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(total 50-gene panel including BRAF) was followed which confirmed BRAF V600E
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Vemurafenib, a BRAF inhibitor, for treatment and showed a significant response
to therapy.
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important pathway in the development of angiosarcoma [1].
MAPs are protein kinases which regulate cell functions including
proliferation, gene expression, differentiation, mitosis, cell
survival, and apoptosis [2]. BRAF is a member of MAP kinase
pathway and its mutations can lead to constitutive activation
of downstream signaling in the MAP kinase pathway, resulting
in increase in cell proliferation and survival [3]. BRAF is seen
to be mutated in 8% of human cancers [4,5] and accounts for
almost 50% of mutations in melanoma [3]. The majority of the

Introduction

Angiosarcoma is a rare aggressive malignancy, accounting
for 2-3% of adult soft tissue sarcomas, and resulting in a high
mortality with approximately 50% of patients dying within the
first year. The most common locations for primary angiosarcoma
are the breast, skin, deep tissue, and the liver. The liver is also
a common site for metastasis. Surgery, chemotherapy and/or
radiation therapy, or combinations are therapeutic options, but

these treatment modalities are ineffective.

Recently, molecular targeted therapy has shed light on the
treatment of many previously poorly responding tumors. Recent
advancements in genomic research of angiosarcoma have
revealed potential therapeutic genetic marker(s). Mutations
in the Mitogen-activated protein (MAP) kinase pathway are an

mutations in BRAF result in a substitution for valine with glutamic
acid at the 600 position of the BRAF protein (BRAF V600E). BRAF
inhibitors like Vemurafenib may be helpful in the management of
BRAF mutated tumors. Due to potential therapeutic significance,
many studies have attempted to identify BRAF mutation in
angiosarcoma. Murali et al. did sequencing on 34 angiosarcoma
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tumor samples and found 4 tumors harboring BRAF amplification
and 1 with activating mutation [1]. But so far there is little evidence
indicating angiosarcoma harboring BRAF mutation and regarding
the response of angiosarcoma to BRAF V600E inhibitor. The aim
of this study was to evaluate for BRAF mutation in angiosarcoma
and its response to BRAF inhibitor treatment.

Materials & Methods

Patients

Index patient: A 40-year-old woman presented to the hospital
with complaints of abdominal pain and anemia. The patient
was known to have BRCA-1 mutation. The patient also had the
history of multiple cancers in the past including papillary thyroid
carcinoma status-post thyroidectomy and radioactive iodine
therapy (7 years ago), melanoma of left shoulder blade (6 years
ago), intraductal papilloma status-post breast lumpectomy (2
years ago). The patient underwent chest/abdomen computed
tomography scan revealing multiple lesions in liver and lungs with
suspicion for metastatic cancer of unknown primary. Endoscopy
revealed a mass lesion in the small intestine. The liver biopsy and
concurrent small intestinal biopsy showed high-grade tumor with
epithelioid cell morphology
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(Figure 1A and 1B) with marked nuclear pleomorphism
and high mitotic activity (approximately 5 mitotic figures
per 10 high power fields). The tumor was immunoreactive
for vimentin, CD31 (Figure 1C) and ERG (Figure 1D), while
negative for melanoma (S-100, HMB45, SOX-10, Melan-A) and
neuroendocrine (synaptophysin, chromogranin) markers. The
diagnosis of high-grade angiosarcoma with epithelioid cell type
was rendered. As per oncologist request, testing for BRAF V600E
mutation was performed by immunohistochemical (IHC) stain on
liver biopsy tissue and followed by next-generation sequencing
using 50- gene panel (including BRAF). After being managed for
angiosarcoma, unfortunately, the patient also developed large
cell neuroendocrine carcinoma (grade 3) and underwent left lung
lobectomy.

Additional cases

We retrospectively identified five more cases of metastatic
angiosarcoma to the liver (excluding index patient) in the
departmental database from the year 2006 to 2015. The slides
were retrieved and reviewed by two independent pathologists.
Taking all the cases in the account (including index patient), the
male: female ratio was 1:5; and age ranged from 35-88 years. All

Figure 1 A: H&E stain 10 X- Tumor replacing entire liver parenchyma.
B: H&E stain 20 X- Tumor cells with epithelioid morphology with entrapped red blood cells.
C: Immunohistochemical stain for CD31- Tumor cells showing positive membranous staining for CD31 (a vascular marker).
D: Immunohistochemical stain for ERG- Tumor cells expressing positive nuclear staining for ERG (a vascular marker).
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Table 1 Total 6 cases of metastatic angiosarcoma in the liver were examined.

Case Age Sex Histologic type & Grade Location IHC IHC for BRAF

Casel (index e . . . . L

i) 40 F Epithelioid type and high grade Liver and Small bowel Vimentin+, CD31+ and ERG+ Positive

Case 2 79 M Epithelioid type and low grade Liver CD34+ Negative

Case 3 72 F  Epithelioid and spindle type and high grade Liver Vimentin+, CD31+ and CD34+ Negative

Case 4 79 F  Epithelioid and spindle type and high grade Liver CD34+ and ERG+ Negative
S . . CD31+, .

Case 5 35 F Epithelioid type and high grade Liver CD34+ and ERG+ Negative

Case 6 75 F Epithelioid type and high grade Liver Vimentin +, CD31+ and CD34+ Negative

tumors were classified as high-grade except one case, which was
low-grade. Four of six were epithelioid types and two were mixed
epithelioid and spindle cell types. The diagnosis was confirmed
by a panel of IHC stains comprising of mesenchymal and vascular
markers which included vimentin, factor VIII, ERG, CD31 and/or
CD34. Institutional review board approval was obtained for the
study.

