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Abstract

Objective—Atypical teratoid/rhabdoid tumors are aggressive neoplasms of the central nervous
system occurring mainly in the early childhood and rarely in adults. We described a case of this tumor
in an 18-year-old male patient without previous medical history.

Material-method—The neoplasm was localized in the right fronto-temporal area of the brain and
was totally excised. The specimen was fixed in formalin and embedded in paraffin. The histological
and immunohistochemical features of the neoplasm were assessed, while sequencing analysis as well
as interphase fluorescence in situ hybridization (FISH) were performed.

Results—Histological and immunohistochemical analysis demonstrated atypical rhabdoid cells
strongly and diffusely positive for EMA and Vimentin as well as focally immunoreactive for SMA
and GFAP. Additionally, though no abnormalities detected in the coding sequence of the INI1 gene,
interphase FISH studies were consistent with a homozygous deletion of the INI1 gene in the majority
of examined nuclei. INI1 immunostaining demonstrated diffuse loss of nuclear INI1 expression in
tumor cells. Taken together, the results were consistent with a diagnosis of atypical teratoid/rhabdoid
tumor (ATRT).

Conclusions—26 previous cases of ATRT have been reported in adults, thus far. To our
knowledge, this is the eighth case of an ATRT reported in an adult patient having genetic confirmation
and the first one in which the tumor is, partly, localized in the right temporal area of the brain. This
unusual presentation underlines the necessity of considering this devastating neoplasm in the
differential diagnosis of malignant brain tumors of young adults.
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INTRODUCTION

Atypical Teratoid/Rhabdoid Tumor (ATRT), according to the World Health Organization
(WHO) Classification of Tumors, is a highly malignant neoplasm (grade 1V) of the Central
Nervous System (CNS) that preferentially manifests in children less than three years of age
[Rorke et al 1996, Judkins et al. 2007]. This tumor is mainly composed of rhabdoid cells, with
the addition or not of areas demonstrating characteristics of primitive neuroectodermal tumor,
epithelial tissue, neoplastic mesenchyme and neuronal or glial differentiation [Rorke and
Biegel 2000, Judkins et al. 2007]. The most distinctive feature of ATRT is its association with
inactivation of the hNSNF5/INI1 gene, located in chromosome band 22g11.2, in the majority of
cases [Versteege et al. 1998, Biegel et al. 1999].

Given that ATRT prevails in children under the age of 3, only 26 cases of this neoplasm have
been reported in adult patients (18 years of age or older), so far [Horn et al. 1992, Cossu et al.
1993, Fisher et al. 1996, Ashraf et al. 1997, Byram 1999, Sugita et al. 1999, Kuge et al.
2000, Arrazola et al. 2000, Lutterbach et al. 2001, Bruch et al. 2001, Pimentel et al. 2003,
Kachhara et al. 2003, Kawaguchi et al. 2004, Erickson et al. 2005, Raisanen et al. 2005, Chen
et al. 2006, Rezanko et al. 2006, Chacko et al. 2007, Zarovnaya et al. 2007, Makuria et al.
2008]. In particular, only 7 of these cases had molecular genetic confirmation, based on findings
by mutation analysis or fluorescence in situ hybridization (FISH) [Bruch et al. 2001, Raisanen
et al. 2005, Chacko et al. 2007, Zarovnaya et al. 2007].

In this context, our aim was to present an unusual case of an ATRT in an 18-year-old male
patient, in which we describe the main clinical and histological features of this particularly
interesting but also devastating tumor. Moreover, we performed a short review of the relative
medical literature about ATRT in adulthood. To the best of our knowledge, we present the
eighth case of an ATRT with molecular genetic confirmation in an adult patient. Moreover,
this is the first report of an ATRT extending to the right temporal area of the brain.

CASE HISTORY

An 18-year-old male patient, without previous medical problems, was admitted to the
Department of Neurosurgery of our hospital with headache and seizures of one month duration.
Neurological examination showed no major abnormalities except from mild hypoesthesia of
the right face.

