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Abstract Anaplastic carcinoma of the thyroid gland
(ACT) is a highly malignant tumor that is almost invari-
ably associated with a fatal outcome. It demonstrates a
variety of peculiar histological features, with squamoid,
giant cell and spindle cell growth patterns. The spindle
cell variant of ACT is usually indistinguishable from a
true sarcoma and it can simulate fibrosarcoma, malignant
fibrous histiocytoma (MFH), hemangiopericytoma and
angiosarcoma or rhabdomyosarcoma. Although a rhab-
domyosarcomatous appearance has sometimes been
mentioned in the literature, true skeletal muscle differ-
entiation has never been consistently proved. We report
two cases of ACT with rhabdomyosarcomatous differen-
tiation, as demonstrated by means of immunohistochem-
istry and electron microscopy. Both cases disclosed a very
similar histological appearance, with a main population of
small, pleomorphic, round-to-oval cells arranged in a
storiform pattern, admixed with scattered pleomorphic
giant cells, an image similar to that of the usual type of
MFH. Stains for epithelial markers showed only few,
scattered, weakly positive cells. Thyroglobulin and cal-
citonin were negative in tumor cells in both cases. On the
contrary, positivity to vimentin was strong and general-
ized. Immunomarkers of muscular differentiation showed
a consistent positivity. At the ultrastructural level, the
cells disclosed the same spindle and pleomorphic mor-
phology, with large, bizarre nuclei and cytoplasm with
abundant mitochondria, rough endoplasmic reticulum,
secretory granules and lipid droplets. There were also
cells with wide cytoplasm filled with filamentous mate-
rial, either of actin or myosin, as well as Z-band material.
In conclusion, the cases reported here show a clear-cut
rhabdomyosarcomatous differentiation of ACT, con-

firmed both immunohistochemically and ultrastructurally,
a feature not previously reported in the literature. These
findings may contribute to the broadening of the differ-
entiation spectrum of this unusual neoplasm.
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Introduction

Anaplastic (undifferentiated) carcinoma of the thyroid
gland (ACT) is a highly malignant tumor that is almost
invariably associated with a fatal outcome [3, 7, 16, 17,
26]. It demonstrates a variety of peculiar histological
features, with squamoid, giant cell and spindle cell growth
patterns [1, 3].

From the morphological point of view, the spindle cell
variant of ACT is indistinguishable from a true sarcoma.
Thus, ACT can simulate fibrosarcoma, malignant fibrous
histiocytoma (MFH), hemangiopericytoma, angiosarcoma
or rhabdomyosarcoma [8, 21, 22]. However, the presence
of recognizable epithelial foci, immunohistochemical
positivity for keratins and the ultrastructural presence of
desmosomes and microvilli favor the diagnosis of an
epithelial malignancy [1, 2, 10, 12, 14, 18, 19, 23].

Although a rhabdomyosarcomatous appearance has
sometimes been mentioned in the literature [3, 17], true
skeletal muscle differentiation has never been consistently
proved. We report the first two cases of ACT with
rhabdomyosarcomatous differentiation, as demonstrated
by means of immunohistochemistry and electron mi-
croscopy.

Case reports

Case 1

A 59-year-old man with a personal history of heavy smoking and
alcohol abuse was admitted to hospital because of a rapidly
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growing neck mass, which had developed during the previous
3 months and was accompanied by dysphony and weight loss.
Physical examination disclosed paralysis of the left recurrent nerve.
A computerized axial tomography was performed, revealing the
existence of a thyroid tumor invading the retrotracheal region. A
right hemithyroidectomy was carried out, together with partial
esophageal resection and pharingo-jejunostomy. Following surgery,
the patient received radiation therapy (linear accelerator 18 Mv
photons). A later computerized axial tomography demonstrated
bilateral pulmonary metastases. The patient then received chemo-
therapy, but he developed a progressive respiratory distress and
died 15 months after diagnosis and surgery. Autopsy was not al-
lowed.

