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Background: Various treatment options have been introduced for the management of primary tumors of the brachial plexus (BP),
ranging from conservative therapy to wide local excision with/without postoperative chemoradiotherapy. However, no consensus
exists regarding optimal treatment strategies based on collated and published data.
Objective: The aim of this study was to investigate the clinicopathological characteristics and outcome of patients with primary
tumors of the BP who underwent surgical treatment.
Data sources: A systematic search of the four main online databases, including Web of Science (WOS), PubMed, Scopus, and
Google Scholar, was conducted.
Study selection: All related articles addressing the clinical outcome and role of surgical interventions for management of primary
tumors of the BP.
Intervention: Optimal surgical and radiotherapeutic interventions for benign and malignant lesions based on the pathologic
characteristics and location of primary BP tumors.
Results: A total of 687 patients (693 tumors) with a mean age of 41.7±8.7 years old were evaluated. In total, 629 (90.8%) tumors
were benign, and 64 (9.2%) were malignant, with a mean tumor size of 5.4 ±3.1 cm. The location of the tumor was reported for 639
patients. For these tumors, 444 (69.5%) originated from the supraclavicular region, and 195 (30.5%) were infraclavicular. The trunks
were the most common location for tumor involvement, followed by the roots, cords, and terminal branches. Gross total resection
was achieved in 432 patients and subtotal resection (STR) was performed in 109 patients. With neurofibromas, STR still resulted in
good outcomes. The outcomes following treatment of malignant peripheral nerve sheath tumors were poor regardless of the type of
resection. In general, symptoms related to pain and sensory issues resolved rapidly postoperatively. However, the resolution of
motor deficits was often incomplete. Local tumor recurrence occurred in 15 (2.2%), patients and distant metastasis was observed in
only eight (1.2%) cases. The overall mortality was 21 (3.1%) patients among the study population.
Limitations: The main limitation was the lack of level I and II evidence.
Conclusions: The ideal management strategy for primary BP tumors is complete surgical resection. However, in some cases,
particularly for neurofibromas, STR may be preferable to preserve maximal neurological function. The degree of surgical excision
(total or subtotal) mainly depends on the pathological characteristics and primary location of the tumor.
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Introduction

Primary tumors of the brachial plexus (BP) are rare, challenging-
to-treat entities that mainly originate from the neuroectodermal
cells. These constitute nearly 5% of all upper extremity tumors,
causing pain, and disability in affected patients[1]. BP tumors vary

HIGHLIGHTS

• The degree of tumor resection depends on the pathological
characteristics, location, and extent of the tumor.

• Schwannomas have a strong predilection for the trunks
and roots in the supraclavicular brachial plexus.

• Gross total resection is favored for schwannomas.
However, subtotal resection for neurofibromas also results
in good outcomes.

• Surgery is effective at treating pain and sensory deficits.
However, recovery of motor deficits is often incomplete
after surgery.

aDivision of Plastic and Reconstructive Surgery, Department of Surgery, University of
Florida and bLilian S. Wells Department of Neurosurgery, University of Florida College
of Medicine, Gainesville, Florida, USA

Sponsorships or competing interests that may be relevant to content are disclosed at
the end of this article.

*Corresponding Author. Address: Division of Plastic and Reconstructive Surgery,
Department of Surgery, 1600 SW Archer Road, Gainesville, FL 32610, USA.
Tel: + 1 352 265 8402. fax: + 1 352 627 4173. E-mail address: harveychim@yahoo.
com (H. Chim).

Supplemental Digital Content is available for this article. Direct URL citations appear
in the printed text and are provided in the HTML and PDF versions of this article on
the journal's website, www.journal-surgery.net.

Published online 14 March 2023

Received 2 October 2022; Accepted 15 February 2023

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. This is an
open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the
journal.

International Journal of Surgery (2023) 109:972–981

http://dx.doi.org/10.1097/JS9.0000000000000309

’Systematic review and/or Meta-analysis

972

www.journal-surgery.net
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


widely depending on their anatomical origin, pathological char-
acteristics, and extension to the adjacent tissues. They are classified
as benign or malignant, and arising from neural or non-neuronal
structures. Benign nerve sheath tumors (BNSTs) (constituting
~80% of all primary nerve tumors) include schwannomas and
neurofibromas (NFs)[2]. Schwannomas are benign, well-encapsu-
lated tumors arising from Schwann cells, with occasional cystic
degeneration or hemorrhage. Characteristically, they occur within
the endoneurium and are encapsulated by the fibrous
perineurium[3]. NFs in contrast, originate from neural sheath
perineurial cells and present as multiple nonencapsulated tumors[3].

The association of nerve sheath tumors with type 1 neurofi-
bromatosis (NF-1) has been well investigated in the literature.
They are strongly associated with autosomal dominant NF-1 and
the majority of NF-1-associated NFs occur throughout the first to
second decades of life[2,4,5]. Similar to NF, patients with a back-
ground of NF-1 have a higher than expected chance of progres-
sion to malignant peripheral nerve sheath tumors (MPNSTs),
especially at younger ages[6,7]. These comprise only 3% of all soft
tissue sarcomas. Malignant PNSTs are also thought to be asso-
ciated with a history of irradiation and may occur within
10–15 years following exposure[8,9]. The clinical presentation of
BP tumors can differ depending on their location and size. Most
often, they present with a painful palpable mass, with or without
neurologic deficits. This is the most common symptom in patients
with BP tumors[10]. As the tumor progresses, painful paresthesia
at the distribution of the affected nerve occurs. Ultimately,
progressive loss of motor function may occur[11].

