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Abstract

A quantitative detection of BRAF V600E mutation in cell free DNA of plasma using ddPCR has been used in testing liquid biopsy 
and in follow-up tests of melanoma patients to monitor melanoma recurrence and to quantitatively measure minimal residual 
disease. In our CLIA certified laboratory, 364 samples have been tested in a 5-year time span. Eighty-five BRAF V600E were 
detected with various allele frequences, from 0.23% to 65.40%. The raw data of ddPCR is usually depicted in a 2D plot with 4 
quadrants, similar to flowcytometry. BRAF codon 600 is interrogated in a droplet PCR reaction and generates a read from each 
droplet. The read is represented by a dot on the 2D plot. The positive dots are distributed in the upper left and right quadrants. The 
negative dots, the lower left and right quadrants. Among the 85 positive cases, we have encountered some unexpected findings from 
four cases. On the 2D plots, the positive dots of these cases are unexpectedly distributed on the border of the upper left and lower left 
quadrants, an atypical 2D plot pattern. Since some of the signal dots are above the cut off, the test results are output as positive. The 
four cases were re-tested using pyrosequencing and/or next generation sequencing. The results turn out to be BRAF V600K instead 
of BRAF V600E. Our ddPCR assay is designed to detect BRAF V600E mutation, but not for BRAF V600K. Such an unexpected 
finding prompts us to review the raw data on the 2D plot routinely. If an atypical 2D plot pattern is seen, we defer to an orthogonal 
assay instead of issuing a report of BRAF V600E. If the BRAF V600K mutation is verified by an orthogonal assay, a BRAF V600K 
positive report can be issued, citing the orthogonal test result.
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Introduction

Liquid biopsy has been widely used in molecular diagnostic tests. 
Liquid biopsy is usually defined as obtaining the plasma and 
extracting circulating cell free tumor DNA (ctDNA) from the plasma 
for molecular tests [1]. This concept is expanding into the ctDNA 
from other body fluids [2, 3]. The ctDNA BRAF V600E test has 
been validated and used in patients with different diagnosis [4-6]. 
The BRAF V600E mutation is the most common driver mutation 
in Melanoma [7, 8]. The BRAF V600K mutation is the second 

most common driver mutation among BRAF mutated melanoma 
cases, followed by BRAF V600R, V600D etc. [8]. The ctDNA has 
been widely used to detect BRAF mutations in melanoma patients 
[9-13]. It has been specifically useful in follow-up tests to monitor 
patients’ response to treatment and to monitor the minimal residual 
disease and potential recurrence [14-18]. There are different 
methods in detecting BRAF mutations in ctDNA. Droplet Digital 
PCR (ddPCR) is one of the common methods [19-23]. The ddPCR 
assay has been used in our laboratory to detect BRAF V600E 
from ctDNA. In our practice, apart from detecting BRAF V600E 
mutation, this method occasionally generates an unexpected data, 
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which is different from the data of a BRAF V600E negative sample and it is also different from the data of BRAF V600E positive 
samples. The investigation of such cases is reported here.

Case Report

Materials and Methods: Plasma ctDNA was extracted using the QIAmp Circulating Nucleic Acid kit (Qiagen, Inc. cat. #55114) 
according to the suggested protocol. For each sample, 30ng of ctDNA was used in ddPCR testing. The ddPCR was performed using the 
BRAF V600E ddPCR (FAM + HEX) probe assay (BioRad Inc.) following the manufacturer’s protocol. The BioRad QX200 Automated 
Droplet Generator and Reader, C1000 thermocycler, and QuantaSoft analysis software were used in the testing process. The ddPCR 
quantitates BRAF V600E mutant and wild type allele copy number and depicts the data in a two-dimensional (2D) dot plot similar to 
that of flow cytometry data. The mutant channel threshold (MCT) is set with water and BRAF wild type DNA negative controls (Figure 
1). Signal dots above MCT are considered positive and results are reported as copies/ml plasma with the variant allele frequency.

Figure 1: A 2D plot of a BRAF V600E positive result of ddPCR assay. The red circle is the area where the typical single positive signal 
dots of BRAF V600E are located. The blue circle is the area where the typical single signal dots of wild type BRAF are located. The 
orange dots in the upper right quadrant are droplets containing both BRAF V600E and BRAF wild type signals.

Results

Normally, the result of a tested sample is either positive for BRAF V600E or BRAF V600 wild type. In the normal BRAF V600 E 
positive cases, the typical single positive signals are the dots located in the left upper quadrant of the 2D plot above the MCT (Figure 
1, red circle). The typical single signals of wild type BRAF are the dots located in the right lower quadrant of the 2D plot. The negative 
signals from empty droplets (neither BRAF V600E nor BRAF V600 wild type) are the dots located in the left lower quadrant (Figure 
1, blue circle).