Case 2

A 62-year-old man with no interesting clinical history presented a
rapidly enlarging mass in the left anterior cervical region. On
physical examination, the tumor was nut-sized and apparently
confined within the thyroid. A few days later, the patient suffered a
sudden growth in the anterior region of his neck, together with
severe hoarseness. A fine-needle aspiration biopsy was performed,
followed by a total thyroidectomy and tracheostomy. The early
postoperative period was satisfactory, with no remarkable event.
After surgery, I131 gammagraphy was carried out, demonstrating
cervical thyroid remnants. Chest radiography, hepatic ultrasonog-
raphy and bone gammagraphy were negative. The patient was
initially given radiotherapy, but after a few weeks he was lost for
treatment and follow-up.

Materials and methods

After fixation of the surgical specimens in 10% formaldehyde so-
lution, tissue samples were taken from different areas and embed-
ded in paraffin. Multiple 3-�m sections were obtained by means of
a standard microtome and then stained with haematoxylin and
eosin. Immunohistochemistry was performed using paraffin-em-
bedded material and the avidinbiotin-peroxidase technique. The
antisera employed and their working dilution are shown in Table 1.

For electron microscopy examination, fresh specimens were
fixed in 2.5% glutaraldehyde solution (buffered pH 7.4) and
postfixed in 2% osmium tetroxide. After dehydration, the tissue
blocks were embedded in Epon 812 (TAAB Lab, England). Ul-
trathin sections were stained with uranyl acetate and lead citrate,
and examined under a Jeol-Jem 1010 electron microscope (Tokyo,
Japan).

Results

Both cases disclosed a very similar histological appear-
ance, with a large population of small, pleomorphic, round-
to-oval cells arranged in a storiform pattern, admixed with
scattered pleomorphic giant cells, an image similar to that
of the usual type of MFH. In some areas, the small cells
adopted a spindle cell configuration, with fascicles and
bundles reminiscent of fibrosarcoma (Fig. 1a).

The small cells revealed a scant, pale cytoplasm, which
was occasionally more prominent, giving the cell a rhab-
domyoblast-like appearance. On the cell, however, no
cross-striations were seen. The nuclei were irregular and
showed prominent nucleoli. The pleomorphic giant cells
were mono- and multinucleated, with bizarre, hyperchro-
matic nuclei and a wide, acidophilic, sometimes slightly
granular cytoplasm. They were more abundant in case 2
(Fig. 1b). Atypical mitotic figures were frequent, reaching
18 mitoses per 10 high power fields (HPF) in case 1.
Necrotic areas were prominent in both cases, often sur-
rounded by a palisading of tumor cells. Both tumors
showed a marked vascularization, the vessels sometimes
adopting a branched pattern, similar to that of hemangio-
pericytoma. Pseudovascular channels, caused by artifactual
retraction of tumor cells, were also seen in some areas. A
diagnosis of anaplastic carcinoma was given in each case.

Both tumors grew in a markedly aggressive manner,
substituting and entrapping the follicular parenchyma of
the thyroid and invading the neighboring cervical struc-
tures, spreading into the skeletal muscles of the neck.
Case 2 reached the esophageal wall, the tumor ulcerating
the mucosa and forming an exophitically protruding mass.

Immunohistochemical results for epithelial markers
(cytokeratin AE1/AE3 and CAM 5.2 cocktails, EMA)
showed only few, scattered, weakly positive cells. The
number of cells stained was not significantly different with
any of these markers, which only showed strong reactivity
in the entrapped thyroid follicles. Thyroglobulin and cal-
citonin were negative in tumor cells in both cases.

