
Sporadic Malignant Glomus Tumor 
of the Brachial Plexus With Response 
to Targeted Therapy Directed 
Against Oncogenic BRAF

INTRODUCTION

Glomus tumors are rare mesenchymal neo-
plasms usually involving the dermis, typically 
found in a subungual location, and historically 
hypothesized to arise from cells of the glomus 
body, an arteriovenous shunt involved in tem-
perature regulation.1,2 The majority of these 
tumors are benign, although some exhibit more 
aggressive biologic features and clinical behav-
ior (malignant glomus tumor, or glomangiosar-
coma). Others have an intermediate phenotype 
and are classified as glomus tumors of uncertain 
malignant potential (GT-UMP).3 Herein, we 
present a case of an 18-year-old patient with two 
glomus tumors involving the lateral and poste-
rior cords of the right brachial plexus. The mag-
netic resonance (MR) imaging, intraoperative 
and histologic findings, therapeutic approach, 
and unique response to molecularly targeted 
therapy are discussed.

CASE REPORT

Clinical History

An 18-year-old female presented with pain in 
the right shoulder region, insidious in onset, 
with no inciting event or notable trauma. The 
pain was localized to the infraclavicular region 
and occasionally radiated to the elbow. There 
were no complaints of weakness or dysesthesia 
in the right upper extremity. Physical examina-
tion demonstrated no neurologic deficit.

Imaging

MR imaging of the right upper extremity demon-
strated two distinct brachial plexus lesions, one 
emanating from the distal aspect of the lateral 
cord and the other from the posterior cord (Fig 1).  

Both lesions were located in the infraclavicu-
lar space contacting the right distal subclavian 
vascular bundle. The tumors demonstrated no 
early arterial enhancement but had low appar-
ent diffusion coefficient values4 and were there-
fore considered indeterminate for malignancy. A 
mass-like enlargement of the upper trunk (up to 
4.4 cm) was also noted, without restricted dif-
fusion. This was believed to represent a periph-
eral nerve tumor or, alternatively, an acquired 
or hereditary neuropathy. Finally, there was 
notable thickening of the right brachial plexus 
nerve roots without restricted diffusion or 
enhancement. After extensive discussion with 
the neurosurgeon, the patient opted for surgi-
cal exploration with open biopsy and possible 
removal of the infraclavicular tumors to provide 
a histologic diagnosis and guidance on further 
management.

Intraoperative Findings

Open exploration of the right infraclavicular 
brachial plexus was performed. Both tumors 
were noted to be intimately involved with the 
nerve elements. Neurolysis of the lateral cord 
revealed fascicles outstretched along the surface 
of the tumor. These were gently mobilized but 
did not stimulate and were divided, allowing the 
lesion to be removed en bloc and sent for histo-
pathological analysis.

In the posterior cord region, the axillary nerve 
was clearly enlarged with tumor. Gentle neu-
rolysis exposed the full extent of enlargement, 
which revealed that, proximally, the tumor 
extended into the posterior cord and to the level 
of the clavicle. Here, nerve and tumor were even 
more intimately involved, and a clear plane of 
dissection could not be established. A biopsy was 
performed, and the epineurium was opened to 
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decompress the lesion. On frozen section, this 
tumor appeared relatively benign, but given its 
widespread involvement with the axillary nerve, 
further aggressive dissection of the remaining 
tumor was deferred to avoid morbid neurologic 
deficits.

Histopathology and Molecular Analysis

Histopathologic analysis revealed a well- 
circumscribed proliferation of relatively mono-
morphic cells with round nuclei and abun-
dant eosinophilic cytoplasm (Figs 2A and 2B). 
Immunohistochemical staining revealed diffuse 
positivity for collagen IV and smooth mus-
cle actin (Fig 2C). Staining for desmin, EMA, 
CD117, S100, SOX10, synaptophysin, AE1/
AE3, and SM31 were negative. MART1 was 
faint, caldesmon was focal, CD34 highlighted 
blood vessels, INI-1 expression was intact, and 
Ki-67 proliferation index was mild to moderate. 
Electron microscopy demonstrated large cells 
with well-developed borders, subplasmalemmal 
densities, and well-developed basal lamina (Fig 
2D). The lesions demonstrated features associ-
ated with aggressive clinical behavior, includ-
ing increased mitotic activity, moderate nuclear 

atypia, and larger size. These findings together 
led to the diagnosis of malignant glomus tumor 
per current criteria.3 Molecular genetic analysis 
using polymerase chain reaction–based sequenc-
ing of BRAF exon 15 revealed the BRAF V600E 
mutation at a mutant allele frequency of 40%. 
To support this finding, we performed immuno-
histochemical analysis using antibodies directed 
against phospho–extracellular signal-regulated 
kinase (ERK); this revealed variable immu-
nostaining, with both cytoplasmic and nuclear 
immunoreactivity. In addition to isolated BRAF 
testing, a conventional cytogenetic analysis of 
the tumor revealed a normal 46 XX karyotype in 
all cells examined.