One of the potential difficulties concerning optimal manage-
ment of BP tumors relates to the risk of preoperative biopsy due to
the proximity of the lesions to or involvement of adjacent nerves,
which can lead to neurological deficits[12]. Thus, the pathologic
characteristics of the tumor are not commonly available prior to
surgery. In addition, there are numerous variations in BP anatomy,
which may increase the risk of intraoperative complications[1]. In
the existing literature, various treatment strategies have been
introduced for the management of BP tumors, ranging from con-
servative therapy to wide local excision with/without post-
operative chemoradiotherapy. However, each of these surgical
interventions has been the subject of significant debate. A paper by
Jia et al.[13] reported that for some patients with malignant tumors,
an extended resection was not possible due to extension into the
intervertebral foramen, hence a subtotal resection (STR) was
performed instead[13]. In another study, Soltani et al.[14] showed
satisfactory outcomes in some patients with supraclavicular (SC)
schwannomas who underwent a nonoperative treatment option.
Therefore, conservative treatment strategies remain an alternative
for some asymptomatic patients with benign tumors to avoid the
potential morbidity associated with excision.

However, there is a discrepancy about the optimal treatment
strategies for benign and malignant lesions based on the patho-
logic characteristics and location of the BP tumors. Also, no
consensus has been established to describe the optimal operative
approach for tumors of the BP.

Hence, in the current study, a systematic review of BP tumors
was performed to determine whether the location of the primary
BP tumors differs based on the type of tumor; evaluate the optimal
surgical interventions according to the pathologic characteristics
of the tumor; describe overall patient outcomes, survival rates,
and possible prognostic factors; and identify the impact of
radiotherapeutic interventions on the patient’s final outcome.

Methods

Search strategy

The literature search was conducted by the two reviewers using
the four main online databases, includingWeb of Science (WOS),
PubMed, Scopus, and Google Scholar, with the aim of assessing
all related articles addressing the clinical outcome and role of
surgical interventions for the management of primary tumors of
the BP. All articles from 2000 until July 2022were included in the
study. The study was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses), Supplemental Digital Content 1, http://links.lww.com/
JS9/A120 and AMSTAR 2 guidelines[15,16]), Supplemental
Digital Content 2, http://links.lww.com/JS9/A121. The reviewers
conducted the search using the following MeSH terms for this
review, as well as all possible similar combinations: ‘Brachial
Plexus’, and ‘Neoplasm’.

Initially, two independent reviewers conducted a title and
abstract screening using the following MeSH terms, as well as all
possible similar combinations of ‘Brachial Plexus’, and
‘Neoplasm’. This included [brachial plexus disease, brachial
plexus diseases, brachial plexus disorder, brachial plexus dis-
orders, brachial plexus neuritis, brachial plexus neuritides, bra-
chial plexus neuropathy, brachial plexus neuralgia, brachial
plexus palsy, brachial plexus paresis, and brachial plexus
plexopathy] AND [tumor, cancer, cancers, mass, neoplasm,
neoplasms, neoplasia, malignancy, malignancies, malignant
neoplasms, benign neoplasms, benign neoplasm, schwannoma,
neurofibroma, benign nerve sheath, malignant nerve sheath, and
sarcoma]. In order to find any additional studies, the reviewers
used a reference list of relevant articles. Eventually, a full-text
screening of the remaining articles was conducted by the
reviewers based on the inclusion and exclusion criteria.

The inclusion criteria for study selection were human studies of
all age groups describing the clinical outcomes and optimal
management of primary BP neoplasms (regardless of the tumor
type), which were published in the English literature.
Additionally, manuscripts containing nonprimary neoplasms
(metastatic), cadaveric, nonhuman studies, and studies without
quantitative data (including case reports and technical notes)
were excluded. Furthermore, the study protocol was registered in
Prospero with a Unique Identification Number (UIN) of
CRD42022347024 (Link).

Data abstraction

The reviewers evaluated study quality and methodology in order
to meet the inclusion criteria. For risk of bias (ROB) assessment,
authors used theNational Institutes ofHealth ROBTool for case-
series studies[17]. Data including the baseline study character-
istics, descriptive and clinical data such as preoperative and
postoperative symptoms, pathologic characteristics of the
tumors, types of therapeutic interventions, and final outcomes of
participants were extracted and recorded in Excel 2019. Where
the data distributions were unavailable, means of ranges were
reported.

Statistical analysis

A quantitative synthesis (meta-analysis) was not performed due
to high levels of methodological heterogeneity among the inclu-
ded study. Thus, the study findings were summarized
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descriptively and presented as means and SD. Also, all data
reporting as median were converted to mean and SD using the
formula by Hozo et al.[18].

