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Abstract
Background Atypical teratoid/rhabdoid tumor (AT/RT) is a
rare aggressive infantile neoplasm of uncertain origin. This
study was performed to assess the clinicopathologic and
immunohistochemical features of four AT/RT cases.
Case reports Two cases were male and two were female, and
their ages ranged from 8 to 103 months. Tumors were located
in the cerebellum (two cases), frontoparietal lobe (one case),
and third ventricle (one case). Histopathologically, the tumors
were composed of rhabdoid cells and undifferentiated small
cells mixed with epithelial or mesenchymal components.
However, one of the tumors was composed predominantly of
a mesenchymal component mimicking a sarcoma. Immuno-
histochemically, vimentin (4/4), epithelial membrane antigen
(4/4), cytokeratin (3/4), smooth muscle actin (4/4), glial

fibrillary acidic protein (4/4), S-100 (4/4), and synaptophysin
(1/4) were positive in varying proportions, while desmin and
INI-1 were negative in all the cases. All of the patients died
within a mean of 14 months due to tumor progression despite
the chemotherapy. Only one of our patients lived for
40 months after the diagnosis. In conclusion, AT/RTs are
aggressive tumors. They can occur in a variety of locations,
such as the third ventricle. Morphologically, a large spectrum
can be seen, like predominantly sarcoma in appearance, but
immunohistochemistry is helpful in the correct diagnosis.
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Introduction

Atypical teratoid/rhabdoid tumor (AT/RT) of the central
nervous system (CNS) is a distinct tumor, based on morpho-
logical, immunohistochemical, and cytogenetic features, and is
usually seen in young children less than 2 years of age [1]. AT/
RTwas described by Rorke et al. [2] as a special type of CNS
tumor characterized with rhabdoid cells, areas resembling
primitive neuroectodermal tumor (PNET) and sometimes foci
of malignant mesenchymal and/or epithelial tissue. Therefore,
it was diagnosed as a medulloblastoma, choroid plexus
carcinoma, or PNET before the definition of this tumor as a
distinct entity [3]. In 1993, it was included in the World
Health Organization classification as a grade IV embryonal
neoplasm [4].

AT/RTs demonstrate a wide range of immunohistochemical
reactivity because of the divergent differentiation of the tumor
cells. The tumor cells show variable immunoreactivity for
epithelial membrane antigen (EMA), cytokeratin, vimentin,
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smooth muscle actin (SMA), desmin, glial fibrillary acidic
protein (GFAP), and synaptophysin [1, 5, 6]. In addition to
these markers, INI-1 protein has been reported as a useful
marker in the differential diagnosis of AT/RT from medul-
loblastoma/PNET, choroid plexus carcinoma, and the other
brain tumors that can mimic AT/RT [7, 8]. In AT/RT,
biallelic inactivation of the INI-1 gene located in 22q11.2
causes lack of expression of INI-1 protein in all the tumor
cells [7, 9]. In this study, we present the clinicopathologic
and immunohistochemical features of four AT/RT cases.

Case reports

Case 1

An 8-year-old boy developed ataxia and gait disturbance.
His magnetic resonance imaging (MRI) scan demonstrated a
mass in the posterior fossa extending through the supra-
tentorium. He underwent a subtotal resection of the tumor and
a shunt was placed. On histological examination, strands and
cords of rhabdoid cells were observed in most of the slides.
The rhabdoid cells had abundant eosinophilic cytoplasm and
clear eccentric nucleus with a prominent nucleolus (Fig. 1).
The component of PNET was only focally seen. An
immunohistochemical panel was performed, and the results
are summarized in Table 2. The diagnosis was AT/RT. He
was started on ifosfamide, carboplatin, and etoposide (ICE)
chemotherapy. The tumor progressed after the third course of
this treatment, and he died of progressive disease 4 months
after the diagnosis.

Case 2

A 2-year-old boy complained of vomiting for 45 days. A
computerized tomography (CT) scan showed right cerebellar
mass. He underwent a subtotal removal of the tumor. A
second surgery after 3 months was done upon tumor
enlargement during the follow-up, with near-total excision
of the tumor. Histologically, the tumor consisted of rhabdoid
cells and undifferentiated small cells mixed with epithelioid
component (Fig. 2). The immunohistochemical results of the
tumors are summarized in Table 2. Pathology revealed AT/
RT. He was started on chemotherapy; however, the tumor
progressed and invaded the brain stem. A third operation was
done as subtotal excision. He died of disease progression
40 months after the diagnosis.