Therapeutic Management

Management of this patient’s malignant tumor 
was discussed at the Johns Hopkins Hospital 
multidisciplinary sarcoma tumor board. Sur-
gical resection, although the most accepted 
approach, was believed to be associated with a 
high likelihood of surgical morbidity, including 
loss of neurologic function of the dominant arm. 
We therefore proposed a trial of molecularly 
targeted therapy, using the oral RAF inhibitor 
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Fig 1. (A) On coronal 
fluid-sensitive magnetic 
resonance sequence through 
the chest, the right brachial 
plexus demonstrates asym-
metric hyperintensity and 
thickening of the C5, C6, 
C7, and T1 nerve roots and 
upper trunk (not shown) 
in addition to two discrete 
masses arising from the dis-
tal brachial plexus involving 
the posterior (short arrow) 
and lateral (long arrow) 
cords. The posterior cord 
mass measures 2.2 × 1.5 × 
2.2 cm, and the distal lateral 
cord measures 2.1 × 1.9 × 
3.5 cm. (B) Both masses 
exhibit enhancement on 
static post contrast imaging. 
(C) On diffusion weighted 
imaging with apparent dif-
fusion coefficient mapping, 
there is qualitative and 
quantitative restricted diffu-
sion (apparent diffusion co-
efficient [ADC] values range 
from 0.6 to 1 ×10−3 mm2/s 
in the larger mass and 0.9 
to 1 × 10−3 mm2/s in the 
smaller mass). Qualitatively, 
a target sign or peripheral 
elevated signal and central 
decreased signal is visible on 
the ADC map. (D) Dynamic 
magnetic resonance angi-
ography shows late arterial 
enhancement. Although the 
anatomic sequences (A and 
B) and dynamic contrast- 
enhanced sequences (D) 
are not worrisome, the low 
ADC values on diffusion 
weighted imaging (C) 
raise the possibility of a 
hypercellular or potentially 
malignant neoplasm.
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dabrafenib. The patient started dabrafenib (150 
mg per dose twice daily), and 3 weeks later tra-
metinib was added (2 mg daily). MR imaging and 
18F-fluorodeoxy-d-glucose positron emission 
tomography–computed tomography obtained 2  
weeks after the addition of trametinib demon-
strated interval decrease in tumor size (Table 1).  
MR imaging at 3 and 6 months after initiat-
ing RAF inhibitor therapy showed continued 
decrease in tumor size (Figs 3 and 4) and at 9 
months showed no further change in size or 
imaging characteristics relative to most recent 
prior imaging. Currently, our patient contin-
ues to receive combination RAF and MEK 
inhibitor therapy, with monitoring by her local 
oncologist. Minimal toxicities, including one 
episode of self-limited pyrexia and mild acnei-
form eruption, have been reported thus far. She 
experiences no pain, and the extremity function 
is normal.

DISCUSSION

The RAS-RAF-MEK-ERK signaling pathway 
is a frequent site of oncogenic mutations, with 
approximately 30% of human cancer harboring 
at least one mutation that results in its dysreg-
ulation. Activating BRAF mutations are found 
in approximately 7% of cancers, roughly half 
of malignant melanomas,5 and in other tumors, 
including colorectal, ovarian, papillary thyroid, 
and non–small-cell lung cancers, gliomas, and 
histiocytic disorders.6-12 The most common 
mutation, V600E, results in constitutive activa-
tion of the ERK pathway.

Small molecule inhibitors of RAF kinase were 
first studied in clinical trials of patients with mel-
anoma. Vemurafenib demonstrated prolonged 
progression-free survival and overall survival 
compared with standard chemotherapy,13,14 and, 
subsequently, similar improvements in outcomes 
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Fig 2. Representative 
images of the pathologic 
specimen. (A) Low-power  
view of glomus tumor 
associated with peripheral 
nerve fascicles, hematox-
ylin and eosin stain. (B) 
Tumor cells had ample 
eosinophilic cytoplasm and 
evident mitotic activity. (C) 
Immunohistochemistry 
showing positive membrane 
staining for smooth muscle 
actin. (D) Electron micros-
copy demonstrated large 
cells with ample cytoplasm, 
with patchy increases in 
mitochondria, well-defined 
borders, and intranuclear 
inclusions.

