutations

Non-malignant conditions:
ageing, benign tumours
and/or pre-neoplastic lesions

QGG

Liquid biopsy and minimal residual disease — latest
advances and implications for cure

Klaus Pantel B3 & Catherine Alix-Panabigres

Nature Reviews Clinical Oncology 16, 409-424 (2019) | Cite this article




Clinical applications of ultrasensitive ctDNA
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1. Pantel K, AliPanabieres C. Liquid biopsy and minimal residual diseasédatest advances and implications for cureNat Rev Clin Oncol20 19;16(7):409-424.



Tumor Informed MRD

Tumor Agnostic MRD

Surgical Resection vs
Biopsy of Tumor

| 4
R “
H,
Extraction of tumor DNA % -

FFPE Slides -usually with = and Whole Exome

25 mm?tumeor area and = Sequencing Performed
20% tumor content

Mutational landscape of Genetic and epigenetic cancer
individual tumor used to specific signatures from
create tumor informed or multiple tumors used to create
MRD Probe tumor agnostic MRD Probe
\ MRD Testing A
|

Qualitative/Quantitative
report is generated for
individual Patient

o —

|

: Analysis performed

i Peripheral blood collected in ,};, a cpemra|

\Q special tubes which stabilize laboratory
ctDNA upto 2 weeks

Sidhom et al, (in publication) CGUC 2024



Practical considerations on MRD testing

Tumor-informed vs tumor-uninformed approaches
Tumor-uninformed testing

Tumor-informed testing

STRENGTH

Quicker turnaround

TRADE-OFF

Highly specific and sensitive
Useful when time to treatment
matters
Very low risk of “treating by
M »
Does not depend on path sourcing
Time consuming and resource

Higher false-positive risk

Key decision: prioritize specificity and tissue-linked confidence, or speed and tissue-independent access.



Neoadjuvant
Micro metastasis
and Primary
directed therapy

Management of MIBC

"F‘ $ “Bladder removed

Radical

Adjuvant —
Micro metastasis
directed therapy

Cystectomy

Molecular Residual Disease
Testing




Me. at Risk
WM-VAC and cystectomy
Cystectemy alone

Survival (3a)

— MWVAC and cystectormy (90 deaths; median survival, 77 mo)
Cystectorny alone (100 deaths; median survival, 46 mo)
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Neoadjuvant Chemotherapy plus Cystectomy
Compared with Cystectomy Alone for Locally
Advanced Bladder Cancer

© This article has been corrected. VIEW THE CORRECTION

Authors: H. Barton Grossman, M.D., Ronald B. Natale, M.D., Catherine M. Tangen, Dr.P.H., V.O. Speights, D.O., Nicholas
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Neoadjuvant chemotherapy demonstrating the benefit of targeting micro-metastatic disease



® Early Detection of Metastatic Relapse and
-Monitoring of Therapeutic Efficacy by Ultra-Deep
“Sequencing of Plasma Cell-Free DNA in Patients
With Urothelial Bladder Carcinoma

Emil Christensen, PhD*; Karin Birkenkamp-Demtroder, PhD?; Himanshu Sethi, MPH?; Svetlana Shchegrova, PhD?; Raheleh Salari, PhD?;
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» 68 patients with MIBC at Aarhus University, followed with a tumor informed MRD panel
through NAC, cystectomy and followup

* 100% sensitivity for detection of subsequent relapse, 98% specificity

Christensen et al , JCO 2019
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ctDNA Status
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O ctDNA negative

Treatment

B Chemotherapy
Clinical trial

B Iimmunotherapy

M Irradiation

: Radical cystectomy

Radiographic imaging
| No metastases

—

| Metastases
| Metastases from different cancer type 1

X Local recurrence identified
by urethroscopy

Christensen et al , JCO 2019
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ctDMA Status
8 ctDMNA positive
O ctDMNA negative

Traatmant

B Chamotharapy
Clinical trial

B Immunotharapy

M Irradiation

: Radical cystectomy

Radiographic imaging

| Mo metastases

| Metastases

| Metastases from differant cancer typa

v Local recurrance identified
" by urathroscopy
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Molecular residual
disease clearance is
associated with
excellent outcomes for
NAT

Persistence of ctDNA
after NAT is associated
with high recurrence
risk.

