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CASE REPORT

Efficient treatment of a metastatic 
melanoma patient with a combination of BRAF 
and MEK inhibitors based on circulating tumor 
DNA analysis: a case report
Gaelle Quéreux1,2,3, Guillaume Herbreteau2,4, Anne‑Chantal Knol2,3, Audrey Vallée2,4, Amir Khammari1,2,3, 
Sandrine Théoleyre2,4, Mélanie Saint‑Jean1,2,3, Brigitte Dréno1,2,3 and Marc G. Denis2,4* 

Abstract 

Background: Fixed tissues are the standard samples used in routine practice for molecular testing. But sometimes 
tissues are lacking or difficult to obtain. In these cases, circulating tumor DNA released from tumor cells can be used 
as an alternative source of tumor DNA.

Case presentation: We present the case of a 63‑year‑old Caucasian woman with a metastatic melanoma and a very 
poor performance status. A plasma sample was tested and the BRAF p.V600E mutation was detected. Based on this 
result, a treatment combining a BRAF inhibitor and a MEK inhibitor was immediately started. This patient achieved a 
complete response. In addition, by repeating the plasma test, we could obtain a precise kinetic of release of mutated 
BRAF DNA in plasma.

Conclusions: We report here for the first time the efficient treatment of a metastatic melanoma patient on the basis 
of circulating tumor DNA analysis. This urgent treatment provided a dramatic response in a patient with a very poor 
initial condition. The kinetic data most likely reflect treatment efficacy.
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Background
BRAF inhibitors have revolutionized the treatment of 
metastatic melanoma in patients presenting a BRAF 
V600 mutation in their tumor by showing highly sig-
nificant clinical objective responses [1–5]. These drugs 
have been approved in many countries for the treatment 
of patients with unresectable or metastatic melanoma 
with a BRAF mutation. Therefore, daily practice requires 
BRAF mutation testing of patients’ tumors.

Fixed tissues (formalin-fixed and paraffin-embedded) 
are the standard samples used in routine practice for 
molecular testing. But sometimes tissues are lacking or 

difficult to obtain due to the metastases’ location, requir-
ing an invasive and potentially harmful procedure. Lastly, 
test can fail because of low cellularity or insufficient qual-
ity of the DNA. In these cases, circulating tumor DNA 
(ctDNA) released from tumor cells via mechanisms 
including necrosis and apoptosis [6–8] can be used as an 
alternative source of tumor DNA for noninvasive iden-
tification of biomarkers. In a recent report Tsao et  al. 
concluded that BRAF mutant ctDNA could be used diag-
nostically where the tumour block was unavailable [9], 
but this has never been reported.

Case presentation
A 63-year-old Caucasian woman was referred to our unit 
with a history of rapidly increasing multiple metasta-
ses (duodenal, gastric and colon tumors, peritoneal and 
retroperitoneal carcinomatosis, many lung, bone and 
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gallbladder metastases, mesenteric lymphadenopathies 
and one brain tumor) (Fig. 1). Biopsies of the colon and 
stomach concluded the existence of melanoma metasta-
ses. The patient had an excision of a primary melanoma 
of the thigh 15 years earlier but the BRAF status had not 
been determined. The patient was severely disabled with 
a very poor performance status (ECOG performance sta-
tus of 4 and Karnofsky score of 20), ascites and anorexia. 
Lactate dehydrogenase was equal to 2 times the upper 
limit.

Because of the seriousness of the metastatic disease 
and its dramatically rapid progression, supportive care 
was initially discussed, but we finally decided to test 
the ctDNA for the presence of a BRAF mutation. Blood 
was collected, and plasma tested using a ctBRAF muta-
tion test cartridge (Biocartis, Mechelen, Belgium) on an 
Idylla platform. This very rapid system of ctDNA analy-
sis revealed the presence of the p.V600E mutation in less 
than 2 h (confirmed 2 weeks later by a test performed on 
the gastric metastasis using standard techniques [10]). 
The high concentration of BRAF V600E DNA copies 
(540 copies/mL plasma) is most likely related to the huge 
tumor burden [11].

Based on the ctDNA result, a treatment combining a 
BRAF inhibitor (vemurafenib) and a MEK inhibitor (cobi-
metinib) was immediately started. After 4 days of treat-
ment, a clinical improvement was noted with a decrease 
in pain, a progressive recovery of daily living abilities and 
ascites regression.

