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Abstract

Schwannomas are well-encapsulated, benign tumors arising from Schwann cell constituting the nerve sheaths. We report a case of a cystic
conventional schwannoma, measuring 2.5x3 c¢m, located in the distal forearm of a 33-year-old female patient with no sign of neurofibromatosis
type 2 or type 3. The mass was painless, but Tinel's sign was positive. Ultrasonography showed a soft tissue cystic mass diagnosed as
being synovial cyst in the left distal forearm. Surgical resection was performed without any complications. Histopathological examinations
oriented the diagnosis to a schwannoma, but immunohistochemical stainings proved the tumor origin in Schwann cells and made the
differential diagnosis with other pathologies, like neurofibroma, leiomyoma, epithelial cyst, synovial cyst, or ganglion cyst.
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=& Introduction

Schwannomas are well-encapsulated, benign tumors
arising from Schwann cells that constitute the nerve sheaths
[1]. These tumors can develop from both somatic and
autonomic nerves. The World Health Organization (WHO)
Classification of CNS Tumors, established in 2016,
included schwannomas in the category of “Tumours of
the cranial and paraspinal nerves”, along with neuro-
fibroma, perineurioma, hybrid nerve sheath tumors, and
malignant peripheral nerve sheath tumor (MPNST) [2].
These slow-growing tumors often have no symptoms in
their first years of development, but later in their evolution
signs of neural compression could develop, causing pain
and sensory or motor deficits.

Macroscopically, these tumors can be round, oval,
or plexiform [3], being colored in yellow or grey [4].
Unlike neurofibromas, schwannomas may have cystic areas
of hemorrhagic degenerescence and necrosis. However,
cystic schwannomas are extremely rare.

Cystic schwannomas are always difficult to diagnose
because they can be mistaken for other tumors, such as
synovial cyst, hydatid cyst, ganglion cyst, etc. [5].

Preferred treatment consists in surgical excision of
the tumor without damaging the affected nerve. The
complications that have been reported are temporary and
mainly consist in sensory and motor deficits.

Schwannomas are generally resistant to radiotherapy.
However, radiotherapy can be used as palliative treatment
if the tumor is inoperable. However, even though
schwannomas can recur after apparent total excision [6],
fortunately, their malignant change is a very rare event.

Aim

This paper reports a case of a young woman, who
presented a left distal forearm cystic lesion that clinically
and by ultrasonography (US) was considered to be a
synovial cyst, but histopathological (HP) and immuno-
histochemical (IHC) exams established the diagnosis of a
conventional cystic schwannoma. We review the literature
and discuss the management of this lesion.

= Case presentation

A female patient, aged 33, was admitted in the
Department of Plastic Surgery, Aresthetic Clinic, Galati,
Romania, for a progressively enlarging swelling of the
left distal forearm. Systemic physical examination was
normal, but the distal part of the left forearm presented a
2.5%x3 cm, firm, well-delimited, non-pulsatile, and non-
painful mass.

The lesion was superficially located, mobile on
superjacent and subjacent planes, renitent on palpation
and painful to compression. A soft tissue US diagnosed
the lesion as being a synovial cyst.

As the location was not a typical one for a synovial
cyst, and the mass caused a certain degree of discomfort,
surgical removal was decided. A longitudinal incision of
about 3 cm was made under local anesthesia. The ante-
brachial fascia was dissected revealing a 2.5%3 c¢m, well-
defined, white-greyish cystic tumor. Macroscopically, no
nervous point of origin was detected. Tumor ablation was
carried out, followed by hemostasis and suture. The tumor
contained inside a viscous, translucent fluid similar to
a synovial cyst. The tumor membrane was thicker and
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regular. The tumor ruptured upon extraction and the inner
fluid was evacuated.

Pathological description

As preoperative and intraoperative diagnosis was
uncertain, the surgical sample was sent to the Laboratory
of Pathology. The tissue fragment was fixed in 10% neutral
buffered formalin, then processed for paraffin embedding,
sectioning and routine staining for Hematoxylin—Eosin
(HE), as well as for immunohistochemistry.