Christensen et al , JCO 2019



DFS in ITT Population

100 4 Atezolizumab Observation
(N = 406) (N = 403)
DFS events, n (%) 212(52) 208 (52)
D NA . B Median DFS (95% CI), mo | 19.4(159,24.8) | 16.6(11.2 24.8)
Ct . 18-mo DFS rate (95% C1), % 51 (48, 56) 49 (44, 54)
60 ' DFSHR (@5% CIpP | 0.89(0.74,1.08); P = 0.2446°
d . B Lo R e
a Ju Va n t = aii Atezolizumab
Observation
UC
i

I L
0 3 ] ] 12 15 18 21 24 27 30 33 3w W 42 45 4B
No. at risk Months

Alezolizumab 406 332 281 248 223 201 169 142 M5 92 67 52 15 10 3 2
Chservation 403 205 240 211 188 177 156 131 109 &7 67 42 m 12 2

Diata cutoff: November 30, 2018, Median fallow-up: 21.8 mo. 2 Stratified by post-resection tumor stage, nodal status and PD-L1 status. b 2-sided

neareo . 2020ASCO 7asc

ARMMUAL MEETING

IMVigor010 - No benefit noted of adjuvant atezolizumab in high risk resected MIBC [ ypt2+ or pt3+]



MNo. at nsk

Atezolizumab CDNA(-) 184 144 85 44

Observation

—— Atezolizumab
—— Observation

Probability of disease-free survival

ctDNA(+)

1.00+

0.751

0.50

0.251

0.004

Disease-free survival by ctDNA status

CDNA(-): 63%
HR=1.07 (0.75-1.52)
p=0.7048

CIDNA(+): 37%
HR=0.56 (0.41-0.77)
p=0.0003

0 10 20 30 40 50
Months

116 48 25 13

5]
183 140 90 46 6
2
98 17 10 5 1

e Y e [ e e

Overall survival by ctDNA status

_ 1.001
.
=
2 CtDNA(-): 63%
@ 0751 HR=1.22 (0.71-2.08)
= p=0.4729
0
[®] 4
.- 050 CIDNA(+) - 37%
> HR=0.58 (0.40-0.86)
= =0.0063
5 25/ P
D
2
o
0.00
0 10 20 30 40 50
No. at risk Months
Atezolizumab 184 174 129 57 10 0
Observation CIONAC) 183 1/0 130 65 7 0
—— Aiezolizumab 116 88 55 25 4 0
— Observation | ONAG) g5 54 24 11 1 o

Powles et al , Nature 2022



IMvigor011: Study Design

Screening Surveillance Treatment Follow-up
ctDNA monitoring —_—

until 1 y post-cystectomy?

Atezolizumab (1680 mg)
IVg4wforupto1y

F.

'« MIBC within 6-24 weeks of Confirm no evidence of
radical cystectomy radiographic disease®

ra

Treatment
follow-up

Placebo
IVqgdw forupto1y

+ Histologically confirmed

(y)pT2-T4aNOMO or . 6-weekly CiDNA+
(y}ﬁ:‘-ﬂrﬁ‘laN*’MU CtDNA testing® any time
urothelial cancer
>
+ No evidence of + 12-weekly

radiographic disease radiographic
imaging
* Prior neoadjuvant
chemotherapy permitted No treatment Survei
- > urveillance
« ECOG PS 0-2 \ f follow-up

Repeat testing
if ctDNA-

Primary endpoint: INV-assessed DFS
Key secondary endpoint: OS

Powles, ESMO 2025 (Pending final reference). Adapted from Powles T, et al. ESMO 2021 (Abstract 3716) with permission.

Not for reproduction or further distribution.



ImvigorO11 — DFS

100 = Atezolizumab Placebo
(n=167) (n=83)
90 - Events, n (%) 112 (67.1) 66 (79.5)
80 - DFS, median (95% Cl), mo 9.9(7.2,12.7) 4.8(4.1,8.3)
Stratified HR (95% Cl) 0.64 (0.47, 0.87); P=0.0047
70
;\;‘ 60 -
E 50
a 40 - i
30 A }
| | H } H i 1 | | |
20 - i i 'l'll T T 1
|
10 i 312.1% l I
0 o l l
1 1 1 1 1. 1.1 1171 1 1 1171 1. °T1T° 17 T7TT°TT1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Time from randomisation (mo)
No. at risk

Atezolizumab 167 145 122 105 89 73 63 50 42 40 36 28 26 22 16 16 1 9 4 3 3 2 1 1
Placebo 83 69 50 38 32 25 18 15 14 1 9 7 6 5 2 2 1 1 1 1 1



IMvigorO11 — Overall Survival

100

Atezolizumab Placebo
90 - (n=167) (n=83)
80 - Events, n (%) 60 (35.9) 36 (43.4)
0S, median (95% CI), mo 32.8 (27.7, NE) 21.1 (14.7,NE)
70 — Stratified HR (95% Cl) 0.59 (0.39, 0.90); P=0.0131
— 60 -
> : :
‘U-; 50 = 42% improvement in overall
o 44 0 Tt survival in the MRD+ population
30
20 -
10
0 -
| | | | | | | | | | | | | | | | | | | | | | 1T 1
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time from randomisation (mo)
No. at risk

Atezolizumab 167 162 155 154 143 130 118 108 92 86 75 65 59 51 43 30 23 19 12 7 5 3 2 1 1
Placebo 83 80 76 74 65 53 44 36 34 30 26 21 19 17 15 13 10 10 8 5 2 1



Can We observe patients who don’t have MRD?

