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Circulating tumor DNA (ctDNA)

Leary et al, Sci Transl med, 2012

• Highly tumor specific
• Early detection/screening
• Actionable genomic alterations
• Disease monitoring (MRD, 

prognosis)



Minimal Residual Disease (MRD)

Microscopic tumor burden remaining in the body after 
treatment in patients who have no clinical evidence of disease

These residual cells can persist locally, circulate in the 
bloodstream as circulating tumor cells (CTCs), or reside in 
distant organs as disseminated tumor cells (DTCs) or 
micrometastases

MRD detection after completion of local therapy could 
identify which patients will recur and allow personalization of 
adjuvant therapy

Pantel et al. – Nature Reviews Clin Onc 2025



MRD in Hematologic Malignancies

Saygin et al – Haematologica 2022



ctDNA MRD: Tumor-Informed vs. Tumor-Naive

Tumor Informed Tumor Naïve Liquid Informed

Adequate specimen Limitation – UTUC, bone mets, 
no Nx

Not required Tissue not required, but need 
minimum plasma or urine

Sensitivity Better LOD (.01 to <1ppm) Less sensitive Less sensitive

Specificity Very good
Screens out CHIP

Very good
CHIP needs filter algorithm, 
epigenomics and 
fragmentomics improve

Improved by baseline ctDNA
Screens out CHIP

Emerging Variants/biomarkers No Yes Yes

Turnaround time Slower ~ 4-6 weeks for baseline, 
subsequent 1 week

7-10 days ~4 weeks

Key Applications • MRD
• Assess treatment response
• Serial monitoring

• MRD
• Assess heterogeneity, actionable 

alterations, resistance
• Serial monitoring

• MRD
• Assess heterogeneity, actionable 

alterations, resistance
• Serial monitoring

@alantanmd



Tumor-Informed 
ctDNA
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Powles, Thomas, Zoe June Assaf, Nicole Davarpanah, Romain Banchereau, Bernadett E. Szabados, Kobe C. Yuen, Petros Grivas, et al. “CtDNA Guiding Adjuvant Immunotherapy in 
Urothelial Carcinoma.” Nature 595, no. 7867 (July 2021): 432–37. https://doi.org/10.1038/s41586-021-03642-9.

https://doi.org/10.1038/s41586-021-03642-9


MODERN  A032103

PI: Matt Galsky

117 patients have been enrolled in Step 0 (ctDNA 
screening step) and 69 patients have been randomized



How to increase sensitivity of ctDNA MRD 

Moding et al. Cancer Discov. 2021

* Longitudinal monitoring



Is it Raining ctDNA?  

Size of the grid matters!

• Better quantification
(more raindrops detected)

• More precise with 
smaller tumors



Whole Genome Sequencing up to ~1800 Variants



Phased Variant Enrichment and Detection Sequencing to assess MRD 
(PhasED-Seq)



Cabel et al, ESMO 2024

• PhasEd-Seq reduces 
background errors and 
enhancing detection 
sensitivity. 

• Studies have 
demonstrated that 
PhasED-Seq can detect 
ctDNA at levels below 1 
part per million, 
outperforming other 
methods such as CAPP-
Seq and duplex 
sequencing

Phased Variant Enrichment and Detection Sequencing to assess MRD 
(PhasED-Seq)





Tumor-Naive 
ctDNA



Tumor Uninformed (REVEAL)



In collaboration with Dana-Farber Cancer Institute

PredicineALERTTM | Methylation-based monitoring in gastric cancer

Nature Communications, 2024

More focused analysis on regions known to be hypermethylated in gastric cancer (Fig. D) confirmed robust methylation present 

in ctDNA at those loci at treatment naïve timepoints, their disappearance with therapy and re-emergence prior to radiographic 
progression consistent with evolution of disease burden with therapy. Representative data is shown for patient 15 (Fig. C and D).
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Study Title: Clinical outcomes and ctDNA correlates for CAPOX BETR: A phase II trial of capecitabine, oxaliplatin, bevacizumab, 

trastuzumab in previously untreated advanced HER2+ gastroesophageal adenocarcinoma
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Methylated fragments by geneMethylated fragments by count Methylated fragments over time
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PredicineEPICTM | Urine-based DNA methylation profiling for RCC

Zhang J et al, AACR 2024

Tissue-Based DMRs distinguish urine samples from RCC patients and non-malignant donors

PredicineEPIC: genome-wide methylation assay CONFIDENTIAL, DO NOT COPY OR FORWARD

In collaboration with Renji Hospital



Bladder | Urine-based WES, WTS, methylation: PredicineCOMPLETE

PredicineCOMPLETE: WES+, WTS, Methylation
Tan A, et al. ASCO-GU, 2025

Tumor fraction
ctDNA dynamics

DNA methylation 

Gene expression

Blood, urine, tissue

CONFIDENTIAL, DO NOT COPY OR FORWARD22



Next Generation MRD with Machine Learning

T. Moseer et al., Trends in Genetics, 2023

Tumor Informed

Tumor Naive



Conclusions

• Tumor informed have best sensitivity and optimal for detecting 
MRD at very low levels, < 1 PPM

• Next generation tumor informed tests increase sensitivity by 
tracking more variants (up to 5000) and filtering background 

• Tumor naïve assays have rapid turnaround and capture tumor 
evolution, but are currently less sensitive. Methylation, 
Fragmentomics, and scanning entire genome poised to improve 
sensitivity and specificity.



Thank You
@alantanmd

alan.tan@vumc.org
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