In parallel, circulating cell-free DNA analysis was 
repeated to assess the kinetics of its evolution under 
treatment. DNA was extracted from plasma samples 
using the QIAamp circulating nucleic acid kit (Qiagen, 
Courtaboeuf, France), and analyzed by digital PCR using 
the QuantStudio 3D System and specific probes (Thermo 
Fischer, Courtaboeuf, France). The level of mutated 
BRAF DNA increased as early as 12  h after treatment 
initiation and reached a maximum after 3 days, followed 
by a significant decrease after day 4 (Fig. 2). These altera-
tions were barely detectable after 4  weeks of treatment 
and no longer detectable after 8 weeks.

Tumor assessment according to Response Evaluation 
Criteria in Solid Tumors, version 1.1 [12], performed 
with a computed tomography scanner, showed a dra-
matic response after 8 weeks (86% reduction of the tumor 
burden). With a 20-week follow-up period, treatment 
was still ongoing and the response maintained [almost 
complete response observed at week 18: all target and 
non-target lesions became non-measurable and no new 
lesions were observed (Fig. 1)].

Discussion
We report here for the first time the efficient treatment 
of a metastatic melanoma patient on the basis of ctDNA 
analysis. We have recently shown that ctDNA samples 
may be less prone to heterogeneity and provide a better 
way of determining overall tumor mutation status than a 
small biopsy [11]. Another potential advantage of ctDNA 
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Fig. 1 Representative computed tomographic images demonstrating treatment efficacy. Lesions in lung and under liver are presented at baseline 
and after 8 and 18 weeks of treatment with a combination of BRAF and MEK inhibitors
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is that it allows monitoring response [9]. Several reports 
have shown that, in melanoma patients responding to 
treatment, a decrease in ctDNA is seen after 1  month 
[13, 14]. We defined these kinetics more precisely, show-
ing a very rapid increase in mutated ctDNA after treat-
ment initiation, which probably indicates tumor lysis. It 
was followed by a rapid decrease, and this is most likely 
associated with response to treatment, as recently dem-
onstrated for non-small cell lung carcinoma (NSCLC) 
treated with EGFR tyrosine kinase inhibitors [15, 16]. A 
similar kinetic has been previously reported [9]. Further 
studies are required to determine whether analysis of a 
plasma sample as early as 3 or 7 days after treatment ini-
tiation could be used to determine whether the patient 
will respond or not.

Another benefit of a “liquid biopsy” is that turnaround 
time for ctDNA analysis is expected to be shorter than 
for tissue genotyping. A prospective analysis of EGFR 
testing in the ctDNA of patients with newly diagnosed 
NSCLC recently demonstrated that the median turna-
round time for plasma testing was 3 days versus 12 days 
for tissue genotyping [17].

Conclusions
In 2016, the European Medicines Agency and the US 
Food and Drug Administration approved the use of 
ctDNA for EGFR testing, authorizing treatment of 

patients with metastatic NSCLC with osimertinib and 
erlotinib, respectively. Similarly, BRAF ctDNA testing of 
melanoma patients might also be used as pre-screening 
before attempting to obtain a result based on tissue sam-
ples. If the test is negative, tissue testing should be per-
formed since BRAF mutations are not always detected in 
plasma of late-stage patients with BRAF mutation-posi-
tive tumors [11, 14, 18]. But if the ctDNA analysis is posi-
tive, then treatment could be started earlier. In our case, 
this urgent treatment provided a dramatic response in a 
patient with a very poor initial condition due to a huge 
and rapidly growing tumor burden.

Abbreviations
ctDNA: circulating tumor DNA; EGFR: epidermal growth factor receptor; 
NSCLC: non‑small cell lung cancer.
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Fig. 2 Detection of BRAF V600E mutations in the patient’s plasma. Plasma was collected every day when the patient was in the hospital (9 days), 
and at each clinical evaluation (after 4 and 8 weeks of treatment). DNA was extracted from plasma (2 mL) using the QIAamp circulating nucleic acid 
kit (Qiagen). BRAF V600E mutations were detected and quantified by digital PCR using the QuantStudio 3D system and a specific BRAF V600E probe 
(Thermo Fischer, Courtaboeuf, France)



Page 4 of 4Quéreux et al. BMC Res Notes  (2017) 10:320 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets supporting the conclusions of this article are included within the 
article.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor‑in‑Chief of this journal.

Ethics approval and consent to participate
Written informed consent was obtained from the patient and the study was 
approved by the Ethics Committee of Pays de La Loire (France).

Funding
This study was not funded by any outside source.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 24 October 2016   Accepted: 21 July 2017

References
 1. Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J, et al. 

Improved survival with vemurafenib in melanoma with BRAF V600E 
mutation. N Engl J Med. 2011;364:2507–16.

 2. Flaherty KT, Puzanov I, Kim KB, Ribas A, McArthur GA, Sosman JA, et al. 
Inhibition of mutated, activated BRAF in metastatic melanoma. N Engl J 
Med. 2010;363:809–19.