Results

Study characteristics

The initial search yielded a total of 2748 articles. After excluding
329 duplicates, a systematic screening process evaluating the
titles and abstracts of 2419 articles was initiated. During this
phase, 2190 entries that did not meet the inclusion criteria, were
excluded. A full-text review was conducted on the remaining 229
articles, and an additional 203 articles were also excluded. The
reasons for exclusion are provided in the Prisma flow diagram of
literature search and study selection (Fig. 1), Supplemental
Digital Content 3, http://links.lww.com/JS9/A122. Out of the
remaining 26 studies, four articles from the Louisiana State
University Health Sciences Center were excluded due to cohort
duplication[19–21] or a lack of qualitative data[22]. Ultimately, a
total of 22 articles were included in the qualitative synthesis of
this systematic review[1–3,12–14,23–38].

Patient and tumor characteristics

The overall features of the included studies are shown in Table 1.
A total of 687 patients and 693 tumors were evaluated; the mean
age of the participants was 41.7 ± 8.7 years (range: 1–92 years).
Information on gender was available for 645 patients, of whom
298 (46.2%) were male and 347 (53.8%) female. Of the 687
patients analyzed, 79 (11.5%) had a history of neurofi-
bromatosis, and only one (0.1%) had a history of schwanno-
matosis. The most common clinical symptoms were swelling
(447, 65.1%), pain (320, 46.6%), sensory (327, 47.6%), and
motor deficits (129, 18.8%). The mean duration of symptoms
before medical intervention was 25.2 ± 12.3 months. The symp-
tomatic presentations of patients are summarized in Table 1.

Information on tumor type was available for all 687 patients.
Of the 693 tumors, 629 (90.8%) tumors were benign and 64
(9.2%) were malignant, with a mean tumor size of 5.4± 3.1 cm.
Of all tumors treated, benign tumors included 421 (60.8%)
schwannomas, 126 (18.2%) NFs, 17 (2.5%) desmoid tumors,
and 14 (2.0%) lipomas, as well as smaller numbers of gang-
lioneuromas, cystic hygroma, hemangiomas, neurogenic cysts,
and aneurysmal bone cysts. Malignant lesions included 48
(6.9%) malignant nerve sheath tumors, as well as 4 (0.6%)
malignant granular cell tumors, three lymphomas (0.4%), two
(0.3%) synovial sarcomas, and smaller numbers of peripheral
primitive neuroectodermal tumor, papillary carcinomas, and
other sarcomas of the BP (Table 2).

A considerable discrepancy was noted among the included
studies when reporting the anatomical location of the tumors.
Table 3 demonstrates the locations of BP tumors according to the
included studies. Information on the tumor location the of tumor
was available for 639 patients. The majority of the lesions (444,
69.5%) originated from the SC region, and 195 (30.5%) of the
lesions were infraclavicular (IC).

Information was available for some patients (n=553)
regarding the specific location of the tumor within the SC and IC
BP. The trunks were the most common location for tumor
involvement, with 210 (37.9%) cases, followed by 202 (36.5%)

involving the nerve roots, 124 (22.4%) tumors involving the
cords, and 17 (3.1%) involving the terminal branches.

For tumors with trunk involvement for which further detailed
information was available (n= 142) (Table 3), the upper trunk
(79, 55.6%) was the most common location followed by the
middle (36, 25.4%) and lower trunks (27, 19.0%). For patients
with nerve root involvement for whom detailed information was
available (n=155) (Table 3), most patients had tumors affecting
the C7 nerve root (48, 31.0%), followed by the C5 (36, 23.2%)
and C6 (33, 21.3%) roots. For patients with cord involvement for
whom further detailed information was available (n=102)
(Table 3), the medial cord (53, 52.0%) was most involved, fol-
lowed by the posterior (32, 31.4%) and lateral (17, 16.7%)
cords. Our review showed that terminal branches of the BP were
less involved in BP tumors. Out of the 17 cases with tumors
affecting the terminal branches, eight (47.1%) patients had
involvement of the median nerve, five (29.4%) involved the ulnar
nerve, and four (23.5%) involved the radial nerve.

The location of the tumor was further classified according to
tumor type where information was available. We found that 89
(76.7%) of NFs occurred in the SC BP, and only 27 (23.3%) of
NFs were of IC origin (Fig. 2). A lesser predilection for SC BP was
found for schwannomas. Accordingly, 125 (59.5%) of BP
schwannomas originated from the SC region, and 85 (40.5%) of
these tumors were IC in location (Fig. 2).

Surgical and chemoradiotherapeutic interventions

Information regarding the surgical intervention was available for
541 patients (Table 1). Gross total resection (GTR) was per-
formed for the majority of the cases (432, 79.9%) and STR was
performed in 109 (20.1%) of patients. The type of resection was
further analyzed by tumor type. Accordingly, for patients with
schwannomas (n=344), GTR was successfully achieved in 341
(99.1%) and only three patients (0.9%) underwent STR. In
contrast, for patients withNFs (n=109), GTRwas performed for
only 38 (34.9%) and 71 (65.1%) underwent STR (Fig. 3). Out of
the 48 patients with the diagnosis of MPNSTs data about the
surgical interventions was available for 32 of them. Accordingly,
16 (50.0%) patients with MPNST underwent extended surgical
excision with wide margins, and 16 (50.0%) underwent STR.

