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• The ability to build complex, targeted libraries, free of chemically induced
mutations is of major importance for the detection of circulating tumor DNA
(ctDNA) from solid tumors found in liquid biopsies. DNA damage occurring as a
result of sample handling, polymerase errors or chemical preservatives can
create low abundance, falsely positive signals indistinguishable from cancer-
derived mutations. A critical component of this, often overlooked, is the proper
collection and preservation of the sample paired with the right isolation and
detection methodology.

• We undertook to evaluate and compare the performance of samples collected
in Biocept CEE-Sure blood collection tubes by generating NGS libraries using the
ArcherDX Reveal ctDNA 28 panel. We utilized remnant patient DNA isolated
from plasma collected and processed at our CAP/CLIA certified laboratory in San
Diego, CA.

A concordance study of the ArcherDx Reveal ctDNA 28 NGS panel and Biocept’s Target-SelectorTM

mutation assay using ctDNA collected in Biocept’s CEE-sure blood collection tube
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Table 1: circulating DNA from patient blood
collected in the patented Biocept CEE-sure was
extracted from plasma and used in Target-
SelectorTM assays specific for EGFR (Del19, L858R,
T790M), KRAS or BRAF mutations. In certain cases
CTC enumeration and biomarker testing was also
performed. Sequencing of the amplified Target-
SelectorTM product was used to confirm the
presence of the mutation. The remnant DNA
samples were de-identified and sent blinded to
ArcherDx and processed through their Reveal ctDNA
workflow. Each sample contained either a high or
low mutational burden for one of the 5 clinically
actionable markers listed along with two samples
which tested negative for all five.

Fig. 4: The Target-SelectorTM probe
allows the mutant to efficiently
amplify in PCR reactions over a wide
extension temperature window
compared to the wild-type template
which is efficiently blocked. This can
produce a 20°C window of
preferential amplification of mutant
template over WT during PCR.

• In this pilot evaluation, the tumor status of 12 patients were
tested using both the Biocept Target Selector Assay and the
Archer ctDNA reveal 28 NGS panel.

• Archer was able to produce high quality libraries from the
stored sample, indicating that little DNA damage occurred
during preservation in the CEE-Sure tube.

• The two methods were shown to have good concordance and
while the target selector tests excelled at finding low
abundance markers, the Archer panel uncovered mutations
untested in the Biocept profiling.

• This study demonstrates that both breadth of coverage and
depth of analysis are important factors for today’s oncologist
when considering which diagnostics to perform on their
patient. The rise of the liquid biopsy provides an powerful,
informative, non-invasive option when looking for actionable
biomarkers.

Manufacturing ISO 9001

Tube Volume 8.0 ml liquid capacity

Tube Type Plastic or Glass

Shelf Life
Plastic: 12 months

Glass: 24 months

Storage
Temperature

18°C – 25°C

Shipping
Temperature

15°C – 30°C

Stability
Blood: Up to 4 days

DNA: Up to 8 days

Conclusions

Archer Results

Study ResultsBiocept ResultsTesting and ToolsBackground

Study Design
Sample

Biocept 

Result

Mutation 

Level
1 KRAS Ex2 high

2 KRAS Ex2 low

3 BRAF V600 high

4 BRAF V600 low

5 EGFR L858 high

6 EGFR L858 low

7 EGFR Del19 high

8 EGFR Del19 low

9 EGFR T790M high

10 EGFR T790M low

11 Negative N/A

12 Negative N/A

Library Quality Variant Frequency

Detailed Variant Analysis

Target Selector Test

Archer ctDNA Reveal 28

CEE-Sure BCT

Figure 3: Target Selector is a targeted hotspot mutation test that enriches for
rare mutations in a large excess of WT DNA. The test is specific to small regions
of interest, highly sensitive, and validated at 7 mutant copies in a background of
14,000 WT at >98% sensitivity. Target-SelectorTM probes block WT amplification
but allow mutant DNA amplification. A mismatch (mutation) under the switch
region creates a large annealing temperature discrimination between the mutan
and WT binding temperatures allow mutant specific amplification.

Figure 1: CEE-SureTM BCT is designed to both prevent blood coagulation, and to 

preserve the cells  from lysing due to age or transport conditions. CEE-SureTM

allows for room temperature  shipment of whole blood for nucleated cell 

isolation, and for cfDNA and cfRNA detection.

Target Selector Workflow

The ArcherDX Reveal ctDNA test is a 28 gene NGS panel that targets key
oncogene activating mutations, drug resistance mutations, and yields full
coverage TP53. The Reveal ctDNA assay utilizes Anchored Multiplex PCR (AMP)
to enrich, tag, and efficiently capture short ctDNA fragments.

Fig 5:  ctDNA inputs, naturally fragmented prior to extraction from plasma, are 
end-repaired, A-tailed, and tagged by ligation to a molecular barcode-
containing adapter.  Target enrichment with AMP is achieved by two rounds of 
nested PCR between region-specific primers (GSP1 and GSP2) and a universal 
primer (P5 Primer) .  Fully indexed, target enriched libraries are produced in 
under 7 hours (left).   Archer ctDNA Reveal 28 target list (right).