Magnetic Resonance Imaging (MRI) of the brain revealed a solid and partially cystic mass in
the right fronto-temporal area with decreased density on T1-weighted images and intense
contrast (gadolinium) enhancement [Figure 1]. Hemorrhage was mainly observed in the
anterior portion of the neoplasm while extensive peritumoral edema was identified.

The tumor compressed the ipsilateral cerebral cortex as well as the right basal ganglia,
displacing the midline and deforming the ventricles. These findings, according to the
radiologist’s opinion, were compatible with that of a malignant, primary, brain tumor.
Afterwards, the patient underwent right craniotomy and the neoplasm was totally excised. The
patient received radiation therapy in another hospital but unfortunately succumbed to the
disease 4 months later.
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MATERIAL-METHODS

After total excision of the tumor, a soft red-brown mass, measuring 2.5 x 2 x 0.8 cm, was
received at our pathology department. Multiple formalin-fixed paraffin-embedded tissue
sections were examined with hematoxylin/eosin stain as well as with the immunohistochemical
method of Envision-HRP for detection of: GFAP, MCK, EMA, Vimentin, CD56, CD57,
Synaptophysin, Chromogranin-A, NSE, NFP, CD99, SMA, Desmin, AFP, hCG, Melan-A,
HMB-45, c-Kit, CD34, S-100, Ki67 and p53. Immunohistochemistry for INI1 was performed
as described [Judkins et al. 2004].

Genomic DNA was extracted from formalin fixed and paraffin embedded tissue using a
commercially available kit (Gentra systems). Exons 2-9 of the INI1 gene were amplified and
sequenced as previously described [Biegel et al. 1999]. Sections prepared from the formalin-
fixed and paraffin-embedded tissue were analyzed by interphase FISH as previously described
[Biegel et al. 1999].

Histologic examination demonstrated a highly cellular, malignant, solid, neoplasm, with
extensive foci of hemorrhages and necrosis [Figure 2a, 2b]. A distinctive feature under low
magnification was the sharp demarcation between neoplastic and normal tissue [Figure 2c].

The majority of malignant cells were of medium size, round/oval or polygonal, with eccentric
nuclei, conspicuous nucleoli and a finely granular eosinophilic or vacuolated cytoplasm [Figure
34, 3b, 3c]. These cells with the typical ‘rhabdoid’ morphology were intimately associated with
other malignant cells featured by indistinct cell borders, arranged in a more solid fashion and
characterized by nuclei with a vesicular chromatin pattern [Figure 4a].

Interestingly, a minor mesenchymal component was recognized, featured by spindle tumor
cells with a sarcomatoid distribution [Figure 4b]. Finally, foci of fibrosis were identified,
whereas the mitotic activity was prominent [Figure 4c].

Immunohistochemical studies showed diffuse, intense, cytoplasmic expression of Vimentin
from the majority of malignant cells [Figure 5a]. Regarding EMA expression, a strong
membranous and cytoplasmic expression was noted in a large fraction of the neoplastic tissue
[Figure 5b]. There was intense SMA expression, though with a focal distribution [Figure 5c].

Additionally, immunostaining for GFAP depicted positivity in some areas of rhabdoid cells
[Figure 5d]. Cytokeratins (MCK) [Figure 6], Synaptophysin and NFP were focally expressed
in few malignant cells. Staining for: Chromogranin-A, S-100, NSE, CD56, CD57, Desmin,
AFP, hCG, Melan-A, HMB-45, c-Kit, CD99 and CD34, all showed no expression. INI1
immunostaining revealed diffuse loss of nuclear INI1 expression in tumor cells [Figure 7].
Finally, the Ki-67 proliferation index was computed at 50% [Figure 8] and the mutant p53
protein was detected in a percentage of 40%, out of the total number of malignant cells counted.

There were no abnormalities detected in the coding sequence of the IN11 gene. Interphase FISH
studies, however, demonstrated a homozygous deletion of the INI1 gene in 72/100 nuclei
examined, compared to retention of both copies of the EWS 22q12 control probe.