For malignant tumors, a total of 14 (2.0%) patients underwent
adjuvant radiotherapy (RT) following the surgery. In the study by
Seinfeld et al.[35] three cases of aggressive desmoid tumors
underwent adjuvant radiation therapy (receiving a total of 54 Gy
in 30 fractions). In addition, one of these patients underwent
tamoxifen hormone therapy after her surgery. In the study by Jia
et al.[13] postoperative RT was administered to five patients with
MPNST, one with synovial sarcoma, and one with pPNET. Both
adjuvant and neoadjuvant chemotherapy were also applied for
the patient with pPNET. No studies were available to compare
the role of adjuvant RT with neoadjuvant radiation and to
evaluate their roles in improving the outcome of patients with
plexal tumors.

Postoperative clinical outcome, tumor recurrence, and
distant metastasis

A descriptive report of patient outcomes following surgical
intervention is available in Table 4. Accordingly, the mean
duration of follow-up was 31.1 months. Out of the 320 patients
who presented initially with pain (Table 1), 43 (13.4%) patients
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complained of remaining symptoms following the surgery
(Table 4). Also, 295 (90.2%) of the patients with sensory deficits
were symptom-free at the last follow-up. However, motor
weakness remained for 79 (61.2%) of patients following the
surgical interventions (Fig. 4). Reviewing long-term outcomes
(n=687), local tumor recurrence occurred in 15 (2.2%) patients,
and distant metastasis was observed in only eight (1.2%) cases.
The overall mortality was 21 (3.1%) patients among the study
population.

Risk of bias assessment

The National Institutes of Health Quality Assessment Tool for
Case-Series was used for the evaluation of the ROB for all the
included studies[17]. Accordingly, out of the 22 articles included,
17 had ‘good’ quality, and the other five managed to achieve a
‘fair’ level of quality. A summary of ROB evaluations is available
in Supplementary Table 1, Supplemental Digital Content 4,
http://links.lww.com/JS9/A123.

Discussion

Themajority of evidence for management of BP tumors is sourced
from single institutional case-series, and to date there is not good,
collated data with information on patient and tumor character-
istics as well as efficacy of different surgical interventions for
primary BP tumors. To address this, we conducted a systematic
review to investigate the clinicopathological characteristics and
outcomes of patients with primary tumors of BP undergoing
operative management.

The clinical presentations of BP tumors vary widely
depending on the location and pathologic characteristics of the
tumor. Our data show that BNSTs of the BP occur more
commonly in the SC plexus than the IC plexus. This trend was
observed particularly among patients with NF, with the pre-
dilection for a SC location seen in all of the included studies.
For schwannomas, the same propensity was observed to a
weaker extent.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of included studies.

Shekouhi and Chim. International Journal of Surgery (2023)

975

http://links.lww.com/JS9/A123


The most common initial clinical symptom of BP tumors was
found to be a palpable SCmass followed by pain, sensory deficits,
and motor weaknesses. Notably, the postsurgical symptoms
mainly depend on the pathological characteristics of the tumor
rather than the type of surgery performed. Our data indicated
that BNSTs, especially schwannomas, were associated with sig-
nificantly fewer remaining symptoms following surgical inter-
ventions. This correlates with the pathology of schwannomas,
which tend to be encapsulated and separate from the adjacent
nerves. In addition, the nerve fascicles are usually displaced to the
periphery by schwannomas, with a few nonfunctioning nerve
fascicles entering and exiting the tumor; these can be easily
sacrificed without any major neurological deficits[40]. Therefore,
complete resection (GTR) is achievable in most patients, which
leads to better symptom improvement and a lower rate of
recurrence following the surgery.

In line with our statements, Jia et al.[13] reported that GTRwas
successfully achieved in all 119 patients with schwannoma of the
BP without any reported recurrences. Also, the study by Desai
et al.[3] reported the same results for all 70 patients with
schwannoma of the BP, in which GTR was successfully intro-
duced. To the best of our knowledge, there were only three cases
of schwannoma in the existing literature where GTR was not
achieved, in which one of the patients had schwannomatosis with
multiple tumors involving both the IC and SC regions[12]. Thus,
GTR with preservation of all surrounding neural structures is
optimal for schwannomas of the BP.

An opposite trend could potentially be observed for NFs. NFs
are more infiltrative compared with schwannomas[41,42]. Unlike

schwannomas, the NF tumor margins are often not discrete from
the nerve fascicles. Hence, STR might be considered a better
option to preserve nerve integrity and neurological function
compared to GTR, which may not be achievable without sig-
nificant postoperative neurological deficits. Although GTR is not
feasible in some cases of NF, existing literature suggests that there
is no difference in terms of recurrence and overall survival
between the two. For instance, in the study of Jia et al.[13], 83.3%
of patients with NF underwent STR with satisfactory outcomes.
Another case-series by Desai et al.[3] reported that out of 45
patients with NF, only four patients were able to undergo GTR.
Since NFs are rarely associated with tumor recurrence, STR is
accompanied by favorable clinical outcomes. It should be high-
lighted that in patients withNF-1, surgical treatment of benign BP
tumors was only performed in cases with a rapidly growing mass
causing severe neurological dysfunction.

