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ABSTRACT

Neurothekeoma is a rare, benign neoplastic process that most commonly presents on the head and neck
of young adults. We report a case of cellular neurothekeoma in a middle-aged woman with a thigh
lesion showing histologic features that closely mimicked malignant tumors, particularly undifferentiated
pleomorphic sarcoma, sarcomatoid carcinoma, and amelanotic melanoma.

A dermal/subcutaneous thigh lesion demonstrated marked cytologic atypia and an infiltrative
growth pattern on histologic evaluation. Immunohistochemistry supported the diagnosis of cellular
neurothekeoma: tumor cells were positive for CD10 and showed very focal MITF staining, and negative
for S100, SOX10, desmin, EMA, AE1/AE3, SMA, NSE, and factor XIIIa. The lesion was completely
excised with clear margins. At 12 months of clinical follow-up, no recurrence was observed.

Cellular neurothekeoma should be considered in the differential diagnosis of atypical dermal soft-tissue
masses with worrisome histologic features. Ancillary studies, particularly immunohistochemistry, are
essential to exclude aggressive mimics and avoid overtreatment, although conclusions remain limited

Case report

by the single-case nature of this report and the available literature.

1. Introduction

Cellular neurothekeoma is a benign cutaneous tumor that was
first introduced in 1969 by Harkin and Reed, who described
“nerve sheath myxoma” as a myxoid tumor of presumed neural
origin [1]. Gallager and Helwig later reclassified these lesions as
neurothekeoma [2, 3]. Historically, neurothekeoma and nerve sheath
myxoma were considered synonymous and thought to be of nerve
sheath origin; however, several subsequent studies have suggested
that cellular neurothekeoma is more likely a fibrohistiocytic lesion

and histopathologically distinct from nerve sheath myxoma [3, 4].

The histogenesis of cellular neurothekeoma remains uncertain and
is a topic of debate [4].

Clinically, neurothekeoma is a slow-growing, often asymptomatic
dermal swelling. It has been divided into three main histologic
subtypes: myxoid, cellular, and mixed [3]. The myxoid subtype
(corresponding to classic nerve sheath myxoma) is now considered
a separate entity rather than a subtype of neurothekeoma [3, 4]. In
contrast, cellular neurothekeomas tend to pose a greater diagnostic
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challenge, particularly because of their histologic resemblance to
other dermal and subcutaneous tumors and their lack of a completely
specific immunophenotype [5].

Classically, cellular neurothekeoma shows a dermal lobular growth
pattern composed of nests and fascicles of epithelioid and/or spindled
cells arranged in a swirling or fascicular pattern, with oval nuclei,
pinpoint nucleoli, and abundant eosinophilic cytoplasm [6]. Never-
theless, several atypical features have been described, including
cytologic atypia, prominent myxoid stroma, infiltrative growth,
vascular or perineural invasion, plexiform architecture, and dense
hyalinized stroma [7]. When such atypical features are present, the
diagnosis of cellular neurothekeoma is particularly challenging, and
worrisome lesions such as melanoma, undifferentiated pleomorphic
sarcoma, and sarcomatoid carcinoma must be carefully excluded.
Atypical cellular neurothekeomas, characterized by larger size,
infiltrative borders, deep extension, or an increased mitotic rate,
have been reported only in small series and case reports, and their
biological behavior remains incompletely defined. Most lesions
occur on the head and neck, shoulders, and upper extremities,
whereas thigh involvement appears to be uncommon. In this context,
we present a case of cellular neurothekeoma with markedly atypical
histologic features and an infiltrative pattern arising at an uncommon
anatomical site (thigh) in a middle-aged woman. In large series,
most lesions have been reported on the head and neck, shoulder and
upper extremities, whereas thigh involvement appears distinctly less
frequent. This case underscores the diagnostic pitfalls posed by this
tumor and highlights the value of a targeted immunohistochemical
panel in establishing the correct diagnosis.
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Table 1: Immunohistochemical profile of cellular neurothekeoma compared to the related aggressive lesions.