The histopathological and immunohistochemical characteristics along with the findings of the
molecular analysis were consistent with a diagnosis of ATRT .
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DISCUSSION

The initial description of a rhabdoid tumor localized within the CNS, was given in 1985
[Montgomery et al. 1985]. Rorke et al. in 1996, first characterized this tumor as “atypical
teratoid/rhabdoid tumor’, based on the disparate combination of rhabdoid, primitive
neuroepithelial, epithelial and mesenchymal components [Rorke et al. 1996]. It is also of
interest that this neoplasm has a male predilection and a unique similarity with the malignant
rhabdoid tumor of the kidney [Rorke and Biegel 2000].

Itis believed that ATRT accounts for approximately 1-2% of pediatric brain tumors [Judkins
etal. 2007]. This neoplasm is extremely rare in adulthood. Based on the literature, we identified
only 26 reported cases in adults (18 years of age or older) between 1992 and 2008, with a mean
age at diagnosis of approximately 29 years (range: 18-45 years) [Table 1]. Among these
patients, 16 were males and 10 females, with a mean age at diagnosis of approximately 29
years for both groups (range: 18-45 and 20-43 years, respectively). It should be noted,
however, that only one case has been previously described affecting an 18-year-old male patient
[Cossu et al. 1993].

Regarding localization, ATRTs of adults are basically located in the cerebral hemispheres
[Judkins et al. 2007] [Table 1], while infratentorial neoplasms located in the cerebellum are
relatively rare [Lutterbach et al. 2001, Kawaguchi et al. 2004, Raisanen et al. 2005]. It is
uncommon for ATRT to be localized in the spinal cord of adults [Bruch et al. 2001, Zarovhaya
et al. 2007] or children [Tanizaki et al. 2006].

Similar to the current case, a right frontal localization of the tumor was identified in 5 of the
adult cases in the literature [Rezanko et al. 2004, Chacko et al. 2007, Makuria et al. 2008].
Handless frequently left temporal tumors have been reported [Horn et al. 1992, Byram 1999,
Makuria et al. 2008]. However, there is no report with a neoplasm extending to the right
temporal area of the brain.

With regard to imaging studies, ATRTS are usually of increased density on unenhanced
Computerized Tomography (CT) images and heterogeneously enhancing with the
administration of contrast material [Bambakidis et al. 2002, Judkins et al. 2007]. On MRI
studies, decreased density on T1-weighted images and enhancement with gadolinium, is
usually detected, as it was the case in our patient [Rorke and Biegel 2000].

Grossly, these, mainly soft and pinkish-red, neoplasms are, in part, well-demarcated from the
surrounding brain structures and characteristically contain areas of hemorrhage and necrosis,
similarly to our case [Rorke and Biegel 2000, Reddy 2005, Rezanko et al. 2006, Chacko et al.
2007].

As far as histopathological features are concerned, the rhabdoid cellular component is
outstanding, within most ATRTSs of children as well as of adults [Wick et al. 1995, Rorke et
al. 1996, Arrazola et al. 2000, Judkins et al. 2007, Zarovnaya et al. 2007, Makuria et al.
2008]. Our case summarized the main features of these cells with the brisk mitotic activity and
the marked proliferation rate (estimated with the Ki67 index). Furthermore, one can observe
epithelial-like and mesenchymal areas [Lutterbach et al. 2001] as well as variable elements of
primitive neuroectodermal tumor [Rorke and Biegel 2000, Reddy 2005]. The mesenchymal
component was shown in our case, although in a lesser extent.

ATRTSs are polyphenotypic tumors which characteristically show expression of EMA,
vimentin and SMA, as well as various other markers, by immunohistochemical staining [Rorke
and Biegel 2000, Judkins et al. 2007] [Table 1]. Additionally, expression of GFAP,
Neurofilaments, S-100, Synaptophysin, NSE, CD68, al-antitrypsin, al-antichymotrypsin and
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Keratin may be detected, depending on the abovementioned different cellular composition of
the neoplasm [Rorke et al. 1996, Rorke and Biegel 2000] [Table 1]. However, it should be
pointed out that ATRTS typically do not express desmin or any of the markers for germ cell
tumors [Rorke and Biegel 2000, Judkins et al. 2007] [Table 1]. What is more, though the INI1
nuclear protein (the product of hSNF5/INI1 gene) is typically expressed in normal brain tissue
and in the majority of other neoplasms, loss of its expression has been observed in most ATRTS,
including those presented in adults [Judkins et al 2004, Judkins et al. 2007] [Table 1].