MPNST, on the other hand, is associated with an extremely
poor outcome. Most MPNSTs tend to grow rapidly, leading to
sudden loss of both motor and sensory function[43]. Accordingly,
the overall estimated 5-year survival rate ranges from 15 to
50%[44]. Major poor prognostic factors for patient survival
include the history of NF-1, larger tumor sizes (>5 cm), and the
degree of tumor infiltration involving adjacent tissues[9,45]. It is
speculated that mutations in the NF-1 tumor suppressor gene
result in a lack of neurofibromin synthesis, which ultimately
increases the risk of malignant degeneration of BNSTs, particu-
larly plexiform NFs[7].

There are controversies regarding the optimal management
of MPNST in the existing literature. Surgical excision with

Table 1
Preoperative symptoms, therapeutic interventions, and clinical outcome of included studies.

Preoperative symptoms, n (%) Surgical intervention, n (%)

References Swelling Pain Sensory deficit
Motor

weakness GTR STR Adjuvant/neoadjuvant RT

Maiuri et al.[29] 4 (100.0) 2 (50.0) –– –– 4 (100) –– No
Ganju et al.[26] 55 (514) 65 (60.7) 21 (19.6) 35 (32.7) 77 (71.9) 34 (31.7) No
Huang et al.[1] 13 (29.5) 31 (70.4) 27 (61.3) 23 (52.3) NA NA NA
Binder et al.[23] 15 (60.0) 15 (60.0) 11 (44.0) 3 (12.0) 16 (64.0) 9 (36.0) No
Rawal et al.[34] 3 (100.0) 2 (66.6) 1 (33.3) 1 (33.3) 3 (100.0) –– One patient received adjuvant RT
Seinfeld et al.[35] 4 (100.0) 3 (75.0) 1 (25.0) 1 (25.0) 4 (100.0) –– Three patients underwent adjuvant RT (54 Gy in 30

fractions)
Ranalli et al.[33] 3 (60.0) 5 (100.0) 4 (80.0) 1 (20.0) 4 (80.0) 1 (20.0) No
Siqueira et al.[36] 15 (83.3) 12 (66.6) 5 (27.7) 6 (33.3) 14 (77.7) 4 (22.2) No
Desai et al.[3] 102 (88.6) 115 (100.0) 115 (100.0) 14 (12.1) 74 (64.3) 41 (35.6) No
Tubbs et al.[37] 4 (100.0) 1 (25.0) – 1 (25.0) 3 (75.0) 1 (25.0) No
Go et al.[2] 20 (95.2) 11 (52.4) 12 (57.1) 9 (42.8) 16 (72.7) 6 (27.3) No
Soltani et al.[14] 10 (76.9) 10 (76.9) 7 (53.8) 3 (23.1) 10 (76.9) – One of the nonoperative patients underwent adjuvant

RT
Lee et al.[28] 19 (100.0) 2 (10.6) 10 (52.6) 1 (5.3) 19 (100.0) – No
Millan et al.[30] 2 (40.0) 1 (20.0) 2 (40.0) 2 (40.0) 5 (100.0) – No
Jia et al.[13] 129 (90.1) – 68 (47.5) 12 (8.3) 128 (89.5) 10 (6.9) Seven patients underwent adjuvant RT
Graf et al. (2017) 6 (54.5) 3 (27.2) 3 (27.2) 2 (18.2) – – No
Jung et al.[27] 17 (94.4) 9 (50.0) 8 (44.4) 4 (22.2) 17 (94.4) 1 (5.6) No
Bourque et al.[24] – 1 (33.3) 1 (33.3) 1 (33.3) – – Two patients (40 Gy in 15 fractions)
Yuce et al.[38] NA 5 (45.4) 10 (90.1) 6 (54.5) 11 (100.0) – No
Pressney et al.[32] NA NA NA NA NA NA NA
Dubuisson et al.[12] 12 (70.5) 15 (88.2) 10 (58.8) – 14 (82.3) 1 (5.9) No
Gaba et al.[25] 14 (100.0) 12 (85.7) 11 (78.5) 4 (25.6) 13 (92.8) 1 (7.2) No
Total (22 articles) 447 (65.1) 320 (46.6) 327 (47.6) 129 (18.8) 432 (79.9) 109 (20.1) 14 (2.0)

GTR, gross total resection; NA, not applicable; RT, radiotherapy; STR, subtotal resection.
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Table 2
Study characteristics, type of tumors (benign/malignant), and risk of bias in included articles.

