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Abstract
Dedifferentiated metastatic melanoma can pose a significant diagnostic challenge, especially if the history of primary
melanoma is not known or is remote. BRAF and NRAS mutations are common melanoma driver mutations that are usually
sequenced to evaluate for treatment targets. We evaluated whether BRAF and NRAS mutational testing could contribute to
the diagnosis of dedifferentiated metastatic melanoma when immunostains are negative. Seven patients with melanoma who
had an additional diagnosis of poorly differentiated sarcoma with negative melanocytic immunostains were tested for BRAF
and NRAS mutations. Three patients showed identical BRAF mutations in the melanoma and the poorly differentiated
sarcoma and hence were re-classified as metastatic dedifferentiated melanoma. In these three patients, there was an average
delay of 7 months before appropriate testing, workup and treatment for metastatic melanoma was initiated. Two of these
patients currently have stable metastatic disease and show sustained therapeutic response to melanoma-specific treatment
including BRAF inhibitors. BRAF mutational analysis should therefore be considered in cases of poorly differentiated
sarcoma, especially if there is a known history of melanoma or with unusual localization of disease. The administration of
melanoma-specific treatments in such dedifferentiated cases can show therapeutic response, highlighting the importance of
rendering accurate diagnoses on such cases.

Introduction

The diagnosis of primary melanoma is usually straightfor-
ward except in a subset of patients where the histologic
features overlap with various classes of nevi [1]. However,
the melanocytic derivation of such lesions is usually
apparent, except in some cases with desmoplastic and/or
spindle cell morphology [2]. Similarly, establishing a
diagnosis of metastatic melanoma, particularly in the setting

of a known history of melanoma is usually not challenging.
Occasionally though, melanomas can lose their antigenicity
to one or more melanocytic markers, especially in the
metastatic setting. This phenomenon is well-documented in
the literature and some melanomas can even show aberrant
expression of non-melanocytic markers [3]. The diagnostic
uncertainty as a result of this phenomenon can potentially
lead to significant therapeutic implications. This is parti-
cularly true if a metastatic melanoma loses its immunor-
eactivity to all six of the clinically used melanocytic
markers, namely S100, SOX10, Melan-A (MART-1),
HMB45, MiTF, and Tyrosinase [4, 5].

BRAF and NRAS mutations are common mutually
exclusive driver mutations detected in ~70% of melanomas
[6, 7]. This underlies the clinical utility of BRAF mutational
testing in predicting therapeutic response to BRAF inhibi-
tors in patients with advanced melanoma [8]. However, the
use of BRAF and NRAS mutational status for diagnostic
purposes has not gained wide popularity [9].

In this report, we aim to highlight the potential impact
that mutational testing for common driver mutations such as
BRAF and NRAS could have on the diagnosis and early
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treatment of patients with metastatic melanoma who have
been misdiagnosed as poorly differentiated sarcoma due
to lack of immunoreactivity to melanocytic markers.

Materials and methods

Case selection

The electronic database of the Department of Pathology at
Indiana University was searched for patients diagnosed
with both melanoma and sarcoma between 1983 and
2018. The pathology reports and slides for sarcoma cases
were reviewed and cases with a specific lineage of dif-
ferentiation or with a specific type of sarcoma were
excluded. Patients were included in this study only if they
had a diagnosis of melanoma plus a poorly differentiated
sarcoma with at least three negative melanocytic markers,
including either S100 or SOX10. Additionally, only
patients with adequate tissue for further analysis of both
the melanoma and sarcoma specimens were included.
Institutional review board approval was obtained to con-
duct this study.

Immunohistochemistry

Immunohistochemical studies were performed using
specific monoclonal antibodies against S100, Melan-A,
HMB45, Tyrosinase (DAKO, Denmark), SOX10, and
MiTF (CellMarque, USA) on a DAKO Omnis stainer.
Formalin-fixed paraffin-embedded tissue sections were
used and cut at 4 μm thickness. The standard immuno-
peroxidase technique was followed. The staining was
called positive, for any of these markers, if more than 1%
of the cells showed at least moderate intensity staining or
if more than 5% of the cells showed at least weak inten-
sity staining.

BRAF and NRAS mutational testing

Following light microscopic evaluation and microdissec-
tion to increase tumor density, genomic DNA was
extracted from six sections of formalin-fixed paraffin
embedded material (5 μm thickness each) using a Qiagen
formalin-fixed paraffin embedded DNA extraction kit.
The limit of detection was 2% for the assays. The DNA
concentration was determined using the NanoDrop
Spectrophotometer prior to testing.