In this context, it ought to be highlighted that mutations or loss of the INI1 locus at 22q11.2
represent a characteristic finding of most ATRTS, both in children and in adults [Biegel et al.
1999, Judkins et al. 2007]. In our review, we noted that in only 8/26 cases molecular genetic
analysis was performed and in 7 of them a confirmation of the diagnosis was done [Table 1].
Cossu et al., in particular, described the only previous case of ATRT in an 18-year-old patient
based on histological and immunohistochemical findings, without presenting molecular-
genetic evidence [Cossu et al. 1993].

Regarding differential diagnosis of ATRT, variable metastatic tumors, rhabdoid meningioma,
choroids plexus carcinoma and medulloblastoma/primitive neuroectodermal tumor (PNET)
constitute the main entities under consideration [Rorke and Biegel 2000, Strother 2005]. The
absence of any other extra-CNS primary lesion in our patient, the lack of conventional areas
of meningiomas as well as the immunohistochemical and molecular features of our case,
excluded these entities.

As far as histogenesis is concerned, there is a great deal of controversy. Many proposals
highlight the histiocytic, mesenchymal, meningeal, neuroectodermal or even germ cell lineage
of ATRT [Rorke and Biegel 2000, Judkins et al. 2007].

Finally, the prognosis of patients with ATRTSs is extremely poor [Zimmerman et al. 2005,
Judkins et al. 2007]. It is generally believed that most of the patients die within approximately
1 year after the initial diagnosis, probably as a result of metastatic lesions through the
cerebrospinal pathway, which are common in this aggressive neoplasm [Rorke and Biegel
2000, Zimmerman et al. 2005, Strother 2005, Judkins et al. 2007]. Our analysis of adults’ cases
demonstrated that the mean survival time of patients who died of the disease and whose data
were available, was approximately 21 months after diagnosis (range: 1-72). Interestingly,
males appear to have a more favorable outcome compared to females [mean survival: 27
months (range: 1-72) and 11,33 months (range: 6-30), respectively] [Table 1].

CONCLUSION

To summarize, we presented a case of an ATRT in an 18-year-old male patient. ATRT is a
rare tumor of uncertain origin which must be considered in the differential diagnosis of
intracranial neoplasms both in adult and pediatric population. Further genetic studies of the
INI1 gene located in chromosome 22 may shed light upon the dismal biological behavior of
this tumor.
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Figure 1.
T1-weighted Magnetic Resonance Imaging (MRI): Tumor enhancement with contrast material.
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Figure 2.
a): Hematoxylin/Eosin (X100): Area of hemorrhage within the neoplastic tissue.

b): Hematoxylin/Eosin (X200): Area of necrosis within the neoplasm.
¢): Hematoxylin/Eosin (X100): Sharp demarcation of the tumor from adjacent brain
parenchyma.
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Figure 3.
a, b): Hematoxylin/Eosin (X400): Tumor cells of medium size, round/oval or polygonal, with

eccentric nuclei, conspicuous nucleoli and a finely granular eosinophilic cytoplasm.
¢): Hematoxylin/Eosin (X400): Malignant cells with cytoplasmic vacuolation.
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Figure 4.

a): Hematoxylin/Eosin (X400): Nuclei of neoplastic cells with characteristic vesicular
chromatin.

b): Hematoxylin/Eosin (X200): Spindle cell component of the tumor.

¢): Hematoxylin/Eosin (X400): Conspicuous mitotic activity within the neoplasm.
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Figure 5.

a): Vimentin (X200): Diffuse, intense, cytoplasmic expression from the majority of tumor cells.
b): EMA (X400): Strong EMA expression from many malignant cells.

