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A B S T R A C T

Background: BRAF p.V600 mutation is the most frequent molecular driver alteration in melanoma. Detection of 
BRAF mutations in circulating-free DNA (cfDNA) reflects the shedding of tumor DNA and offers a potential non- 
invasive biomarker for disease monitoring and prognosis. However, the lack of standardized methodologies and 
inter-assay variability hinders its clinical implementation.
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Methods: The sensitivity, agreement and concordance of seven BRAF mutation detection assays were assessed 
across four laboratories. BRAF p.V600 mutation in pretreatment plasma samples was analyzed in 51 patients 
diagnosed with advanced stage melanoma using two digital PCR-based assays (droplet digital PCR -ddPCR- Bio- 
Rad and microfluidic digital PCR -Absolute Q, ThermoFisher Scientific-), three RT-PCR based assays (Idylla®, 
Cobas®, PNA-Q-PCR) and two NGS based assays (Oncomine™ Pan-Cancer Cell-Free Assay and Illumina 
Platforms).
Results: digital PCR-based assays and Cobas® exhibited the highest sensitivity (51.0 %), followed by NGS Illu
mina® (45.1 %), Oncomine NGS / PNA-Q-PCR (43.1 %) and Idylla® (37.2 %). Results of different techniques 
showed a moderate to strong agreement, except for the comparison of Cobas with Idylla that was poor 
(Kappa=0.57). There was near-perfect agreement on detection of BRAF mutation between both NGS platforms 
and the NGS Illumina® with PNA-Q-PCR (Kappa = 0.92). Concordance of the quantitative results in terms of 
mutant allele frequency was near-perfect between NGS Illumina and ddPCR Bio-Rad assays (ICC = 0.99).
Conclusions: Our study demonstrates substantial agreement among multiple cfDNA BRAF mutation detection 
assays, particularly between NGS and digital PCR assays. These findings support the potential utility of different 
techniques for BRAF testing in cfDNA.

1. Introduction

Mutations at codon 600 (p.V600) of the BRAF gene (BRAF V600) are 
found in 40–50 % of melanomas, driving tumor growth and progression. 
Three different combinations of targeted therapies combining BRAF and 
MEK inhibitors have been approved for the treatment of patients with 
BRAFV600 mutation-positive advanced melanoma [1–3]. Additionally, 
immunotherapy based on the use of anti-PD-1 antibodies, with or 
without anti-CTLA-4 antibodies, has high activity in BRAF mutant 
melanoma, with most studies suggesting higher rates of long responders 
compared with BRAF non-mutant patients [4].

The detection of BRAF mutations in circulating-free DNA (cfDNA) 
has emerged as a clinically relevant biomarker as it correlates with 
tumor burden [5,6]. Moreover, several studies suggest that circulating 
tumor DNA (ctDNA) detection in cfDNA holds prognostic value [5–8]
and it is an excellent tool for monitoring tumor burden evolution [9].

Various molecular strategies are available for detecting BRAF mu
tations in blood, with distinct characteristics in terms of sensitivity, 
breadth of analysis, technical complexity, turnaround time, and cost. 
While RT-PCR and digital PCR-based assays are less complex and faster, 
they are limited to detecting specific mutations, whereas NGS-based 
assays are more complex but offer a more comprehensive character
ization by capturing all variants within a target region. Beyond the 
interpretation of the test as qualitative data, quantitative data is crucial 
in monitoring tumor evolution over time [10,11]. Assays may vary in 
mutant allele fraction (MAF) quantification, providing either absolute, 
relative, or semi-quantitative values.

Currently, while there is a consensus on the clinical utility of ctDNA 
testing for monitoring patients with advanced melanoma, its imple
mentation as a routine clinical tool remains highly limited. Challenges 
include the absence of uniform recommendations in clinical guidelines 
[12], and technical factors such as the lack of standardized methodol
ogies and inter-assay variability [13–15]. To address these technical 
challenges, the Spanish Melanoma Group (GEM) conducted a prospec
tive multicenter study to evaluate the agreement and concordance of 
BRAF V600 mutation detection in ctDNA from metastatic melanoma 
patients using distinct assays employed in four Spanish laboratories. By 
assessing the performance of these assays, we aimed to provide technical 
evidence supporting the adoption of ctDNA analysis in melanoma clin
ical practice.