Case 3

An 8-month-old female infant presented with convulsion.
CT scan showed a large cystic frontoparietal mass on the
left (Fig. 3). She underwent a partial resection of the tumor.

Histologically, the tumor was characterized with mesen-
chymal appearance predominantly and rhabdoid and undif-
ferentiated small cells focally. In this case, spindle cells
were tightly arranged in a fascicular pattern resembling a
sarcoma (Fig. 4a). In the focal areas, cords of cells in a
mucinous background resembling a chordoma were seen
(Fig. 4b). Pathological examination revealed AT/RT. She
was started on ICE chemotherapy. During follow-up, her
tumor progressed, and she died 5 months after the
diagnosis, after the fifth chemotherapy course.

Case 4

A 2-year-old female patient presented with acute loss of
consciousness. Her MRI scan revealed a solid mass with
strong contrast enhancement filling the third ventricle. She
underwent a gross total resection of the tumor. On
histological examination, rhabdoid cells, undifferentiated
small cells, and epithelioid components were observed. The
histological features were similar to those of Case 2. The
diagnosis was AT/RT. ICE chemotherapy treatment was
started, but after the third course of further treatment it was
refused. She died of tumor progression 6 months after the
diagnosis.

The characteristics of the patients are summarized in
Table 1 and the immunohistochemical results of the tumors
are in Table 2.

Discussion

Atypical teratoid/rhabdoid tumor of the CNS is an
aggressive tumor that primarily occurs in very young

Fig. 1 The tumor is composed of rhabdoid cells with prominent nucleolus
and abundant eosinophilic cytoplasm (Case 1) (hematoxylin–eosin,
original magnification ×200)
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children usually less than 2 years of age [6, 10]. Rorke et
al. [3] reported 52 patients with AT/RT and most of the
cases were aged 3 years or younger. However, in several
published series, patients over 3 years of age have been
reported. Packer et al. [11] reported 42 AT/RT cases, 22 of
whom were older than 3 years of age. Moreover, AT/RT
may occur in adults [12, 13]. In the present study, the
mean age of the patients was 39 months (range, 8 to
103 months). Three of our cases were less than 2 years of
age and one case was over 2 years old at the time of
diagnosis.

AT/RTs are commonly located in the cerebellum but they
can arise anywhere in the CNS [3, 10, 14]. Localization of
AT/RT in the third ventricle is a rare finding. Donovan et al.
[15] reported a case of AT/RT located in the midline of
the lateral ventricle and roof of the third ventricle. In the
present study, two of the tumors were located in the
cerebellum, one in the frontal lobe and one in the third
ventricle.

The distinction of AT/RT from PNET/medulloblastoma is
of clinical significance because the prognosis of AT/RT is
poorer than of PNET/medulloblastoma despite the aggressive
therapy [1, 3, 10]. The diagnosis of AT/RT and its distinction
from PNET/medulloblastoma depend on histological and
immunohistochemical features. On histologic examination,
rhabdoid cells, which are defined as the histologic hallmark
of the AT/RTs, are seen in most of the cases [2, 3]. These
cells are described as large, pale cells with oval, polygonal,
or elongated nuclei and eosinophilic or pale cytoplasm. The
nuclei have open chromatin pattern and small to moderately
prominent nucleolus [3, 6, 10]. Presence of small cells
mimicking PNET/medulloblastoma is a more common
feature than the mesenchymal and epithelial components in
AT/RTs [3, 6, 10].

In the present study, rhabdoid cells were seen in all the
cases. Of the four cases, two consisted of an undifferen-
tiated small cell component mimicking PNET/medullo-
blastoma. The epithelioid component was evident in two
cases. One of the cases had a sarcoma aspect characterized
by atypical spindle cells with long irregular fascicles. In the
focal areas, there were rhabdoid cells, small round cells, and
cords of cells in a mucinous background resembling a
chordoma, but the immunohistochemical findings (positivity
for vimentin, EMA, cytokeratin, SMA, GFAP, and S-100;
negativity for synaptophysin, desmin, and INI-1) were
compatible with AT/RT.