For immunohistochemistry, the tissue sections were
deparaffinated, rehydrated, processed for antigen retrieval
by boiling in citrate buffer pH 6 for 21 minutes, then the
endogenous peroxidase was quenched with 0.1% hydrogen
peroxide for 30 minutes and the unspecific antigenic
situses were blocked with 3% skimmed milk. The first
primary antibodies were incubated on consecutive slides
for 18 hours, at 4°C (Table 1), then, the next day, the
sections have been thoroughly washed in phosphate-
buffered saline, and a peroxidase-conjugated species-specific
secondary antibody (Vector Laboratories, Burlingame,
CA, USA) was added on the slides for one hour at room
temperature. After washing again, the signal was developed
with 3,3’-Diaminobenzidine (DAB) (Vector Laboratories)
and, finally, the slides have been lightly counterstained
with Hematoxylin and coverslipped with a xylene-based
mounting medium (Sigma-Aldrich, St. Louis, MO, USA).
Slides were visualized and images acquired on a Nikon 90i
motorized microscope equipped with a DS-Ri2 16 MP
complementary metal oxide semiconductor (CMOS) camera
and the Nikon NIS Elements AR software package.

Table 1 — The antibodies utilized in this study

Name Clone Target Dilution
a-SMA 1A4 Smooth muscle actin 1:100
CK AE1/AE3  AE1/AE3 Pancytokeratin 1:100
CD31 JCT0A Endothelial and tumor 1:100
cells
2B11 + .
CD45 PD7/26 Inflammatory cells 1:100
GFAP Polyclonal Glial cells 1:20 000
Neurofilaments 2F11 . Nervc_)us tl_ssue 1:100
intermediate filaments
2+
S100 protein  Polyclonal  ntracellular Ca 1:1000
binding proteins
Vimentin V9 Intermediate filaments  1:100

a-SMA: Alpha-smooth muscle actin; CD: Cluster of differentiation; CK:
Cytokeratin; GFAP: Glial fibrillary acidic protein. All primary antibodies
produced by Dako Cytomation, Glostrup, Denmark.

On microscopy, the tumor was well-delimited by a
fibrous capsule and exhibited a biphasic pattern, being
composed of dense spindle-like cellular areas and hypo-
cellular regions. Tumor cells from hypercellular regions
were elongated, with indiscernible cell cytoplasm and with
wavy nuclei. There was no nuclear atypia and mitoses,
and no necrotic areas. Often, hypercellular areas showed
nuclear palisading around a pink fibrillary material
(Verocay bodies) (Figure 1, A and B). A dense collagen
stroma was identified along with rare tortuous and
compressed blood vessels lumina. No obvious inflammatory
infiltrate could be identified within the tumor. HP
examination suggested the diagnostic of a conventional
cystic schwannoma.

IHC stainings revealed that the tumor cells were

strongly positive for antibodies against the S100 protein
and vimentin (Figures 1, C-F), thus proving their origin
in Schwann cells. Because the tumor cells were negative
for antibodies against neurofilaments and glial fibrillary
acidic protein (GFAP), we could exclude a neurofibroma.
Moreover, the tumor cells were completely negative to
an anti-alpha-smooth muscle actin (a-SMA) antibody
(Figure 2A), thus excluding a leiomyoma. Only extremely
rare inflammatory cells interspersed between the tumor
cells could be detected in the tumor stroma (Figure 2B).
Anti-cluster of differentiation 34 (CD34) antibody detected
endothelial cells of intratumoral vessels and only very
rare tumor cells with no obvious lumina could be noted
(Figure 2, C and D). Together with the negative reactivity
for neurofilaments, this immunostaining was also useful
for excluding a neuroma. The non-malignant nature was
obvious, and an anti-pancytokeratin antibody (AE1/AE3)
also showed no reactivity, thus excluding the presence
of any epithelial component.

The final pathological diagnosis was that of a
conventional cystic schwannoma, WHO grade 1.

From a clinical point of view, because the patient had
no family history of schwannoma or any other visible body
tumors suggesting the existence of multiple schwannomas,
we considered it to be a sporadic schwannoma and not
related with neurofibromatosis type 2 (NF2) or neuro-
fibromatosis type 3 (NF3, schwannomatosis).

Postoperative evolution was favorable, without any
complications. Ten months after surgery, the wound was
healed, and the patient did not have any sign of localized
neurological dysfunction.

= Discussions

In 1910, José Verocay (1876—1927), a Uruguayan
pathologist, who was working in Charles-Ferdinand
University in Prague, described for the first time the
morphological features which we now called “the Verocay
bodies”, which represent the hallmark of this tumor. Thus,
the Uruguayan pathologist established schwannoma as a
pathological entity [7]. Verocay considered that the tumor
origin was the fibrous sheath of the nerve and as such
he introduced the term “neurinoma”, i.e., a tumor of the
nerve. Some years later, as histopathology became a
developed medical field, pathologists understood that
fibroblast was not the cell of the origin for this nerve
tumor. Stout, in 1935, highlighted the fact that this
neoplasia has a neuroectodermal origin and named it as
“neurilemmoma” [8].

