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Abstract. Neurofibromatosis type 1 (NF1) is an autosomal
dominant hereditary disorder. Neurofibroma is the most
common neoplasm of this disease. This lesion is
characterized by circumscribed soft or knotty skin tumors
derived from peripheral nerve sheath cells. Numerous other
neoplasms have been described for this tumor predisposition
syndrome. This case report adds the diagnostic and
therapeutic procedures in the case of an NFI patient in
whom the rapidly growing, nodular, subcutaneous tumor
initially led to the suspicion of a malignant neoplasm. The
tumor proved to be pilomatrixoma, which closely adhered to
a neurofibroma.

Neurofibromatosis type 1 (NF1) is an autosomal dominant
hereditary disorder. NF1 is considered the most common
phakomatosis (1). ‘Phakomatoses’ is an umbrella term for
multisystem disorders that have characteristic lesions of the
central and peripheral nervous system, and skin of variable
severity. NF1-affected individuals particularly develop
neoplasms arising from nerve sheath cells (1). Indeed, NF1
is classed as a tumor predisposition syndrome (2) and is
regarded as the most frequent hereditary disorder with a
predisposition for developing cancer (3). Perhaps the most
feared complication for patients with NF1 is the development
of malignant peripheral nerve sheath tumors (MPNSTs).
About every second patient who develops an MPNST is
affected by NF1 (1, 4). However, MPNST is a very rare
tumor (1). Plexiform neurofibromas (PNFs) are regarded as
a precancerous stage in MPNST development (5, 6).
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Prognosis of patients with MPNST is poor (4, 7). Radical
surgery in early stages of the disease provides the best
treatment results (8). Rapid growth of a tumor and newly
developed pain in a defined area are the most prominent
findings that should alert the clinician to search for
neoplastic disease in NF1-affected individuals (9). However,
these findings are non-specific. Here, we report on a patient
with NF1 who developed a tumor in a short time and who
was surgically treated. Histology of the tumor provided an
unexpected diagnosis.

Case Report

The 21-year-old female was admitted to the Department of
Oral and Craniomaxillofacial Surgery for treatment of a
tumor of the left neck/shoulder region that had developed a
few months previously. The patient was known to be affected
by NF1 (10) and was mentally handicapped. The family
history did not give any indication of NFl1-affected
ancestors. Physical examination of the patient revealed
multiple café-au-lait spots of the skin distributed all over her
body, axillary freckling, and multiple cutaneous
neurofibromas. Facial appearance was characterized by a
broad nose, enlarged inter-orbital distance and prominent
forehead (11). A prominent and firm tumor was palpable on
her left shoulder in the transition area to the neck. The skin
covering the tumor was intact, but of diffuse red color
(Figure 1C). Palpation of the space-occupying lesion was
painless. The tumor adhered to the covering skin but was
moveable above the tissue below.

Imaging. B-Scan ultrasound revealed an ovular,
encapsulated tumor localized below the skin. The tumor
showed dense intralesional inhomogeneous hyperechoic
structure  with distal enhancement of ultrasound
transmission. The so-called target sign of nodular
neurofibroma (12) was missing (Figure 1D). The maximum
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diameter of the lesion was 4.5 cm. On the ultrasound
images, there were no strand-like structures in the vicinity
of the tumor which could be traced to the tumor. The
ultrasonographic findings showed no evidence of a
tumorous enlarged nerve with intermittent nodular
distension. The ultrasound findings were in accordance with
the presumption of a solitary nerve sheath tumor, without
specifying the biological properties of the suspected
neoplasm. The parents of the patient provided a magnetic
resonance image (MRI) of their daughter’s head and neck
region that had been performed 4 years earlier. The MRI
disclosed a subcutaneous, ovular lesion of the left neck and
shoulder region, approximately in the area of the present
space-occupying lesion (Figure 1A and B). This lesion was
hyperintense on T2-weighted images and indicated a
subcutaneously located nodular neurofibroma. Compared to
the current findings, the original tumor was somewhat
further cranially localized, and significantly smaller in
diameter, so that the images also confirmed tumor
progression in this region.

Therapy. Synopsis of clinical findings led to the decision to
remove the tumor promptly. Under general anesthesia, the
tumor with covering skin and safety margin of about 1 cm
was completely excised. The defect was closed by primary
intention. Wound healing was uneventful.