2. Methods

2.1. Study design and patients

This is a multicenter, non-interventional, prospective trial in patients 
with advanced melanoma. The study was conducted in 14 hospitals from 
the Spanish Melanoma Group (GEM) (detailed information in Supple
mentary methods). Eligible patients were patients with histologically 

confirmed melanoma, either unresectable stage III or stage IV. Docu
mentation of melanoma with BRAF V600 mutation by local labs in 
tumor tissue was required as inclusion criteria.

2.2. Blood collection and cfDNA isolation

A single blood sample per patient (50 mL) was collected at the time 
of inclusion. Samples were collected in Cell-Free DNA BCT Streck 
collection tubes and sent to the central lab (Pangaea Oncology Labora
tory, Dexeus Hospital) for DNA extraction. Isolation of cfDNA was per
formed from 4 mL of plasma using a custom protocol with the 
QIAsymphony® DSP Virus/Pathogen Midi Kit using a QIAsymphony 
robot (QIAGEN, Hilden, Germany) and following the manufacturer’s 
instructions. The final elution volume was 50 μL per sample. DNA 
samples were stored at − 80ºC and then distributed in batches of 10 
samples to the rest of participating laboratories (Hospital Clinic Barce
lona, Hospital General de Valencia and Complejo Hospitalario Uni
versitario de Cartagena). The median DNA extracted was 1505 ng/ul 
(range 0,7–5,42 ng/ul).

2.3. Assays for BRAF p.V600 detection in cfDNA

The presence of BRAF p.V600 mutation was determined using seven 
assays (Supplementary methods). RT-PCR based methods included an 
in-house 5′-nuclease real-time PCR assay for BRAF p.V600E/K mutations 
(PNA-Q-PCR Taqman®), the Cobas BRAF Mutation Test v2 (Roche di
agnostics®) and the IdyllaTM ctRAS-BRAF Mutation Assay (Idylla®). 
Digital PCR-based methods included microfluidic digital PCR assay for 
BRAF p.V600E (dPCR Absolute Q, ThermoFisher®) and the ddPCR BRAF 
V600 Screening Kit for BRAF p.V600E/K/R mutations (ddPCR BioRad®) 
(Supplementary Table 1). NGS-based methods included NGS Onco
mine™ Pan-Cancer Cell-Free panel (Thermofisher) (NGS Oncomine) 
and a Custom Solid tumor panel (Qiagen ®) using the llumina platform 
for sequencing (NGS Illumina). The MAF value was obtained with all 
assays, except with Cobas and Idylla.

2.4. Statistical analysis

The sensitivity of each method was assessed by comparing cfDNA 
results to FFPE tissue analysis (all patients included had BRAF mutation 
detected in tissue). The agreement between different methodologies 
according to the detection of BRAF status was evaluated using the kappa 
coefficient values and the corresponding 95 % confidence intervals 
(95 % CI) [16]. The concordance of MAFs values between assays was 
assessed using the Lin’s concordance correlation coefficient and the 
Passing-Bablok regression analysis [17,18]. Progression-free survival 
and overall survival were estimated by means of the Kaplan–Meier 
method and the nonparametric log-rank test was applied for compari
sons of groups (Supplementary methods).
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3. Results

3.1. Patient characteristics

Fifty-one patients with advanced melanoma and local confirmed 
BRAF p.V600 mutations in tumor tissue were included. The median 
patient age was 58 years (range, 34–92). Most patients presented with 
good performance status (ECOG 0–1, 90 %) and were treatment-naïve 
(64.7 %). The median number of metastatic sites was two (range 1–6), 
and LDH levels were predominantly within the normal range (82.4 %).

