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Introduction

Metastatic melanoma is an aggressive disease with historic-
ally poor prognosis [1]. However, during the last decades,
treatment of metastatic melanoma has greatly improved
with the introduction of immunotherapy and targeted ther-
apy using BRAF/MEK inhibitors [2,3]. Today, immunotherapy
is the first line of treatment for patients with metastatic mel-
anoma. Approximately 50% of the patients respond to this
treatment, sometimes with long-lasting effects [2]. Patients
with activating BRAF V600 mutations can also be treated
with BRAF/MEK inhibitors. BRAF/MEK inhibition is effective
but development of drug resistance is common [3].

During treatment, patients are routinely followed up with
radiological evaluation and by analyzing blood plasma tumor
markers, including S-100B and lactate dehydrogenase (LD)
[4]. Both radiology and current plasma markers have limited
sensitivity and there is a need for improved biomarkers to
evaluate treatment response.

Analysis of ctDNA is a novel ultrasensitive approach for
patient-specific monitoring of tumor burden and earlier
detection of progression and relapse [5]. In metastatic melan-
oma, patients with detectable levels of ctDNA before starting
treatment have a worse prognosis [6,7]. CtDNA analysis cor-
relates to clinical outcome and increased ctDNA has been
demonstrated up to 4months before clinical evidence of pro-
gressive disease [8].

Here, we report a case of a patient with a BRAF V600E
mutated metastatic melanoma, where ctDNA analysis of BRAF
V600E and CTNNB1 S45F using SIMSen-Seq [9] was able to pre-
dict recurrence of disease more than seven months before
symptomatic and radiological evidence of disease progression.

The allele frequencies of CTNNB1 S45F were at a lower level in
both the primary tumor and in ctDNA, indicating a tumor sub-
clone, only detectable during higher tumor burden. This case
demonstrates the power of ctDNA for disease monitoring and
for the analysis of tumor clonality.

Case

In October 2016, a 69-year-old male was diagnosed with a
malignant melanoma above the umbilical region. He dis-
played a six-year history of a bleeding skin rash that slowly
increased in size. Preoperative computer tomography (CT)
evaluation of the abdomen and the thorax showed multiple
enlarged lymph nodes bilaterally in the axillae (Figure 1(A)).
Preoperative blood tests, including the melanoma tumor
marker S-100B, were all normal except for a LD value just
above the upper limit of normal (ULN). The patient had sur-
gery of the primary tumor, with a split-thickness skin graft,
and a bilateral axillary lymph node dissection.
Pathoanatomical diagnosis confirmed a malignant melanoma
83� 70mm in diameter, with wide excision margin and
lymph node metastases bilaterally (Figure 1(D–F)). The
patient was staged as pT4aN3aM0. Molecular analysis of the
primary tumor showed a BRAF V600E activating mutation
with an allele frequency of 51,7% and an activating CTNNB1
S45F mutation with an allele frequency of 7,5%. The fraction
of neoplastic cells in the specimen was approximately 50%,
indicating a probable copy number gain of the mutant BRAF
allele and a subclonal CTNNB1 mutation. This was further
verified by FISH, confirming polysomy of chromosome 7
(where the BRAF gene is located) as well as amplification of
the BRAF gene in the tumor cells (Figure 1(G–H)).
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Figure 1. (A) The primary tumor above the umbilical region. Preoperative radiological evaluation with a computer tomography shows the primary tumor (red
circles) and the axillary metastases (blue circles). (B) Postoperative images. Postoperative radiological evaluation with a computer tomography shows seromas in
the axillae (blue circles), but no sign of tumor recurrence. (C) Disease relapse at the umbilical region 10months after initiation of palliative treatment. (D–F) Dermal
infiltration of malignant melanoma (D) positive for S100 (E) and Melan A (F). Scale bar ¼ 100mm. (G) Polysomy of chromosome 7 as evident by CEP7 FISH probe.
Gray arrow denotes cell with normal diploid chromosome 7 pattern; white arrows denote cells with chromosome 7 polysomy. (H) Amplification of the BRAF gene
as evident by BRAF break apart FISH probe. Gray arrow denotes normal BRAF signal; white arrows denote BRAF cluster amplification (Supplementary data).
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Postoperative CT scan of the abdomen, thorax, neck and
brain in December 2016 showed no remaining tumor mass
(Figure 1(B)). After a multidisciplinary tumor board, the
patient was admitted to the oncological clinic at Sahlgrenska
University hospital, Sweden for postoperative radi-
ation therapy.

In mid-December 2016, the patient had his first appoint-
ment at the oncological clinic. He was in good performance
status (WHO 0) and the surgical wounds were healed (Figure
1(B)). Intriguingly, both S-100B and LD now displayed ele-
vated levels. A new metastasis screening with a positron
emission tomography-computed tomography (PET-CT) was
performed and indicated multiple skeletal metastases, with
metastatic uptake in the right scapula, the sternum, the
second lumbar vertebrae and left iliac bone (Figure 2(A)).

Since the tumor had a BRAF V600E activating mutation,
palliative treatment was initiated in January 2017 with BRAF/
MEK targeted therapy (dabrafenib and trametinib).
Blood plasma was collected for subsequent retrospective
analysis of ctDNA levels during the course of the disease
(Supplementary data).

The patient tolerated the treatment well and after
3months (day 88) a PET-CT indicated a partial regression of
the metastasis in the right scapula and a complete regres-
sion of all other metastases. S-100B was now normalized but
LD remained slightly above the ULN. CtDNA levels of BRAF
V600E and CTNNB1 S45F were elevated at the initiation of
targeted treatment (day 0) but decreased rapidly upon initi-
ation of treatment, and were not detectable after 42 days of
treatment (Figures 2(A–C)).

