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Dermatofibroma (cutaneous fibrous histiocytoma) represents a common benign mesenchymal tumor, and
numerous morphological variants have been described. Some variants of dermatofibroma are characterized by
an increased risk of local recurrences, and there are a few reported metastasizing cases. Unfortunately, an
aggressive behavior cannot be predicted reliably by morphology at the moment, and we evaluated the value
of array-comparative genomic hybridization (CGH) in this setting. Seven cases of clinically aggressive
dermatofibromas were identified, and pathological and molecular features were evaluated. The neoplasms
occurred in four female and in three male patients (mean age was 33 years, range 2—65 years), and arose on the
shoulder, buttock, temple, lateral neck, thigh, ankle, and cheek. The size of the neoplasms ranged from 1 to 9cm
(mean: 3cm). An infiltration of the subcutis was seen in five cases. Two neoplasms were completely excised,
whereas an incomplete or marginal excision was reported in the remaining cases. Local recurrences were seen
in six cases (time to the first recurrence ranged from 8 months to 9 years). Metastases were noted between 3
months and 8 years after diagnosis in six patients. Two patients died of disease, and two patients are alive with
disease. Histologically, the primary tumors showed features of cellular dermatofibroma (four cases), cellular/
aneurysmal dermatofibroma (one case), atypical/cellular dermatofibroma (one case), and classical dermatofi-
broma (one case). Mitotic figures ranged from 3 to 25 per 10 high-power fields, and focal necrosis was present
in five cases. Interestingly, malignant transformation from cellular dermatofibroma to an obvious spindle cell/
pleomorphic sarcoma was seen in one primary and in one recurrent neoplasm. Five neoplasms showed
chromosomal aberrations by array-CGH, suggesting that these changes may represent an additional diagnostic

tool in the recognition of cases of dermatofibroma with a metastatic potential.
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Dermatofibroma (fibrous histiocytoma) represents a
frequent benign mesenchymal neoplasm of the skin,
which rarely may also occur in subcutaneous
and deep soft tissues.! Over the years, several
morphological variants have been described, and
their knowledge is important for the differential
diagnosis to more aggressive neoplasms. These variants
include epithelioid dermatofibroma, palisading
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dermatofibroma, atrophic dermatofibroma, ossifying
dermatofibroma, dermatofibroma with osteoclast-
like giant cells, lipidized ‘ankle-type’ dermatofibroma,
keloidal dermatofibroma, myxoid dermatofibroma,
plexiform dermatofibroma, granular cell dermatofi-
broma, dermatofibroma with prominent myofibroblastic
differentiation, dermatofibroma with intracytoplasmic
eosinophilic globules, and cholesterotic dermatofi-
broma. Clinically important, cellular dermatofi-
broma,? aneurysmal dermatofibroma,® and atypical
dermatofibroma#* as well as dermatofibromas arising
on the face® and in subcutaneous and deep soft
tissues! have an increased risk for local recurrence
(up to 20%) in striking contrast to conventional
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dermatofibromas, that only rarely recur, even if
incompletely or marginally excised. During the past
years a few examples of cellular, aneurysmal, aty-
pical dermatofibromas as well as of dermatofi-
bromas occurring on the face and in deep soft
tissues have been reported that metastasized to
lymph nodes and the lungs and even caused death
of patients in some instances.»*51% Morpholo-
gically, the primary and the metastatic neoplasms
showed classical features of the mentioned variants
of dermatofibroma, and so far no predictive mopho-
logical features have been identified to separate
classical benign dermatofibroma from rare metastas-
izing dermatofibroma. In this study, we investigated
seven cases of malignant dermatofibroma in com-
parison with 10 examples of classical dermatofi-
broma and to 1 obvious pleomorphic dermal
sarcoma not otherwise specified. Given the fact
that histology alone is not able to predict the
metastatic potential of these tumors reliably, we
explored the genetic profile to describe the potential
chromosomal abnormalities of malignant dermatofi-
broma and to compare them with those of 10 true
benign dermatofibromas and 1 obvious cutaneous
sarcoma. Array-based comparative genomic hybridi-
zation (aCGH) is currently the best technique to
describe the whole genetic profile in term of copy
number variations and shows gains and losses
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of chromosomes or parts of them. Moreover, this
technique is well adapted to formalin-fixed,
paraffin-embedded tissue, which is the only tissue
available in most cases of the rare tumors.

