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Mitchell J. Elliott1, Yinjie Gao2, Jesús Fuentes-Antrás3, Sasha Main4, Aaron Dou1, Elizabeth Shah5, Emily Van de Laar5, Eitan Amir1, Michelle B. Nadler1, Celeste Yu5, Hal K. Berman6, Lillian L. Siu1, Philippe L. Bedard1, David W. Cescon1

1. Division of Medical Oncology & Hematology, Department of Medicine, Princess Margaret Cancer Centre, Toronto, Canada 2. GRAIL, Inc. Menlo Park, California, USA 3. NEXT Oncology, Hospital Universitario Quirónsalud Madrid, Madrid, Spain 4. Department of Medical Biophysics, University of Toronto, Toronto, Ontario, Canada 5. Cancer Genomics Program, Princess Margaret Cancer Centre, Toronto, Canada 6. Department of Pathology and Laboratory Medicine, University 
Health Network, Toronto, Canada

ESMO Breast 2025 - FPN: 53P

May 14-17th, 2025

Corresponding author: 
dave.cescon@uhn.ca

Created with BioRender Poster Builder

INTRODUCTION
● Detection of circulating tumor DNA (ctDNA) after definitive treatment, 

referred to as molecular or minimal residual disease (MRD), is 
associated with disease recurrence in early-stage breast cancer (EBC).1-5

● Differential methylation patterns enable tumor-agnostic ctDNA 
detection by distinguishing tumor-derived cell-free DNA (cfDNA) from 
background cfDNA. 

● Tumor-agnostic assays do not require prior sequencing of tumor tissue, 
making them more accessible in settings where archival tissue is 
limited or unavailable.

● Data evaluating MRD using a tumor-agnostic approach in HER2-positive 
EBC remain limited.

● Methylation features can classify tumors based on their primary site.6 
The ability to predict receptor subtype using a methylation-based 
approach is of interest in EBC. 
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Figure 1. TRACER Study Design. Illustration of targeted timepoints for plasma collection 
with reference to a participant's clinical timeline. TRACER: ctDNA evaluation in early 
breast cancer study (NCT03702309)

Figure 2. GRAIL Assay Pipeline and Classifier. Representative workflow of the GRAIL 
blood-only Cancer Research Solution (Research Use Only, RUO). Note: detection of 
cancer signal is independent of the Tumor Fraction (TMeF). 

RESULTS
● 276 samples from 34 participants were 

retrospectively analyzed
○ Median time points per patient: 8 (range: 4-13)

● Median clinical follow-up was 4.8 years (range: 
3.0-7.0 years) 

● 270/276 (98%) passed quality control metrics 
(Failures: 1 genomic DNA contamination, 3 
genotype mismatch, 2 both)

● ctDNA was detected at baseline in:
○ All participants [Stage I-III]: 75% (24/32) 
○ HR+/HER2+: 65% (13/20)
○ HR-/HER2+: 92% (11/12)

● Baseline median TMeF was 0.067% (range: 
0.00036-3.0%)

● ctDNA was detected in:
○ 10/94 of on-treatment and pre-operative 

timepoints (Figure 3)
○ 0/144 of post-operative and follow up 

timepoints  (2 recurrences: 1 local, 1 isolated 
CNS; Figure 4)

Table 1. Participant 
Characteristics.

Figure 3. Tumor Methylation Fraction Dynamics on Neoadjuvant Chemotherapy. Individual 
participant timelines separated by non-pathologic complete response (non-pCR; top) and pCR 
(bottom). Longitudinal detection of ctDNA using TMeF and cancer signal classifier. TMeF 
plotted with point estimate and 95% confidence intervals. Dashed mark: the end of the 
neoadjuvant treatment window. Individual pCR status and residual cancer burden (RCB) scores 
are outlined.

RESULTS

Figure 4. On-Treatment ctDNA Dynamics and Association with 
Pathologic Complete Response. Participants with residual disease at 
the time of surgery had a trend towards higher TMeF levels between C3-
C5 of neoadjuvant chemotherapy. Dashed line: exploratory TMeF cutoff 
to maximize separation between pCR and non-pCR.  

Figure 5. Representative Swimmer Plot. Longitudinal representation of 
ctDNA detection with respect to a participant's clinical timeline. ctDNA 
was not detected in post-operative samples before recurrence (R+) in 2 
participants: local recurrence (2 mm; last test: 4 days prior) and an 
isolated CNS recurrence (last test: 193 days prior). No ctDNA was 
detected postoperatively or during adjuvant follow-up in the 32 
recurrence-free participants (100% specificity).

RESULTS

Figure 6. Methylation-based Molecular Subtyping Classification. (A) Distribution of 
methylation-based molecular subtyping by ER-status (%) on the diagnostic biopsy. Non-
cancer classified when TMeF is low. (B) Distribution of methylation-based molecular 
subtype by pathologic subtype on the diagnostic biopsy. (C) 2/2 participants with HER2 
IHC 2+ (FISH+) classified as TNBC by methylation-based subtyping. HR: hormone receptor.

CONCLUSIONS
● Baseline ctDNA detection was 75% overall and 92% in 

participants with HR−/HER2+ EBC
● This tumor-agnostic assay demonstrates high 

technical success, sensitivity and specificity, even at a 
low tumor methylation fraction

● Methylation-based molecular subtypes are associated 
with HR status in HER2+ EBC using this classifier

● Additional analyses in larger cohorts are warranted to 
further evaluate the validity and utility of ctDNA 
monitoring and methylation-based subtyping
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