The term “schwannoma”, as we used today to
denominate these tumors, was first coined by Ehrlich &
Martin, in 1943 [9].

After the 1960s, as electron microscopy and lately
IHC techniques began to develop, Schwannian origin
could be proven. In particular, the immunopositivity of
tumor cells to the anti-S100 protein antibody provides
a very valuable diagnostic tool. From a HP point of
view, the schwannoma is characterized by two distinct
morphological aspects: Antoni-A and Antoni-B, named
after the Swedish neurologist who first described them,
Nils Ragnar Eugéne Antoni (1887-1968). He is the first
to describe the two distinct aspects of cellular architecture
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in schwannomas. Antoni analyzed 30 cases of peripheral
nerve tumors and noted the presence of a hypercellular
tissue, which he called “tissue A”, later called “Antoni-A”
area, along with areas with a microcystic appearance,

A
oo

v _’:;1‘}\.‘ ‘,
. AR r

o L)
T e AR S

) T M
AN
- .
® ke

apparently distinct from “Antoni-A” regions, which he
called “tissue B”, later called “Antoni-B” areas. This
histological description soon became useful in the
microscopic identification of schwannomas [10].
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Figure 1 — Histopathology and immunohistochemical features of the tumor showed a biphasic pattern with alternating
dense and hypocellular areas (A), occasionally with nuclear palisading in the hypercellular regions (A and B). The
tumor cells showed a strong immunoreactivity for anti-S100 (C and D) and anti-vimentin (E and F) antibodies.
Hematoxylin—Eosin (HE) staining: (4) x100; (B) x200. Anti-S100 antibody immunomarking: (C) x100; (D) x400.
Anti-vimentin antibody immunomarking: (E) x100; (F) x400.

The Antoni-A areas are made up of compact spindle
cells with indistinct cell boundaries and wavy nuclei. In
some areas, tumor nuclei can be arranged in parallel rows
separated by pink fibrillary material, and this feature is
called “nuclear palisading” or “Verocay bodies”. Antoni-B
areas are less cellular and lacks distinctive architectural
features. The tumor stroma contains sparse collagen fibers,
numerous blood vessels, which can often have a hyaline
deposition in their walls. Foci of inflammatory cells
including histiocytes may be present [2].

Schwannomas are the most common benign tumors
of the peripheral nerves, representing 90% of all tumors

developing in this anatomical structure and less than 8%
of all benign soft-tissue tumors [11].

This neoplasia can affect patients aged between 20
and 70 years [4], but some authors reported even more
extended age interval for the patients diagnosed with
such tumors, i.e., 11 to 80 years [12]. Men and women
are equally affected [13].

These tumors can develop from the spinal nerves,
representing about one third of all benign spinal tumors,
from the cranial nerves, especially the acoustic-vestibular
(VIII™) nerve, which is also the commonest central location
of schwannomas [14], but also in the mandible, from the
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V" nerve [15], or in the orbit, from sensory branches of
the ophthalmic division of the trigeminal nerve, but also
from the 1™, I, V" and VI™ nerves [16-18]. Rare
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location of a schwannoma could be the parapharyngeal
space, when the tumor origin is the X™ nerve, or vagus
nerve [19].
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Figure 2 — Immunohistochemical features of the tumor (continuation) revealed no positivity for an anti-a-SMA antibody
(A), only very rare inflammatory cells (B, identified by an anti-CD45 antibody), while an antibody for CD34 identified
rare, abutted blood vessels and only very rare positive cells (C and D). Each inset represents the enlarged areas in the
respective image. Anti-a-SMA antibody immunomarking: (A) x400. Anti-CD45 antibody immunomarking: (B) x200. Anti-
CD34 antibody immunomarking: (C and D) x400. a-SMA: Alpha-smooth muscle actin; CD: Cluster of differentiation.

Schwannomas may have other different locations, too.
They can be located at the head, neck, mediastinum,
retroperitoneum, pelvis, or limbs levels [20-22]. Even the
pancreas could be the site for a schwannoma development
[23]. Nineteen percent of all schwannomas are located
at the extremities of the upper limbs [4].

Regarding their location in the upper limbs,
schwannomas can be classified into proximal tumors,
i.e., those involving the brachial plexus and the nerves
of the arm, and distal tumors, i.e., involving the nerves
of the forearm and the hand [24-26].