Materials and methods

The cases were retrieved from the routine files of
the Dermatopathology Bodensee, Friedrichshafen,
Germany, and from referral files of the authors, and
clinical and follow-up information was obtained
from the referring pathologists (clinical features are
summarized in Table 1). Cases 3 and 4 have been
published in detail already.®'° The tissue in all
cases was fixed in 4% buffered formalin, routinely
processed, and embedded in paraffin; 2—4 ym thick
sections were stained with hematoxylin and eosin.
In addition, representative sections were stained
immunohistochemically by the labeled Streptavidin
Biotin technique using commercially available anti-
bodies; antigen retrieval (microwave heating) was
used for all antibodies. Stainings for CD34 (clone
Qbend10, dilution 1:80, Immunotech, Marseille,
France; clone My10, 1:100, BD Biosciences, Heidel-
berg, Germany, Proteinase K, pH 6.1), alpha-smooth
muscle actin (1A4, 1:500, Sigma Chemical, St Louis,
MO, USA; 1A4, 1:500, Dako, Hamburg, Germany),

Table 1 Clinicopathological and molecular findings in seven cases of malignant dermatofibroma

Patient Location ~ Size  Diagnosis Treatment Mitoses in  aCGH results Follow-up

No./sex/age (cm) 10 HPF

(vears)

1/F/65 Shoulder 2.5  Cellular DF + sarcoma ME 2 Loss of 8p Lymph node MTS at 3 months,

25 Loss of 8p+multiple  soft tissue MTS at 3 months,
aberr. lung MTS at 6 months,
brain MTS at 14 months,
DOD at 14 months

2/M/39 Buttock 9 Cellular DF CE 3 Gains of chr. 1, 8, 13 R at 108 months with rapid

(Local recurrence 12 Cellular DF + sarcoma 11 Gains of chr. 1, 8, 13)  enlargement at 132 months,
NSR 8 months later,

3/F/2 Temple 2.5  Cellular DF ME 7 R at 36 months

(Local recurrence 3 Cellular + aneurysmal DF 10 Gains of chr. 3, 8,11) Lymph node MTS at 96 months,
2 x lymph node MTS at
132 months, NSR
12 months later

4/M/28 Neck 2.2 GCellular DF ME 3 R at 16 months,

(Local recurrence Cellular DF 17 Gains of chr. 1, 3) 4 x lymph node MTS at
20 months, R at 35 months,
DOD with multiple liver, bone,
and skin MTS at 167 months

5/F/26 Thigh 3.5  Cellular +aneurysmal DF  ME 20 No GC R at 36 months, lymph node
MTS at 96 months, NSR
24 months later

6/M/35 Ankle 1 Classical DF CE 20 3 x R within 30 months,

(Local recurrence anurysmal DF No GC) Lung MTS at 32 months,
lymph node MTS at 34 months,
patient is alive with disease
(lung MTS and R) 26 months later

7/F/38 Cheek 1 Cellular DF ME 22 Gains of chr. 3, 11 2 x R within 13 months,

(Local recurrence Cellular DF 21 Gains of chr. 3, 11) lymph node MTS at 14 months,

patient is alive with a nodule
at the cheek 86 months later

Abbreviations: aberr., aberrations; aCGH, array-comparative genomic hybridization; CE, complete excision; chr.,, chromosome; DF,
dermatofibroma; DOD, died of disease; F, female; M, male; ME, marginal/incomplete excision; MTS, metastasis; no GC, no genetic changes;

NSR, no sign of recurrence.
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desmin (D33, 1:100, Dako), S100 protein (polyclonal,
1:2000, Dako), Factor XIIla (AC-1A1, 1:1000, Ther-
mo Fisher Scientific, Dreieich, Germany), Pancyto-
keratin (MNF116, 1:500, Dako, Proteinase, pH 9.0),
and Ki-67 (SP6, 1:300, Roche Diagnostics, Mannheim,
Germany) were available in all cases. Appropriate
positive and negative controls were used.