ALK KRAS

AKT1 MAP2K1

AR MAP2K2

BRAF MET

CTNNB1 NRAS

DDR2 NTRK1

EGFR NTRK3

ERBB2 PIK3CA

ESR1 PDGFRA

FGFR1 RET

HRAS ROS1

IDH1 SMAD4

IDH2 MTOR

KIT TP53

Fig 6: High complexity libraries having >50 avg. unique 
start sites per region-specific primer were generated from 
ctDNA inputs ranging from 3.48-42.60 ng. The average 
number of unique reads per primer increases with 
increased input mass (left).  Archer Analysis leverages 
features of AMP to filter variant calls using metrics 
including unique molecular observations (UAO) to increase 
specificity of results.  Archer Analysis also implements 
outlier detection (OD_pval) to distinguish variants from 
instrument noise to increase sensitivity.

Fig 7:  ctDNA enrichment in the Reveal ctDNA assay 
enhances the ability to detect low abundance variants. 
AMP chemistry and Archer Analysis detect complex 
mutations such as polynucleotide BRAF:p.V600K and 
EGFR deletions. EGFR deletions such as those identified 
here are oncogenic drivers; a secondary resistance 
mutation (T790M) was identified in both samples 
exhibiting the deletion (one example shown to the 
left). * Allele fractions for the complex 
EGFR:p.L747_E749del;A750P event are approximate.

Reveal Gene List

ctDNA Platform

CTC Platform

Sample 

#

T790M 

MT/WT

T790M 

%

L858R 

MT/WT

L858R 

%

Del19 

MT/WT

Del19 

%

KRAS 

MT/WT

KRAS 

%

BRAF 

MT/WT

BRAF 

%

1 0/1912 0 0/1912 0 0/1912 0 493/1912 26% 0/2589 0

2 - - - - - - 120/14219 <1% -

3 - - - - - - - - 690/17890 3.86%

4  5/1532 <1% 29/1256 2.2  34/2006 1.6 0/1194 1.2 12/1512 0.79%

5 0/2625 0 33/2592 1.2 0/2325 0 - - -

6 0/1231 0 1/1229 <1% 0/1231 0 - - -

7  5/707 <1% 0/712 0  25/686 3.5 - - -

8  2/1752 <1% 0/1751 0  3/1751 <1.0 - - -

9  350/13126 2.67% 0/13475 0 1/13474* 0 - - -

10  1/1342 <1% 0/1343 0 4/1339 0.30% - - -

11 0/1336 0 0/1398 0 0/1398 0 0/1481 0 0/1094 0

12 0/5693 0 0/5693 0 0/5693 0 0/7547 0 0/5530 0

Sample 

#

Accession 

#

Cancer 

Type

CK+ 

CTCs

CK- 

CTCs
ALK ROS1 FGFR1

1 16-01431 lung 0 31 Not Det. Not Det. Not Det.

2 16-01195 colon - - - - -

3 16-01350 melanoma - - - - -

4 16-01064 lung 0 21 Not Det. Not Det. -

5 16-01513 lung - - - - -

6 16-01493 lung - - - - -

7 16-01494 lung - - - - -

8 16-01512 lung - - - - -

9 16-01400 lung - - - - -

10 16-01414 lung - - - - -

11 16-01498 lung 0 11 - - -

12 16-01516 unknown 2 24 Not Det. Not Det. -

Table 2: Additional information on patients
tested in the study from the Biocept Clinical
Laboratory using the target selector tumor
cell capture platform. Cytokeratin negative
CTCs were found in 4 of the patients
including the two where no other genetic
alterations were found. Highlighted cells
indicated signal was detected. Dash lines
mean the test was not ordered.

Table 3: Complete testing
results for the study patients
using Biocept’s target selector
circulating tumor DNA
platform. Tabular numbers
indication copy #/mL of
plasma tested for either
mutant or WT species of DNA.
Blue highlight indicates
mutation detected. Dashed
lines indicate test was not
ordered for this patient.

Table 3: Concordance of the tests in 7 of 12 patients. The Biocept test outperformed
on sensitivity for the most common markers, but the ArcherDX panel added
important additional markers that could guide patient treatment in certain cases.
Overall the tests complement one another. For instance one could test the most
common markers from Biocept and if negative follow up with a larger panel to look
for less common markers that may guide treatment toward therapeutics in clinical
trials.

Poster # 762AACR 2017

*not confirmed by sequencing

*not confirmed by sequencing

Patient Gene
Mutation 

Level
Biocept ArcherDx Biocept Other Archer Other

1 KRAS High X X CK- CTCs, None

2 KRAS Low X X None None

3 BRAF High X X None None

4 BRAF Low X
CK- CTCs, EGFR 

T790M, L858R, Del19
PIK3CA E545K,MET

5 EGFR L858R High X None None

6 EGFR L858R Low X None
KRAS G12R, KIT 

(D572G, T574A)

7 EGFR Del19 High X X EGFR T790M EGFR T790M

8 EGFR Del19 Low X EGFR T790M KIT (D572G, E583G)

9 EGFR T790M High X X EGFR Del19* EGFR (Del19,A750P)

10 EGFR T790M Low X None None

11 Negative N/A X X CK - CTCs KIT K558E

12 Negative N/A X X CK+ CTCs, CK- CTCs None