C Disease-free Survival among Patients with F Overall Survival among Patients with Persistent
Persistent ctDNA-Negative Status ctDNA-Negative Status
MRD- patients
- have very low
90_M recurrence
g 80 o Yo 122: R risk (31/357;
=4
3 ol q  80- 8.6%) and
= g 7 death
g S0P e - & 604
o0 v
g 40- S 1 —
)
B o (OS 100%
1 S 30-
= 2 5 and 97.1% at
10~ ol
: 104 year 1 and 2
| L L L L L L L LI L L
0 T I T T T T T T T T 1 1
0 4 8 12 16. 20 24 28 32 36 40 : ;r ;5 1|2 lIE- zll:j} 2|4 ZIS 312 3IE 4!0 respeCtlver).
Months since Cystectomy Months since Cystectomy
No. at Risk

No. at Risk
No atezolizumab 357357337303275185116 78 46 20 3 N atezolizumab 357357340319288198138 96 55 26 4 Powles et al , ESMO 2025

or placebo or placebo



NIAGARA — ctDNA Analysis

Neoadjuvant Adjuvant
_ Q3W, 4 cycles Q4W, 8 cycles
Study population Durvalumab arm Durvalumab

o . . I
* Adults N=533 Gemcitabine + cisplatin Durvalumab

» Cisplatin-eligible MIBC
(cT2-T4aNO/1MO)

« UC or UC with Plasma
divergent differentiation or samples
histologic subtypes analyzed

« Evaluated and confirmed
for radical cystectomy

Baseline

Radical cystectomy

.« CrCl of 240 mL/min N=330 - itab T No treat t
| emcitabine + cisplatin

Stratification factors _ Comparator arm P 0 freatmen
Chrical fumor stage (T2N0 vs >T2ND)

Renal funclion (CrCl 260 vs 240-<60 mi/min)
POAL1 status (high vs lowinegative)

Powles et al , ASCO 2025



NIAGARA : Disease Free Survival pCR/ctDNA
status

DFS (combined arms)

—
L - B - w  ctDNA- pCR
il b ' B -
5 ' ]_H o #—+ ctDNA-non-pCR
+ ctDNA+ non-pCR
' ctDNA+ pCR
o e o O) 40% of ctDNA —ves at
o : | s this timepoint turn +ve
ctDNA~: pCR vs non-pCR  HR, 0.41 (95% Cl, 0.23-0.72) in Imvigor011
ctDNA+: pCR vs non-pCR HR not calculated®

Powles et al , ASCO 2025



DFS in the ctDNA- population (per arm)

10
08 - . - pCR
'y, non-pCR
g L .
- 06 -,
- -
& L T — = non-pCR
f -
o
02 4
D+NAC
0 T T L L] L T Li T T LI Ll L] L] Ll L] T T L L]
0 3 6 9 12 15 18 2 24 27 30 33 36 I 42 45 48 51 54 57
Time from radical cyslectomy (months)
No. of pabents al nsk
PORDSNAC €6 66 66 B 65 64 6 & 6 & S @4 B X% 13 12 2 2 0
pCRNAC %9 5 %5 5 5 54 52 0 48 & 8 B 0 » 2 13 + 3 3 0
non-pCR D NAL &2 62 60 57 55 52 50 a7 45 45 42 » 3 3 2 15 B 4 4 0
MnpCRNAC 66 65 63 59 %5 5 44 & 8 9 n 2 B 18 7 10 9 3 3 1

pCR: D+NAC vs NAC HR, 0.42 (95% CI, 0.16-1.12
Non-pCR: D+NAC vs NAC HR, 0.54 (95% CI, 0.28-1.03)

Durvalumab arm = D+NAC,; Comparator arm = NAC

Recall, ctDNA —ve here refers to
C1D1 population only

Powles et al , ASCO 2025



utdna in MIBC —the new kid on the block

Study population

« Adults

» Cisplatin-eligible MIBC
(cT2-T4aN0/1M0)

» UC or UC with

divergent differentiation .;'.";A.

or histologic subtypes

+ Evaluated and
confirmed for RC

« CrCl of 240 mL/min

__ Plasma
n=462 Qi n=422

Neoadjuvant
Durvalumab arm Q3W, 4 cycles

N=533 § Durvalumab 1500 mg v
Gemcitabine + cisplatin

Baseline Pre-RC

BEP

=265 n=205 n=183
§ Gemcitabine + cisplatin
Comparator arm

N=530

Radical cystectomy

Adjuvant
Q4W, B cycles

Primary endpoints

« EFS

- pCR

Key secondary endpoint
« 0§

No treatment

Exploratory analysis

Association of ctDNA
and utDNA with
efficacy and clinical
parameters

van der Heijden et al : ASCO GU 2026




Patients with utDNA clearance, %

utDNA clearance from baseline to pre-RC

45
40
35
30
25
20
15
10

5

EFS in the baseline utDNA+ population
with or without utDNA clearance pre-RC (combined arms)