This BRAF assay detects five somatic mutations in the
BRAF gene using real-time PCR on the Rotor-Gene Q
5plex HRM instrument. The assay uses amplification
refractory mutation system (ARMS) and Scorpions tech-
nologies; enabling detection of the following mutations atTa
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codon 600 of the BRAF oncogene against a background of
wild-type genomic DNA: V600E/V600E complex
(V600Ec), V600D, V600K, and V600R. The control assay,
labeled with FAM, is used to assess the total amplifiable
BRAF DNA in a sample. The control assay amplifies a
region of exon 3 of the BRAF gene. The primers and
Scorpion probe have been designed to amplify indepen-
dently of any known BRAF polymorphisms. All procedures
were performed according to the manufacturer’s recom-
mendations (Qiagen Manchester, Manchester, UK).

The therascreen NRAS Pyro Kit was used on the Pyro-
Mark Q24 system to detect mutations in codons 12, 13, and
61 of the NRAS gene. The kit consists of two assays: one for
detecting mutations in codons 12 and 13 and the other one
for detecting mutations in codon 61. The two regions are
amplified separately by PCR followed by pyrosequencing.
Sequences surrounding the defined positions serve as nor-
malization and reference peaks for quantification and
quality assessment.

Review of literature

A search for cases of metastatic dedifferentiated melanoma
was conducted from Medline-indexed journals in English.
Only cases with mutational analysis for both the primary
and the secondary/metastatic tumor were included.

Results

The initial search yielded 55 patients with a diagnosis of
both melanoma and sarcoma. Upon review of the
pathology slides and reports, 7 patients were identified,
where the sarcoma was poorly differentiated, undiffer-
entiated, or unclassifiable. These 7 patients were con-
sidered as possible cases where the sarcoma was in reality
a dedifferentiated melanoma in which melanoma-specific
immunohistochemical markers had been lost. Table 1
summarizes the clinical characteristics of these 7 patients,
Table 2 summarizes the results of immunohistochemical
and molecular testing, and Figs. 1 and 2 depict repre-
sentative microscopic images.

The melanomas from these seven patients underwent
molecular testing; 5 had BRAF V600E mutation, one had
NRAS Q61L mutation and one was wild type for both BRAF
and NRAS. Of the five patients with BRAF V600E positive
melanoma, 3 had an identical BRAF mutation in their poorly
differentiated sarcoma. In these three patients, a diagnosis
of metastatic melanoma with loss-of-melanoma-specific
immunoreactivity was established based on the presence
of an identical BRAF mutation in the melanoma and what
had previously been diagnosed as poorly differentiated
sarcoma. Ta
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In these three patients, the time interval between
the initial diagnosis of “sarcoma” and the performance
of metastatic melanoma-appropriate workup including
BRAF testing for therapeutic purposes was 6 months
(patient 2), 10 months (patient 3), and 5 months
(patient 5), leading to a potential average delay in the
administration of melanoma appropriate therapeutic
interventions of ~7 months. This interval was longest in
the patient with no known history of primary melanoma
(patient 3). In follow-up, one of these patients succumbed
to widespread metastatic disease while the other two have
stable metastatic disease on systemic therapy including
BRAF inhibitors after an average follow-up time of
17 months.

The two other patients with BRAF V600E positive
melanoma (patients 1 and 7) and the patient with NRAS
Q61L mutation in her melanoma (patient 6) had wild type
results for BRAF and NRAS in their sarcomas. These three
patients had appropriate surgical resection with or without
sentinel lymph node biopsy for their melanomas and wide
local excision for their sarcoma. Of these patients, one
(patient 7) succumbed to widespread metastatic sarcoma
while the other two are alive and free of disease. Based on
the morphologic appearance and the anatomic location of
the sarcoma in patient 6 at the time of conducting this study,
additional testing for translocation (X: 18) to rule out the
possibility of synovial sarcoma was conducted and was
negative.

Finally, patient 4 had wild-type BRAF and NRAS in both
his melanoma and sarcoma, limiting our ability to confirm
or refute their relationship. However, and based on the
location of his sarcoma, it was sent out to a reference lab for
fluorescence in situ hybridization testing for MDM2
amplification which was positive, supporting an interpreta-
tion of dedifferentiated liposarcoma.

We also reviewed the literature for all cases with an
identical mutational profile in the primary and metastatic
melanomas where the metastatic tumor was entirely ded-
ifferentiated. To the best of our knowledge, only 7 such
cases have been previously reported (Table 3) [4, 5, 10].
None of these reports discussed immediate therapeutic
implications or clinical outcomes of such a discovery.

