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ctDNA in cancer

• cell free DNA (cfDNA) first described 
1948 - dsDNA molecules, usually 1-2 
kilobases

• 1 gram tumor has approximately 
1,000,000,000 cells 

• All connected to circulation 

• DNA turnover high in cancers ( apoptosis, 
necrosis, division, secretion)

• Short half life ( t1/2 ~2 hours) 
Rachel June Wong 2022 : creative commons license



Progression of ctDNA testing & applications
A shift from biologic observation to clinical decision support

1948

cfDNA discovered

Cell-free DNA recognized 
decades before clinical utility.

Tumor biology

Cancer sheds DNA

Tumor turnover and vascular 
access create a circulating tumor 

signal.

1970s-80s
Signal without 
actionability

Higher cfDNA in advanced 
disease, but limited clinical use.

2003/04+

Actionable mutants

EGFR alterations make liquid 
profiling clinically relevant.

2005-2020s

Panel-based testing

Liquid biopsies bundle 50-300 
clinically relevant genes.

• Modern platforms developed as a “one stop solution”

• Genes are pre-determined into a “package” of 50-300 of clinically 
relevant alterations

• Not built specifically for “detection of cancer” but for “detection of 
mutants of  therapeutic or prognostic interest”

• higher titers of cfDNA in advanced disease versus 
localized 

• Lack of actionability in the 1970s -80s

• (EGFR) alterations in lung cancer became first 
actionable mutants with Erlotinib/Gefitinib ~2003/4



Ultrasensitive ctDNA tests

• Improvement of ctDNA detection means 



6

Clinical applications of ultrasensitive ctDNA

1. Pantel K, Alix- Panabieres C. Liquid biopsy and minimal residual disease - latest advances and implications for cure. Nat Rev Clin Oncol. 20 19;16(7):40 9- 424.



Sidhom et al, (in publication) CGUC 2024



Practical considerations on MRD testing
Tumor-informed vs tumor-uninformed approaches

Tumor-informed testing Tumor-uninformed testing

STRENGTH Highly specific and sensitive

STRENGTH Very low risk of “treating by 
mistake”

TRADE-OFF Time consuming and resource 
intensive

BEST FIT

STRENGTH Quicker turnaround

STRENGTH Useful when time to treatment 
matters

LOGISTICS Does not depend on path sourcing

TRADE-OFF Higher false-positive risk

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



Management of MIBC

Neoadjuvant
Micro metastasis 

and Primary
directed therapy

Adjuvant –
Micro metastasis 
directed therapy

Radical 
Cystectomy 

Molecular Residual Disease  
Testing



Neoadjuvant chemotherapy demonstrating the benefit of targeting micro-metastatic disease  



• 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



Christensen et al , JCO 2019
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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



ctDNA : 
adjuvant  

UC

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



Powles et al , Nature 2022 



IMvigor011: Study Design

Powles, ESMO 2025 (Pending final reference). Adapted from Powles T, et al. ESMO 2021 (Abstract 3716) with permission.
Not for reproduction or further distribution.



Imvigor011 – DFS 

44.7%

30.0%

28.0%

12.1%

Atezolizumab
(n=167)

Placebo
(n=83)

Events, n (%) 112 (67.1) 66 (79.5)
DFS, median (95% CI), mo 9.9 (7.2, 12.7) 4.8 (4.1, 8.3)
Stratified HR (95% CI) 0.64 (0.47, 0.87); P=0.0047



IMvigor011 – Overall Survival
Atezolizumab

(n=167)
Placebo

(n=83)

Events, n (%) 60 (35.9) 36 (43.4)

OS, median (95% CI), mo 32.8 (27.7, NE) 21.1 (14.7,NE)

Stratified HR (95% CI) 0.59 (0.39, 0.90); P=0.0131

42% improvement in overall 
survival in the MRD+ population



MRD- patients 
have very low 
recurrence 
risk (31/357; 
8.6%) and 
death 

(OS 100% 
and 97.1% at 
year 1 and 2 
respectively).

Powles et al , ESMO 2025

Can We observe patients who don’t have MRD? 



Powles et al , ASCO 2025

NIAGARA – ctDNA Analysis 



NIAGARA : Disease Free Survival pCR/ctDNA 
status

Powles et al , ASCO 2025

40% of ctDNA –ves at 
this timepoint turn +ve
in Imvigor011



Powles et al , ASCO 2025

Recall, ctDNA –ve here refers to 
C1D1 population only



utdna in MIBC – the new kid on the block

van der Heijden et al : ASCO GU 2026 



van der Heijden et al : ASCO GU 2-26 



van der Heijden et al : ASCO GU 2026 



Sfakianos & Basu , Eur Uro Onc 24

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



ctDNA : the future - MODERN



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 IO duration , timepoint of de-escalation ( IITs 
from OU Health, FCCC)

• Use of hsctDNA as potential Tumor Marker in advanced 
disease 



14,972 peripheral blood 
samples from 12,337 
patients

Detection  at 56.4%,( 95% 
CI 52.1–60.7% , improved 
to 63.2% (95% CI 57.4–
69.0%) in metastatic 
disease

Confirms comparatively 
lower sensitivity

ctDNA in RCC



Correa AF, et al. Oncologist. 2024 

Biorepository plasma sample analysis

N=45 , s/p Nephrectomy (2001-2017). 