DNA Extraction and Array-Based CGH

We isolated DNA from formalin-fixed, paraffin-
embedded tissue to perform a genome-wide, high-
resolution analysis of chromosomal aberrations as
described previously.'® Briefly, after DNA isolation
with standard methods, 250ng test and reference
DNA (Promega, Madison, WI, USA) were differ-
entially labeled with dCTP-Cy5 and dCTP-Cy3 (GE
Healthcare, Piscataway, NJ, USA) using a Bioprime
Array CGH Genomic Labeling Kit according to the
manufacturer’s instructions (Invitrogen, Carlsbad,
CA, USA). Genome-wide, aCGH analysis for DNA
copy number changes was conducted using an oligo-
nucleotide array containing 60 000 probes according
to the manufacturer’s protocol version 6.0 (Agilent,
Santa Clara, CA, USA). Slides were scanned using
Agilent’s microarray scanner G2505B and analyzed
using the Agilent Feature Extraction and DNA
Workbench software 6.5.018.16

Eight cases of classical dermatofibroma, which
had been analyzed previously, and two small typical
cases of cellular dermatofibromas were used as
negative controls for aCGH and showed no genomic
aberrations (data not shown). As positive control for
aCGH, we used a dermosubcutaneous metastasis
from the chest wall of a 62-year-old male patient, to
whom 6 years earlier a ‘fibrohistiocytic sarcoma’ had
been excised on his lateral neck. The metastasis was
composed of enlarged, plump spindled tumor cells
arranged in confluent formations. The neoplastic
cells contained enlarged vesicular nuclei, numerous
mitoses (up to 50 mitoses in 10 high-power fields),
and did not stain positively for CD34, S-100 protein
and alpha-smooth muscle actin. The tumor showed
multiple chromosomal aberrations including gains
of chromosomes 1, 3, 7, 18, 22 and losses of chromo-
somes 4, 5, 6, 7, 8, 9, 11, 12, 13, 18, 19 indicating a
marked genomic instability and an aggressive
biological behavior (data not shown). Within 1 year
the patient developed lung and retroperitoneal
metastases and died of the disease.

Results
Case 1

A 65-year-old female patient complained about a
1.5-cm firm nodule on the right shoulder that slowly
enlarged (Figure 1a). A small biopsy was taken and
showed a dermal neoplasm composed of spindled
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and enlarged tumor cells with a pale eosinophilic
cytoplasm and enlarged nuclei. Scattered mitotic
figures were identified. Immunohistochemically,
neoplastic cells stained focally positive for Factor
XlIlla and alpha-smooth muscle actin, whereas no
expression of CD34, S-100 protein, desmin, and
pancytokeratin was seen. The diagnosis of atypical
dermatofibroma was made and complete excision
was suggested. Two months later a excision was
performed, which revealed a 2.5-cm measuring
dermal neoplasm showing varying morphological
features. Classical morphological features of a
cellular dermatofibroma composed of cellular spin-
dle cell fascicles growing around hyalinized col-
lagen bundles without increased proliferative activity
and necrosis were noted in one tumor area (Figure 1b).
In addition, an abrupt transition to a pleomorphic
sarcoma of the dermis and superficial subcutis
composed of atypical spindled and pleomorphic
tumor cells with enlarged vesicular nuclei was
noted. Numerous mitotic figures including atypical
mitotic figures were identified in this tumor com-
ponent (25 mitoses in 10 high-power fields) and
areas of tumor necrosis were also present (Figure 1c).
The dermatofibroma and sarcoma components were
manually microdissected and aCGH was performed
separately on both components. The aCGH profile of
the dermatofibroma component revealed a loss of
the short arm of chromosome 8, but no additional
genomic aberrations. The aCGH profile of the sarcoma
component showed the same loss on chromosome 8
and in addition multiple other genomic aberrations
(Figures 1d and e).

The neoplasm was completely excised, and the
minimal distance of neoplastic cells to the basal
margin was 1 mm. After 3 months, a 1-cm measuring
subcutaneous nodule was identified in the right
supraclavicular region and completely excised.
Histologically, morphological features of a pleomor-
phic sarcoma were seen. In addition, a supraclavi-
cular lymph node metastasis was completely excised.
The patient received local radiotherapy (66.6Gy).
However, during this treatment a fast growing, partly
necrotic tumor developed that showed infiltration of
the axillary plexus, and chemotherapy was initiated.
After 5 months, the rest of the mainly necrotic neo-
plasm was completely excised. Unfortunately, pulmo-
nary and cerebral metastases developed after 3 and 11
months, respectively. The pulmonary metastases were
removed several times surgically, and the cerebral
metastases were treated with radiotherapy. Finally, the
patient died from her cerebral metastases.