When located in the forearm, schwannoma may usually
involve the cubital nerve; in less than 7% of these cases,
the tumors are located along the nerve sheath of the median
nerve, but they can also involve the radial nerve [23].

In exceptional cases, all three large nerves of the upper
limb can be affected [22], making surgery much more
difficult, but preoperative diagnosis becomes much easier.

Adani et al. analyzed 34 patients presenting
schwannoma in the upper limbs. They reported that the
tumor had its origin mostly in the ulnar nerve almost
(50%), in the median nerve (25%), but only rare in the

radial nerve, the anterior interosseous nerve, the muscle-
cutaneous nerve, and the digital nerves [26].

Schwannomas of the upper limbs are generally solid
tumors, sometimes plexiform, but more seldom are cystic
tumors and this feature was the particularity of the
presented case. They can also be located in the dermis,
when they develop subcutaneously, and they can be
multiple, similar to NF2.

The main differential diagnosis includes synovial cyst,
ganglion cyst, neurofibroma, low-flow venous malforma-
tions, lymphangioma, intramuscular myxoma or high-
grade sarcomas, such as fibrosarcoma, leiomyosarcoma
or synovial sarcoma [4, 27, 28].

Schwannomas can be sporadic or hereditary, being
assimilated to neurofibromas. The most important discovery
for NF2 is the presence of bilateral vestibular schwannomas,
which developed from the Schwann cells of VIII" cranial
nerve. Also, in 1973, Nimura reported the development
of multiple schwannomas in the same person. The tumors
were located along the cranial, spinal, and peripheral
nerves, but not along the vestibular nerves, which is a
characteristic of NF2 [29].
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Schwannomatosis or NF3 is distinct from other NF
forms and can be inherited in a predominantly autosomal
model. In 2007, Hulsebos et al. reported a regulator of
chromatin subfamily B member 1 (SMARCBI) constitutional
mutation in a family affected by schwannomatosis [27,
30]. Traistaru et al. also published a 63-year-old woman
with multiple schwannomas located on ulnar nerve and
superficial fibular nerve and emphasized on genetic
analysis in order to identify a schwannomatosis, especially
in cases with no known relatives with schwannomatosis
[31].

Strikingly different from schwannomatosis, sporadic
schwannomas are usually single tumors with a diameter
between 1.5 and 3 cm, rarely larger [4].

Clinical signs and radiology can be similar to those
of other soft tissue tumors, making schwannomas easy
to be preoperatively mistaken for other tumors.

Intraoperative findings and microscopy, together
with IHC exams could help in defining the diagnosis of
schwannomas. These tumors may have two clinical forms:
an asymptomatic form, when the tumor looks like a
painless swelling and is discovered accidentally, and the
symptomatic form, which presents symptoms triggered
by the compression of the surrounding structures, such
as neurogenic pain in the extremities, local swelling,
paresthesia, and motor impairment.

Clinical diagnosis may be suggested by the Tinel’s sign
[6], which should be integrated in the clinical picture. US
may be useful, but most often it points to other disorders,
as it did in our case. Magnetic resonance imaging (MRI)
may represent a useful preoperative diagnosis method
because schwannomas have an intermediate muscle
intensity in the T1-weighted images and appear as hyper-
intense lesions in T2-weighted images.

For a more accurate preoperative diagnosis, ultrasound-
guided needle biopsy is recommended. In our case, as
preoperative US did not reveal either a schwannoma or
the possible contact of the tumor with a nerve, as well as
the unspecific symptoms and the scarcity of symptoms,
we did not consider MRI of ultrasound-guided needle
biopsy necessary.

The surgical treatment is an elective treatment for this
tumor, but it is not always possible to enucleate it and to
maintain nervous continuity, because sometimes the tumor
may contain some nervous fibers inside its structure [28].
However, postoperatively, approximately one-fifth of
patients may experience either tumor recurrence or severe
neurogenic pain or newly developed motor deficits [32].

In cases with paralysis after excision of a forearm
schwannoma, a neurorehabilitation program is required,
which should be based on a neurodynamic mobilization
in order to improve the postoperatively disfunction of
the affected upper limb [33].

& Conclusions

When a patient presents in a surgery department with
a palpable tumor located in the upper limb, the possibility
of a schwannoma should be considered. For this reason,
the clinician should look for the typical signs of
schwannomas, such as the Tinel’s sign. However, the
final diagnosis should be the HP exam of the surgical

specimen that should be completed with IHC stainings
as in region of the distal forearm different pathological
entities could develop.
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