54

Clinical Medicine

Narrative Review
Acta Medica Academica 2020;49(Suppl 1):554-62
DOI: 10.5644/ama2006-124.307

Peripheral Nerve Tumors as an Ongoing Challenge in Neuro-oncology: An
Overview of Their Biological and Technical Nuances

Sini$a Mati¢"2, Milan Lepi¢**?, Vojin Kovacevi¢*>¢, Jovan Gruji¢"®, Filip Vitosevi¢"®, Andrija Savi¢', Lukas
Rasuli¢>!

'Clinic for Neurosurgery, Clinical Center of Serbia, Belgrade, Serbia, *Faculty of Medical Sciences, University of Kragujevac,
Kragujevac, Serbia, *Faculty of Medicine of the Military Medical Academy, University of Defense, Belgrade, Serbia, *Clinic for
Neurosurgery, Military Medical Academy, Belgrade, Serbia, “Faculty of Medicine, University of Belgrade, Belgrade, Serbia,
¢Clinic for Neurosurgery, Clinical Center of Kragujevac, Kragujevac, Serbia

Correspondence: lukas.rasulic@gmail.com; Tel.: + 381 63 205 591; Fax.: + 381 11 361 5577
Received: 9 October 2020; Accepted: 7 December 2020

Abstract

This paper aims to provide an overview of recent advances in the diagnosis and treatment of peripheral nerve tumors (PNTs)
with regard to biological and technological nuances, and to highlight some recommendations for achieving better outcomes in
the treatment of patients suffering from PNT. PNTs are probably the most challenging entity in the field of peripheral nervous
system surgery. The goal of removing a nerve tumor while also preserving nerve function at the same time is often compli-
cated, regardless of the surgeon’s experience. Still, in most cases, high-quality results can be achieved upon carefully planned
surgery. Clinical presentation, diagnosis, and indications for a specific type of treatment of PNTs still remain a topic of debate.
Recent technological advances have led to an exponential improvement in the field with utilization of intraoperative ultrasound,
neurostimulation devices, and intraoperative electrophysiological monitoring, along with the development of modern surgical
techniques, whereby a multidisciplinary and individually shaped approach is necessary. Conclusion. These advances, however,
still remain limited, and recent research is focused on the development of biological therapy. Biologically targeted therapies will
emerge when there is a better understanding of the genetic and molecular mechanisms driving the development and growth
of PNTs.
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Introduction Recent technological advances have led to an
exponential improvement in the field of PNT
treatment with the utilization of intraoperative
ultrasound, neurostimulation devices, and intra-
operative electrophysiological monitoring, as well
as with the development of the modern surgical
techniques. Multidisciplinary cooperation among
the neurosurgeon, orthopedic surgeon, vascular

Peripheral nerve tumors (PNTs) are probably the
most challenging entity in the field of peripheral
nervous system surgery. The goal of removing
the nerve tumor while simultaneously preserving
nerve function is sometimes extremely complicat-
ed, despite the surgeon’s experience. Still, in most
cases, high-quality results can be achieved upon
carefully planned surgery (1). Different types of ~ SUurgeon, plastic surgeon, physiatrist, physiologist,
tumors require different surgical and conservative neurologist, and radiologist is essential for further
treatment strategies; therefore, a good working development of PNT treatment. Nevertheless,
knowledge of anatomy and pathophysiology of the ~ these technological advances still remain limited,
various tumors is mandatory, as well as familiarity ~ and recent research is now focused on the develop-
with the modern surgical techniques (2). ment of biological therapy (3).

Copyright © 2020 by the Academy of Sciences and Arts of Bosnia and Herzegovina.


mailto:lukas.rasulic@gmail.com

SiniSa Matic et al: Peripheral Nerve Tumors

This paper aims to provide an overview of re-
cent advances in PNT diagnosis and treatment
with regard to biological and technological nu-
ances, and to highlight some recommendations
for achieving better outcomes in the treatment of
patients suffering from PNTs.

General Characteristics and Classification

The clinical presentation of PNT is commonly
asymptomatic, but typical presenting signs (or a
combination of signs) include a palpable mass ad-
jacent to the nerve and nerve palsy with or without
pain. Nonspecific symptoms related to mass effect
are components of a clinical presentation in symp-
tomatic patients, but it is important to have an un-
derstanding about the nature of the tumor before
surgery. The diagnostic assessment comprises of
the patient’s history and a clinical evaluation, fol-
lowed by neuroradiological imaging and electro-
physiological studies. Most commonly, the histo-
logical origin of these tumors is from the nerve
sheath, but they can also be derived from neural
structures (4) (Table 1).

