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The potential of cfDNA profiling was long recognized 

Background about cfDNA 



Picture from http://www.cnn.com/2016/03/24/health/dennis-lo-dna-discovery/ 



Dynamics of cfDNA in plasma correlate with clinical status 

Bettegowda, Vogelstein, Diaz  STM 2014 Diehl, Vogelstein, Diaz Nat Med 2008 



Comprehensive representation of cancer genome 

Tumor	tissue	

Plasma	before	surgery	

Plasma	after	surgery	

Chan, Lo et al Clin Chem 2012 

Michael Cheng, Maha Shady, Preethi Srinivasan,  
Dana Rathkopf, Gopakumar Iyer, Mike Berger, David Solit 



Tumor-derived cfDNA in different types of cancers 
 

Bettegowda, Vogelstein, Diaz  STM 2014 

1) Bladder 
2) Colorectal  
3) Gastroesophageal  
4) Ovarian  
5) Pancreatic ductal  
6) Breast  
7) Melanoma  
8) Hepatocellular  
9) Head and neck  
10) Neuroblastoma  
11) Medulloblastoma  
12) Prostate  
13) Renal cell caricinoma  
14) Thyroid  
15) Glioma  
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cfDNA in multiple body fluids 

Pentsova et al JCO 2016 

Cerebrospinal Fluid (CSF) 
 

Petal et al Scientific Reports 2017 

Urine 
 

Wang, Agrawal STM 2015 
Saliva 
 



Clinical applications 
 



Molecular profiling using plasma 

Tsui Berger CCR 2016 



Molecular tumor responses 



Chan,	Lo	et	al	NEJM	2017	

Early detection of cancer 

Targeting cancer-specific markers: 
 
Detecting EBV viral DNA in plasma 
for detection of nasopharyngeal 
carcinoma 



Analytical challenges:  
ctDNA present at a low fraction in plasma 

Normal 
DNA

Tumour 
DNA

Low total cfDNA yield from plasma 
 

 Low fraction of tumor-derived DNA 

Healthy volunteers  
<1 – 12.5 ng/ml of plasma 
 
Cancer patients 
10 ng DNA = ~3000 genome equivalent 

Metastatic 
~5%, average 8-10% 
 
Early stage 
<1% 

Mutant allele fraction: 
Tumor-derived DNA 

[Normal+tumor derived DNA] 



Analytical strategies 

Single-locus 
assay 

Targeted 
sequencing 

Whole genome 
analysis 
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False positives and negatives 

Kuderer et al JAMA Oncology 2016 



Wang, Agrawal STM 2015 HPV – Human papillomaviruses 

Leverage the power of multiple body fluids 



Quality control: Assay validation 

NYSDOH Guidelines for NGS-based somatic genetic variant detection 
SOP Laboratory protocols 
QC Bioinformatic criteria for read quality, depth, coverage, etc. 
Controls No template control, negative control and positive control 
Reports Criteria for reporting 
Validaiton   

Accuracy A minimum of 3 well-characterized reference samples 
Initial validation A minimum of 50 patient samples of intended context 
Full validation 10 positive samples for each type of intended variant 
Precision 
(within run) 

A minimum of 3 positive patient samples containing variants in the same run using 
different barcodes  

Reproducibility 
(Between runs) 

A minimum of 3 positive patient samples containing variants in three separate runs on 
2 different days by 2 different technologists. 

Contamination 
assessment Verify no cross talk between samples and barcodes 

Analytical 
sensitivity Establish the analytical sensitivity for each type of variant using control materials 

https://www.wadsworth.org/ 

New York State Department of Health NGS assay validation guideline 
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Chakravarty et al., JCO Precision Oncology, 2017 

OncoKB: MSK precision oncology knowledgebase of 
clinically relevant alterations 

What does it mean? Clinical annotations 
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Liquid biopsy: promises and challenges 

Screen for actionable targets 

Monitor response and resistance 

Early detection 

False positives and negatives 

Clinical interpretation 

Cost and reimbursement 

Promises Challenges 