Case 2

A 39-year-old male patient presented in 2000 with
an ulcerated dermal neoplasm on the left buttock.
Grossly, a 9.0 x 6.5 x 2.8-cm measuring skin specimen
has been described, and histologically, a cellular
spindle cell neoplasm of the dermis with focal infil-
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Figure 1 (a) Case 1 arose on the shoulder of a 65-year-old female patient. (b) The excision shows features of cellular dermatofibroma with
focal infiltration of the subcutis. (c) A transition from areas of cellular dermatofibroma (right) to an infiltrating, pleomorphic sarcoma is
seen. (d) The aCGH profile from the subepidermal, benign component shows a loss of the short arm of chromosome 8, but no additional
genomic aberrations. (e) The aCGH profile from the deep lateral, sarcomatous component shows multiple genomic aberration including
gains on chromosome 1 and losses on chromosomes 3, 4, 5, 6, 8, 12, 13, 16, 17, and 19. This extremely aberrant aCGH profile is highly
suggestive for a highly malignant tumor and resembles the aCGH profiles of a bona fide sarcoma.

tration of the subcutis was reported. The neoplasm
was composed of spindled tumor cells with en-
larged nuclei and scattered multinucleated giant
cells as well as foamy cells were noted. Neoplastic
cells were arranged predominantly in fascicles and
set in a collagenous stroma (Figure 2a). Scattered
mitotic figures (three mitoses in 10 high-power
fields) and small areas of tumor necrosis were
present. Immunohistochemically, tumor cells
stained positively for FXIIla and focally positive
for alpha-smooth muscle actin. The neoplasm was
completely excised and the diagnosis of an ulcer-
ated cellular dermatofibroma with no evidence of
malignancy was made. The patient reported a
slowly growing recurrence in 2009, and a rapid
enlargement within 3 weeks was seen in 2011. The
local recurrence measured 12 x6.5cm and was
marginally excised. The dermosubcutaneous speci-
men was covered by an elevated, hyperplastic, and
focally wulcerated epidermis, and an exophytic
nodule was present (Figure 2b). Histologically, areas
consistent with cellular and aneurysmal dermatofi-
broma were present. In addition, areas composed of
atypical spindled tumor cells containing enlarged
and hyperchromatic nuclei and scattered multi-

nucleated tumor giant cells, which were arranged
in fascicles or in cellular sheaths, were present.
In these areas, an increased proliferative activity
(10—12 mitotic figures in 10 high-power fields) and
areas of tumor necrosis were noted (Figures 2c and
d). Immunohistochemically, a focal expression of
alpha-smooth muscle actin was detected. A wide
reexcision was performed and there were no signs of
recurrence after 8 months of follow-up. The aCGH
profiles of the primary tumor and of the local recur-
rence showed both chromosomal gains of chromo-
somes 1, 8, and 13 (Figure 2e). Both profiles were
almost identical, suggesting that the local recurrence
was caused by the same (or a very similar) neoplastic
cell clone. Within the aberrant genomic areas, an
oscillating pattern between two copy number states
was observed. These frequent oscillations are typical
of the recently described chromothripsis phenomenon,
which can be seen in at least 2-3% of all cancers.!’

Case 3

A 2-year-old female child presented with a dermal
lesion measuring 2.5 cm in diameter, which occurred

259

MODERN PATHOLOGY (2013) 26, 256-267



Malignant dermatofibroma

260

T Mentzel et al

1 3 3 4 H [ 7 8

9 10 1 12 13114 [ 15116117 Fi] S Y

Figure 2 (a) The primary neoplasm of case 2 shows features of cellular dermatofibroma with infiltration of the subcutis. (b) Grossly, the
local recurrence of case 2 shows gray—white cut surfaces and an exophytic nodule is present. (c) Higher-power view reveals confluent
bundles of atypical spindled cells and areas of tumor necrosis are present. (d) Tumor cells show striking atypia and numerous mitotic
figures are present. (e) The aCGH profile of the primary tumor shows chromosomal gains on chromosomes 1, 8, and 13 and was almost
identically with the aCGH from the local recurrence (data not shown).