Discussion

As driver mutations, BRAF and NRAS are commonly
identified in various types of melanomas [6, 7]. In our
study, they were present in 6 out of 7 cases (86%). On the
other hand, and despite several anecdotal reports, systematic
reviews have shown that BRAF or NRAS mutations are
exceedingly rare in sarcoma and when present, the patients
usually had a prior history of melanoma [5, 11–13]. For
instance, out of a total of 204 sarcoma cases tested in two
separate studies, three had BRAF V600E mutation and one
had NRAS Q601K mutation. All four patients had a prior

Fig. 1 a (×400, H&E):
Representative microscopic
image of the scalp lesion of
patient 5 showing atypical
melanocytes arranged in nests
and single pagetoid cells
consistent with a diagnosis of
melanoma. b (×400, H&E):
Representative microscopic
image of the lung mass
identified 5 years later showing a
poorly differentiated spindle cell
neoplasm. c (×400, S100) and d
(×400, Melan-A): Both stains
are negative in tumor cells from
the lung mass. Mutational
testing for BRAF identified the
V600E mutation in both
specimens

Detection of driver mutations in BRAF can aid in diagnosis and early treatment of dedifferentiated. . . 333



history of melanoma and all were diagnosed histologically
as undifferentiated pleomorphic sarcoma [5, 12]. The
associated diagnosis of melanoma, the aggressive clinical
behavior and the existence of identical BRAF mutations
were strongly suggestive of a diagnosis of metastatic mel-
anoma in three of our patients whose lesions had been

originally diagnosed as sarcomas. These results emphasize
the role of mutational analysis as a diagnostic aid in ded-
ifferentiated metastatic melanoma.

Although several cases of metastatic dedifferentiated
melanoma have been previously reported, the diagnosis
was usually confirmed by the identification of more

Fig. 2 a (×200, H&E)
Representative microscopic
image of the axillary mass in
patient 3 depicting a poorly
differentiated spindle cell
neoplasm with nuclear
pleomorphism. b (×100, H&E)
Remnants of lymph node tissue
are identified in the same
specimen showing surrounding
fibrosis, inflammation and fat
necrosis, suggestive of reactive
peritumoral changes. c (×400,
S100), d (×400, SOX10), e
(×400, Melan-A), and f (×400,
HMB45): All four stains are
negative in the lesional cells. g
(×800, H&E): Representative
image of the cell block of fine
needle aspiration biopsy of the
paranephric mass identified
9 months later showing a
collection of neoplastic cells
with high nuclear to cytoplasmic
ratio. h (×400, SOX10): The
lesional cells are positive
consistent with a diagnosis of
melanoma (Melan-A (not
shown) was also positive in the
lesional cells). Mutational
testing for BRAF identified the
V600E mutation in both
specimens

334 N. Alrabadi et al.



differentiated foci within the same metastatic lesion with or
without additional genetic testing [14]. In contrast, the
diagnosis was presumptive in several other reports given the
patient’s known history of melanoma and/or the identifi-
cation of oncogenes frequently mutated in melanoma in the
metastatic focus alone. However, the added identification of
identical mutations in the associated melanoma as shown in
this report and a few others (Table 3) provides strong evi-
dence in establishing a diagnosis of dedifferentiated meta-
static melanoma. Given the ever-growing availability of
BRAF and NRAS testing, pathologists are in a unique
position where they can incorporate these molecular mar-
kers into their routine practice when faced with undiffer-
entiated neoplasms in a patient with a recent or remote
history of melanoma.

In one of our patients, the diagnosis of “sarcoma” pre-
ceded the diagnosis of melanoma (patient 3). This was
associated with the longest delay in establishing the diag-
nosis of metastatic melanoma (10 months). It is of note,
though, that upon review of the sarcoma-excision specimen,
focal areas of lymph node remnants were identified. Since
sarcoma metastatic to lymph nodes is highly unusual [15,
16], this could provide an additional clue to initiate muta-
tional analysis in the absence of a known history of mela-
noma. Moreover, in these instances of an undifferentiated
malignant neoplasm in a lymph node basin, it is important
to consider and perform appropriate workup to investigate
the possibility of other metastatic tumors with a BRAF
mutation, such as anaplastic thyroid carcinoma, non-small
cell lung carcinoma and poorly differentiated colonic ade-
nocarcinoma among others. Nonetheless, detection of BRAF
mutation may still be beneficial in guiding BRAF-inhibitor
therapy in the absence of a definitive diagnosis [17].

There are several recent additions to the armamentarium
of agents with survival benefit in the treatment of metastatic
melanoma, such as immune checkpoint inhibitors and

oncogene-targeted inhibitors [18, 19]. However, it is
increasingly recognized that lower metastatic tumor burden
at baseline and hence early diagnosis is an important factor
in predicting better response to these agents [20, 21].
Despite rapid deterioration in one patient and an average
delay of 7 months, the other two patients are showing
continued response and overall stable metastatic disease on
systemic therapy including BRAF inhibitors. In contrast,
there are very limited effective therapies for advanced stage
sarcomas [22, 23].

