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Circulating tumour DNA (ctDNA)

Cell-free DNA
spontaneous release of DNA from 
healthy cells, blood cells, bacteria 

Circulating tumour DNA
released through necrotic cells, apoptosis, 
active secretion
cleared through elimination via liver or kidney  
short half-life: mins - hours



Vandekerkhove et al., Clin Can Res 2017; Vandekerkhove et al., Nat Comm 2021

ctDNA correlates with disease burden and prognosis  



Vandekerkhove et al., Nat Comm 2021

High concordance between ctDNA and matched tissue



Vandekerkhove et al., Nat Comm 2021

Mutation type and frequency of mUC ctDNA similar 
to TCGA MIBC cohort



Current ctDNA applications

Wan et al., Nat Rev Cancer 2017



Detection of minimal 
residual disease (MRD)



• IMvigor010 did not meet its primary endpoint (DFS in the ITT population)1

– A pre-planned interim OS analysis was performed but could not be 
formally tested

– OS follow-up is immature and ongoing in the ITT population

• The PD-L1 and TMB biomarkers did not identify patients benefitting 
from atezolizumab vs observation in the ITT population

• A pre-specified ctDNA biomarker analysis was performed
ClinicalTrials.gov ID, NCT02450331. 
IC, tumour-infiltrating immune cells; 
q3w, every 3 weeks. TMB, tumour
mutational burden. 1. Hussain M, et al. 
ASCO 2020 [abs 5000].

Key eligibility

• High-risk MIUC (bladder or upper 

tract)

• Radical surgery with lymph node 

dissection within ≤14 weeks

• Tissue sample for PD-L1 testing

R 

1:1

Atezolizumab 

1200 mg q3w
(16 cycles or 1 year)

Observation q3w

Disease recurrence/ 
survival follow-up

No crossover allowed

Endpoints

• Primary: DFS (ITT population)

• Key secondary: OS (ITT population)

• Other: Safety 

• Exploratory: predictive, prognostic 

and pharmacodynamic biomarkers 

in tumour tissue and blood and 

their association with disease 

recurrence

Powles et al. IMvigor010 ctDNA

https://bit.ly/2IxYllE

Phase 3 IMvigor010 adjuvant study in MIBC



ctDNA(+) patients have poor prognosis

• IMvigor010 confirmed the prognostic value of ctDNA status
10

— ctDNA(–) (n=183)

— ctDNA(+) (n=98)

DFS HR, 6.30 (95% CI: 4.45, 8.92)
P<0.0001

Observation arm Observation arm
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— ctDNA(–) (n=183)

— ctDNA(+) (n=98)

OS HR, 8.00 (95% CI: 4.92, 12.99)
P<0.0001

Powles et al. IMvigor010 ctDNA
https://bit.ly/2IxYllE
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ctDNA(−): 63%
HR, 1.14 (95% CI: 0.81, 1.62)
P=0.45

ctDNA(+): 37%
HR, 0.58 (95% CI: 0.43, 0.79) 
P=0.0005

ctDNA(+) ctDNA(-)

▬ ▬ Atezolizumab

▬ ▬ Observation

— n=116

— n=98

— n=184

— n=183
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ctDNA(−): 63%
HR, 1.31 (95% CI: 0.77, 2.23)
P=0.32

ctDNA(+): 37%
HR, 0.59 (95% CI: 0.41, 0.86)
P=0.0059

— n=116

— n=98

— n=184

— n=183
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Powles et al. IMvigor010 ctDNA

ctDNA(+) patients

Atezolizumab Observation

Median DFS (95% CI), mo 5.9 (5.6, 11.2) 4.4 (2.9, 5.6)

Median OS (95% CI), mo 25.8 (20.5, NR) 15.8 (10.5, 19.7)

NR, not reached.

ctDNA(+) patients in the BEP had improved DFS and OS with 
atezolizumab vs observation



PD-L1 TMB

TGFb Angiogenesis

Powles et al Nature 2021

Outcome in ctDNA+ve patients is related to  tissue based 
immune biomarkers





Measurement of treatment 
response



T2-T4aN0M0 MIBC
(n=95)

• Residual disease post TURBT
• Fit for cystectomy 
• Ineligible / refusal of neoadjuvant 

cisplatin-based chemotherapy
• Any PD-L1 status

2x Atezolizumab
1200mg IV q3w

Radical 
cystectomy

(≤ 8 weeks delay)

Standard of care 
Survival/Relapse 
follow-up for 2 

years

Tumor 
sample

Tumor 
sample

ctDNA ctDNA ctDNA

Powles et al., Nat Med 2019

ABACUS



Correlation between ctDNA and response 

Szabados et al., Eur Urol, 2022



Correlation between ctDNA and survival 

Szabados et al., Eur Urol, 2022



68 patients 

Longitudinal ctDNA analysis in MIBC

Christensen et al., JCO, 2019



Correlation between ctDNA and NAC in MIBC



Raja et al., Clin Cancer Res 2019

Correlation between ctDNA and IO in mUC



Powles et al., Nat Med, 2021



Urinary tumour DNA (utDNA)

Zhang et al., J Urol, 2021, Christensen  et  al., Eur Urol 2017



Strandgaard et al., Eur Urol 2022

Post-BCG utDNA persistence identifies patients at high risk of 
recurrence in NMIBC



Use in clinical trials



T2-T4aN0-1 M0 
MIBC

ctDNA guided treatment in the NEOADJUVANT setting 

ctDNA neg 

no NAC,
upfront radical 

cystectomy

ctDNA pos platinum-based NAC

Primary endpoints:
• disease- free survival
• cystectomy-free survival

ctDNA 
clearance 

Surgery

YES

further systemic 
therapy

NO



ctDNA guided treatment in the ADJUVANT setting 

NCT04660344



NCT03385655

ctDNA guided treatment in the METASTATIC setting 



Summary

• Novel technologies (Signatera, FoundationOne Tracker) enabling wider 
implementation of ctDNA analysis 

• Useful during the entire disease course to inform clinical practice (MRD, response 
monitoring)

Need for prospective, ctDNA guided, adaptive clinical trials