However, among 364 tests, the data from 4 cases showed an unexpected dot plot pattern, which has a group of signal dots in between 
the upper left quadrant and the lower left quadrant of the 2D dot plot. These signal dots are a distinct group of dots, which are located 
around the MCT, the signal intensity is significantly lower (seen in Figure 2, red circle) than that of normal BRAF V600E positive signal 
dots (seen in Figure1, red circle). However, these signal dots are separated from the negative signal dots from empty droplets (Figure 2, 
blue circle). Since some of the signal dots are above the cut off, the test results are output as positive for V600E.
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Figure 2: A 2D plot of unexpected finding. The red circle is the unexpected finding. The signal intensity is higher than the negative 
signals, but significantly lower than the normal BRAF V600E positive signal seen in Figure 1. The insert in the upper left quadrant is 
amplified along the Y axial to show that the red circle includes a distinct signal dot population, which is separated from that in blue circle.

A patients’ chart review showed that one case had a subcutaneous nodule of malignant melanoma tested positive for BRAF V600K. 
One case was negative for BRAF V600E on a BRAF V600E specific immunohistochemistry (IHC) test. Another two cases had no prior 
BRAF testing. We also had a BRAF V600R case, which had similar 2D plot pattern as seen in (Figure 2).

The ctDNA of all 4 samples were tested using pyrosequencing and/or NGS. All 4 samples are positive for the BRAF V600K mutation 
(Figure 3, panel A and B).

Figure 3: NGS result of a V600K sample and the sequences of BRAF wild type and mutants. Panel A is NGS sequencing result from the 
DNA of a V600K. Panel B is NGS sequencing result from the RNA of the V600K. Panel C is the BRAF reference sequencing used in 
NGS in a reverse-compliment format. Panel D is BRAF sequences of wild type and mutants in a reverse-compliment format.
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Discussion

BRAF mutations are important driver mutations in melanoma [8]. 
The ddPCR assay for BRAF V600E is a highly sensitive assay 
in detecting ctDNA BRAF V600E. The lower detection limit of 
our assay is 0.23%. It also has very good specificity. This assay 
was designed to test BRAF V600E. Therefore, the samples used 
to evaluate the lower detection limit, the sensitivity and specificity 
are the samples either BRAF V600E positive or negative samples. 
However, in our clinical practice, some patients’ BRAF V600 
mutation history is not certain. This leads to a possibility of 
some BRAF V600K and   The unexpected findings present an 
unusual signal pattern on the 2D plot. Since some of the signal 
dots are above the cut off and the assay is designed for BRAF 
V600E detection, the test results are output as positive for 
V600E. The orthogonal tests show that these samples are actually 
positive for BRAF V600K. Portions of this work were presented 
in both abstract and poster form at the 2022 annual meeting of 
the Association for Molecular Pathology, November 3-5, 2022, 
Phoenix, AZ [24]. We believe that the unexpected findings are 
due to following causes. Since the assay is designed to detect the 
specific mutation of BRAF V600E, it is conceivable the assay 
has used the oligo specific PCR primers. The wild type sequence 
of BRAF around codon 600 in reverse-compliment format is 
GGTAGCTCTAAACACACATCGATCTGG, with the codon 600 
bolded (also seen in Figure 3, panel D). The sequence of BRAF 
V600E is GGTAGCTCTAAACTCACATCGATCTGG with the 
mutated nucleotide in red (also seen in Figure 3, panel D). The 
primer specificity between the wild type and BRAF V600E will 
have to depend on the nucleotide difference at position of c.1799 of 
codon 600, where the wild type is an ‘A’ in a reverse-compliment 
format and BRAF V600E is a ‘T’. By convention, this should 
usually be the last nucleotide for primer design. While this works 
well for the specificity between the wild type and BRAF V600E 
mutant, it may pose a challenge for the primer specificity between 
BRAF V600E and BRAF V600K. The sequence around the BRAF 
V600K is GGTAGCTCTAAACTCTTATCGATCTGG with the 
mutated nucleotides in red (also seen in Figure 3, panel D). At 
the position c.1799, both BRAF V600E and BRAF V600K have 
the same nucleotide. Since it should be the last nucleotide of the 
BRAF V600E primer, it raises the possibility of its non-specific 
binding to BRAF V600K sequence though maybe at a significantly 
lower level. Since the ddPCR is a highly sensitive assay, such a 
low level of non-specific primer binding may generate a low level 
of ‘positive’ signal. This could explain why our BARF V600E 
specific assay generates a low positive signal in BRAF V600K 
samples. A similar phenomenon has been reported in ddPCR assay 
for EGFR, where one mismatched nucleotide could significantly 
change the signal pattern [25].

This unexpected finding reminds us that not all signals above the 
cut off are BRAF V600E. It is important to review the 2D plot for 
signal dot pattern. If the pattern is different from that of typical 
BRAF V600E, an orthogonal method needs to be used to verify 
if the case will be BRAF V600E or other BRAF V600 mutations. 
The good news is that Bio-Rad has developed assays for BRAF 
V600K, V600R and BRAF wild type, which are certainly helpful 
in testing and verifying non V600E samples.
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