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Circulating tumor DNA (ctDNA) is a subset of cell-free DNA shed from tumors

▪ ctDNA is a subset of cell-free DNA shed exclusively by tumor cells.

▪ The total amount of DNA floating in the blood is called cell-free DNA.

▪ Most DNA (70%) in the blood comes from dying hematopoietic cells.

▪ The fraction of ctDNA depends on many factors, including tumor 
characteristics (e.g., subtype and size). 

i. ctDNA 101Ho et al. Int. J. Mol. Sci. 2024, 25, 8594; Zavarykina et al. Int. J. Mol. Sci. 2024, 25, 17073; Zeng et 

al. Cancer Letters 2025; 616: 217574; 



The story of cell-free DNA and circulating tumor DNA (ctDNA)

Dominguez-Vigil et al. Oncotarget. 2018;9 (2):2912-2933.
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Circulating tumor DNA analysis is a fast-growing area of research
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ctDNA carries genetic information (e.g., mutations) found in the tumor of origin

i. ctDNA 101Pantel K et al. Nat Rev Clin Oncol. 2019;16(7):409-424.

https://waldo.candlewick.com/

Where's Waldo? Paperback – Picture Book, November 12, 2019

by Martin Handford

https://www.amazon.com/Martin-Handford/e/B000APEKR4/ref=dp_byline_cont_book_1


Preprocessing for ctDNA analysis 

Bohers et al. Pharmaceuticals. 2021;14, 596. ii. Preanalytical conditions



Technology to optimize preanalytical conditions: Collection tubes

Dominguez-Vigil et al. Oncotarget. 2018;9 (2):2912-2933. ii. Preanalytical conditions



Technology to optimize preanalytical conditions: cfDNA extraction kit

Dominguez-Vigil et al. Oncotarget. 2018;9 (2):2912-2933. ii. Preanalytical conditions



Methods for ctDNA detection 

Dominguez-Vigil et al. Oncotarget. 2018;9 (2):2912-2933.

Vlataki et al. Cells. 2023, 12, 1573.
iii. Detection methods



Two types of NGS-based ctDNA detection platform

Panet et al. npj Breast Cancer. 2024;10 (50) iii. Detection methods



Sample Patient Report 

1. Binary test result: ctDNA+ or ctDNA-

2. ctDNA concentration: 

• Mean tumor molecules per mL  
(MTM/mL)

• Variant allele frequency (VAF) or 
Mutant allele frequency (MAF)

3. List of mutations detected

1.
2.

iii. Detection methods



Moati et al. Cancers 2021;13:4743.

Sensitivity and information from ctDNA detection methods

iii. Detection methods



Challenges faced: Heterogeneity in the sensitivity of ctDNA assays

Nader-Marta G et al. ESMO Open. 2024;9(3):102390. iv. Challenges 

The sensitivity of ctDNA for diagnosis of overt recurrent disease ranged from 0.31 to 1.00. 

Review of 57 studies, including 5779 patients



Nikanjam et al. J Hema & Oncol 2022; 15:13

Integrating ctDNA with other liquid biopsy-based biomarkers from other bodily fluids   

iv. Challenges 



ctDNA analysis using the cerebrospinal fluid (CSF) in patients with brain metastasis and/or leptomeningeal disease

Challenges faced:  ctDNA testing beyond blood 

Morganti et al. npj Breast Cancer 2023; 9:43 iv. Challenges 



Challenges :  Technical and biological barriers to ctDNA detection

Zeng et al. Cancer Letters 2025; 616: 217574 iv. Challenges 

CHIP – clonal hematopoiesis of 

indeterminate potential

The emergence of ESR1 mutations will be missed using a 

tumor-informed panel based on the primary tumor.  



Lack of standardization and validation across platforms

Xi et al. JCO Oncol Pract 2024:1460-1470

Challenges : Commercially available ctDNA assays come in many flavors

iv. Challenges



The story of circulating tumor DNA (ctDNA): And the plot thickens!

Moser et al. Trends in Genetics 2023; 39:4 v. Future directions



Moser et al. Trends in Genetics 2023; 39:4

Enter machine learning and artificial intelligence in liquid biopsy research

v. Future directions



▪ ctDNA testing is a fast-growing area of research. 

▪ Optimized preanalytical parameters have led to clinical trials 
using ctDNA as an endpoint or a correlative biomarker.

▪ ctDNA assays using PCR and/or NGS have allowed higher 
sensitivity and coverage (number of loci tested).

▪ Numerous technical and biological challenges need to be 
overcome.

▪ Machine learning and AI may help identify optimal liquid 
biopsy biomarker combinations for predicting outcomes.

▪ There is a lack of standardization and cross-platform 
validation for ctDNA testing. 

vii. Summary

Summary: The message is in the method
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