Table 1. World Health Organization Classification of Nerve-
sheath Tumors

Benign Malignant

Schwannoma (including
variants)

Malignant peripheral nerve
sheath tumor

Melanotic schwannoma Epithelioid malignant nerve

sheath tumor

Neurofibroma (including
variants)

Malignant Triton tumor

Plexiform neurofibroma Malignant granular cell tumor

Perineurioma Ectomesenchymoma

Malignant perineuriomas =

Granular cell tumor -

Dermal nerve sheath -
myxoma

Solitary circumscribed -
neuroma

Ectopic meningioma =

Nasal glial heterotopia =

Benign Triton tumor =

Hybrid nerve sheath tumors -

Benign PNT lesions are much more common
than malignant lesions. Benign peripheral nerve
sheath tumors (BPNSTs) represent approximately
1% of all soft tissue tumors. While they are more
frequently found in the upper limbs, mostly affect-
ing large nerve trunks, any nerve can ultimately
be affected. BPNSTs most often include schwan-
nomas and neurofibromas. They can appear spon-
taneously or within different syndromes (neuro-
fibromatosis-1 and 2 [NF1 and NF2], Schwanno-
matosis, etc.) (5, 6). Benign tumors and tumor-like
lesions of nonneural origin are rare lesions (usu-
ally ganglion cysts, vascular tissue or desmoid tu-
mors), and were sporadically reported within the
nerves (7-11). Hemangioblastomas of peripheral
nerve were also reported (12).

Malignant peripheral nerve sheath tumors
(MPNSTs) are aggressive, soft-tissue sarcomas that
originate from nerve structures. Although these
tumors are rare, they are clinically challenging to
treat with a 5-year survival of 50% (13). Patients
with NF1 and previous radiation exposure are at
highest risk for the development of MPNST.

Current evidence suggests that in most cases,
benign and malignant lesions should be differenti-
ated pre-operatively based on clinical and radio-
graphic characteristics (14). In malignant tumors,
loss of function and pain are far more common and
neurological deficit is usually more severe. Some
degree of pain is present in about 75% of all patients
with PNTs. Positional pain or pain induced by
pressure (Tinel’s sign) are common in both; pain at
rest is a far more specific symptom for MPNST. A
possible explanation for this relationship is due to
the chemical nature of pain because of the release
of mediators (H+, proteolytic enzymes, cytokines,
GF, etc.) by malignant cells that stimulate chemo-
receptive pain fibers. Additionally, an invasion of
the perineurium is necessary for the development
of pain at rest (15). Rapid mass enlargement is also
strong predictor for malignancy. Nevertheless, this
preoperative differentiation is not always possible,
and many of the tumors remain indistinct even af-
ter resection (Figure 1).

Overall, surgery is successful without func-
tion impairment in 90% of BPNST, and about 10%
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Figure 1. Intraoperatively indistinct morphologic macroscopic appearance of the solitary tumors of the peripheral nerves:

(A) radial nerve Schwannoma; (B) ulnar nerve hemangioblastoma; and (C) tibial nerve MPNST within the nerve and (D)
extirped and transected to find the internal structure without any signs of malignancy (homogenous solid tumor tissue).

of patients presented with post-operative motor
weakness (6). Patients with larger tumor size have
a higher risk for developing neurological deficit
(16). The majority of postoperative neurological
symptoms are transient and do not lead to perma-
nent disability, but they can be a problem when
considering patient satisfaction with the surgery.
The cause of postoperative neurological deficit in
BPNST remains unclear, although several mecha-
nisms have been proposed, like tumor compres-
sion, iatrogenic direct lesion during surgery, or
ischemia of the nerve associated with the surgery
(17). Takase et al. have the view that damaging the
fascicles around the tumor during extracapsular
excision was one of the main causes of new post-
operative neurological deficits (18).

Nuances in the Evaluation and Management
of Peripheral Nerve Tumors

Complex biological nuances are related to the spe-
cific features of the PNT, and these are strongly
interrelated with numerous controversial points
considered as technical nuances at every stage of
the assessment and treatment of these patients.

Imaging

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the main
imaging modality for diagnosis, evaluation, and

treatment planning. Clinical and imaging charac-
teristics can point toward the diagnosis of a benign
or malignant tumor. The boundary between the
tumor and the nerve is sometimes difficult to de-
termine because the nerve may be distended and
stretched over the mass. MRI evaluation consists of
different sequences (e.g., T1, T2, FAT SAT, and IV
Gadolinium), with images in the same plane (usu-
ally axial) supplemented by at least one other se-
quence in an orthogonal (i.e., sagittal or coronal)
plane (19).