11% difference
| ! 100
§ E o] * clearance
rid
5
27.1 50 4 Persi
= ersistent
= utDNA+
25 1
S
ﬂ I 1 1 I L] 1 1 I 1 L 1 L] 1 I 1 1 L I L] 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Months to event or censor
No. of patients at risk
OMAclearance 33 33 30 30 29 29 29 26 26 24 M4 M4 20 11 8 7 7T 7 4 3 40
Persistent itDMA+ 67 65 63 b6 52 48 43 41 40 38 35 25 22 16 13 11 11 10 6 5 1
Durvalumab arm Comparator arm
(n=52) (n=48)

utDNA clearance vs persistent utDNA+ HR, 0.24 (95% CI, 0.09-0.62)

Includes all patients who were utDNA+ at baseline

and had pre-RC utDNA samples

van der Heijden et al : ASCO GU 2-26



Pre-RC utDNA-
n=76 (44%)

__PpCR
72%

Proportion of patients (%)
Pre-RC utDNA- BEP and had RC

utDNA- status at pre-RC is associated
with higher likelihood of pCR

Pre-RC utDNA+
n=96 (56%)
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utDNA+ status at pre-RC is associated
with higher likelihood of non-pCR

van der Heijden et al : ASCO GU 2026
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E 0.50
@
th
M o025
b '
0O ,00/HR: 23.02, 95% CI [5.51-96.17]; p < 0.001
0 12 24 36 48 60 72
Number at risk Time since RC (mo)
ctDMA undetectable 65 24 3] a3 1 1 0
ctDMNA, detectable 52 20 2 1 0 0 0
ctDNA ctDNA
Status undetectable detectable
Events % 3.1 (2/85) 63.5 (33/52)

| 24-mo DFS %

96.9 (88.2-99.2)

13.2 (3.8-28.6)

ﬁ 1.00 1
=
% 0.751
o
Q
DL 0501
¢
M 0.251
O
n
0O 500/ HR: 16.68, 95% CI [2.19-127.1]; p < 0.007
0 6 12 18 24 30 36
R Y Time since RC (mo)
ciDMNA undetectable 25 18 10 7 2 2 0
ciDMA detectable 27 19 8 3 1 1 0
ctDMNA ctDMNA
Status undetectable detectable
| Events % 4 (1/25) 55.6 (15/27) j
| 24-mo DFS % 96 (74.8-99.4) 18.7 (3.5-43.1) !

167 patients in RW setting undergoing NAC -> RC and surveillance vs adjuvant therapy

ctDNA (MRD window: hazard ratio 16.68; p < 0.001; surveillance window: hazard ratio 23.02; p < 0.001

Sfakianos & Basu , Eur Uro Onc 24



Female Reference group
in=16)

#49; 0086 2 1.5 !

<70 Reference group
n=36)

in= 29 (0258~ 4.8)

Meoadjuvant treatment ['#'I 33) Reference group

Upfront surgery

088
fn = 32) (0.148 - 5.3)

TME high Reference grou
TMB status fn=21) 9 P

n=4d)" 018~ 47)

ctDNA any time before L"Fﬁ'—'ﬁf"’ Reference group
cystectomy I

(n = 26) ;u&?zs.m

B

# Events: 8; global p value (log-rank). 0.27041
AIC: 58.05; concordance index0.74

Sfakianos & Basu , Eur Uro Onc 2




ctDNA : the future - MODERN

A032103 (MODERN): An integrated Phase 2/3 and Phase 3 Trial of MRD-
based Optimization of aDjuvant thErapy in uRothelial caNcer

2ypT2 and/or ypN
+ after cisplatin-
based NAC

or

=pT3 and or pN+
without prior NAC
and cisplatin-
ineligible

Pl: Matthew Galsky, MD

Alliance
for Clinical Trials
in Oncology

A

Pre-registration

Central
CctDNA
testing

Cohort A

CtDNA(+)
~(5)-

Seamless phase 2/3

Registration

»(
Cohort B
CtDNA()

Arm 1 .
> Nivolumab
X 12 cycles
Phase 2 endpoint: Phase 3 endpoint:
CctDNA clearance Overall Survival
Nivolumab
+
—> Relatlimab
Arm 2 x 12 cycles
Phase 3 non-inferiority
Arm 3
) Nivolumab
[ X 12 cycles ]

Endpoint: Disease-free survival

Detectable Nivol b
. ctDNA ivoluma
ﬁ Surveillance x 12 cycles



Next steps in UC

 Validate de-escalation in MRD negative patients on EV Pembro
* Validate escalation in MRD positive patients post effective NAT

 Define optimal |O duration , timepoint of de-escalation ( lITs
from OU Health, FCCC)

* Use of hsctDNA as potential Tumor Marker in advanced
disease



Sensitivity

ctDNA in RCC

14,972 peripheral blood
samples from 12,337
patients

Detection at 56.4%.,( 95%
Cl 52.1-60.7% , improved
to 63.2% (95% CI 57.4—
69.0%) in metastatic
disease

Confirms comparatively
lower sensitivity



Association of circulating tumor DNA with patient
prognosis in surgically resected renal cell carcinoma