on the right temple and was incompletely excised.
Histologically, tissue fragments containing a
cellular dermatofibroma composed of plump
spindled tumor cells showing a fascicular as well
as a storiform growth were seen. Numerous mitotic
figures (seven mitoses in 10 high-power fields) and
small areas of tumor necrosis were identified. Three
years later, a local recurrence was completely
excised and again showed morphological features
of cellular as well as aneurysmal dermatofibroma
(Figure 3a). The aCGH profile of the recurrent tumor
showed gains in chromosomes 3, 8, and 11
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(Figure 3b). At the age of 10 years the patient
underwent surgical excision of two right cervical
lymph nodes (each 1-2cm in size) containing
metastatic aneurysmal dermatofibroma. At the age
of 13 years another nodular neoplasm measuring
3.5cm was detected in the right parotid region
and excised. Histologically, the lymphatic tissue
was almost completely replaced by pseudocystic
and solid tumor areas composed of plump spindled
and histiocytoid tumor cells associated with
numerous foamy cells, giant cells containing abun-
dant hemosiderin pigment as well as osteoclast-like
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Figure 3 (a) The recurrent neoplasm shows features of cellular dermatofibroma. (b) The aCGH profile reveals gains on chromosomes 3, 8,
and 11. (c¢) The lymph node metastasis shows features of aneurysmal as well as of cellular dermatofibromas.
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Figure 4 (a) The local recurrence in case 4 reveals a cellular dermal neoplasm composed of spindle-shaped tumor cells with a fascicular
and storiform growth. (b) The aCGH profile reveals gains on chromosomes 1 and 3.
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giant cells (Figure 3c), and numerous mitotic figures
were detected (up to 15 mitoses in 10 high-power
fields). Three months later, right cervical lymph
node dissection was performed, and an additional
lymph node metastasis was found in 1 out of 21
lymph nodes examined; 12 months later, at the age
of 14 years, the young patient was alive and free of
disease.

Case 4

A 28-year-old male patient developed a dermal
lesion measuring 2 cm on the left site of the neck,
which was marginally excised. Histologically, mor-
phological features of cellular dermatofibroma were
seen. The neoplasm recurred after 16 months as a
3.5 x 1.5-cm measuring infiltrative neoplasm with
infiltration of the subcutis and underlying skeletal
muscle, which was surgically excised and histolo-
gically examined. The neoplasm was composed of
enlarged plump spindled cells arranged in storiform
and fascicular growth patterns. Numerous mitotic
figures (17 mitoses in 10 high-power fields) and
microscopic foci of necrosis were detected (Figure 4a).
Immunohistochemically, a focal expression of
alpha-smooth muscle actin was noted, whereas
cytokeratins, S-100 protein, CD34, and desmin were
negative. The aCGH profile revealed gains of chro-
mosomes 1 and 3 (Figure 4b). Four months later, left
cervical lymph node dissection was performed and
in 4 out of 18 histologically examined lymph nodes
metastatic deposits of cellular dermatofibroma were
present. After 15 months, the patient developed a
second local recurrence that was widely excised,
and 11 years later the patient died from lung cancer
with liver, bone, and skin metastases.

Case 5

A 26-year-old female patient presented with an
ulcerated dermal nodule on the left thigh. Grossly, a
3.5 x 2.5-cm measuring lesion was described and
was marginally excised. The cellular dermosubcu-
taneous neoplasm showed features of cellular and
aneurysmal dermatofibroma and was composed of
plump spindled and histiocytoid tumor cells ar-
ranged in a storiform, as well as fascicular growth
pattern. Numerous foamy cells and multinucleated
giant cells were seen. The tumor cells contained
enlarged but relatively uniform nuclei, however,
numerous mitotic figures (up to 20 mitoses in 10
high-power fields) and areas of hemorrhagic necro-
sis were present (Figures 5a and b). Immunohisto-
chemically, neoplastic cells were negative for alpha-
smooth muscle actin, desmin, S-100 protein, CD34,
and cytokeratins. The aCGH profile did not reveal
any chromosomal aberrations indicating that the
genetic aberrations were only present in a small
percentage of the tumors cells or that the genetic
aberrations were not detectable by aCGH (eg, balanced
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Figure 5 (a) Higher-power view of the primary neoplasm shows
features of aneurysmal and cellular dermatofibromas. (b) Tumor
cells contain an ill-defined, pale eosinophilic cytoplasm, and
slightly enlarged plump spindled nuclei. Numerous mitotic
figures are seen.

translocations, point mutations). Three years later a
small local recurrence, measuring 1 cm in diameter,
was completely excised. Five years later a lymph
node metastasis in the left inguinal region, measur-
ing 6.0x4.0x3.5cm, was excised and showed
morphological features of a partly cystic partly solid
dermatofibroma. The patient is alive and has been
free of tumor 10 years after surgical excision of the
primary tumor.