Tumor type, n (%)

References
Study
design

Number of patients (female;
male) Mean age (years) Diagnostic work-upa Sch NF MPNST Lipoma Desmoid tumor Others ROB assessment

Maiuri et al., 2001[1] Case-series 4 (2;2) 24.0 US/MRI/CT 4 (100) – – – – – Good (7/9)
Ganju et al., 2001[2] Case-series 107 (55;52) 41.06 CT/MRI/EMG 35 (32.7) 31 (28.9) 12 (11.2) 1 (0.9) 6 (5.6) 26 (23.4) Good (9/9)
Huang et al., 2004[3] Case-series 42 (NA) 43.4 MRI 11 (25.0) 9 (20.4) 4 (9.1) – 4 (9.1) 14 (33.3) Fair (6/9)
Binder et al., 2004[4] Case-series 25 (17;8) 47.0 MRI 15 (60.0) 5 (20.0) 4 (16.0) – 1 (4.0) – Good (8/9)
Rawal et al., 2005[5] Case-series 3 (1; 2) 35 MRI/CT – – 3 (100.0) – – – Good (8/9)
Seinfeld et al., 2006[6] Case-series 4 (3; 1) 49.25 NA – – – – 4 (100.0) – Fair (6/9)
Ranalli et al., 2008[7] Case-series 5 (5; 0) 36.8 Radiography/MRI/CT/EMG – – – – – 5 (100.0) Good (9/9)
Siqueira et al.; 2009[8] Case-series 18 (11;7) 31.11 7 (38.8) 1 (5.5) 1 (5.5) – 2 (11.1) 7 (38.9) Fair (6/9)
Desai et al., 2011[9] Case-series 115 (78;37) 29.0 Contrast-enhanced MRI/

biopsy
70 (60.8) 45 (39.1) – – – – Good (9/9)

Tubbs et al., 2011[10] Case-series 4 (2; 2) 6 MRI – – – – – 4 (100.0) Good (9/9)
Go et al., 2012[11] Case-series 21 (10;11) 39.0 CT/MRI/biopsy 15 (68.2) 4 (18.2) 1 (4.5) – – 2 (9.1) Fair (6/9)
Soltani et al., 2013[12] Case-series 13 (6;7) 52.5 US/MRI 12 (92.3) 1(7.7) – – – – Good (8/9)
Lee et al., 2014[13] Case-series 19 (11; 8) 50.2 MRI/EMG 19 (100.0) – – – – – Good (9/9)
Millan et al., 2015[14] Case-series 5 (1;4) 40.9 CT/MRI 4 (80.0) 1 (20.0) – – – – Good (9/9)
Jia et al., 2016[15] Case-series 143 (65;78) 48.17 US/MRI/CT/biopsy 119 (83.2) 12 (8.4) 8 (5.6) – – 4 (2.8) Good (8/9)
Graf et al., 2017[16] Case-series 11 (4;7) 49.0 MRI – – – 11 (100.0) – – Good (8/9)
Jung et al., 2017[17] Case-series 18 (10;8) 51.3 MRI 11 (61.2) 4 (22.2) 1 (5.6) – – 2 (11.1) Good (9/9)
Bourque et al., 2018[39] Case-series 3 (1; 2) 61.3 MR neurography – – – – – 3 (100.0) Good (8/9)
Yuce et al., 2019[19] Case-series 11 (7; 4) 45 US/MRI/biopsy 11 (100.0) – – – – – Good (9/9)
Pressney et al., 2020[20] Case-series 85 (38;47) 46.7 MRI 66 (77.6) 7 (8.2) 12 (14.2) – – NA Fair (6/9)
Dubuisson et al., 2021[21] Case-series 17 (10;7) 44.4 MRI/PET scan 14 (82.3) 3 (17.7) – – – – Good (9/9)
Gaba et al., 2021[22] Case-series 14 (10;4) 37.8 CT/MRI/FNA 8 (53.3) 3 (20.0) 2 (13.3) 2 (13.3) – – Good (9/9)
Total (22 articles) 687 (347; 298) 41.7±8.7 421 (60.8) 126 (18.2) 48 (6.9) 14 (2.0) 17 (2.5) 67 (9.6)

CT indicates computerized tomography scan; EMG, electromyography; FNA, fine needle aspiration; MPNST, malignant peripheral nerve sheet tumor; NF, neurofibroma; PET, positron emission tomography; ROB, risk of bias; Sch, schwannoma.
aThis column represents the initial preoperative modality that was used for planning of the operation and final diagnosis.
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wide margins is considered the ideal therapeutic intervention.
However, total resection is not possible in some cases of
MPNST due to the involvement of surrounding structures and
would lead to unacceptable neurological deficits if attempted.
In all cases managed surgically, postoperative neurological
deficits were relatively common. This systematic review sug-
gests that complete resection with wide margins should be the
first approach for treatment of MPNSTs. However, the degree
of resection depends upon the tumor location and involvement
of surrounding structures. In cases of incomplete resection
(STR), adjuvant RT could be beneficial to reduce the rate of
local or distant recurrence and improve the clinical symptoms
of patients[9,44,46].