Marker Neurothekeoma Melanoma

MITF + I
CD10 + _
NSE aF =
S100 - +
MelanA -

HMB45 -

CD68 - -
SMA - -
Desmin - -
EMA - -
AE1/AE3 - -
Factor XIIla - -

Undifferentiated pleomorphic Sarcomatoid carcinoma
sarcoma

+- -

+ -

+ -

MITF, microphthalmia-associated transcription factor; NSE, neuron-specific enolase; SMA, smooth muscle actin; EMA, epithelial membrane antigen.

Figure 1: (A) Low-power view shows an unencapsulated, poorly circumscribed dermal lesion beneath an intact epidermis, composed of a diffuse spindle-cell
proliferation infiltrating between and splitting collagen bundles (original magnification: 40x H&E). (B) Higher-power view shows fascicles and scattered single
spindle to epithelioid cells with pale eosinophilic cytoplasm and oval, sometimes enlarged and hyperchromatic nuclei (original magnification:400x H&E).

2. Case Presentation

A 40-year-old woman with no history of local trauma, prior surgery
at the site, or exogenous hormonal therapy presented with a pain-
less, well-defined mass on the left thigh that had slowly enlarged
over 6 months. Examination revealed a firm dermal/subcutaneous
soft-tissue nodule measuring 2.5 X 2.0 cm, with no overlying
epidermal changes and no palpable regional lymphadenopathy.
The initial clinical differential diagnosis included dermatofibroma
and dermatofibrosarcoma protuberans. Preoperative ultrasound
demonstrated a well-circumscribed superficial lesion without deep
fascial or muscular involvement; therefore, MRI was not pursued.
The lesion was excised in its entirety under local anesthesia and
submitted for histopathologic evaluation. Histology showed an
infiltrative atypical spindle-cell dermal neoplasm, prompting an
immunohistochemical work-up. The combined morphologic and
immunophenotypic findings, supported by external tertiary-center
expert review, were consistent with cellular neurothekeoma. At 12
months of follow-up, there was no evidence of recurrence.

Microscopic examination of haematoxylin and eosin—stained sec-
tions showed a poorly circumscribed dermal spindle-cell neoplasm
with focal superficial extension into the subcutis (Figure 1). The
tumor was composed of elongated cells arranged in nests, intercon-
necting fascicles, and scattered single cells, displaying an infiltrative
pattern with extension between adnexal structures and splitting
of reticular collagen bundles. The neoplastic cells demonstrated
cytologic atypia, including enlarged hyperchromatic nuclei with
occasional nucleoli, and focally vacuolated cytoplasm (Figure 2).
Mitotic activity was 3—5 mitoses per 10 high-power fields, without
atypical mitotic figures. No geographic necrosis or conspicuous
multinucleated giant cells were identified. Lymphovascular invasion
and perineural invasion were absent. The lesion was completely
excised, with the closest histologic margin measuring 1 mm. In
view of the cytologic atypia and infiltrative pattern, the main his-
tologic considerations were undifferentiated pleomorphic sarcoma,
sarcomatoid carcinoma, and amelanotic melanoma.

Immunohistochemical studies were performed, and the paraffin
blocks and representative slides were reviewed at a tertiary centre
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Figure 2: (A) Infiltrative growth at periphery (original magnification:100x H&E). (B) Higher magnification (original magnification: 200x H&E).

by a soft-tissue pathology expert. The tumour cells showed diffuse
positivity for CD10, with very focal nuclear staining for MITF. They
were negative for S100, desmin, EMA, SOX10, AE1/AE3, SMA,
NSE, and factor XIIla. Based on the morphologic and immuno-
histochemical findings, undifferentiated pleomorphic sarcoma was
considered unlikely because of the lack of marked pleomorphism and
multinucleation and the absence of factor XIIla expression, while
sarcomatoid carcinoma was excluded by the negative cytokeratin
AE1/AE3 and EMA staining. Amelanotic melanoma was also
considered an unlikely diagnosis given the histologic appearance
and the absence of S100 and SOX10 expression. Taken together,
these findings supported the diagnosis of cellular neurothekeoma.