Case 6

A 35-year-old male patient developed a firm dermal
lesion on the right ankle, measuring 1cm in
diameter that was completely excised. Low-power
view showed a typical example of dermatofibroma
without infiltration of the subcutis composed of
plump spindled tumor cells, which were arranged
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Figure 6 (a) The neoplasm is composed of relatively bland, plump spindled tumor cells arranged in a storiform growth pattern.
(b) Despite a bland cytomorphology numerous mitotic figures are present. (¢) The local recurrence in case 6 shows features of aneurysmal
dermatofibroma. (d) The lung metastasis shows features of aneurysmal dermatofibroma and nests of foamy cells are present.

predominantly in a storiform growth pattern. A
lateral extension of tumor cells close to a margin was
noted. Despite a bland cytomorphology of neoplastic
cells, numerous mitotic figures (up to 20 mitoses in
10 high-power fields) were noted. However, no areas
of tumor necrosis were present (Figures 6a and b).
Three local recurrences occurred within 30 months.
The third local recurrence represented a deep
dermal/subcutaneously located cellular neoplasm
composed of plump spindled and histiocytoid
tumor cells containing slightly enlarged nuclei.
However, up to 12 mitotic figures in 10 high-power
fields were noted (Figure 6c). aCGH was performed
from one of the local recurrences, but no chromoso-
mal aberrations were found. These results indicate
that other genetic changes, which are not detectable
by aCGH, caused the malignant transformation of
this tumor. At 32 months bilateral lung nodules
developed and were excised, and histologically, a
proliferation of plump spindled and histiocytoid

cells including foamy cells was seen (Figure 6d). At
34 months, a lymph node metastasis arising in the
right inguinal region was excised, and histologi-
cally, morphological features of aneurysmal derma-
tofibroma were noted. The patient is alive with
tumor disease (lung metastases and local recur-
rence) after 5 years of follow-up.

Case 7

A 38-year-old female patient developed in August
2003 a firm cutaneous nodule on the cheek measur-
ing 1cm in largest diameter that was incompletely
excised. Histologically, a cellular, dermal neoplasm
with focal infiltration of the subcutis was seen,
which was composed of plump spindled tumor cells
arranged in storiform and fascicular growth pat-
terns. Tumor cell nuclei were slightly enlarged, and
an increased number of mitotic figures (up to 22
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Figure 7 (a) The primary neoplasm in case 7 shows a cellular dermal neoplasm with infiltration of the subcutis. (b) The neoplasm is
composed of spindled tumor cells arranged in a fascicular and storiform growth pattern. (¢) The local recurrence shows features of
classical and cellular dermatofibromas. (d) The aCGH profile of the primary tumor and of the local recurrences are identical and show

chromosomal gains on chromosomes 3 and 11.

mitoses in 10 high-power fields) was noted in the
cellular areas; no areas of tumor necrosis were
present. The tumor extended to the deep and the
lateral margins (Figures 7a and b). Immunohisto-
chemically, a focal expression of alpha-smooth
muscle was noted, the Ki-67 index was scored at
15%. The diagnosis of cellular dermatofibroma
occurring on the face was established. At 8 and 13
months, respectively, local recurrences were excised
and a satellite nodule was noted and completely
excised. The local recurrence showed again mor-
phological features of cellular dermatofibroma and
the proliferative activity had not increased in
comparison with the primary neoplasm. The satel-
lite nodule showed features of dermal cellular
dermatofibroma and was composed mainly of
spindle cell fascicles.

Scattered mitotic figures were seen (two to three
mitoses in 10 high-power fields), and areas of tumor
necrosis were not evident (Figure 7c). The aCGH
profiles of the primary tumor and of the local
recurrence were identical and showed chromosomal
gains of chromosomes 3 and 11 (Figure 7d). At 14
months a cervical lymph node metastasis was com-
pletely excised. The patient is alive with a newly
recurrent nodule in the cheek at 100 months.

