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Abstract
Introduction Atypical teratoid/rhabdoid tumor (AT/RT) is an
aggressive embryonal tumor of the central nervous system
with a generally dismal prognosis, especially in patients youn-
ger than 12 months.
Discussion We here describe the unusual case of an infant
with AT/RT with long-term survival despite low-cumulative
dose chemotherapy after subtotal resection. Due to a poor
neurological situation and an unfavorable oncological prog-
nosis, therapy was halted after two partial surgical resections
and four of the nine chemotherapy courses recommended by
the European Rhabdoid Registry, without the patient receiving
either radiotherapy or high-dose chemotherapy. The patient is
alive without evidence of disease 52 months after diagnosis.
Conclusion This case report highlights that independent prog-
nostic factors are urgently needed for optimizing treatment
stratification and preventing overtreatment.
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Introduction

Atypical teratoid/rhabdoid tumors (AT/RTs) of the brain occur
predominantly in infants and are central nervous system man-
ifestations of the malignant rhabdoid tumor family. Common
to this family are inactivating mutations of the gene encoding
the SMARCB1 (formerly Ini1) protein, a tumor suppressor
and core subunit of the SWI/SNF chromatin-remodeling com-
plex. SMARCB1 inactivation results in the formation of ma-
lignant rhabdoid tumors, localized either in the kidney, soft
tissues or the brain [1, 2].

AT/RT is an extremely aggressive malignancy with dismal
prognosis. Data from 56 patients registered in the German
HIT database revealed a 3-year overall and event-free survival
of 22 and 13%, respectively [3]. The 5-year overall survival in
AT/RT patients from the Austrian Brain Tumor Registry was
39.5 % [4], while the 5-year overall and event-free survival of
the 22 patients treated only at the Medical University of
Vienna was 56.3 and 52.9 %, respectively. A provocative
100 % overall survival was reported for a single cohort of 9
patients treated according to the MUV-ATRT regimen at the
Medical University of Vienna (median follow-up of
76 months) [5]. A similar approach employing high-dose che-
motherapy with methotrexate induction has yielded poor re-
sults [6]. Treatment approaches are multimodal, combining
surgical resection with systemic and intrathecal chemotherapy
and adding focal or craniospinal irradiation. Recent data from
the European Rhabdoid Registry (EU-RHAB) suggested that
infants benefit from radiotherapy with tolerable acute side
effects [7]. High-dose chemotherapy combined with autolo-
gous stem cell transplantation has been reported to improve
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survival [5, 8–11]. The efficacy of current treatment regimens,
however, remains limited in infants and patients with metasta-
tic disease.

Here, we report the unusual case of an infant with AT/RT
with long-term survival despite young age at presentation
(<12 months), large unresectable tumor, and low-cumulative
dose chemotherapy.

Case presentation

An 11-month-old female presented with a 4-week history of
lethargy and vomiting. She was admitted to a community
hospital for acute loss of vigilance, spasticity of the lower
extremity, and strabismus. Magnetic resonance imaging
(MRI) demonstrated an inhomogeneously enhancing,
6×4.6×5 cm tumor filling the fourth ventricle, compressing
the dorsal brainstem, and causing occlusive hydrocephalus
(Fig. 1a, b). An incomplete tumor resection was performed.
She remained in a comatose state during the 7 days following
surgery and was transferred to our hospital with a Glasgow
Coma Scale of 3. MRI showed a rostral herniation through the
tentorial incisures. Tumor progression and local hemorrhage
made a second surgery necessary, which partially resected the
tumor and removed the hematoma. The subsequent

postoperative course was complicated by tachycardia, arterial
hypertension and hyperthermia. Neurologically, she demon-
strated the clinical picture of a deep mesencephalic locked-in
syndrome.

The highly cellular tumor consisted of small round blue
cells exhibiting primitive features and elevated proliferation,
as evidenced by the overabundance of mitotic cells (Fig. 2a,
b). Tumor cells lacked nuclear SMARCB1 expression
(Fig. 2c), indicating an AT/RT, which was confirmed by the
national reference center. Sanger sequencing and multiplex
ligation-dependent probe amplification from tumor tissue re-
vealed a hemizygous nonsense mutation (c.978C>G) and re-
duced SMARCB1 gene dosage (Fig. 3a). No SMARCB1
germline mutation was detected (Fig. 3b).

Postoperative staging excluded metastases. The pa-
tient underwent four courses of intravenous chemother-
apy (Table 1) with intraventricular methotrexate, accord-
ing to recommendations of the European Rhabdoid
Registry. MRI at completion of the fourth chemotherapy
course documented a complete remission of the postop-
erative residual tumor; however, the clinical condition of
mesencephal ic locked- in syndrome cont inued .
Chemotherapy was halted based on the poor neurologi-
cal situation and unfavorable oncological prognosis, and
the patient was transferred to a hospice.