 3. Robert C, Karaszewska B, Schachter J, Rutkowski P, Mackiewicz A, Stroia‑
kovski D, et al. Improved overall survival in melanoma with combined 
dabrafenib and trametinib. N Engl J Med. 2015;372:30–9.

 4. Long GV, Stroyakovskiy D, Gogas H, Levchenko E, de Braud F, Larkin 
J, et al. Dabrafenib and trametinib versus dabrafenib and placebo for 
Val600 BRAF‑mutant melanoma: a multicentre, double‑blind, phase 3 
randomised controlled trial. Lancet. 2015;386:444–51.

 5. Larkin J, Ascierto PA, Dreno B, Atkinson V, Liszkay G, Maio M, et al. Com‑
bined vemurafenib and cobimetinib in BRAF‑mutated melanoma. N Engl 
J Med. 2014;371:1867–76.

 6. Fleischhacker M, Schmidt B. Circulating nucleic acids (CNAs) and 
cancer—a survey. Biochim Biophys Acta. 2007;1775:181–232.

 7. Alix‑Panabieres C, Schwarzenbach H, Pantel K. Circulating tumor cells and 
circulating tumor DNA. Annu Rev Med. 2012;63:199–215.

 8. Schwarzenbach H, Hoon DS, Pantel K. Cell‑free nucleic acids as biomark‑
ers in cancer patients. Nat Rev Cancer. 2011;11:426–37.

 9. Tsao SC, Weiss J, Hudson C, Christophi C, Cebon J, Behren A, Dobrovic A. 
Monitoring response to therapy in melanoma by quantifying circulating 
tumour DNA with droplet digital PCR for BRAF and NRAS mutations. Sci 
Rep. 2015;5:11198.

 10. Saint‑Jean M, Quereux G, Nguyen JM, Peuvrel L, Brocard A, Vallee A, et al. 
Younger age at the time of first metastasis in BRAF‑mutated compared to 
BRAF wild‑type melanoma patients. Oncol Rep. 2014;32:808–14.

 11. Knol AC, Vallee A, Herbreteau G, Nguyen JM, Varey E, Gaultier A, et al. 
Clinical significance of BRAF mutation status in circulating tumor DNA of 
metastatic melanoma patients at baseline. Exp Dermatol. 2016;25:783–8.

 12. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, 
et al. New response evaluation criteria in solid tumours: revised RECIST 
guideline (version 1.1). Eur J Cancer. 2009;45:228–47.

 13. Schreuer M, Meersseman G, Van Den Herrewegen S, Jansen Y, Chevolet 
I, Bott A, et al. Quantitative assessment of BRAF V600 mutant circulating 
cell‑free tumor DNA as a tool for therapeutic monitoring in metastatic 
melanoma patients treated with BRAF/MEK inhibitors. J Transl Med. 
2016;14:95.

 14. Sanmamed MF, Fernandez‑Landazuri S, Rodriguez C, Zarate R, Lozano 
MD, Zubiri L, et al. Quantitative cell‑free circulating BRAFV600E muta‑
tion analysis by use of droplet digital PCR in the follow‑up of patients 
with melanoma being treated with BRAF inhibitors. Clin Chem. 
2015;61:297–304.

 15. Marchetti A, Palma JF, Felicioni L, De Pas TM, Chiari R, Del Grammastro M, 
et al. Early prediction of response to tyrosine kinase inhibitors by quanti‑
fication of EGFR mutations in plasma of NSCLC patients. J Thorac Oncol. 
2015;10:1437–43.

 16. Vallee A, Audigier‑Valette C, Herbreteau G, Merrien J, Tessonnier L, 
Theoleyre S, Denis MG. Rapid clearance of circulating tumor DNA during 
treatment with AZD9291 of a lung cancer patient presenting the resist‑
ance EGFR T790M mutation. Lung Cancer. 2016;91:73–4.

 17. Sacher AG, Paweletz C, Dahlberg SE, Alden RS, O’Connell A, Feeney N, 
et al. Prospective validation of rapid plasma genotyping for the detection 
of EGFR and KRAS mutations in advanced lung cancer. JAMA Oncol. 
2016;2:1014–22.

 18. Santiago‑Walker A, Gagnon R, Mazumdar J, Casey M, Long GV, Schaden‑
dorf D, et al. Correlation of BRAF mutation status in circulating‑free DNA 
and tumor and association with clinical outcome across four BRAFi and 
MEKi clinical trials. Clin Cancer Res. 2016;22:567–74.


	Efficient treatment of a metastatic melanoma patient with a combination of BRAF and MEK inhibitors based on circulating tumor DNA analysis: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Authors’ contributions
	References