In June 2017 (day 149) a new PET-CT showed additional
regression of the metastasis in the right scapula and other-
wise no sign of metastatic activity. Both S-100B and LD were
now below the ULN. To prevent the development of drug
resistance, treatment was changed to immunotherapy with
Pembrolizumab every third week. In September 2017 (day
235), a new PET-CT showed a complete regression of all
metastases and normal tumor markers.

In December 2017 (day 312), the patient started to notice
small bumps in the skin at the scar of the primary tumor in
the trunk (Figure 1(C)). Fine needle aspiration confirmed a
local tumor relapse. The patient also reported progressive
symptoms of headache and visual impairment. A metastatic
screening with a PET-CT indicated metastatic uptake in
abdominal and thoracic lymph nodes and in the left occipital
lobe in the brain. An MRI of the brain confirmed a
27� 30� 35mm metastasis (Figure 2(A)). At this stage, both
S-100B and LD still remained below ULN (Figure 2(C)).
Intriguingly, ctDNA levels of BRAF V600E were detectable
since day 91 (Figure 2(C)), i.e., more than 7months prior to
signs of clinical and radiological progression. Over the next
months, the ctDNA levels of BRAF V600E were slowly increas-
ing and in November 2017 (day 301) ctDNA levels of
CTNNB1 S45F were also detectable.

The patient started corticosteroid treatment and the
symptoms gradually decreased. Over the next year, the
patient received various palliative regimes, such as reinitiated
BRAF/MEK targeted therapy, palliative radiation therapy and

chemotherapy with temozolamide, with mixed response. The
disease eventually progressed and in March 2019, the patient
passed away due to encephalopathy, related to
brain metastases.

Discussion

This case demonstrates the utility of detection of ctDNA
dynamics in disease evaluation of metastatic melanoma. In
this case, reoccurrence of the BRAF V600E mutation in
ctDNA was detected as early as seven months prior to clin-
ical/radiological recurrence, whereas the melanoma markers
S-100B and LD remained normal. Our results are consistent
with previous reports of ctDNA being a sensitive and early
marker for disease progression in metastatic melanoma
[6,10–12]. However, the very early increase of BRAF V600E
ctDNA is remarkable in the present case. Another interest-
ing point is that the ctDNA levels gradually increased over
time whereas radiological evaluation showed continuous
tumor regression. This may be due to the occurrence of
tumor deposits too small to be detected by radiological
evaluation, but where the BRAF copy number gain permit-
ted very early detection in plasma. The additional informa-
tion generated from ctDNA analysis could possibly have
changed the clinical approach, to initiate a more thorough
metastasis screening earlier or to initiate second-
line therapy.

In addition to disease monitoring, ctDNA analysis opens
up the possibility of analyzing tumor clonality and the occur-
rence of different tumor subclones during disease progres-
sion. In this case, it is demonstrated by the possibility to
detect a subclonal CTNNB1 S45F mutation upon radiological
evidence of metastatic disease. Whether this mutation is sub-
clonally expressed at all the metastatic sites, or ubiquitously
expressed in a subset of the metastatic sites is not possible
to say. Although less likely, it is also possible that the same
CTNNB1 mutation as in the primary tumor has developed de
novo at one of the metastatic sites during dis-
ease recurrence.

The CTNNB1 S45F mutation occurs in exon three of the
b-catenin gene, which is part of the regulatory N-terminal
protein domain. Mutations in this domain result in protein
stabilization by reduction of phosphorylation-dependent
ubiquitylation, causing increased WNT/b-catenin signaling
[13]. Although WNT/b-catenin signaling in cancer is generally
considered an oncogenic event, the role of WNT/b-catenin
signaling in melanomas is not fully elucidated. Elevated lev-
els of nuclear b-catenin in primary tumors and metastases of
melanomas are associated with reduced proliferation and
improved survival [14]. Conversely, in preclinical models of
melanomas, WNT/b-catenin signaling is linked with a pheno-
typic switch to a more aggressive and invasive phenotype
and to immune suppression [15–18].

It is not possible to draw any conclusion of the bio-
logical role of b-catenin signaling in metastatic melanoma
from this case. However, it is an interesting observation
that this patient with a subclonal CTNNB1 S45F mutation,
has a clinical course with a rapid onset of metastatic
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Figure 2. (A) Radiological evaluations during the course of disease. On first row, a computer tomography of the brain prior to initiation of treatment and a
Magnetic Resonance Imaging at disease recurrence. Blue circles indicate the anatomical position where the metastasis subsequently occurs. On second and third
row, a positron emission tomography-computed tomography of the left scapula and the sternum respectively. Yellow and red circles indicate evaluated lesions.
Purple arrow indicates a metastatic lymph glandule that is found at disease recurrence. (B) Variant allele frequency of BRAF V600E mutation (orange) and CTNNB1
S45F mutation (blue). Radiological response is indicated above the figure. CR: Complete response; PR: Partial response; PD: Progressive disease. Red dotted line at
the end of the chart indicates time of death. (C) Levels of S-100B and Lactate Dehydrogenase at the same time points as indicated in (B). Blue dotted horizontal
line indicates the ULN of S-100B (0,2). Red dotted line indicates the ULN of Lactate Dehydrogenase (3,4 for patients up to 70 years of age).
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disease after surgery and disease progression during
immunotherapy. The role of b-catenin signaling in the pro-
cess of invasion, metastasis and immune evasion should be
further investigated.

In summary, this case illustrates that ctDNA monitoring
provides pivotal clinical information and should be consid-
ered as a standard follow-up method in patients with meta-
static melanomas.
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