Table 1. Tumor Measurements Obtained on Serial Magnetic Resonance Imaging

Imaging Characteristic Initial
Treatment 
Baseline 8 Weeks 16 Weeks 28 Weeks 36 Weeks

Anatomic, size, cm 1.3 × 1.7 × 3.2 1.8 × 2.6 × 3.5 1.4 × 1.7 × 2.8 0.8 × 1.2 × 2.7 0.7 × 1.0 × 2.7 0.7 × 1.0 × 2.7

Functional, ADC values, 1 × 10−3 
mm2/s

0.6 to 1 0.6 to 1.1 * 1.3 to 1.5 1.1 to 2.2 1.1 to 1.5

Metabolic, SUVmax 4.7 * * 2.9 2.4 1.3

Abbreviations: ADC, apparent diffusion coefficient; SUVmax, maximum standardized uptake value.
*Not performed.
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were shown with dabrafenib.15 Both drugs are 
now approved by the US Food and Drug Admin-
istration for treatment of BRAF V600E-mutated 
melanoma. To determine whether the benefit of 
targeted RAF inhibition would extend to non-
melanoma tumors with BRAF V600E, a phase 
II basket trial explored the use of vemurafenib 
in patients selected for this mutation. This 
study demonstrated modest antitumor activity, 
although not all tumors with BRAF mutation 
responded, thus enforcing that a single driver 
oncogene may be associated with a nonuniform 
response to targeted therapy.16 BRAF mutations 
also occur rarely in a wide spectrum of cancers, 
including 1.4% of soft tissue sarcomas.17 A single 
patient with BRAF-mutated clear cell sarcoma 
was treated in the vemurafenib basket trial and 
sustained a partial response.16 The role of RAF 
inhibitors in other sarcomas, however, has not 
been explored.

Glomus tumors are mesenchymal neoplasms 
that are rare and generally benign.18 They can 
occur as solitary or multiple soft tissue tumors 
and are most commonly located on the digits, 
supporting early hypotheses about their ori-
gin in the temperature-sensing glomus body. 
Complete surgical resection is considered the 
definitive form of treatment, with a high risk for 
recurrence if incomplete excision is performed. 

Although molecular genetic studies in glomus 
tumors are limited, three independent groups 
have identified BRAF mutations as potential 
drivers in malignant glomus tumors. In a targeted 
sequencing analysis, three of 28 glomus tumors 
were found to harbor BRAF V600E mutations 
and a single tumor mutation in KRAS.19 A sin-
gle case of a glomus tumor of the median nerve 
was found by next-generation sequencing to 
harbor a BRAF V600E mutation.20 This patient, 
and those in the retrospective analysis of 28 
cases, was treated surgically without consider-
ation for systemic therapy. Finally, in a collec-
tion of 102 glomus tumors (56% benign, 15% 
GT-UMP, and 29% malignant) BRAF V600E 
mutation was detected in six tumors (6%), all of 
which were classified as either malignant glomus 
tumor or GT-UMP (and 0 of 57 benign glomus 
tumors harbored BRAF mutations).21 These 
data, although reflective of an overall small sam-
ple size, are suggestive of BRAF mutation as a 
predictor of more aggressive clinical behavior. 
Interestingly, glomus tumor has previously been 
associated with neurofibromatosis type 1,22 sug-
gesting a shared terminal event in activation of 
ERK signaling in these tumors.

Our patient’s response to targeted BRAF inhibi-
tion is an extraordinary one and highlights prom-
ise for future use in sarcomas with this mutation. 
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Fig 3. Sequential coronal 
fluid-sensitive magnetic 
resonance images through 
the chest performed (A) at 
diagnosis, and after (B) 8 
weeks, (C) 16 weeks, and 
(D) 28 weeks of treatment 
illustrate the progressive 
decrease in size of the right 
distal brachial plexus lesion 
(arrow) over time.
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This is, to our knowledge, the first case report 
of a response to molecularly targeted therapy in 
a BRAF-mutant malignant glomus tumor. This 
may provide a therapeutic approach for addi-
tional patients, particularly those in whom the 
morbidity associated with surgical resection is 
considered unacceptable. The authors therefore 
encourage an expanded sequencing panel that 
includes, at a minimum, BRAF and other action-
able oncogenic variants, in all cases of malignant 
glomus tumor. Issues surrounding the duration 
of therapy, however, and other questions, such 
as a potential impact on fertility and emergence 
of acquired resistance, remain unguided with the 
currently available literature and experience.
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Fig 4. Sequential axial 
fluid-sensitive magnetic 
resonance images at the 
level of the right glenohu-
meral joint performed (A) 
at diagnosis, and after (B) 
8 weeks, (C) 16 weeks, and 
(D) 28 weeks of treatment 
illustrate the progressive 
decrease in size of the right 
distal brachial plexus lesion 
(arrow) over time.
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