The role of neoadjuvant RT is not fully understood in the
literature. It can be used to reduce the size of tumors prior to
surgical intervention. However, RT may lead to severe tissue
inflammation and fibrosis. Accordingly, operating on a surgi-
cal field in the BP where previous radiation therapy has been
administered is very challenging. Similarly, the role of adju-
vant RT for the management of MPNSTs has been a subject of
significant debate. Numerous studies have suggested the use of
postsurgical RT to be beneficial in overall patient survival,
especially when clear surgical margins were not
achievable[47–49]. In contrast, many studies showed the oppo-
site, that RT has a negligible role for local control or
survival[50–53]. One of the most robust studies reported by
Stucky et al.[50] concluded that postoperation RT should only
be administered for patients with highly aggressive MPNST
and a surgical margin status of R1 or R2. Notably, due to the
retrospective nature of these studies, an inherent selection bias
should be taken into consideration. The majority of patients
selected for RT in the context of MPNST had locally aggres-
sive tumors with positive margins after the surgery. Thus, it is
possible that the results of these studies were biased toward
not showing satisfactory outcomes following radiation ther-
apy. Lastly, MPNSTs are generally classified as chemotherapy-
resistant tumors and their use remains optional. However, a
few studies have reported favorable outcomes following che-
motherapy. Kroep et al.[54] observed that postoperative
doxorubicin–ifosfamide combination therapy was associated

Table 3
Locations of brachial plexus tumors (n= 639) according to included studies.

Supraclavicular, 444 (69.5%) Infraclavicular, 195 (30.5%)

Roots (n= 202) Trunks (n= 210) Cords (n= 124)

References C4 C5 C6 C7 C8 T1 Upper Middle Lower Lateral Medial Posterior
Terminal branches

(n= 17)

Maiuri et al.[29] 4 (100.0) – – – –

Ganju et al.[26] – 9 (8.4) 13 (12.1) 13 (12.1) 10 (9.3) 11 (10.3) 18 (16.8) 8 (7.5) 12 (11.2) 6 (5.6) 16 (14.9) 10 (9.3) –

Huang et al.[1] NA NA NA NA NA NA NA NA NA NA NA NA NA
Binder et al.[23] – 3 (12.0) 2 (8.0) 1 (4.0) 1 (4.0) 1 (4.0) 9 (36.0) 2 (8.0) 4 (16.0) – – – 3 (12.0)
Rawal et al.[34] – – – 1 (33.30) – – – – – – – 1 (33.3) 1 (33.3)
Seinfeld et al.[35] 1 (25.0) – – – – – 2 (50.0) – – – – – –

Ranalli et al.[33] – – – 1 (20.0) 1 (20.0) 1 (20.0) 1 (20.0) 1 (20.0) 1 (20.0) – – – 1 (20.0)
Siqueira et al.[36] 14 (66.6) 7 (33.3)
Desai et al.[3] – 14 (12.2) 9 (7.8) 21 (18.3) – – 28 (24.3) 13 (11.3) – 6 (5.2) 27 (23.4) 11 (9.5) –

Tubbs et al.[37] – – – – – – 3 (75.0) – – – – – 1 (25.0)
Go et al.[2] 19 (73.1) 7 (26.9)
Soltani et al.[14] 1 (7.7) 1 (7.7) 1 (7.7) 5 (38.4) 1 (7.7) 1 (7.7) – – – 1 (7.7) 1 (7.7) 2 (1.5) –

Lee et al.[28] 1 (5.3) 2 (10.6) 1 (5.3) 1 (5.3) 1 (5.3) 2 (10.6) 5 (26.3) 2 (10.6) – 2 (10.6) – 5 (26.3)
Millan et al.[30] – – – – – – – – – – – 1 (20.0) 4 (80.0)
Jia et al.[13] 47 (32.9) 68 (47.5) 22 (15.4)
Graf et al. (2017) – – – – – – 6 (54.5) – 1 (9.1) 1 (9.1) – 3 (27.3 –

Jung et al.[27] – 1 (5.5) 1 (5.5) 2 (11.1) 1 (5.5) 1 (5.5) 5 (27.7) 4 (22.2) 2 (11.1) 1 (5.5) 1 (5.5) 2 (11.1) –

Bourque et al.[24] – – – – 1 (33.3) – – – – – – – 2 (66.6)
Yuce et al.[38] 8 (72.7) 3 (27.3)
Pressney et al.[32] 69 (81.2) 16 (18.8)
Dubuisson et
al.[12]

– 2 (11.7) 2 (11.7) 2 (11.7) 1 (5.8) 1 (5.8) 2 (11.7) – 3 (17.6) 2 (11.7) – 2 (11.7) –

Gaba et al.[25] – 5 (35.7) 3 (21.4) 1 (7.1) 1 (7.1) 1 (7.1) 3 (21.4) 3 (21.4) 2 (14.2) – 6 (42.8) – –

Total 2 (0.5) 36 (8.7) 33 (7.9) 48 (11.5) 18 (4.3) 18 (4.3) 79 (19.0) 36 (8.7) 27 (6.5) 17 (4.1) 53 (12.7) 32 (7.7) 17 (4.1)

NA, not applicable.

Figure 2. Anatomical distribution of neurofibromas and schwannomas invol-
ving the brachial plexus.
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with better outcomes in patients with advanced MPNST. To
the best of our knowledge, no studies have evaluated the safety
and efficacy of different chemotherapeutic regimens in the
management of primary MPNST of BP, and hence its role
remains unclear.