The benign nature of the diagnosis and the low but not entirely
negligible risk of local recurrence were explained, and the patient
expressed relief and understanding of the surveillance plan. No
recurrence was detected during the 12-month follow-up.

3. Discussion

Cellular neurothekeoma is a benign neoplastic soft-tissue lesion that
represents a diagnostic challenge for both clinicians and pathologists.
It predominantly affects women in the second to third decades of
life. It typically presents as an erythematous, well-defined, solitary,
slow-growing papule or nodule less than 2 cm in diameter [7, 8]. In
the large series by Fetsch et al., which included 178 tumors, most
lesions were located on the head and neck, arms, and shoulders [9].

In contrast, our patient was a 40-year-old woman with a painless,
relatively larger (2.5 cm) lesion situated at an unusual anatomical
location (thigh). The pathogenesis of cellular neurothekeoma re-
mains unclear. Some authors have proposed a possible triggering
role for trauma or high estrogen levels in at least a subset of cases
[8, 10, 11]. The broad clinical and histologic differential diagnosis
includes not only benign and malignant neoplasms such as dermatofi-
broma, dermatofibrosarcoma protuberans, atypical fibroxanthoma,
undifferentiated pleomorphic sarcoma, sarcomatoid carcinoma, and
melanoma, but also reactive processes such as nodular fasciitis [7—
9]. In the series by Fetsch et al., neurothekeoma was not suspected
clinically in any of the 176 evaluable patients, underscoring that this
entity is primarily a histologic and immunohistochemical diagnosis

[9].

Typical neurothekeomas are well circumscribed on histological
examination and consist of a dermal proliferation of spindle and
stellate cells arranged in concentric or nested patterns, with generally
bland cytologic features and limited mitotic activity. Focal nuclear
enlargement, hyperchromasia, or multinucleation may be seen in
some cases, but these changes are usually modest [12, 13].

Typical (not absolute) immunohistochemical patterns of cellular
neurothekeoma, compared with other lesions with atypical features,
are shown in (Table 1) [12].

A subset of cellular neurothekeomas, however, exhibits atypical or
“worrisome” features, including larger tumor size, deeper extension
into subcutaneous fat or skeletal muscle, vascular or perineural
invasion, diffuse infiltrative borders, a high mitotic index (> 3
mitoses per 10 high-power fields), and marked pleomorphism [7, 13—
15]. These atypical lesions are collectively referred to as atypical
cellular neurothekeoma, and their biological behavior remains
incompletely characterized due to the limited number of reported
cases and relatively short follow-up [13—15]. Cases with one or
more of these features are commonly referred to as atypical cellular
neurothekeoma. Our case meets criteria for the atypical subset
because it was >2 c¢m, had infiltrative borders, and showed increased
mitotic activity, thereby fitting within this atypical subset.

The lesion in our patient showed several features that raised concern
for malignancy, including poor circumscription, an infiltrative
growth pattern, and cytologic atypia with mitotic figures. Conversely,
there was no marked pleomorphism, necrosis, or prominent multinu-
cleated giant-cell component, findings that would be more typical of
undifferentiated pleomorphic sarcoma or other high-grade sarcomas
[3, 7, 9]. In this setting, immunohistochemistry played a crucial role
in refining the diagnosis.

Cellular neurothekeoma classically shows positivity for CD10,
NKI/C3, and NSE, with variable expression of MITF and CD68,
and is typically negative for S100 protein, SOX10, desmin, and
cytokeratins [7, 9]. In our case, NKI/C3, which is frequently
reported as positive in cellular neurothekeoma, was not performed
in our laboratory. Still, the tumor cells were diffusely positive for
CD10, with very focal MITF staining, and were negative for S100,
SOX10, AE1/AE3, EMA, desmin, SMA, NSE, and factor XIIIa.
The absence of S100 and SOX10 expression effectively excluded
conventional melanocytic lesions, including amelanotic melanoma,
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and the lack of cytokeratin (AE1/AE3) and EMA staining argued
strongly against sarcomatoid carcinoma, as shown in the literature
[7-9]. Undifterentiated pleomorphic sarcoma usually expresses
vimentin and CD68 and may show factor XIIla positivity, reflecting
histiocytic differentiation [3, 7, 9]The negative factor XIIla in our
case, combined with the absence of diffuse pleomorphism and
multinucleation, made this diagnosis unlikely.