3
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Utility of circulating tumor (ct)DNA testing for molecular residual disease (MRD) detection and treatment response monitoring
in patients (pts) with renal cell carcinoma (RCC)
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Figure 3. Association of ctDNA status with RFS within the MRD window Table 1. Patient & tumor characteristics
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KEYNOTE-564 Study Design (NCT03142334)

Key Eligibility Criteria
Age =18 years
Histologically confirmed clear cell RCC
No prior systemic therapy for advanced
disease
Surgery <12 weeks prior to randomization
Postnephrectomy intermediate-high risk of
recurrence (MO):
— pT2, grade 4 or sarcomatoid, NO
— pT3, any grade, NO

Postnephrectomy high risk of recurrence (MO):

— pT4, any grade, NO

— Any pT, any grade, N+
Postnephrectomy and complete resection of
metastasis (M1 NED)
ECOG PS score of O or 1

Stratification Factors

« M stage (MO vs M1 NED)

« MO group further stratified:
— ECOG PS score of Ovs 1
— US vs rest of the world

Pembrolizumab 200 mg IV Q3W
for ~1 year (€17 cycles)

Treatment continued until
recurrence, unacceptable
toxicity, or participant or
physician decision to
withdraw

Placebo IV Q3W

for ~1 year (€17 cycles)

Primary end point: DFS by investigator
Key secondary end point: OS
Other secondary end point: Safety

Exploratory end points: Association of baseline ctDNA metrics and
ctDNA change from baseline to cycle 5 day 1 (C5D1) with DFS2 for
pembrolizumab and placebo separately, and ctDNA clearance rate at
C5D1

ensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of baseline ctDNA to predict disease recurrence were also evaluated. Choueiri et al’ ASCO 2026




Exome-based ctDNA Status at Baseline Postsurgery?

Full ctDNA analysis population

5.4%

16-Plex e
Detection

B ctDNA positive

. ctDNA negative
64-Plex
ctDNA Total
Detection N =736

2Analysis includes both treatment arms. Clinical data cutoff: September 25, 2024.
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Kaplan-Meier Estimates of DFS by Baseline ctDNA Status
Within Each Treatment Arm: Exome-Based 64-Plex Assay
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Kaplan-Meier Estimates of DFS by ctDNA Change From
Baseline at C5D1: Exome-based 64-Plex?2
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Kaplan-Meier curves for subgroups with <5 DFS events are not shown. 2Kaplan-Meier curves for 16-plex are not shown due to small sample size. For the 16-plex assay, ctDNA change from baseline at C5D1 was significantly negatively
associated with DF S for both pembrolizumab and placebo even after adjusting for the baseline ctDNA status. Models were adjusted for baseline ECOG performance status. Likelihood ratio test was performed for each ctDNA change (4-
level category) by comparing the full model (with ctDNA change) to the reduced model (without ctDNA change, but with ctDNA baseline). Clinical data cutoff. September 25, 2024.



Longitudinal Testing of Circulating
Tumor DNA in Patients With
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Patient characteristics and study design

TABLE 1. Demographic Table Highlighting Patient and Tumor Characteristics

° Patient/Tumor Characteristic TRM Cohort (n = 60) Surveillance Cohort (n = 32) Overall Cohort (N = 92)
o Real-world cohort of 92 patients o
. Male 44 (73.3) 23 (71.9) 67 (72.8)
(490 plasma SampIeS) Wlth Female 16 (26.7) 9 (28.1) 25 (27.2)
. Subtype, No. (%)
m eta S ta t IC RCC Clear cell 46 (76.7) 27 (84.4) 73 (79.3)
Non-clear cell 10 (16.7) 3(9.4) 13 (14.1)
[v) Unclassified 4(6.7) 2 (6.3) 6 (6.5)
o 79% clear cell subtype V06 1ok s 6 6
Favorable risk (0) 11 (18.3) 4 (12.5) 15 (16.3)
o/ H : Intermediate risk (1-2) 43 (711.7) 26 (81.3) 69 (75)
O 75A) IntermEdlate rISk Poor risk (3+) 3 (5.0) 1(3.1) 4 (4.4)
Unknown 3 (5.0) 1(3.1) 4 (4.4)
Catego ry ( I M DC) ctDNA status, No. (%)
Anytime positive 39 (65.0) 11 (34.4) 50 (54.3)
o 49% Wlth |U N g m ets Serially negative 21 (35.0) 21 (65.6) 42 (45.7)
Age, years, median (range) 61 (40-82) 64 (35-84) 62 (35-84)
Follow-up, months, median (range) 10.5 (6.1-25.8) 9.7 (4.2-19.7) 10 (4.2-25.8)
o Cohort divided by timing of et Tl
Bone 10 (16.7) 5 (15.6) 15 (16.3)
ctDNA test (on or off therapy) sran 69 269 109
Liver 12 (20.0) 1(3.1) 13 (14.1)
Lung 32 (53.3) 13 (40.6) 45 (48.9)
o) Treatment response Lymph node 10 (16.7) 3(9.4) 13 (14.1)
Other 39 (65.0) 11 (34.4) 50 (54.3)
m0n|tor|ng (n — 60) Unknown 5 8.3) 9 (28.1) 14 (15.2)
Number of time points, median (range) 5 (2-15) 35(2-14) 45 (2-15)

o Surveillance (n = 32)

Abbreviations: ctDNA, circulating tumor DNA; IMDC, International Metastatic RCC Database Consortium; TRM, treatment response monitoring.