Discussion

We describe seven cases of unusual dermatofibroma,
of which two cases showed morphologically malig-
nant transformation to obvious cutaneous sarcomas
(one in the primary and one in the local recurrence),
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and of which six cases developed lymph node,
visceral, and/or soft tissue metastases. Dermatofi-
broma represents one of the most common me-
senchymal lesions of the skin and is characterized
by an enormous clinicopathological variation with
numerous characteristic and reproducible morpho-
logical variants. Although some authors argue that
dermatofibroma is a reactive and non-neoplastic
condition and represents an inflammatory disease,!®
the evidence of clonality,'® and the fact that some
cases of dermatofibroma (especially the cellular,
aneurysmal and atypical variants) are potentially
recurring lesions that may reach a considerable
size and show high cellularity, increased atypia,
and proliferative activity support the view that
dermatofibroma is indeed a true neoplasm. Even
more interesting is the fact that cases of cellular,
aneurysmal, and atypical dermatofibroma may
very rarely metastasize and cause death of patients
and that the development of metastases in a
very common benign mesenchymal tumor seems
to be unpredictable morphologically. In addition,
an obvious malignant transformation in a long-
standing dermatofibroma showing rapid enlarge-
ment and the presence of a pleomorphic sarcoma
developing secondarily in a dermatofibroma has been
reported.?°

Whereas it is well known that about 5% of
patients with von Recklinghausen’s disease may
develop a malignant peripheral nerve sheath tumor
within a plexiform neurofibroma, it was commonly
accepted that malignant transformation of benign
mesenchymal tumors of the skin and soft tissues
does not occur or does so only exceptionally.



However, during the past years, malignant transfor-
mation has been described in some occurrences, eg,
in cases of schwannoma,?! and of hemangioma/
vascular malformation,?? and it has been suggested
that there could exist a biological continuum of benign,
atypical, and malignant lipogenic neoplasms.?3-2%
Given the fact that premalignancy represents a
biological rather than a morphological concept,?® it
is not surprising that a small group of premalignant
mesenchymal neoplasms exist, which may progress
to sarcomas with metastatic potential but have not
attained all morphological features of malignancy at
the time of first presentation.

The cases of metastasizing dermatofibroma re-
ported in the literature and our cases occurred in
children and adults, with no preferred anatomic
site, and although the majority of metastases were
preceded by one or more local recurrences, this was
not always the case (Table 2). Similarly, metastases
were seen also in cases that had been completely
excised.'®11 Although the majority of metastasizing
cases of dermatofibroma were seen in the cellular,
aneurysmal, and atypical variants, case 6 in our
seriey represents a relatively small and classical
dermatofibroma composed of plump spindled tumor
cells, which were arranged predominantly in a
storiform growth. Whereas two cases were purely
dermal neoplasms, the other five cases showed focal
infiltration of the subcutis. Interestingly, all seven
cases reported herein were characterized by the
presence of numerous mitotic figures and focal areas

Table 2 Review of cases of metastasizing/malignant dermatofi-
broma?

Case  Reference Sex/age of Anatomic site
no. patients (years)
1 7 M/18 Thigh
2 7 M/33 Neck
3 8 M/65 Unknown
4 8 M/30 Back
5 9 M/27 Thigh
6 9 M/22 Thigh
7 9 M/28 Neck (present case 4)
8 6 M/33 Back
9 4 Not stated Not stated
10 4 Not stated Not stated
11 10 F/36 Knee
12 10 F/2 Scalp (present case 3)
13 1 M/35 Mediastinum
14 1 M/51 Back
15 12 F/36 Shoulder
16 20 F/45 Shoulder
17 14 M/54 Chest wall
18 14 M/29 Back
19 13 F/29 Thigh
20 Present case 1 F/65 Shoulder
21 Present case 2 M/39 Buttock
22 Present case 5  F/26 Thigh
23 Present case 6 M/35 Ankle
24 Present case 7 F/38 Cheek

Abbreviations: F, female; M, male.
8In addition, a series of 15 cases of metastasizing dermatofibromas
have been presented and published as an abstract most recently.?
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of tumor necrosis were noted in five cases. However,
it has been stated that an increase of mitotic activity
even with the presence of atypical mitotic figures
and areas of tumor necrosis can be seen also in cases
of biologically benign dermatofibromas, especially
in the cellular and atypical variants.>* In other
words, although a poor clinical outcome was seen
most often in large cases with infiltration of the
subcutis, which showed an increased proliferative
activity and areas of tumor necrosis, it seems that we
are unable to predict exactly the clinical outcome of
this very common cutaneous neoplasm at the
moment by morphology alone, and that a very
small group of cases of dermatofibroma exist,
which may metastasize and even may cause death
of the affected patients.!0:11