Although NSE positivity is commonly reported in cellular neu-
rothekeoma, negative or only focal expression has also been doc-
umented, and immunophenotypic variability is increasingly rec-
ognized, particularly in atypical examples. In practice, NSE is
often included within initial panels for dermal spindle/epithelioid
lesions because it can provide supportive evidence of neuroecto-
dermal/perineural differentiation in the appropriate morphologic
context; however, NSE lacks specificity, and its diagnostic utility
in cellular neurothekeoma is adjunctive rather than decisive. Ac-
cordingly, NSE negativity does not exclude cellular neurothekeoma,
and interpretation should prioritize the overall immunoprofile and
the exclusion of key malignant mimics [7, 9, 12]. In this context,
the overall immunoprofile in our patient remained compatible with
cellular neurothekeoma.

(Table 1) summarizes the typical immunohistochemical profile of
cellular neurothekeoma and its main malignant mimics, including
melanoma, undifferentiated pleomorphic sarcoma, and sarcomatoid
carcinoma [12]. The pattern seen in our lesion, CD10 positivity with
focal MITF and absence of S100, cytokeratins, EMA, and factor
XIlIa, fits best with cellular neurothekeoma and was discordant with
the profiles expected for melanoma, undifferentiated pleomorphic
sarcoma, or sarcomatoid carcinoma.

In the present case, several clinicopathological features are notewor-
thy. First, the tumor occurred in a middle-aged woman, whereas
most cellular neurothekeomas are reported in younger patients
in the second and third decades of life [7-9]. Second, the lesion
involved the thigh, an uncommon site compared with the more
typical head and neck, shoulder, and upper-extremity locations [7-9].
Finally, the tumor exhibited a distinctly infiltrative growth pattern
and significant cytological atypia that closely mimicked high-grade
sarcoma and carcinoma; however, the overall morphologic and
immunohistochemical profile remained most consistent with cellular
neurothekeoma.

Most reported cellular neurothekeomas, including those with atyp-
ical features, have followed a benign course, with rare local recur-
rences and no convincing evidence of distant metastasis [7, 9, 12—15].
Nevertheless, the limited number of atypical cases and relatively
short follow-up warrant cautious clinical surveillance. Our case
adds to the growing body of evidence that histologic aggressiveness
(cytologic atypia and infiltrative borders) in cellular neurothekeoma
does not invariably imply clinically aggressive behavior, provided
that other malignant entities are carefully excluded. However, this
conclusion is based on a single case with 12 months of follow-up and
on small published series, and longer-term data from larger cohorts
are needed.

Molecular and cytogenetic studies were not performed in this case.
To date, no recurrent or pathognomonic genetic alteration has been
established for cellular neurothekeoma, and molecular data remain
limited. In this context, the recently reported heterozygous NF1
¢.4333-2dup variant in a neurothekeoma is an isolated finding of
uncertain significance, but may contribute to clarifying the genetic
background of these tumors [16].

4. Conclusion

Clinicians and pathologists should include cellular neurothekeoma
in the differential diagnosis of dermal and subcutaneous soft-tissue
masses, even when they arise at uncommon sites and demonstrate
marked cytological atypia with an infiltrative growth pattern. In
such cases, histologic features alone may strongly suggest high-
grade malignancy. A carefully selected immunohistochemical panel,
interpreted in the light of morphology and clinical context, may help
avoid misdiagnosis and unnecessary aggressive treatment. This case
supports the view that atypical histologic features do not necessarily
indicate malignancy and should not, in isolation, be interpreted
as evidence of aggressive biological potential. Accurate diagnosis
requires careful clinicopathologic correlation and a targeted im-
munohistochemical panel to exclude malignant mimics. Given that
outcome data in cellular neurothekeoma remain limited and follow-
up is variable across the literature, additional well-characterized
cases with longer surveillance and, where available, molecular
studies are needed to better define the full biological spectrum of
this tumor.
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