Arnab Basu et al., Longitudinal Testing of Circulating Tumor DNA in Patients With Metastatic Renal Cell Carcinoma. JCO Precis Oncol 8, e2400667(2024). DOI:10.1200/P0O-24-00667
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Swimmer plots of all patients
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ctDNA status and dynamics were associated with PFS
in patients with metastatic RCC
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Number at risk:
Serial ctDNA neg/ Number at risk:
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increase

Patients who remained ctDNA positive or Serially ctDNA negative patients had 18x

lower risk of progression than patients who
were ever ctDNA positive

increased ctDNA levels while on treatment
had 3.2x higher risk of progression

Arnab Basu et al., Longitudinal Testing of Circulating Tumor DNA in Patients With Metastatic Renal Cell Carcinoma. JCO Precis Oncol 8, €2400667(2024). DOI:10.1200/P0-24-00667



THE PROGNOSTIC ROLE OF CIRCULATING TUMOR DNA (ctDNA) CLEARANCE AS A BIOMARKER IN LOCALIZED
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Fig 1. (B) LONGITUDINAL ctDNA ANALYSIS IN METASTATIC RCC

Fig 2. (A) LONGITUDINAL ctDNA ANALYSIS IN LOCALIZED RCC s ——
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Study Schema of MONSTAR-SCREEN-3
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Disease-free survival by 1M post-surgery ctDNA positivity
Median follow-up period: 3.4 months (range: 0.8—-8.7 months)

I Overall population l
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« Patients who were ctDNA-positive at 1-month post-surgery exhibited significantly worse DFS compared to ctDNA-negative
+ 100% of patients with clinical recurrence (7/7) demonstrated ctDNA positivity at 1-month post-surgery
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Clinical performance of Signatera Genome assay in a cohort of patients (pts) with solid tumors
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Figure 1. The MRD-pasitive time points had a median observed VAF of 270 ppm (IQR: 42 - 2671.5 ppm), with 38 3% of these samples

Sérij‘q'”'l" clDMNA- 23 146 34 2 having WAF in the ultra-sensitive range (5100 ppm), and 37.6% of these detections were at or below 25 ppm. In the surveillance setting.
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Patient and Tumor Characteristics

Characteristic Overall Cohort A Cohort B
. . . . N =89 N =28’ TRM' Surveillance’
o Retrospective ctDNA analysis of 89 patients with N =48 N=13
Iocallzed and metaStatIC RCC Median age (years) 61.5(20-78)" 59 (20-78) 61.5 (52.8-67) 67 (63-76)
Sex
o 71% (63/89) presented with stage IV disease Mae 65 20 35 10
Female 24 8 13 3
o  81% (72/89) had clear cell histology ey ov o NA Bomonne ) P ione e
from surgery from first ctDNA test from first ctDNA test
e Median number of ctDNA tests across cohorts: 5 (1- Medlan numberof 5 (1-29)" 4(1-9) 7 (2:23) 5 (2-14)
%k
23) Histology
Clear cell 72 22 39 11
e Median follow-up: pomclesr oo v ; 0 o
o Cohort A: 28.4 (21-35.7) months from surgery plinicalstage atdlagnosis , . .
Il 2 2 0 0
o  Cohort B-TRM: 23.5 (6.03-45.3) months from " 2 2 o o
first ctDNA test
Therapy First-line/systemic First-line therapy Systemic therapy
therapy (57/89) (N=9/28) (48/48)
o  Cohort B-Surveillance: 19.3 (3.84-29.6) 0 23 8 15
. TX 7 0 7 N/A
months from first ctDNA test ey ”s 1 2
10+RT s 0 2

Suri Y, Sudhaman S, Dwivedi B, et al. Clinical performance of a tumor-informed whole genome-based (WGS) ctDNA assay for recurrence detection and treatment response monitoring in localized and advanced/metastatic renal cell
carcinoma (RCC). ESMO Congress, October 17-21, 2025; Berlin, Germany.



ctDNA status post-definitive therapy was prognostic
for RFS in localized RCC

RFS by longitudinal ctDNA status

> 1.00- -l HHH——HHH
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©  0.00

0 6 12 18 24 30 36
Time from surgery (months
Number at risk ! rgery ( )

ctDNA-negative 24 24 24 24 20 9 0
ctDNA-positive 4 2 1 1 0 0 0

Longitudinal analysis ctDNA Whole Genome Sequencing assay detected recurrence with

100% sensitivity, specificity, and predictive value in localized RCC

Suri Y, Sudhaman S, Dwivedi B, et al. Clinical performance of a tumor-informed whole genome-based (WGS) ctDNA assay for recurrence detection and treatment response monitoring in localized and advanced/metastatic renal cell
carcinoma (RCC). ESMO Congress, October 17-21, 2025; Berlin, Germany.