The role of preoperative biopsy is not fully established in the
literature. Generally, preoperative biopsy is not indicated for
benign or malignant BP tumors. Even when a malignancy is sus-
pected, percutaneous or needle biopsy is not a risk-free procedure
and may lead to further neurological deficits. However, imaging
studies, for example MRI, provide a good provisional diagnosis
for treatment planning and prognostication.

In terms of surgical treatment, tumor size and, most impor-
tantly, the primary location of the tumor should be noted for
determining the optimal approach. The anterior SC surgical
approach is themost commonmethod of surgical resection for BP
tumors[13]. This approach allows easy access to the roots, trunks,
and divisions (with the aid of clavicle retraction or osteotomy).
The main complications associated with the anterior approach
are unilateral phrenic nerve injury, new-onset or increased motor
dysfunction due to iatrogenic injury to plexus elements, and a
lower incidence of pleural injury[54].

The posterior/dorsal approach is mainly used for the treatment
of recurrent BP tumors following RT. The main downside of the
dorsal subscapular approach is the extensive amount of muscle
dissection required[56]. Overall, the anterior SC approach is
preferred for most cases[12,57].

There are several limitations to this study. The first limitation
was the lack of level I and II evidence. Thus, the evidence used in
this study has a significant risk of selection and reporting biases.
Moreover, our analysis may not reflect the entire distribution of
all BP tumors managed surgically in the literature because some
studies were excluded for not meeting the inclusion criteria for
this study. Finally, there was a relatively high degree of hetero-
geneity within studies in variables including tumor size and
location, as well as type of surgical intervention. Despite these
limitations, this study is the first and most comprehensive sys-
tematic review describing patient and tumor characteristics as
well as outcomes following surgical management of primary
tumors of the BP.

Table 4
Postoperative symptoms, complications, and clinical outcome in included studies.

Symptoms after interventions, n (%)

References Pain
Sensory
deficits

Motor
weakness Complications

Mortality,
n (%) Recurrence Metastasis

Follow-up
duration (mean)

Maiuri et al.[29] – – – Transient deltoid muscle weakness None None None 7 years
Ganju et al.[26] 16 (14.9) NA 31 (28.9) Major vessel injury, pneumothorax 10 (9.3) Yes NA 38.2 months
Huang et al.[1] 15 (35.7) NA 17 (40.5) – NA NA NA NA
Binder et al.[23] – – – Intraoperative avulsion of an artery None None None NA
Rawal et al.[34] 1 (33.3) 1 (33.3) 2 (66.6) NA 2 (66.6) Yes Yes 2 years
Seinfeld et al.[35] 1 (25.0) 2 (50.0) – Hemidiaphragmatic paralysis None Yes None NA
Ranalli et al.[33] 1 (20.0) – – – None None None 2 months
Siqueira et al.[36] – 2 (11.1) 3 (16.6) Iatrogenic injury to the C5 root and

hematoma formation
3 (16.6) Yes Yes 24 months

Desai et al.[3] 6 (5.2) 6 (5.2) 2 (1.7) Premature loosening of the clavicle plate None None None 31 months
Tubbs et al.[37] – – – – None None None 3.2 years
Go et al.[2] 2 (9.5) 2 (9.5) 4 (19.1) – None None None 13.7 months
Soltani et al.[14] 1 (7.6) 4 (30.7) 2 (15.4) – None None None 7.4 months
Lee et al.[28] – – 1 (5.2) – None None None None
Millan et al.[30] – 2 (40.0) 1 (20.0) – None None None 24 months
Jia et al.[13] NA 6 (4.2) 6 (4.2) NA 6 (4.2) Yes Yes 36 months
Graf et al. (2017) – 1 (9.1) 1 (9.1) – None None None NA
Jung et al.[1] – 1 (5.5) 1 (5.5) – None Yes None 19.8 months
Bourque et al.[24] – 1 (33.3) 3 (100.0) NA None None None NA
Yuce et al.[38] – – – – None None None 7.9 months
Pressney et al.[32] – – – – NA NA NA NA
Dubuisson et al.[12] – 4 (23.5) 4 (23.5) Fibroinflammatory reaction of the

scalene muscles
None None None 5.3 years

Gaba et al.[25] – – 1 (7.1) Horner’s syndrome None None Yes 24 months
Total (22 articles) 43 (6.3) 32 (4.7) 79 (11.5) 21 (3.1) 15 (2.1) 8 (1.1) 31.1 months

NA, not applicable.

Figure 3. Type of surgical interventions (total/subtotal) for neurofibromas and
schwannomas. GTR, gross total resection; STR, subtotal resection.
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Conclusions

This review suggests that the degree of surgical excision (total or
subtotal) for primary BP tumors mainly depends on the patho-
logical characteristics, location, and extent of the tumor. Even
with STR, patients with NFs have excellent clinical outcomes
with a very low rate of recurrence. In contrast, MPNSTs are
highly aggressive tumors and are associated with an extremely
poor outcome, even when complete resection is achieved.
Furthermore, the role of chemoradiotherapeutic interventions on
patients’ outcomes requires further investigation. In general, our
findings suggest that pain and sensory deficits resolve in the
majority of patients following surgery. However, motor deficits
are slower to recover.
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