¢): SMA (X400): Focal, intense, SMA expression from rhabdoid cells.

d): GFAP (X200): Focal expression of GFAP.
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Figure 6.
MCK (X400): Focal expression of MCK in few malignant cells.
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Figure 7.

INI1 (X200): Diffuse loss of nuclear INI1 expression in tumor cells with retained expression
in normal vascular structures and inflammatory cells within the tumor.
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Figure 8.
Ki67 (X400): High nuclear expression of Ki67 proliferation index.

Clin Neuropathol. Author manuscript; available in PMC 2009 July 17.



Page 16

Samaras et al.

uoryewoyul oON paw.iogiad 10N UnuawiIA snwefey L ENEN Ge €002 ‘[e 18 eaeyyIe)]
GE4HH '00TS
‘dv49 ‘uisdAnnue-Te ¢ ‘uisdAnowAysnue
L Shuow 9 paw.opiad 10N -Te ‘d4N ‘8900 UnUsWIA [esaried oIy a[ewsd 7€ €002 [e 19 [opuawid
L SUpuow 9 |e1alled alews e
L Stiuow 9 (HS14 Aq uonsyap bzz) ssA VIS pue ‘unuswia 'vYINg p109 eurds aewa 4 1002 ‘[e 19 yonug
dv49
e HUOW TT pawuoyiad 10N ‘WINT ‘uneisy ‘d4N ‘00TS ‘UnuswiA winj|agais) alewad o¢ 1002 ‘e 38 yoequann_
Awoolueld
1s1 8yy Jaye
SYIUOW 2 8AIlY paw.opad 10N 00T -S 'WBWIA‘UNRIBY 'VINT [eyarred Yo 3l 0z 0002 [e 18 B|oZRIIY
uoljewoyul oN pawJopiad 10N VINIS ‘Ulela ‘WA ‘UnuswiA Jejjesesdng alews € 0002 ‘e 18 abnyy
GE€-4HH
‘YIS 'ISN ‘00T-S ‘VINT ‘'UNUBWIA
o Suuow e paw.iogiad 10N ‘uisAydoydeuAs ‘v uiuelBowoiyd uoiBal [eauld ENEN 12 666T ‘e 19 e1bng
L Stuow 09 pawJoypiad 10N Unesay RN ERTITETTN lesodwa) Yo LB L5€ 666T welhg
imsEoE 9 pawJopiad 10N UnRUaWIA 1e4qa480 Yo ENN e 1661 ‘[ 18 Jeaysy
U pawopad 10N dVv49 ‘00TS ‘UnUsWIA [eluoly Yo 3leN 43 9661 ‘e 18 Jaysi
imEcoE 8T pawJopiad 10N uireIay ‘VINJ ‘UnuawiA |eluoi4 Yya ENEN 8T €661 ‘[ 18 NSs0D
imEcoE L pawiogiad 10N uisdAnowAydnue-Te “vIA3 ‘UnuawiA ledodwa) Yo ENEN T2 2661 ‘[e 38 uJoH
uisyoad TIN| (saeak)
10 10U 10 uoIssaldxasiayew ansod sisoubelp
[eAIAINS sisAreue 2118uab Je|NIBIOIN :sisAjeue |ealwayd0IsIyounwiL | uolnezijeso| Jowny J8puss 1e aby uonesijgnd Jo Jes A

NIH-PA Author Manuscript

"S)INPe Ul SND 8y1 Jo Jowny plopgeyl/plorels) [eatdAre Buiprebal sased Jo Arewwng
TalqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Neuropathol. Author manuscript; available in PMC 2009 July 17.