However, positivity to vimentin was strong and gen-
eralized. Immunomarkers of muscular differentiation
showed a consistent positivity (Fig. 1c–h): muscle-spe-
cific actin (HHF35) was expressed by a large number of
cells in case 1, in the form of islets of positive cells;

Table 1 List of primary anti-
bodies used in immunohisto-
chemistry

Antibody Clone Dilution Source

CK AE1 and AE3 1/50 DakoCytomation
CK 5.2 5D3 1/50 Novocastra
EMA E29 1/200 DakoCytomation
Thyroglobulin Polyclonal 1/500 DakoCytomation
Calcitonin Polyclonal 1/500 DakoCytomation
Vimentin V9 1/50 Novocastra
Muscle-specific actin 1A4 1/50 Biogenex
Desmin DE-R-11 1/100 DakoCytomation
Smooth-muscle actin 1A4 1/50 DakoCytomation
Myoglobin Polyclonal 1/200 DakoCytomation
MyoD1 5.8A 1/100 Novocastra
Myogenin M-225 1/50 Santacruz biotechnology
CD 68 KP1 1/50 DakoCytomation
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whereas it reacted only focally in case 2. In contrast,
desmin was more extensively expressed in case 2; myo-
globin was widely positive in both cases; Myo-D1
showed clear nuclear positivity only in case 1 (staining
less than 5% of tumor cells), with unspecific, scattered
cytoplasmic reactivity in case 2; myogenin reacted
against tumor cells in both cases, this reactivity being
focal and more marked in case 1 (10–20% of tumor cells)
than in case 2 (<5%); and, finally, smooth muscle actin
was positive only in case 2, where it was expressed in a
diffuse manner.

At the ultrastructural level, the cells disclosed the same
spindle and pleomorphic morphology (Fig. 2c), with
large, bizarre nuclei and cytoplasm with abundant mito-
chondria, rough endoplasmic reticulum and ribosomes,
glycogen, lysosomes, secretory granules and lipid dro-
plets (Fig. 2a). There were also cells with wide cytoplasm
filled with filamentous material, either of actin (thin fi-
laments) or myosin (thick filaments), as well as Z-band
material (Fig. 2a, b). Rudimentary cell-to-cell junctions
were found (Fig. 2c, inset).

Fig. 1 Histological appearance
and immunomarkers of muscu-
lar differentiation. a Round and
oval cells in storiform pattern
(case 1). b Pleomorphic cell
population with small and giant
cells (case 2). Muscle-specific
actin (c; case 1), desmin (d;
case 2), myogenin (e; case 1),
myogenin (f; case 2), MyoD1
(g; case 1), smooth muscle actin
(h; case 2)
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Discussion

From the histological point of view, anaplastic thyroid
tumors can resemble undifferentiated epithelial neo-
plasms or may be composed of spindle cells mimicking a
sarcoma. The variety of peculiar histological features that

characterize ACT has led to different morphological
classifications, in which squamoid, giant cell and spindle
cell growth patterns are the most accepted [3, 17, 26].

The spindle cell and pleomorphic variants of ACT are
indistinguishable from a true sarcoma. In this sense, ACT
has been repeatedly described as fibrosarcoma, malignant

Fig. 2 Electron microscopic
features. a Ultrastructural evi-
dence of numerous organelles
and myoblastic differentiation,
thin filaments are placed ran-
domly and with focal densities
(inset; case 1). b Cross section
showing thick and thin fila-
ments, Z-band material and ri-
bosomal complexes (case 2).
c Tumor showing irregular cell
size and nuclear shape with
euchromatin, and isolated cell-
to-cell junctions (inset; case 2)
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fibrous histiocytoma, hemangiopericytoma, angiosarcoma
or rhabdomyosarcoma [1, 3, 7, 8, 16, 17, 21, 22, 26].
However, the evidence of epithelial differentiation on an
immunohistochemical and/or ultrastructural basis favors
the diagnosis of an epithelial neoplasm [10, 11, 12, 13, 14,
15, 17, 18]. On the contrary, true sarcomas of the thyroid
gland seem to be exceedingly unusual [3, 7, 16, 17, 26].
Altogether, this distinction appears rather academic, given
the fact that both entities share a common clinical pre-
sentation and an almost invariably fatal outcome.