67% Stage I-II 

Pre-operative MRD  detection 50% 

100% PPV for recurrence.



RW cohort of patients undergoing nephrectomy (including Metastatectomy)

Median lead time 15 weeks ( 4.3-32) in pts on AT-

NPV 92% during MRD window (4mo) 95% longitudinal 



Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.Choueiri et al, ASCO 2026
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Patient characteristics and study design

Not for reproduction or further distribution.

● Real-world cohort of 92 patients
(490 plasma samples) with 
metastatic RCC  

○ 79% clear cell subtype

○ 75% intermediate risk 
category (IMDC)

○ 49% with lung mets

● Cohort divided by timing of 
ctDNA test (on or off therapy)

○ Treatment response 
monitoring (n = 60)

○ Surveillance (n = 32)
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/PO-24-00667



Swimmer plots of all patients

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/PO-24-00667

Case study

Treatment Response Monitoring (n = 60) Surveillance (n = 32)



ctDNA status and dynamics were associated with PFS 
in patients with metastatic RCC

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/PO-24-00667

Surveillance

Serially ctDNA negative patients had 18x 
lower risk of progression than patients who 

were ever ctDNA positive 

Treatment Response Monitoring

Patients who remained ctDNA positive or 
increased ctDNA levels while on treatment 

had 3.2x higher risk of progression

Serial ctDNA neg/ 
clearance

Persistent ctDNA pos/
increase

Serially ctDNA neg

Any time ctDNA pos

Number at risk:
Number at risk:



34 patients with nmRCC (13 mo f/u)  Sensitivity 100% for recurrence 

In mRCC clearance favorable prognostic factor Arnab Basu/Mayo Clinic
@arnabguonc



Hashimoto et al, ASCO 2025





LoD50 improvement  17ppm to 5-9ppm (min 
1ppm)
Variant Tracking 16 plex  64 plex

George et al, ASCO Annual Meeting. 2025 



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)
Yash Suri1 , Sumedha Sudhaman2 , Bhakti Dwivedi2 , Rahul K. Kollipara2 , Arun Singh2 , 
Sharlene Velichko2 , Carcia Carson2 , Ashley Wray2 , Punashi Dutta2 , Meenakshi Malhotra2

, Adam C. ElNaggar2 , Gabrielle M. Heilek2 , Himanshu Sethi2 , Minetta C. Liu2 , Alexey 
Aleshin2 , Rana R. McKay3 , Alan Tan4 , Vitaly Margulis5 , Arnab Basu1

1 O’Neal Comprehensive Cancer Center, University of Alabama at Birmingham Heersink School of Medicine; 2 Natera, Inc.; 
3University of California, San Diego; 4 Vanderbilt University Medical Center; 5 Department of Urology, UT Southwestern

As presented at ESMO Congress 2025 



Patient and Tumor Characteristics

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.

● Retrospective ctDNA analysis of 89 patients with 
localized and metastatic RCC

● 71% (63/89) presented with stage IV disease

● 81% (72/89) had clear cell histology

● Median number of ctDNA tests across cohorts: 5 (1-
23)*

● Median follow-up: 

○ Cohort A: 28.4 (21-35.7) months from surgery

○ Cohort B-TRM: 23.5 (6.03-45.3) months from 
first ctDNA test

○ Cohort B-Surveillance: 19.3 (3.84-29.6) 
months from first ctDNA test



ctDNA status post-definitive therapy was prognostic 
for RFS 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.

Longitudinal analysis ctDNA Whole Genome Sequencing assay detected recurrence with 
100% sensitivity, specificity, and predictive value in localized RCC



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

Patients who were ctDNA positive pre-treatment were 5.5-times more likely to 
progress than their ctDNA negative counterparts



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

Patients who were ctDNA positive at landmark during surveillance were 18.4-times more 
likely to progress than their ctDNA negative counterparts

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



Ultrasensitive ctDNA prognostic pre and post XRT in RCC

Tang C, et al. The Lancet Oncology. 
2025



Blumental et al , KCRS 2026





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

• 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). 
• Positive ctDNA tests had an odds ratio for progression of 1.92 (1.45-3.27, 

p=0.0015). 

Utility of ctDNA for Monitoring Treatment Response in Penile and Primary Urethral Cancers
Sol Moon MD1, Kartik Patel BS2, Luke Shumaker MD1, James Ferguson III MD, PhD1,3, Arnab Basu MD3,4, Charles 
Peyton MD1,3

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



ctDNA in Testicular Cancer

Ben-David et al, ASCO GU 2024



Signatera in Testicular Cancer

Ben-David et al, ASCO GU 2024



Summary
• Ultrasensitive ctDNA is a strong 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.

• ctDNA guided therapy can improve overall survival in adjuvant 
setting compared to observation.

• Newer techniques are improving detection rates and actionability of 
MRD in a low shedding disease like RCC but prospective studies 
are needed.



• Thank you , Questions?
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