Genomic instability and chromosomal aberrations
are a hallmark of human cancers.?” Benign tumors,
like common dermatofibroma, usually show no
chromosomal aberrations, but the vast majority of
sarcomas typically display a high level of genomic
instability manifested by numerous chromosomal
aberrations. It has been shown that cases of so-called
malignant fibrous histiocytoma (pleomorphic
sarcoma not otherwise specified) show multiple
genetic aberrations in most of the cases analy-
zed,?8-30 whereas karyotypic alterations in, ie,
deep fibrous histiocytoma are sporadic and rare.?!

In this study, five of seven malignant dermatofi-
broma samples showed chromosomal aberrations by
aCGH. The pattern of chromosomal aberrations
included multiple gains and losses of whole
chromosomes and chromosomal parts. The excision
of case 1 showed two components, areas of classical
cellular dermatofibroma and a transition to a
pleomorphic sarcoma with increased atypia, mitotic
figures, and areas of tumor necrosis. In aCGH, both
components showed the same loss on chromo-
some 8, but the sarcoma component showed
additionally numerous other genomic aberrations,
suggesting that in rare circumstances dermatofibro-
ma can progress to a sarcoma. The recurrent
genomic aberrations were gains on chromosome 3
(42%; cases 3, 4, and 7), chromosome 1 (29%; cases
2 and 4), chromosome 8 (29%; cases 2 and 3), and
chromosome 11 (29%:; cases 3 and 7). Four of seven
cases (cases 2, 3, 4, and 7) showed genomic
aberrations on two or three chromosomes, which is
a higher number than the genomic aberrations found
in common dermatofibroma, but considerably less
than in histological bona fide sarcoma. The varying
number of chromosomal aberrations seen in these
lesions may therefore reflect a biological continuum
from benign (common dermatofibroma—no chromo-
somal aberrations) over atypical (atypical dermatofi-
broma (some chromosomal aberrations) to malignant
neoplasms (malignant dermatofibroma/sarcoma—
many chromosomal aberrations).

Although histology is the best technique to
establish the correct diagnosis and to evaluate the
prognosis in most cases, it is sometimes limited and
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unable to predict the clinical outcome reliably, as it
happens in very rare metastasizing dermatofibro-
mas. Morphology is the result of genetic and
epigenetic changes, and the pathologist should keep
their importance in mind when reviewing cases.
Histology is the best clue for suspicion of genetic
lesions and pathologists use this fact in their daily
practice for performing genetic analyses on selected
cases of mesenchymal tumors, such as sarcomas
with a specific translocation, which are composed of
small monotonous round or spindle cells, and well
differentiated and dedifferentiated liposarcomas for
MDM?2 amplification. Some tumors can show the
same histology but have different prognosis and
different genetic lesions, such as dedifferentiated
liposarcomas and undifferentiated pleomorphic
sarcomas or leiomyosarcomas and rhabdomyosarco-
mas, and therefore, genetic analysis is very helpful
in these situations. On the other hand, clinical
context and histology are essential for the whole
interpretation, as the same genetic lesion can lead
to very different tumors, such as the t(12;22)
(EWSR1;ATF1) with clear cell sarcoma and angio-
matoid fibrous histiocytoma.

In conclusion, we report seven cases of clinically
aggressive dermatofibroma with recurrences and
metastases. All cases were characterized morpholo-
gically by the presence of mitotic figures and areas
of tumor necrosis as well as infiltration of the
subcutis in the majority of cases. The presence of
chromosomal aberrations by aCGH technique even
in the morphologically benign-appearing tumor
components may represent an additional diagnostic
tool in the recognition of cases of dermatofibroma
with a metastatic potential, and we showed that
cases of malignant dermatofibroma harbor a geno-
mic profile, which is different from that of true
benign dermatofibroma. Given that aCGH may be
applied in individual cases of dermatofibroma that
show suspicious morphological features (large neo-
plasms with features of cellular, aenurysmal, and
atypical dermatofibroma that infiltrate into the
subcutis and show an increased number of mitotic
figures and areas of tumor necrosis).
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