Positioning the patient and area for exploration
at the magnet center is essential for ensuring high
quality images. These can be further improved by
contrast enhancement, 3D or 4D images, trac-
tography, or by magnetic resonance angiography
(MRA), depending on the type of lesion. Gado-
linium-enhanced images must always be obtained
to provide conclusive differentiation between a
cystic and a solid lesion. A normal nerve has an
intermediate signal intensity that is identical to
muscle on T1 and T2 sequences. It is best viewed
on T1 sequences in fatty layers or on T2-weighted
fast spin-echo and T2 fat-suppressed sequences in
which the nerve appears hyperintense compared
to muscle. There is no nerve enhancement after
contrast injection. When dealing with a mass lo-
cated in the region of a nerve, MRI allows for a
diagnosis in 75% of cases. Coronal and sagittal im-
ages provide individualization of the nerve’s entry
and exit from the tumor.

Figure 2 depicts the issue of indistinct features
in MRL
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Figure 2. Indistinct features of benign and malignant peripheral nerve tumors on contrast enhanced MRI: (A) tibial nerve
Schwannoma in the proximal part of the lower leg; (B) median nerve MPNST in the forearm; and (C) brachial plexus MPNST
as seen on MRI without contrast. Note the homogenous structure and similar contrast enhancement of both benign and
malignant PNTs.

Ultrasound

Ultrasound (US) is the imaging modality of choice
for the diagnosis of BPNST. As a general rule, pe-
ripheral nerves are more visible when surrounded
by the tissues with different echo features. Periph-
eral nerves appear as tubular structures made of
hypo-echoic nerve fascicles embedded in a hyper-
echoic connective tissue esponding to the epineuri-
um. Longitudinally, US images present a fascicular
pattern, and transversely, fascicles appear rounded
or oval in shape, giving the nerve its typical honey-
comb appearance. US diagnosis of a nerve tumor is
based on the existence of a mass in continuity with
the nerve at its proximal and distal poles (14).

One drawback of US is the fact that differentia-
tion between lymphadenopathy, neuroma, or liq-
uid tumor (hematoma, abscess, or thrombosed an-
eurysm), is more operator-dependent than MRI,
and US imaging of nerve lesions is rarely specific.
US cannot replace MRI for determining the topog-
raphy, the exact extent of tumor formation, or the
presence of invasion. However, its features enable
the physician to analyze the entire nerve course,
evaluate vascularization in real time, and look for
other remote tumors. Additionally, US is increas-
ingly used intraoperatively (20).

Computerized Tomography and Radiography

Computerized tomography (CT) is rarely per-
formed because of its low resolution for soft tis-

sues. It shows the nerve only as a non-specific
structure of intermediate density. CT is a comple-
mentary tool and may be helpful in visualizing an
underlying bone abnormality (21).

Indication for Surgical Treatment

For tumors with a benign appearance, indications
for surgery include pain, neurological deficit, and
local mass effect. Relative indications are patient
motivation and aesthetic effect. Regular follow up
is acceptable for small tumors with benign appear-
ance and a minimum of symptoms; however, this
asymptomatic state is temporary and will progres-
sively develop into functional impairment as the
tumor size increases (16). Also, neurosurgeons
should remember that surgery of smaller benign
tumors is technically easier and will prevent fur-
ther functional damage (1).

Fascicular Invasion

Because of the intimate relationship between
functioning nerve fascicles and tumor tissue,
these lesions should undergo careful surgical re-
section during surgery. The main characteristic
of Schwannoma is the displacement of fascicles
rather than their infiltration, with the exception of
the origin fascicle from which they arise (22, 23).
Neurofibromas present as more diffuse expansions
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of the nerve than schwannomas. They may have
single or multiple fascicles that enter and leave the
nerve. In the majority of cases, the nerve of origin
is nonfunctional at the time a diagnosis is estab-
lished. Plexiform neurofibromas have a predomi-
nant interfascicular histologic growth pattern with
redundant loops of expanded nerve fascicles. The
presence of axons within the tumor helps to distin-
guish a neurofibroma from a schwannoma.