BRAF molecular characterization of tissue biopsies detected the p. 
V600E mutation in 29 patients (56.9 %), p.V600K in 3 (5.9 %), p.V600R 
in 1 (2.0 %), and an unknown BRAF p.V600X subtype in 18 (35.3 %). 
Subsequent ctDNA analysis enabled the identification of the specific 
alteration in 11 BRAF p.V600X patients (61.1 %). This resulted in 37 
patients with p.V600E (72.5 %), 6 with p.V600K (11.8 %), 1 with p. 
V600R (2.0 %), and 7 classified as p.V600X subtype (13.7 %) (Table 1).

3.2. Technical inter-comparison of PCR-based and NGS-based BRAF p. 
V600 cfDNA assays

First, we evaluated the detection rate of BRAF p.V600 mutations in 
ctDNA as a qualitative result. Overall, BRAF p.V600 mutations in plasma 
were detected in 56.9 % of patients by at least one method. ddPCR 
BioRad assay, dPCR ThermoFisher assay, and Cobas® showed the 
highest detection rate (51.0 %), followed by NGS Illumina® (45.1 %), 
NGS Oncomine and PNA-Q-PCR (43.14 %), and Idylla® (37.2 %).

BRAF mutation detection was associated with the presence of 
visceral metastases and high tumor burden. We found a higher BRAF p. 
V600 detection rates in samples from patients with visceral metastases 
(81 % vs. 32 %, p = 0.0004), multiple metastatic sites (74 % vs. 43 %, 
p = 0.03), and elevated LDH (89 % vs. 50 %, p = 0.06) (Fig. 1).

ctDNA testing showed concordant results across assays in 38 
(74.5 %) patients, with 16 testing positive and 22 negative. By contrast, 
13 (25.5 %) cases showed discordant detection of the BRAF p.V600 
mutation across assays including four (36.3 %) stage M1a patients, three 

(27.2 %) stage M1b patients, four (26.6 %) M1c patients and two (25 %) 
M1d patients (Supplementary Table 7–8). Differences in the limit of 
detection of the assay might cause such discrepancies, since the median 
MAF value of discrepant cases was lower than that of cases with 
concordant results. The median MAF detected in concordant cases 
versus discordant cases using ddPCR was 14.59 vs 0.97 (p = 0.003), 
with dPCR Absolute Q it was 11.59 vs 1.01 (p = 0.003), using NGS 
Illumina it was 11.84 vs 1.26 (p = 0.011), with NGS Oncomine it was 
8.74 vs 1.07 (p = 0.034), and finally, using PNA-Q-PCR, the median 
MAF in concordant cases was 11.16 vs 1.06 in discordant cases 
(p = 0.047) (Fig. 4, Supplementary Table 8–9).

We evaluated the presence of additional alterations beyond the BRAF 
p.V600 mutations by NGS-based assays. We detected other candidate 
driver mutations in nine (19.6 %) patients: seven patients were treat
ment naïve, while in two patients, the sample was obtained after pro
gression to anti PD-1 antibody treatment. Detected mutations involved 
KRAS gene (2 patients), NRAS gene (1 patient), PIK3CA gene (3 pa
tients), MAP2K1 gene (1 patient) and IDH1 gene (1 patient). 
(Supplementary Figure 3).

Finally, we evaluated the agreement on detection of BRAF p.V600 
mutation across the assays. A moderate to near-perfect agreement across 
all the assays was observed, except for the comparison of the Idylla with 
Cobas (Fig. 2, Supplementary Table 4). There was a near-perfect 
agreement between both NGS platforms, and NGS Illumina with PNA- 
Q-PCR assays (K=0.92), while a strong agreement was found between 
results of both digital PCR assays (K=0.85), NGS Oncomine with the 
PNA-Q-PCR assay (K=0.84), Idylla® with both NGS platforms (K=0.80) 
and with PNA-Q-PCR (K=0.80), ddPCR with NGS platforms (k = 0.85) 
and both dPCRs with PNA-Q-PCR (K=0.85). Cobas® and Idylla® assays 
had a moderate agreement with the results obtained using dPCR 
methods or PNA-Q-PCR (K= 0.64–0.79). There was only a week agree
ment when comparing results obtained using Cobas® with those ob
tained using Idylla (K=0.57).