In addition to BRAF and NRAS mutations, one can pro-
ject that testing for other less frequent driver mutations in
melanomas, such as Kit, NF1, GNAQ, and GNA11 could
also be beneficial in this setting, either as part of an
expanded panel or in a more stepwise approach following
inconclusive results with BRAF and NRAS. Moreover, in
two BRAF mutational analysis studies of primary and
metastatic melanomas [24, 25], the authors reported a dis-
cordant mutational result between different metastatic foci
in the same patient in 18.9 and 26% of cases, respectively.
Additionally, 2 out of 25 patients (8%) in another study
showed BRAF wild type in the metastatic melanoma despite
having BRAF mutant primary melanomas [26]. Although
detailed review of the literature showed no definitive
reported cases of metastatic dedifferentiated melanoma with
loss of both melanocytic immunohistochemical reactivity
and mutational status, and despite the alternative possibi-
lities of metastasis from a separate primary or false negative
mutational testing [26], one can argue that testing of mul-
tiple metastatic foci and a more detailed, potentially genome
wide, mutational analysis may be necessary in such
instances to render a definitive diagnosis and allow patients
to benefit from the broader therapeutic repertoire available
for metastatic melanoma. Patient 7 in our cohort had
a history of BRAF mutated primary melanoma and suc-
cumbed to widespread metastatic sarcoma that was BRAF

Table 3 Patients with same mutation in primary melanoma and metastatic dedifferentiated melanoma identified by literature review

Study # of patients Histology of metastasis Molecular
findings

Time to metastasis. Range
(years)/average (years)

Follow-up status
(duration)

Agaimy et al.
2016

4 Patient 1. UPS with myxoid areas.
Patient 2. RMS &
teratocarcinosarcoma-like.
Patient 3. SCS
Patient 4. SCS

BRAF V600E
BRAF V600E
NRAS Q61K
NRAS Q61R

0–2/1 AWD (N/A)
AWD (N/A)
AWD (N/A)
AWD (N/A)

Cipriani et al.
2014

1 UPS BRAF V600E 42* N/A

Bekers et al.
2014

2 Patient 1. SFT
Patient 2. SFT

NRAS Q61K
BRAF V600E

7–12/10 N/A

UPS undifferentiated pleomorphic sarcoma, RMS Rhabdomyosarcoma, SCS spindle cell sarcoma, SFT solitary fibrous tumor, AWD alive with
disease

* The BRAF analysis was not performed on the primary melanoma but rather on a concurrent metastatic lesion with retained expression of
melanocytic markers
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wild type. However, no additional tissue was available for
analysis to test the hypothesis of potential discordant
mutational status between different metastatic foci.

In this study, cases with a specific lineage of differ-
entiation in the sarcoma specimen were excluded from
further analysis despite the well-reported phenomenon of
heterologous differentiation in melanoma [27]. Never-
theless, this phenomenon appears much more common in
the primary rather than the metastatic setting [28]. Addi-
tionally, in almost all previously reported cases of hetero-
logous or divergent differentiation in metastatic melanoma,
areas of more differentiated melanoma were focally
identified [14, 28]. Still, as we progress into the era of
individualized medicine and more detailed molecular char-
acterization of tumors including sarcomas, it is imperative
to include driver mutations frequently mutated in melanoma
in the evaluation of undifferentiated tumors and potentially
also differentiated tumors so as to allow early and
accurate identification of dedifferentiated and/or divergent
melanomas.

One limitation of this study is the sample size. This is a
result of the study design which is restricted to patients with
both a melanoma and presumed undifferentiated sarcoma
for the purposes of proving the principle. However, we
anticipate the findings having diagnostic utility in a wider
group of patients such as patients with metastatic melanoma
with unknown primary, and potentially in the workup of
presumed primary undifferentiated sarcoma where a spindle
cell melanoma is a possibility. In addition, although the
category of patients that may be assisted by this finding is
small, the finding is significant because it also implies the
possibility of therapy with BRAF inhibitors.

In summary, the diagnostic dilemma that dedifferentiated
metastatic melanoma can create is well-reported in the lit-
erature. Using a cohort of patients with both melanoma and
a poorly differentiated sarcoma, we provide further evi-
dence to support the role of mutational testing as an aid in
diagnosing metastatic melanoma when immunostains are
negative. Uniquely, we also reviewed the clinical outcomes
of such patients and highlighted the potential impact
pathologists can have on timely treatment decisions in such
patients.
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