When possible, the main treatment goal should
be complete tumor resection with preservation of
nerve function. The surgeon is usually able to per-
form gross total marginal resection in cases of be-
nign PNSTs. For Schwannomas, gross total resec-
tion starts by incising the capsule surrounding the
tumor, enucleating the tumor mass, and section-
ing the parent nerve fascicle that gave rise to the
tumor under magnification. If the capsule is firmly
adherent to the parent nerve, it should be partial-
ly left behind (23). Avoiding damage to the sur-
rounding fascicles is mandatory, which will result
in the resolution of symptoms and preservation of
function in the majority of cases (22). For benign
PNT, especially of the plexiform type, dissection of
the tumor and nearby nerve must be undertaken
with extreme care. Intraoperative neurophysi-
ologic monitoring plays a considerably important
role during surgery for plexiform Schwannomas
or neurofibromas to determine whether the nerve
associated with the tumor has motor function. If
electrical stimulation of a nerve fascicle adjacent
to tumor produces a motor response at 1 mA, the
fascicle should not be sacrificed.

Recently, Stone and Spinner proposed a “Go
for the Gold” technique for benign peripheral
nerve sheath tumors (24). This technique favors
preservation of all functional fascicles through the
identification of all pseudo capsule layers before
removing of the mass with the true capsule, leav-
ing all en passant functioning nerve fascicles and
epineurial vessels preserved.

Intraoperative Neuromonitoring

Intraoperative neuromonitoring (IONM) is a
proven and useful tool in neurosurgery, but its

usage in PNT surgery only came years after brain
surgery. Main purpose for using IONM is to find
a safe entry zone for intracapsular enucleation of
a schwannoma since the tumor can be surround-
ed by a bundle of nerve fascicles (16, 25). Direct
nerve stimulation (DNS) is, therefore, especially
useful. Another IONM modality is utilization of
nerve action potentials (NAPs), which is an elec-
trical potential recorded from an exposed nerve in
response to its electrical stimulation. NAPs allow
for intraoperative monitoring of the functional in-
tegrity of peripheral nerve during peripheral nerve
tumor surgery (26).

Motor evoked potentials (MEPs) alone is not
able to predict postoperative loss of motor func-
tion, so usage of MEPs alone is not recommended.
However, use of MEPs combined with free-run
electromyography or direct nerve stimulation may
improve the accuracy of nerve monitoring (17).

Fluorescein

Sodium fluorescein has been used in medicine for
several decades, but its use in neurosurgery is re-
cent. It was first used in brain tumor surgery 20
years ago, while the possible implications for its
use in PNT surgery had been suggested only re-
cently. Precise usage in terms of timing and dos-
age is still controversial, but some authors found
sodium fluorescein useful for better identification
of tumor tissue and distinguishing it from intact
fascicles (20, 27). Another potential important us-
age is to identify residual tumor when resection is
performed in a piecemeal fashion (28). Sodium
fluorescein has been tested only for resection of
Schwannoma so far, and further studies are need-
ed to determine precise dose and timing of appli-
cation for other PNTs.

Indications for Functional Sacrifice

Neurologic complications can occur after excision,
including pain and loss of motor or sensory func-
tion (22, 29), even when a complete resection is
achieved and adjacent fascicles were preserved.
Complete (or en bloc) peripheral nerve tumor
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Figure 3. Intraoperatively indistinct fusiform lesions of the peripheral nerves: (A) Peroneal nerve intraneural ganglion cyst;

(B) Median nerve neurofibroma; and (C) Median nerve MPNST within the soft tissues of the arm.

resection is only indicated for malignant or pre-
malignant cases and implies resection of the en-
tire segment of the affected peripheral nerve stem,
including up to 2 cm of healthy nerve, with con-
scious functional sacrifice. In general, treatment
decisions must consider whether or not the mass
is symptomatic and has a high risk of malignan-
cy. Surgical excision is the safest option in cases
of symptomatic or asymptomatic growing PNTs.
Operative techniques for the excision of probable
benign PNTs should consider mass location, size,
and the possibility of malignancy. Microsurgi-
cal technique and intraoperative identification of
functional nerve fibers with electrical stimulation
are always mandatory. Complete surgical resection
without damaging functional fascicles is the goal.
Most patients report significant pain relief and
improvement of sensory motor deficits after sur-
gery. Nevertheless, developing or worsening pain
and neurological deficits can occur at follow-up.
Recurrence rates may vary according to different
types of benign PNTs and predisposing condi-
tions. Figure 3 presents the similar appearance of
the 3 completely different tumor classes.

In cases of neurological deficit and loss of func-
tion, reconstruction is mandatory (except in cases
of MPNST). Reconstruction of the nervous stem
in the same surgery is the best option and includes
nerve grafting, nerve transfer, or other procedures
for certain nerve types in a second stage surgery,
such as tendon transfer. It was also reported that

early radiotherapy may be applied without rein-
nervation process compromise; however, this re-
mains controversial (30).

