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RESULTS 

Figure 1.  Workflow for cfDNA analysis using cfDNA 

Lung Assay  

A: Complete workflow for cfDNA analysis includes blood collection, plasma 

preparation, cfDNA extraction from plasma using MagMax cell-free DNA Iaolation kit, 

library preparation using cfDNA Lung Assay, sequencing on Ion Torrent S5 instrument 

and data analysis in Torrent Suite software. B: cfDNA Lung Assay includes 35 

amplicons covering 157 key hotspot mutations in 11 genes listed here.  

 

Table 2. Observed frequencies of variants detected from 

matched FFPE and Plasma samples   

Figure 2. Tagging Technology for rare mutation detection   

Table 1.  Detection sensitivity and specificity using 

HorizonTM cfDNA Controls 

ABSTRACT 
 

We demonstrated a complete workflow that includes blood 

collection, cfDNA isolation, library preparation, sequencing, 

and data analysis to enable detection of rare DNA variants 

in blood plasma samples. Blood samples were collected 

using EDTA/Streck DNA tubes followed by plasma 

preparation and cfDNA isolation using MagMAXTM Cell-

Free DNA Isolation Kit. Library preparation was performed 

using cfDNA Lung Assay.  Barcoded libraries were pooled 

and sequenced on Ion TorrentTM Next Generation 

Sequencing Platforms. Sequencing data was analyzed in 

Torrent SuiteTM using variantCaller-cfDNA plugin. ~150 

biomarkers relevant to non-small cell lung cancer were 

interrogated in one sequencing run. 

We demonstrated detection sensitivity at 0.1% frequency 

using engineered mutants that were spiked into control 

DNA samples.  The workflow was tested on a set of 

research samples from matched tumor FFPE and blood 

plasma collected from research subjects with non-small cell 

lung cancer (NSCLC). Summary of variant calls from 

matched cfDNA and FFPE tumor samples are presented 

here. Results indicate high sensitivity of the workflow and 

expected levels of concordance between variants detected 

in the two types of research samples.  

In this study, we developed a highly sensitive and reliable 

research workflow to detect rare somatic mutations in 

circulating cfDNA samples. Significant overlapping of 

mutations discovered in FFPE tumor and cfDNA samples 

suggests that this workflow may be used to monitor tumor 

dynamics in NSCLC and potentially other tumors in the 

future. 
 

 

INTRODUCTION 
 

Research detection of somatic mutations in circulating cell-

free DNA (cfDNA) using blood samples from subjects 

previously diagnosed with cancer provides a potential non-

invasive approach to monitor cancer status and evaluate 

cancer evolution in the future. However, most of the 

existing mutation detection methods show insufficient 

sensitivity to detect cfDNA mutations since only small 

amount of mutant gene fragments, derived from tumor 

cells, is present in a large amount of normal circulating 

DNA background. Therefore, improvement in the accuracy 

of measurement systems which includes library preparation 

method, sequencing, and data analysis,  is the key to 

enable variant detection at sub 1% allelic frequencies.  
 

 

CONCLUSIONS 
 

• We have established a highly sensitive and reliable research 

workflow to detect rare somatic mutations (0.1%) in 

circulating cfDNA samples.  

 

• Significant overlapping of mutations discovered in FFPE 

tumor and cfDNA samples suggests that this workflow may 

be used to monitor tumor dynamics in NSCLC and potentially 

other tumors in the future. 
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MATERIALS AND METHODS 
 

Plasma preparation:  Blood samples were collected into EDTA 

tubes following manufacturer’s instructions. Plasma from blood 

sample was obtained by centrifugation at 1600 x g for 10 min at 

4C, followed by another spin at 6,000 x g for 30 min at 4 C to 

remove any residual blood cells. 

cfDNA/FFPE DNA isolation: cfDNA was isolated  from ~4-mL of 

plasma using MagMAX Cell-Free DNA Isolation Kit following 

alternative protocol in User Guide.  RecoverAllTM Multi-Sample 

RNA/DNA Isolation Workflow was used to isolate DNA from 

FFPE samples following standard protocol. 

Library preparation: cfDNA Lung Assay was used to generate 

libraries from both cfDNA and FFPE DNA samples following 

standard user guide. 

Sequencing: Ion ChefTM System and Ion 530TM/Ion 540TM Kit-

Chef were used for template preparation, followed by 

sequencing on Ion S5 system using Ion 530/Ion 540 chips. 

Generally, 8-plex library pool ran on an Ion 530 chip and 16-

plex library pool on an Ion 540 chip.  

Data analysis: Data analysis was performed in Torrent Suite 

using variantCaller-cfDNA plugin.  
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Gene Specific Primer 
 
 
Unique molecular tags (UMI)  

Family 1 Family 2 

* 

* 
* 
* 
* 

* 

* 

True hotspot variant appears in >95% 

of fragments assigned to single “family” 

False Positive workflow errors appear sporad

ically across reads assigned to single“family” 

Samples Variant FFPE Plasma 

1 EGFR-L858R 71.42% 2.62% 

2 TP53-R158L 51.89% 4.32% 

3 
MET-T1010I 

KRAS-G12C 

43.87% 

34.62% 

51.75% 

0.28% 

4 N/A No detection No detection 

5 

EGFR-L858R 

MET-T1010I 

TP53-Y220C 

58.44% 

41.93% 

35.54% 

7.28% 

48.72% 

1.93% 

6 TP53-R158L 10.19% 1.26% 

Horizon 

control 
Input Sensitivity Specificity 

5% 5 ng 100 % 100 % 

5% 10 ng 100 % 100 % 

1% 5 ng 81.25% 100% 

1%  10 ng 100% 100% 

0.1% 30 ng 75%  99% 

0.1% 40 ng 75% 100% 

0.1% 50 ng 94% 100% 

0.1%  60 ng 94% 100% 

A 

B 

A 

B 

A: Scheme of the Tagging Technology 

for rare mutation detection used in 

cfDNA Lung Assay. Each cfDNA 

molecule was assigned with unique 

molecular tags (UMI) by PCR using 

fusion primers that contain both gene-

specific and UMI sequences. True 

hotspot variant can be distinguished 

from workflow errors by frequency of 

variants in families that have the same 

UMI. B: Brief workflow for cfDNA Lung 

Assay. 

 

Figure 3.  Positive control variants detected at 0.1% Allelic 

Frequency  

Positive control derived from 

AcroMetrix Oncology Hotspot 

control that contains 39 variants at 

0.1% allelic frequency was used to 

test the sensitivity and specificity of 

measurement system. >80% 

sensitivity and >95% specificity can 

be achieved with cfDNA Lung 

Assay with observed allelic 

frequencies between 0.05% and 

0.15%, demonstrating an accurate 

measurement system with high 

sensitivity and specificity. 

 

Horizon Multiplex I cfDNA Reference Standard Set ( Horizon, PN HD780) was 

used to demonstrate detection sensitivity and specificity of cfDNA Lung Assay. 

Standards with 8 mutations at different allelic frequencies were used in this test. 

Results indicate that to achieve >80% sensitivity, the minimal input requirement is 

5 ng for 1% Horizon standard and 50 ng for 0.1% standard.  

 

High concordance in variant detection can be observed using matched FFPE 

and plasma samples collected from research subjects with NSCLC. 

 

For Research Use Only. Not for use in diagnostic 
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