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Circulating tumor DNA (ctDNA)

• Plasma includes mixture of ctDNA and leukocyte 
DNA 

• ctDNA levels are commonly measured as Variant 
Allele Frequency (VAF)

• Median VAF in cancer patients is ~0.5%

• Limit of detection for molecular residual disease 
(MRD) is ~0.01% VAF

• Measuring ctDNA allows for quantification in 
addition to qualitative assessment



A personalized and tumor-informed residual disease test



Based on Wan JC. et al. Nat Rev Cancer. 17, 223–238. (2017)

Clinical Applications of ctDNA



• 125 patients 
with stages I-III CRC 
were treated with 
curative surgery and 
optional ACT

• 795 plasma samples 
were collected:

• Pre-surgery

• Day 30

• Qtrly up to 3 years

Clinical validation study in Colorectal Cancer

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal cancer 
[published online May 9, 2019]. JAMA Oncol. 2019. doi:10.1001/jamaoncol.2019.0528. 

Stage I
n = 5

Stage II
n = 39

Stage III
n = 81

Patients staged according to current TNM criteria
n = 125



Post surgical ctDNA applications
“In patients without evident metastatic disease, the value of chemotherapy 

following surgical excision is not clear. Patients will nearly always suffer side effects 
from such therapies, but patients without residual disease cannot possibly benefit.”
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● ~75% of patients are cured with surgery 

● ~30% of patients determined to be ‘high 
risk’ receive ACT

● Studies show only 3-5% of patients 
treated with ACT actually benefit

● Guidelines leave ACT decisions to 
physician/patient discretion

● ~50% of patients are cured with surgery 

● Guidelines recommend all patients be 
treated with ACT

● Studies show ~30% of patients treated 
with ACT benefit

Stage II Colorectal Cancer Stage III Colorectal Cancer



ctDNA is a measure of molecular residual disease and can thus help 
determine which patients should receive ACT

Relapse rate after ctDNA result

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal cancer 
[published online May 9, 2019]. JAMA Oncol. 2019. doi:10.1001/jamaoncol.2019.0528. 



ctDNA applications for therapy monitoring

ctDNA can be measured quantitatively and thus used for tracking



ctDNA applications after completion of therapy
ctDNA can detect molecular recurrence sooner and with higher accuracy 

than current standard of care methods

Accuracy in detecting relapse

Sensitivity Specificity

Signatera CEA

88%

69%

98%*

64%

*Patient-level specificity 98%. Test-level specificity 99.7%.

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal cancer 
[published online May 9, 2019]. JAMA Oncol. 2019. doi:10.1001/jamaoncol.2019.0528. 

ctDNA



ctDNA application after completion of therapy
ctDNA can detect molecular recurrence prior to clinical and/or radiographic 

relapse, potentially giving clinicians a larger window of opportunity for 
treatment

11

89

%
69

%
CT SCAN

CTDNA

AVERAGE TIME TO RELAPSE

ctDNA HAS 8.7 
MONTH LEAD 

TIME

14.2 
MONTHS

5.5 
MONTHS

ctDNA

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal cancer 
[published online May 9, 2019]. JAMA Oncol. 2019. doi:10.1001/jamaoncol.2019.0528. 
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Consistent performance across multiple tumor types



Clinical Case Study: Tumor –Informed MRD Assay

Einstein DJ, Liang N, Malhotra M, et al. Assessment of molecular remission in oligometastatic esophageal cancer with a personalized circulating tumor DNA assay. 
JCO Precis Oncol.  2020;4:239-243. doi: 10.1200/PO.19.00339

1. After neoadjuvant treatment  MRD 
clearance coincided with radiographic 
response and a decline in CEA levels.

2. After radiofrequency ablation of the 
recurrent liver lesion, MRD testing 
showed an increase in ctDNA levels 174 
days before CEA levels began to rise, and 
approximately 12 months before a new 4 
cm mass in the ablation cavity was 
detected by FDG-PET. Repeat CT scans 
were negative throughout this period.

3. After metastasectomy, ctDNA cleared 
with  no evidence of recurrence, despite 
abnormal CEA levels