When the analysis was restricted to 29 patients with BRAF p.V600E 
mutation confirmed within the tissue sample, excluding other 
BRAFV600 mutations, all the comparisons showed a moderate to near- 
perfect agreement (Supplementary Table 5, Supplementary Figure 1).

The median ctDNA concentration detected by the quantitative 
techniques was lower for both dPCR methods, followed by both NGS 
methods (Supplementary Table 6, Supplementary Figure 2). The highest 
concordance between MAF values was found between results obtained 
using NGS Illumina and dPCR Absolute Q, ThermoFisher (Lins CCC 
0.985; 95 % CI: 0.975, 0.995)(Passing-Bablok 1.02, 95 % CI:0.92,1.08). 
Overall, the remaining comparisons demonstrate excellent concordance 
(Supplementary Table 7), with the exception of MAF values obtained 
using NGS Oncomine compared with those obtained using the dPCR 
assays or NGS Illumina (Fig. 3).

4. Discussion

The present collaborative study provides a comprehensive inter
comparison analysis of seven liquid biopsy assays for BRAF p.V600 
detection in cfDNA from unresectable advanced melanoma patients. 
ctDNA testing might be influenced by distinct preanalytical factors such 
as blood collection tubes, time to plasma isolation, storage conditions 
[19] and the cfDNA extraction method [20]. Thus, we centralized the 
cfDNA extraction in a laboratory to avoid confounding factors in the 
ctDNA testing. Then, four distinct laboratories performed the BRAF p. 
V600 testing in ctDNA and reported the results as both quantitative and 
qualitative data.

The implementation of BRAF testing in cfDNA as a routine clinical 
tool in melanoma is not uniform, mainly due to reimbursement issues. 
ESMO Clinical Practice Guidelines in melanoma recommend analyzing 
ctDNA for BRAF p.V600 mutation testing in stage III/IV melanoma pa
tients if no tumor tissue is available [21], but ESMO recommendations 
on the use of circulating tumor DNA assays for cancer patients does not 

Table 1 
Patients’ characteristics.

N = 51

Age, median (range), y 58 (34− 92)
Female sex, n (%) 17 (33.3)
ECOG PS 0–1, n (%) 46 (90.2)
Number of previous lines, median (range) ​
0 
≥ 1

33 (64.7) 
18 (35.3)

Number of metastasic sites, median (range) 2 (1− 6)
M1 stage, n (%) ​
M1a 

M1b 
M1c 
M1d

15 (29.4) 
11 (21.6) 
15 (29.4) 
10 (19.6)

LDH, n (%) ​
Normal 

High
42 (82.4) 
9 (17.6)

BRAF*, n (%) ​
BRAFV600E 

BRAFV600K 
BRAFV600R 
BRAFV600X

29 (56.9)a

3 (5.9)§

1 (2.0) 
18 (35.3)¥

Melanoma type, n (%) ​
Cutaneous 

Acral 
Mucosal 
UK

41 (80.4) 
2 (3.9) 
2 (3.9) 
6 (11.8)

* BRAF mutation subclassification including data from tissue (local labs). 
Including data results from cfDNA analysis BRAFV600 subtypes were:

a BRAFV600E in 37 (72.5 %) patients; §: BRAFV600K in 6 (11.8 %) patients; ¥: 
UK cases were 7 (13.7 %)

C. Mayo de las Casas et al.                                                                                                                                                                                                                   EJC Skin Cancer 3 (2025) 100738 

3 



included specific recommendations for melanoma [22]. In advanced 
melanoma the role and utility of liquid biopsy are already evident, both 
as prognostic markers and as a tool for monitoring tumor evolution [9]. 
The next step is to develop more sensitive techniques mainly for using in 
stage II/III melanoma to detect minimal residual disease. Thereafter, 
serial monitoring of ctDNA during and after treatment can flag early 
recurrence or emergent resistance, enabling dynamic therapy adjust
ments before changes appear on imaging.