Pathology. The specimen comprised of a soft biconvex skin
sample measuring 6x3x3.5 cm3, which contained an oval,
sharply demarcated firm lesion of 2.1x3.3x4.5 cm>. Upon
histological investigation, a well-circumscribed tumor in the
subcutaneous tissue was observed, which was composed of
solid sheets of round inconspicuous squamous epithelial cells
with round nuclei and some odd mitoses. Large areas
appeared necrotic with eosinophilic ghost-like cells that
frequently showed fine granular calcification. Adjacent to the
necrotic foci, scattered lymphocytes and numerous
multinucleated giant cells of the foreign body type were
noted. Separately from the pilomatrixoma, an intraneuronal
plexiform neurofibroma was observed in the subcutaneous
tissue (Figure 2).

Discussion

This report describes the diagnostics and surgical therapy of
a patient with a tumor predisposition syndrome who had
developed a rapidly growing tumor that was suspected to be
a malignant tumor originating from peripheral nerve sheath
cells. Surprisingly, the histological examination showed a
neoplasm of the skin appendages as the main component of
the tumor to which a neurofibroma was attached. We
assume that the rapidly developing pilomatrixoma had come
in close contact with the nerve sheath tumor already
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displayed on the MRI some years before, thus giving the
first impression of a hybrid tumor.

To the best of our knowledge, a pilomatrixoma in the
context of an NF1-affected individual has not been reported
before. The only other report on a pilomatrixoma with
possible association with NF1 is of a young individual with
this skin tumor whose relatives were apparently affected with
NF1. However, the patient of that report was not described
as also being affected by the disease (13).

Pilomatrixoma is only rarely diagnosed in the phacomatoses:
A report describes the diagnosis of a pilomatrixoma associated
with the initial diagnosis of tuberous sclerosis (14). Another
report is on the diagnosis of pilomatrixoma associated with a
case of multiple epidermal nevi (15).

Pilomatrixoma is derived from the hair matrix. The
entirely benign lesion is a palpatorically hard skin tumor
which is found especially in children and adolescents, but
also in all other age groups (16-18). The head and neck
regions are preferentially the site of origin in this entity (16).
From literature comparison, it appears that the occurrence of
the skin tumor in a patient with this specific genetic
disposition is probably random. However, correct differential
diagnosis is of considerable importance to the patient.
Diagnosis of pilomatrixoma can cause difficulties. Indeed,
the rate of correct first diagnosis of pilomatrixoma
apparently is not very high, being reported in the range from
about 30 to 70% (16-18).

Ultrasound examination is very suitable for the initial
examination of this skin tumor (19). Lin et al. revealed
predominant hypoechoic lesions on ultrasound images of
pilomatrixoma. The tumor may show ossifications that can
be detected in ultrasound (19). In the present case, the tumor
was of dense internal hyperechoic signals and showed a
distinct border.

In rare cases, pilomatrixoma occurs as a hybrid lesion
(20, 21). For example, Terada reported on a mixed
pilomatrixoma/epithelial cyst lesion with increased Ki67
expression that also expressed p53 (20). Although the
follow-up is incomplete in our case for the purpose of a
definitive assessment of the tumor biology, the findings
indicate that the two tumors were growing together due to
the rapid growth of the pilomatrixoma. Mitotic indices of
the lesions were low.

Siah et al. reported on giant exophytic growth of
pilomatrixoma of the shoulder (22). Their description of the
neoplasm indicates that the tumor can spread in different
layers of the skin. Safety margins of 1-2 cm appear to be
sufficiently wide to prevent local recurrence and are
recommended for large lesions (>5 cm) (22). Malignant
transformation of pilomatrixoma was reported (23).
Surveillance of the local findings is indicated after surgical
treatment of the benign tumor, in particular taking into
account the patient’s genetic background.
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Figure 1. Magnetic resonance imaging (cropped images) of the left shoulder and neck region recorded 4 years before surgical treatment. A: The
T1-weighted image shows the oval tumor, the signals of which are isointense relative to the skin. B: The lesion shows a displacing growth pattern.
Hyperintense lesion on T2-weighted image. C: Clinical aspect of the left shoulder and neck region at the time of admission. D: B-Scan ultrasound

image of the lesion.

Figure 2. Histopathology of pilomatrixoma. Left: Solid sheets of basaloid cells with bland, round nuclei neighboring areas of ‘ghost cells’ with
eosinophilic cytoplasm. Middle: Magnified view showing multinucleated giant cells (arrows) and sparse lymphocytic infiltrates adjacent to sheets
of ghost cells. Right: Magnified view showing vital tumor cells and mesenchymal stroma, note the mitosis in the tumor tissue (arrow) (hematoxylin

and eosin stain, scale bars 500 um and 100 um, respectively).

Conclusion

Rapidly growing tumors in patients with NF1 should be
promptly diagnosed and treated. In NF1, pilomatrixoma is a
very unusual finding, other more frequent neoplasms are to
be expected.
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