Page 17

Samaras et al.

uorjeuriojul oN paw.opad 10N Annsod TINI ‘upuswiIA [eraniedoluoyy by e L
sisoubBelp ay) Jaye uolssaldxa
sypuow 8T Ay paw.opad 10N TINI 4O SS0] ‘URISNWIAT ‘UnUSLIA [eyarredojuoyy by 3[en rag
sisoubelp ayy uolssaidxa TIN| 40 $so] ‘d4N
Ja)e sieak /T oIy pawiopad 10N ‘yeAD ‘uisAydoideuAs ‘WINS ‘URUSWIA jeuolyybry  ajews4 T4
sisoubelp
a1 Jaye syuow uoissaidxa TIN| 40 sso| ‘uisAydoideuls 3qo]
0€ uoIssIwal uj paw.opad 10N ‘ddN ‘VINT ‘VINS ‘unesay] ‘unuswiA  eiodwisl Ya| JoLeIsod 3[en €z 8002 [e 19 eNeN
uoissaidxa
o Suuow og (zz Awosouow :HS|H) SOA TINI 40 $S0] “INT J0} aAnIsod Apespn pJod Jeulds afewsa4 [ 1002 ‘e 19 eAeunolez
(uonelnw ausb
TINI 9]0e10818p € pue ‘HSIH Aq uoissaldxa
o SUOW ST uonajep bzz o 90UaPING) SIA  TINIJOSSO| ‘PEQD 'VINT VIS UNUBWIA BICTRTLIE 8B £e L00z ‘[e 32 0j98YD
AU Y pauLiopiad 10N 00T-S "VINT ‘UBUSWIA eauo14 b1y 3leN b4 9002 'Te 18 0xjuezey
L SUpUow G'95 uoIeWIOUI ON uoIeWIOoUI ON ©SS0J J01I91S0d aleN 6T 9002 ‘e 18 Uayd
sisouBelp ay Jaye (uoneinw
SyuoW GT BAINY TINI ‘uonajep Z'TThzz) ssA uolssaldxa TINJ JO $s07] ssew Je||aga1ad ybry 3[en 14
(uoneinw uoIsua)xa Jejjaseldns
oy Sow 6 TINI ‘uonajap z'11hzz) SOA uolssaldxa TIN| 40 SS07 UM ssew Jejjas aewa 1€
sisoubBelp ay) Jaye (uoneinw
sLpuowW 8z sl TINI ‘uonajep z'11bzz) seA uoissaldxa TINJ 40 SsOT ssew Je|as aewaH 0z 5002 ‘e 18 usuesrey
(TTbze
3WOSOWOJYD J0 uoiBal T-INI 8yl
UOITeWIOUI ON Ul S3iIfewlioude ou :HSIH) S9A UBUBWIA ‘449 lendi220 61y alewsa 0z 5002 RLERERSRITE]
pI00
Jeuids ajoym ay pue Wwais
ureiq ay 01 UONBUIWSSSIP
|ea Buiuawolda|
sisouBelp ay Jaye asnyIp pue asaydsiway
SYIUOW 7z anllY pawoyiad 10N d4N ‘uisAydoideuAs ‘WIS ‘UnusSWIA J1e|19ga10 Ya] aleN 2 002 ‘e 18 1yonBeme
uiglo4d TINI (saeak)
10 10U 10 uoissadxastaddew sanisod sisoufelp
|eAInINS sisAfeue 2138uab ae|NJBIOIN :sIsAJeue |ealWwayd0IsIyouNwiL | uoljezifeso| Jown | J13pus 1e aby uonesijgnd Jo Jes A

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Neuropathol. Author manuscript; available in PMC 2009 July 17.



Page 18

Samaras et al.

“unoe 3jasnw
100WS-0 /NS ‘9Se|0U J14193ds-UoInau :3SN ‘UIs10ad JUSWE[1JOINaU d4N ‘UNJe 3]9sNLu Uewny-1ue :Ge4HH ‘uteloid oipioe Aefjuiqi (o116 :dv49 ‘uabnue aueiquiaw [erjaynds INT :SUOHEIASIGOY

wsejdoau ay3 01 paquinaons juaiyed
*X

800C "[e 18 BLINBIN '900€ ‘[ 18 03UeZzay ‘TO0Z ‘[ 18 Y9eqJannT uo paseq uonewiosul
*

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Clin Neuropathol. Author manuscript; available in PMC 2009 July 17.