In our study, a positive ctDNA test was obtained with at least one 
assay in 56.9 % of patients, highlighting the limitations of ctDNA testing 
even in advanced melanoma patients. Both PCR-based and NGS-based 
assays showed higher BRAF detection rates in plasma among patients 
with visceral metastases, multiple metastatic sites, and elevated LDH 
levels, consistent with previous studies [8,23]. BRAF mutant benign 
naevi or clinically atypical naevi do not impact in the detection of BRAF 

p.V600 in plasma [24]. However, our findings indicate that inherent 
biological factors to the scarcity of ctDNA in certain patients impact the 
sensitivity of current methods and limit its utility in a subset of advanced 
melanoma patients. Further development of novel methodological 
strategies or multimodal analytical approaches is crucial to overcome 
these technical challenges [25,26].

Notably, we observed minor differences in sensitivity and concor
dance among the assays, which have important implications for the 
clinical management of melanoma patients. Two Digital PCR assays 
(ddPCR BioRad and dPCR Absolute Q, ThermoFisher), and Cobas® 
demonstrated the highest detection rates (50.98 %), while Idylla® had 
the lowest one (37.2 %).

The detection of other mutations in addition to BRAF pV600 by NGS 
platforms in nine patients demonstrated that NGS offers the advantage 
of broader genomic profiling, which could provide additional insights 

Fig. 1. Detection rate according to visceral (non-lung) metastases or no visceral (non-lung) metastases (A), LDH high versus normal values (B) and number of 
metastatic sites < 2 versus 3 or more (C).
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into the molecular landscape of melanoma and potentially inform 
treatment decisions [27].

Overall, these assays showed a strong to near-perfect agreement 
indicating that most assays are highly reliable and reproducible, with 
minimal variability between them. Both NGS platforms and the NGS 
Illumina/PNA-Q-PCR showed near-perfect agreement. A strong agree
ment was observed between both dPCRs techniques, NGS Illumina with 
dPCR Absolute Q or PNA-Q-PCR. Only Cobas® and Idylla® demon
strated weaker agreement between them. Idylla® was the test that 
showed less concordance with the other assays. These findings are 
consistent with prior reports, which have noted the limitations of assays 
like Idylla® in detecting mutations at lower allele frequencies or in 
complex genomic backgrounds. However, when these analyses were 
restricted to BRAF p.V600E patients confirmed in tissue sample, all as
says showed better agreement.

The Lins concordant correlation analysis and the Passing-Bablok 
regression analysis across these various pairings revealed that while 
there is generally strong agreement between the quantitative value of 
MAF detected by the different methodologies, there is also variability in 
some comparisons, mainly for those involving results of NGS Oncomine 
according to Passing-Bablok test. The Passing-Bablok method de
termines whether the quantitative results of two different techniques 
could be interchangeable. These findings highlight both the similarities 
and differences between methodologies, emphasizing the importance of 
cautious interpretation, especially when monitoring disease evolution, 

as quantitative results may not always align perfectly across different 
assays.

In the study, we detected discordant results between assays in 25.4 % 
of patients. Such differences are associated with distinct analytical 
sensitivity of the assays, reducing their agreement in samples with low 
MAFs [28].

This study is limited by its relatively low number of patients 
included, which may restrict the statistical power and generalizability of 
the results. Also, the centralized cfDNA extraction protocol, while 
reducing inter-laboratory variability, may not reflect the heterogeneity 
of pre-analytical workflows in routine clinical settings, and we cannot 
assess how extraction methods could affect the results.

In conclusion, this study underscores the importance of selecting 
appropriate methodologies for BRAF p.V600 detection in cfDNA. While 
dPCR emerges as the most reliable techniques, NGS-based assays pro
vide information on the presence of other co-mutations. The slight 
variability among different assays necessitates consideration of the 
chosen method, especially in clinical scenarios with a low tumor burden 
that will require more sensitive techniques and for longitudinal MAF 
monitoring, which will require either the use of the same technique over 
time or only techniques proven to have interchangeable quantitative 
results. In summary, our findings highlight the potential utility of ctDNA 
BRAF testing as a biomarker in clinical melanoma management, 
providing valuable insights into its clinical relevance and the specific 
characteristics of each assay.