Despite the frequent notations of a rhabdomyosarco-
matous appearance, no evidence of muscular differentia-
tion has been consistently demonstrated. Some authors
regard the pleomorphic variant of ACT as a mimicker of
rhabdomyosarcoma, given the presence of spindle and
pleomorphic cells arranged in a storiform pattern, often
showing a wide, acidophilic cytoplasm [3, 17]. Never-
theless, neither immunoreactivity against muscular
markers nor ultrastructural evidence of myogenic struc-
tures have been directly associated with this particular
histological pattern of ACT. Isolated data of desmin ex-
pression [16] and ultrastructural presence of actin fila-
ments [3] can be found in the literature, but they have not
deserved any specific mention as indicative of skeletal or
smooth muscle differentiation.

The cases reported here clearly showed skeletal muscle
differentiation from the immunohistochemical point of
view. First, the tumor cells of both cases reacted against
muscle-specific actin and desmin, which are the most
universally employed markers of myogenic commitment
[20, 24, 25, 27, 28]. Desmin was more extensively ex-
pressed in case 2, but there was no doubt of its positivity
in case 1, where well-defined islets of positive cells were
seen. It has been shown, however, that actin and desmin
can be expressed in different degrees by a variety of be-
nign and malignant soft tissue tumors, thus making these
two proteins not specific to muscle differentiation [24,
25]. Besides, muscle-specific actin can be seen (to a
variable extent) in smooth muscle tumors—i.e., ley-
omiosarcoma, a malignancy also occurring in the thyroid
gland [5, 13, 15, 29].

We also performed immunostaining against three
specific skeletal muscle markers: myoglobin, Myo-D1
and myogenin. Care must be taken with the interpretation
of the results using these antibodies, as has been fre-
quently reported in the literature [4, 9]. This issue
notwithstanding, we were able to demonstrate positivity
to all three in the two cases studied. Myoglobin stained
uniformly, clearly revealing the cytoplasms of tumor cells
over a tea-colored background, a stain not attributable
only to an edge-effect of the technique. Myo-D1 and
myogenin are two myogenic transcriptional regulators,
which appear to play a critical role in the commitment of
mesenchymal progenitor cells to the myogenic cell line.
These proteins are found in normal fetal muscle and are
thought to be absent in adult muscle [6]. We found nu-
clear positivity against myogenin in both cases, although
it was limited to a relatively small percentage of cells,
which ranged from 5% to 20%. This variability has al-

ready been reported for the different subtypes of rhab-
domyosarcoma, but it does not question the specificity of
myogenin [4].

Ultrastructurally, there was a clear-cut skeletal muscle
differentiation in both cases, defined by the presence of
myofilaments and Z-bands in the cytoplasm of rhab-
domyoblast-like tumor cells. Such definite structures have
not been reported to date in ACT, despite an isolated
mention to the existence of actin filaments [3]. Moreover,
the cases reported here showed the mature form of
myofilament disposition, i.e., thin filaments of actin sur-
rounding a thick myosin filament. No ultrastructural
features of smooth muscle differentiation were seen in
any case, thus confirming the immunohistochemical ex-
pression of myogenic markers as corresponding to skel-
etal muscle.

The scarcely expressed epithelial phenotype finds
correlation both immunohistochemically and ultrastruc-
turally. The expression of cytokeratins was weak and
focal, but mostly confined to rhabdomyoblast-like tumor
cells. This feature has already been reported in ACT [19],
and seems to correspond with the scarcity of epithelial
differentiation as revealed by electron microscopy. In our
cases, we could only find a few, rather rudimentary,
desmosomes between some tumor cells, in the context of
a loosely cohesive neoplastic population, most if not all
undifferentiated carcinoma.

In conclusion, cases reported here show a clear-cut
rhabdomyosarcomatous differentiation of ACT, con-
firmed both imunohistochemically and ultrastructurally, a
feature not previously reported in the literature. These
findings may contribute to the expansion of the spectrum
of differentiation for this unusual neoplasm.
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