Immunohistochemical examination is essential for
distinguishing AT/RT from PNET/medulloblastoma. AT/
RTs show variable immunoreactivity for EMA, vimentin,
cytokeratin, GFAP, SMA, desmin, and synaptophysin [1, 3,
10]. In the present study, our immunohistochemical results
were similar to the studies reported in the literature. All the
cases were immunoreactive for EMA, vimentin and SMA, but
they showed variable expression for cytokeratin, GFAP, S100
and synaptophysin. None of the cases was immunoreactive for
desmin.

Besides the mentioned immunohistochemical markers,
INI-1 protein showing negative immunoreactivity in the
tumor cells of AT/RTs has been found in recent years [7,
16]. The INI-1 protein, which is a component of the
mammalian SWI/SNF complex, functions in an adenosine
triphosphate-dependent manner to alter the structure of
chromatin, but its role in malignant transformation is
unknown [17]. In several studies, INI-1 protein has been
suggested as a useful marker for confirming the diagnosis
of AT/RT and distinguishing it from PNET/medulloblasto-
ma and the other tumors [7, 8, 12]. In the present study,
immunohistochemically, none of the four cases was
immunoreactive with INI-1 protein, similar to the previous
studies reported.

AT/RTs are aggressive tumors with a dismal prognosis
and there is currently no effective treatment of these tumors
[1, 2]. The mean survival for AT/RT has been reported as 3
to 19 months [6, 18, 19]. However, Bouvier et al. [17]
presented a case diagnosed as AT/RT with a 7-year event-
free survival after surgery and cranial radiotherapy. In the
present study, all of the patients died within a mean of
14 months (range, 4 to 40 months) due to progressive
disease despite the chemotherapy.

In conclusion, as AT/RTs show an aggressive clinical
course, they should be differentiated from the embryonal
tumors with which they are often confused. Rare local-
izations of these tumors, such as in the third ventricle,
should be kept in mind. For confirmation of the diagnosis
of AT/RT, it is essential to demonstrate the negative
immunoreactivity for INI-1 and the variable expression of
the mentioned immunohistochemical markers. INI-1 pro-

Fig. 2 Epithelioid cells showing a few glandular components and
rhabdoid cells are seen (Case 2) (hematoxylin–eosin, original
magnification ×200)
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Fig. 4 a Spindle cells are
tightly arranged in a fascicular
pattern resembling a sarcoma. b
Cords of cells in a mucinous
background resembling a chor-
doma are seen in the focal areas
(Case 3) (hematoxylin–eosin,
original magnification ×400)

Table 1 Characteristics of the cases

Patients Neurological examinations Age (months) Localization Contrast enhancement Structure Surgery

1 Increased intracranial pressure 103 Cerebellar Strong Cystic Subtotal excision
2 Increased intracranial pressure 21 Cerebellar Strong Cystic Subtotal excision
3 Convulsions 8 Frontoparietal lobe Strong Cystic Partial excision
4 Convulsions 24 Third ventricle Strong Solid Gross total excision

Table 2 Immunohistochemical results of the cases

Patients INI-1 Vimentin GFAP EMA Cytokeratin SMA Desmin S-100 Synaptophysin

1 − + − + − + − Focal + −
2 − + Focal + + + Focal − Focal + −
3 − + + + + + − + −
4 − + Focal + + + Focal − + Focal +

Fig. 3 T1 (a), T2 (b) and contrast-enhanced T1-weighted (c) axial
MR images of Case 3 show a highly invasive cystic mass located on
the frontal and left parietal lobes. The mass effect of the tumor caused
a serious midline shift, and both anterior horns of the ventricular

system are compressed. Contrast-enhanced axial T1-weighted image
(c) shows a strong heterogeneous enhancement within and around the
tumor
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tein is a useful marker for these tumors, particularly those
that do not show evidence of rhabdoid cells, which are
described as the histological hallmark of AT/RTs.

Acknowledgment The authors thank Dr. Tarık Tihan (Department of
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of the INI-1 protein.
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