Immunohistochemical stain for BRAF mutation
V600E

Paraffin-embedded tissue was cut into 4-micron-thick sections,
and IHC for BRAF V600E mutation was performed using mouse
anti-human BRAF (V600E) clone VE (Spring Biosciences, California,
dilution 1:75) by Ventana Discovery XT stainer. The stain result
was defined as negative (no stain) or positive (cytoplasmic
staining pattern).

Target gene sequencing (50-gene panel)

For the case with positive BRAF V600OE IHC, DNA was extracted
from the specimen and examined by next-generation sequencing
for specific mutations in 50 genes: ABL1, AKT1, ALK, APC, ATM,
BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4,
EZH2, FBXW7, FGFR1, FGFR2, FGFR3, FLT3, GNA11, GNAS, GNAQ,
HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3, KDR, KIT, KRAS, MET,
MLH1, MPL, NOTCH1, NPM1, NRAS, PDGFRA, PIK3CA, PTEN,
PTPN11, RB1, RET, SMAD4, SMARCB1, SMO, SRC, STK11, TP53,
and VHL. A detailed list of all the regions covered by the test is
available upon request. The specific mutations are detected by
amplification of the corresponding exons by polymerase chain
reaction (PCR). The PCR product is sequenced on an lon Torrent
PGM instrument (Thermo Fisher Scientific, MA, USA).

Results

Total 6 cases of metastatic angiosarcoma in the liver were
examined. Table 1 summarizes the histology and the status
of BRAF V600E in these cases. Only one case (index patient)
showed positive IHC stain for BRAF V600E (c.1799T>A) mutation
(Figure 2) and was subsequently confirmed by the target gene
sequencing. The variants of unknown significance were noted.
The following regions showed coverage of less than 500X and are
therefore interpreted as indeterminate: PIK3CA exon 2, PIK3CA
exon 8, NPM1 exon 11, PTEN exon 3, ATM exon 9, ATM exon 54,
RB1 exon 6, RB1 exon 10, RB1 exon 21, SMAD4 exon 4, STK11
exon 4, and GNAS exon 14. After detection of BRAF mutation, the
patient received Vemurafenib, a BRAF inhibitor, for treatment.
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Figure 2 Immunohistochemical stain for BRAF V600E, 20X:

Tumor cells mutated for BRAF V600E showing
cytoplasmic staining.
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She responded well as measured by both imaging study and
clinical outcome. All other five cases showed no BRAF mutation
by IHC stain (Table 1).

Discussion

Angiosarcoma is a deadly disease with a dismal prognosis.
Various therapies have been used for treating metastatic or
unresectable angiosarcoma including chemotherapy (paclitaxel),
[6] angiogenesis blockers [7] and multikinase inhibitor like
Sorafenib [8] but the therapeutic response is quite variable. In
this study, we identify a patient with metastatic angiosarcoma
in the liver that harbored a BRAF V600E mutation confirmed by
IHC study and gene sequencing and showed a great response to
treatment with Vemurafenib, an inhibitor to BRAF V600E. The
therapeutic strategy of angiosarcoma has heavily relied on our
understanding of the genetics of angiosarcoma. The alterations
of genes involving angiogenesis, mutation of p53 and the
PIK3CA/AKT/mTOR pathway [9,10] and TGF-B signaling [11] are
observed in subsets of angiosarcoma. BRAF V600E mutation, a
molecular target in metastatic melanoma, colorectal carcinoma,
and non-small cell carcinoma of the lung, has not been reported
in angiosarcoma [9,12]. However, heterogeneous molecular
alterations in angiosarcoma and relatively small samples in
these studies do not null the possibility of BRAF mutation in this
fatal cancer. Our study demonstrates a positive case of BRAF
V600E mutation, suggesting that there may be a small subset of
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angiosarcoma patients who may be eligible for anti-BRAF therapy
using Vemurafenib. Vemurafenib was approved by FDA for the
treatment of late-stage melanoma with BRAF V600E mutation in
2011 [13]. It is an oral serine— threonine kinase inhibitor which
acts by inhibiting only the active form of the kinase and acts as a
selective BRAF inhibitor [13,15]. It blocks downstream processes
by blocking ERK phosphorylation in BRAF-mutant cells leading
to inhibition of tumor growth and triggers apoptosis [13,14].
It has shown to be effective for BRAF mutant melanoma [16]
and colorectal cancer [17]. It also inhibits fluoro- deoxy-glucose
uptake in BRAF mutant cells which can be monitored by PET
imaging and can act as a marker for assessing metabolic activity
of cancer cells [14].

Sorafenib is a multikinase inhibitor which acts via multiple
pathways through RAF serine/threonine kinases, vascular
endothelial growth factor receptor tyrosine kinases; VEGFR-1,
VEGFR-2, VEGFR-3 and platelet-derived growth factor receptor
-PDGFR-B [18]. It has shown to be effective in various tumors
including hepatocellular cancer [19] renal cell cancer [20]
melanoma, and malignant peripheral nerve sheath tumor [21].
Phase Il studies have shown the antitumor effect of Sorafenib in
angiosarcoma [8,22] although Sorafenib does not directly block
the V600E mutated oncogenic BRAF. In one of the studies, Maki
et al. demonstrated activity of Sorafenib against angiosarcoma
with 4 patients showing partial response and 1 patient showing
complete response [22]. They also found that progression-free
survival with Sorafenib treatment was better in chemotherapy
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