Biopsy

Soft tissue tumors in general may represent a di-
agnostic challenge, which is why diagnostic biopsy
is performed. For PNTs, the role of biopsy is still
controversial. Biopsy can be performed by needle,
with or without guidance (CT or US), or in an
open fashion. A needle biopsy can be done by a
surgeon or radiologist. The main drawback of nee-
dle biopsy is risk of injuring intact nerve fascicles
in the needle trajectory (29), which is not always
avoided, even when US guidance is used (31). An-
other problem is risk of inconclusive sample for
pathohistological analysis due to cellular pleomor-
phism (32).

Biopsy for benign PNTs is associated with an
unacceptable risk of neurological deficit and is as-
sociated with a higher risk of postoperative deficits
(23, 33). Higher postoperative deficits in previ-
ously biopsied tumors is explained by scar-tissue
forming, which makes the dissection plane less
clear (33). While keeping these criticisms in mind,
biopsy is still recommended in cases with highly
suspected malignancy (23, 34). The avoidance of
biopsy is recommended in cases of expected be-
nign pathology (22). Nevertheless, some authors
still recommend biopsy for selected cases (35).

59



60

Acta Medica Academica 2020;49(Suppl 1):S54-62

Management of MPNST

Surgical treatment for malignant tumors includes
radical resection, followed by adjuvant treatment
modalities, such as radiotherapy and chemother-
apy. In some cases, radical resection means am-
putation of any extremities with disarticulation.
Chemotherapy agents used in MPNST treatment
include erlotinib, sorafenib, imatinib, dasatinib,
alisertib, ~ ganetespib/sirolimus, bevacizumab/
RADO001, pexidartinib/sirolimus, and selumetinib/
sirolimus. MPNST is nevertheless a relatively che-
moresistant tumor. Evidence suggests that in par-
tially resected or unresectable tumors, chemother-
apy produces regression in less than 33% of cases.
NF1 patients also have a lower response rate to
chemotherapy than sporadic cases—17.6% com-
pared to 55.3%, respectively (36).

Radiotherapy provides local control and may
delay the onset of recurrence, but it has little ef-
fect on long-term survival and should be given
whenever possible for intermediate to high-grade
lesions, and for low-grade tumors after a marginal
excision. Postoperative radiotherapy involves ir-
radiation of the entire operative field with a 5 cm
field margin, and preoperative radiotherapy in-
volves irradiation of the overt tumor alone again
with a 5 cm margin (37).

Overall, the side effects of MPNST manage-
ment include secondary malignancies, dermatitis,
cellulitis, fibrosis, and risk of relapse due to failure
to control local or metastatic disease. Complete re-
section can lead to local deformities and a risk of
damage to critical internal structures (36). Overall
prognosis is poor: the 5-year rate of survival ranges
from 15% to 50% (35). Metastases are extremely
rare, and may include lungs, pleura, the breast, or
skin, among other localizations. Chemotherapeutic
treatment is emerging, although with only limited
success—the overall survival is only 40% within 1
year of diagnosing metastatic MPNST (38).

Biological Therapy

A more thorough understanding of the genomic,
epigenetic, signaling pathway, and microenviron-
ment changes during the plexiform neurofibroma-

to-MPNST malignant transformation has offered
hope for the development of more effective diag-
nostic and therapeutic strategies for MPNST. Re-
cent clinical trials conducted in patients with NF1
for the treatment of symptomatic plexiform neuro-
fibromas using inhibitors of the mitogen-activated
protein kinase (MEK) have shown very promising
results (39). Unfortunately, MEK inhibitors do not
work in all patients and have significant side effects.
In addition, preliminary evidence suggests single
agent use of MEK inhibitors for MPNST treatment
will fail, which is why it is important to find targets
other than MEK for treatment of MPNST.

Conclusion

Peripheral nerve tumors can be extremely chal-
lenging lesions to manage. Magnification, use of
intraoperative recordings, and knowledge of the
gross and microscopic pathology are important
to the surgeon undertaking tumor resection. An
understanding of the tumor’s disposition, coupled
with an awareness of the fascicles that may be
spared, can improve the surgeon’s ability to resect
benign nerve sheath tumors. The clinical presenta-
tion, diagnosis, and indications for a specific type
of treatment for PNTs still remain a topic of de-
bate. However, all collected data show that both an
individual and multidisciplinary approach is nec-
essary in the treatment of these tumors. Targeted
therapies will emerge when there is a better under-
standing of the genetic and molecular mechanisms
driving the development and growth of PNTs.
Early referral and evaluation by a surgical special-
ist with expertise in peripheral nerve tumors can
mitigate negative long-term sequelae.
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