Fig. 2. Agreement analysis according to Cohen’s Kappa Index, detection versus no detection of BRAFV600 in cfDNA. Correlation Matrix. The agreement between 
different methodologies for the assessment of BRAF status (detected vs not detected) is evaluated using the Cohen’s Kappa coefficient values and the corresponding 
95 % confidence intervals (95 % CI). The results of this qualitative analysis, in terms of the Cohen’s Kappa Coefficient and the corresponding agreement plot are 
reported in this section. Agreement according to Kappa values between 0 and 0.20 no agreement, 021–0.39 minimal, 0.40 and 0.59 weak, 0.60 and 0.79 moderate, 
0.80 and 0.90 strong, and almost perfect from 0.90 to 1.0.
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Validation, Data curation. Eva Muñoz-Couselo: Investigation, Visuali
zation, Validation, Writing – review & editing. Pablo Cerezuela- 
Fuentes: Validation, Investigation, Writing – review & editing, Data 
curation, Visualization. Alfonso Berrocal: Writing – review & editing, 
Validation, Funding acquisition, Visualization, Investigation. Ana 
Drozdowskyj: Investigation, Resources, Project administration, Data 
curation, Writing – review & editing, Supervision, Methodology, Soft
ware, Formal analysis, Validation. Sebastian Ortiz Reina: Formal 
analysis, Project administration, Methodology, Investigation, Writing – 
review & editing, Data curation. Juan Francisco Rodriguez-Moreno: 
Validation, Writing – review & editing, Visualization. Maria Quindos- 
Varela: Investigation, Visualization, Validation, Writing – review & 
editing. Eloisa Jantus-Lewintre: Methodology, Supervision, Resources, 
Formal analysis, Conceptualization, Writing – review & editing, Project 
administration, Validation, Investigation, Data curation. Joan Anton 
Puig-Butille: Visualization, Validation, Investigation, Data curation, 
Writing – review & editing, Supervision, Conceptualization, Writing – 
original draft, Methodology, Formal analysis, Resources. Guillermo 

Crespo: Writing – review & editing, Validation, Visualization, Investi
gation. Clara Mayo de las Casas: Supervision, Formal analysis, Data 
curation, Writing – review & editing, Resources, Methodology, 
Conceptualization, Validation, Investigation, Software, Project admin
istration. Maria Gonzalez-Cao: Funding acquisition, Resources, Project 
administration, Data curation, Visualization, Investigation, Supervision, 
Formal analysis, Conceptualization, Writing – original draft. Rafael 
Rosell: Project administration, Investigation, Writing – review & edit
ing, Validation, Methodology, Visualization. Teresa Puertolas: Re
sources, Writing – review & editing, Visualization, Data curation, 
Validation, Investigation. Miguel Angel Molina: Writing – review & 
editing, Investigation, Visualization, Methodology, Formal analysis, 
Validation. Almudena Garcia Castano: Data curation, Visualization, 
Validation, Investigation, Writing – review & editing.

Author contributions

Dr M. Gonzalez-Cao had full access to all the data in the study and 
takes responsibility for the integrity of the data and the accuracy of the 
data analysis. Concept and design: Drs M. Gonzalez-Cao, C. Mayo. 
Acquisition, analysis, or interpretation of data: Drs M. Gonzalez-Cao, C. 
Mayo de las Casas, A. Drozdowskyj, J.A. Puig-Butille, S. Ortiz-Reina, E. 
Jantus-Lewintre. Drafting of the manuscript: Dr M. Gonzalez-Cao, C. Mayo 
de las Casas, A. Drozdowskyj, J.A. Puig-Butille, E. Jantus-Lewintre. 
Critical revision of the manuscript for important intellectual content: Drs 
M. Gonzalez-Cao, C. Mayo de las Casas, P. Cerezuela, E. Espinosa, T. 
Puertolas, A. Drozdowskyi, M.A. Molina, A. Berrocal, J. A. Puig-Butille, 
S. Ortiz Reina, E. Jantus-Lewintre, J. L. Manzano, P. Ayala de Miguel, A. 
Arance Fernandez, M. A. Berciano Guerrero, A. Garcia Castano, T. 
Puertolas, G. Crespo, M. Quindos-Varela, J. F. Rodriguez-Moreno, M. A. 
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