Pre-treatment ctDNA status was prognostic for PFS in
metastatic RCC

PFS by ctDNA status pre-treatment (TRM cohort)
1.00- t

0.75-

—

0.50- . HR=5.51 (1.25-24.3); p=0.008

0.25-

T

Progression-free survival probability

-
o
<

0 3 6 9 12 15 18 21 24 27 30
, Time from first ctDNA test (months)
Number at risk

ctDNA-negatve 7 7 7 7 7 6 5 3 3 2 0
ctDNA-positve 10 8 5 2 2 2 2 2 1 1 0

Patients who were ctDNA positive pre-treatment were 5.5-times more likely to

progress than their ctDNA negative counterparts

Suri Y, Sudhaman S, Dwivedi B, et al. Clinical performance of a tumor-informed whole genome-based (WGS) ctDNA assay for recurrence detection and treatment response monitoring in localized and advanced/metastatic renal cell
carcinoma (RCC). ESMO Congress, October 17-21, 2025; Berlin, Germany.



ctDNA status at landmark during surveillance was
prognostic for PFS in metastatic RCC

PFS by ctDNA status at landmark
during surveillance

-
o
o

HR=18.42 (0.7-483.94); p=0.007

0.75 - |

0.50 | e

0.25-

Progression-free survival probability

e
(=]
=1

0 4 8 12 16 20 24
i Time from landmark (months)
Number at risk

ctDNA-negative 19 18 17 14 9 2 1
ctDNA-positive 10 9 8 - 2 1 0

Landmark time point defined as 3 months after the end of treatment or start of surveillance

Patients who were ctDNA positive at landmark during surveillance were 18.4-times more

likely to progress than their ctDNA negative counterparts

Suri Y, Sudhaman S, Dwivedi B, et al. Clinical performance of a tumor-informed whole genome-based (WGS) ctDNA assay for recurrence detection and treatment response monitoring in localized and advanced/metastatic renal cell
carcinoma (RCC). ESMO Congress, October 17-21, 2025; Berlin, Germany.
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Ultrasensitive ctDNA prognostic pre and post XRT in RCC

Tang C, et al. The Lancet Oncology.
2025



RCC patients undergoing ctDNA testing

NeXT Pearsonal Dx assay
P'rhdﬁm?m“ Adjuvant/surveillance “’dﬂbﬂfth
n=3 n=25 n=32
CtDNA+ On-treatment kinetics
n=17 n=8 n=15
No progression No progression Progression =
n=17 n=5 n=8 n= g
z
Adjuvant/surveillance cohort %
Characteristic Ad‘"“'}t;i:rs';m"ﬂ"“ ctDNA- (n=1T7) ciDNA+ (n=8)  Progression (n=5) E
n 25 17 8 5 S
Median age 64 (44-80) 64 (44-30) 67 (52-77) 64 (52-74) 3
Male 20/25 (80%) 14/17 (82%) 6/8 (75%) 3/5 (60%)
ccRCC 21/25 (84%) 1417 (82%) 7/8 (88%) 4/5 (80%)
pT3 stage 2425 (96%) 16/17 (94%) 8/8 (100%) 5/5 (100%)
Node positive 0/25 (0%) 07 (0%) 0/8 (0%) 0/5 (0%)
Median tumor size (cm) 6.5 (2.0-18.7) 5.7(2.0-12.4) 8.2 (6.0-18.7) 9.2 (6.8-17.1)
Rhabdoid/Sarcomatoid 9/25 (36%) 3M7T (18%) 6/8 (75%) 4/5 (80%)
Necrosis 12/25 (48%) SM7T (29%) 7/8 (88%) 4/5 (80%)
WHO/ISUP grade 4 9/25 (36%) 3M7T (18%) 6/8 (75%) 4/5 (80%)
Adjuvant therapy 12/25 (48%) 7T (41%) 5/8 (62%) 3/5 (60%)
Median ffu (mo) 12.2 (4.3-20.9) 11.7 (4.3-20.1) 12.8 (4.7-20.9) 17.2 (12.2-20.9)

Metastatic on-tr
Progression |3-rm

ctDMA swimmer plot — Perioperative cohort & Adjuvant/surveillance cohort | n = 28 patients
# cIDNA:, acbee disease © clDNA-, siablefresporsive disease § cAONAG, NED @ ciDMA- NEDVresponsive disease & cIDMA unknows « Prograssion o Pembrolizurmaby stan

Omrimmarabioe ashoard (ot A 0 mes reanhesataeeas Tk

Blumental et al , KCRS 2026



ctDNA swimmer plot — Perioperative cohort & Adjuvani/surveillance cohort | n = 28 patienis

# clDNA: scbep disease

clDMA-, siablarespontive disease § cIDMNAG NED ¢ cIDMA- NEDVresponsiae disease & cIDNA unknow & Progression & PambBrolizurmab stans

Perioperative cohort (ctDMNA+ pre-nephrectomy, T=0)

Adjuvant’surveillance cohort (ctDMA unknown pre-nephrectomy, T=0)

ctDNA Findings by Disease Setting

Adjuvant/surveillance (n=25; median follow-up 12.2 mo)
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Concordance
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Next steps for hsctDNA in RCC

 Strategies needed to improve sensitivity ( 85%-> 95%)

* Whole genome sequencing + high plex variants
 High intensity serial testing (MRD GATE)

* Validation as prognostic factor in advanced disease
» De-escalation studies for low ctDNA shedders



ctDNA in Penile and Urethral Cancers

Utility of ctDNA for Monitoring Treatment Response in Penile and Primary Urethral Cancers
Sol Moon MD?, Kartik Patel BS?, Luke Shumaker MD?, James Ferguson Ill MD, PhD'-3, Arnab Basu MD3#4, Charles
Peyton MD?3

1 Department of Urology, University of Alabama at Birmingham Heersink School of Medicine

2 University of Alabama at Birmingham Heersink School of Medicine

3 O’Neal Comprehensive Cancer Center, University of Alabama at Birmingham

4 Department of Medicine, Division of Hematology-Oncology, University of Alabama at Birmingham Heersink School of Medicine

13 patients with penile and urethral cancers were included in a RWE
retrospective cohort

58 serial samples were analyzed
Median follow-up was 44 weeks
Included patients treated with NAC, Upfront surgery and advanced settings

(96%) of results were concordant ( decrease / response) , with radiographic
response or pathologic downstaging depending onsetting ( p= 0.007).

P08i8\6e1 5C;DNA tests had an odds ratio for progression of 1.92 (1.45-3.27,
p=0. .



ctDNA in Testicular Cancer

Patients with Testicular cancer (N=41)

v

Y

Patients with at least 1 ctDNA test and
annotated clinical data (N=35)[']

*Pre-orchiectomy
window (N=15)

s 3
Stage |: 91.6% (11/12)

Stage II: 100% (1/1)
Stage Ill: 100% (2/2)

**Surveillance
window (N=27)

Stage |: 4.8% (1/21)
Stage II: 40% (2/5)
Stage IlI: 100% (1/1)

ctDNA detection rate

Exclusions: Cases with no
ctDNA available, test not
performed due to canceled order
or low tumor quality (N=6)

|

*MRD window
(N=22)

>

Stage |: 0% (0/15)
Stage II: 50% (2/4)
Stage III: 100% (3/3)

2
Anytime post-
orchiectomy (N=32)
)

N

<
Stage I: 4.8% (1/21)
Stage ll: 75% (6/8)
Stage Ill: 100% (3/3)

Results: ctDNA-positivity at the MRD window is associated with inferior EFS

Event-Free Survival

0.75

0.50

0.25

0.00

ctDNA Negative
ctDNA Positive

MRD window: 1-12 weeks post-orchiectomy, prior to start of any first line therapy - Landmark 12 weeks

ctDNA status during MRD window

-

Dynamics ~ ctDNA Negative  ctDNA Positive
| Events % 17.6 (3117) 75 (3/4)
12M-EFS %
| o5% 1 76.5 (41-92.2) 25 (9-66.5)

Log-Rank p = 0.0061

HR =7.21 (1.42-36.69); P = 0.017

0 B 12 18 24 30
Time from landmark time point (Months)

Number at risk

17 9 5 3 1
4 1 1 0 0

Ben-David et al, ASCO GU 2024



Signatera in Testicular Cancer

ctDNA status during Surveillance window

Event-Free Survival

1.001

0.751

0.50 1

0.251

0.001

ctDNA Negative
ctDNA Positive

Log-Rank p = 0.00015
HR =11.75 (2.34-59.09); P = 0.003

0

6

Number at risk

24
3

18
1

12 18 24 30
Time from Orchiectomy (Months)

Association of ctDNA status with STM markers

Status
Normal Markers
Elevated Markers

ctDNA Negative ctDNA Positive
19 (3relapsed, 15.8%) 2 (2 relapsed, 100%)

2 (0 relapsed, 0%) 1 (1 relapsed, 100%)

Ben-David et al, ASCO GU 2024



Summary

Ultrasensitive ctDNA is a.strontg prognostic factor for recurrence in
both neoadjuvant and adjuvant settings for MIBC

- Sustained ctDNA negative patients have excellent prognosis in
MIBC after surgery irrespective of pathologic staging.

- CctDNA guided therapy can improve overall survival in adjuvant
setting compared to observation.

Newer techniques are improving detection rates and actionability of
MRD m(? Ié)w shedding disease like RCC but prospective studies
are needed.



. Thank you , Questions?
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