Fig. 1 Cranial MRI showed an
inhomogeneously enhancing,
6 × 4.6 × 5 cm tumor filling the
fourth ventricle with compression
of the dorsal brainstem and
occlusive hydrocephalus (a, b).
Control MRI demonstrated no
evidence of tumor 41 months
after diagnosis (c, d)
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Against all expectations, the neurological condition im-
proved steadily and small advances in development were ob-
served. MRI continued to confirm complete tumor remission
3 months after intravenous chemotherapy was stopped. Oral

chemotherapy with cyclophosphamide, idarubicin and
etoposide was initiated and carried out for 6 months. The
patient is now 5 years and 3 months of age and alive without
evidence of disease 4 years and 4 months after diagnosis. She
crawls, can pull herself up to a standing position, and stands
when supported. She says some single words.

Discussion

Case reports of long-term survival in patients treated for AT/
RT have been published [12–14]; however, no case presented
to date in the literature described a patient with the two most
unfavorable prognostic factors, diagnosis in infancy and a
large unresectable tumor, andwith discontinuation of treatment
at an early point. Here, we describe a patient diagnosed
and treated for AT/RT and who remains alive 52 months
after diagnosis without evidence of tumor recurrence.
Therapy was halted after two partial surgical resections
and four of the nine chemotherapy courses recommend-
ed by the European Rhabdoid Registry EU-RHAB,
without the patient receiving either radiotherapy or
high-dose chemotherapy.

The presented case raises several interesting questions
concerning the appropriate treatment of AT/RT. According
to international treatment protocols, the highly aggressive
AT/RT has to be treated as intensively as possible. Gross total
tumor resection followed by intravenous and intrathecal che-
motherapy combined with radiotherapy is the recommended
therapy for AT/RT. The therapeutic benefit of combined
high-dose chemotherapy with autologous stem cell transplan-
tation is still unclear. Some reports reasoned that selected pa-
tients might benefit from high-dose chemotherapy [5, 8–11].
However, the morphologic diagnosis of AT/RT includes tu-
mors that can be controlled using less intensive treatment, as
evidenced by our case. To date, there are no reliable parame-
ters for identifying patients with a favorable outcome. Data
from the German HIT database showed that a median age of
less than 1.2 years correlated with a worse 3-year overall sur-
vival (37±10 vs. 5±5 %) and 3-year event-free survival (21
±8 vs. 5±5 %) [3]. A multivariate analysis of French patients
supported these results by identifying an age of less than 2 years
as a negative prognostic factor for survival (hazard ratio=3.1
±1.8; p=0.01) [15]. Inactivating mutations of the tumor sup-
pressor gene SMARCB1 are associated with fatal outcome [16,
17]. Despite the presence of common prognostic factors for
unfavorable outcome, the patient presented here sur-
vived for a long period of time without undergoing
complete chemotherapy, irradiation, or high-dose chemo-
therapy and remains in complete remission. The largest
integrated molecular and clinicopathological analysis of
AT/RT in children identified two subgroups with differ-
ential enrichment of genetic pathways. The two groups

Fig. 2 Histology showed the highly cellular tumor consisting of small
round blue cells (a) characterized by a high proliferation rate, as
evidenced by immunohistochemical staining for Ki-67 (b). The nuclear
express ion of SMARCB1 was absen t , as ev idenced by
immunohistochemical staining (c)
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could be reliably differentiated by immunostaining of
ASCL1, a regulator of the NOTCH signaling. Group 1
(ASCL1 positive) was correlated with a supratentorial
location and a more favorable 5-year overall survival
than ASCL1-negative group 2 (35 ± 22 vs. 20 ± 14 %;
p= 0.033). Further, in patients who were treated with

chemotherapy without irradiation, group 1 was associat-
ed with a superior 5-year overall survival (34 ± 27 vs.
9 ± 11 %; p=0.001) [18]. There is a definite need for a
prospective validation of these results and proposed risk
stratification.

To conclude, the achievement of long-term survival in an
infant patient with low-cumulative dose chemotherapy shows
that among the patients with a highly aggressive AT/RT, there
are selected patients with a less poor prognosis. For optimiz-
ing treatment stratification and preventing overtreatment, in-
dependent prognostic factors have to be identified.
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Fig. 3 Salsa multiplex ligation-dependent probe amplification P258-C1
(MRC-Holland, Amsterdam, The Netherlands) was used to analyze the
SMARCB1 region (chromosomes 22q11.21–22q12.2) in tumor cells (a)
and leukocytes (b). Bars in light blue represent control tissue and bars in
green patient’s tissue. Bars in dark blue indicate the gene dose difference

between control and patient’s tissues. The gene dose of SMARCB1
including all exons (exons 1–9) and of the surrounding genes was
reduced by 50 % in tumor cells (a). The SMARCB1 gene dose in
patient’s leukocytes was not reduced (b)

Table 1 Patient’s cumulative doses of intravenous chemotherapy

Drug Cumulative dose

Doxorubicin (mg/m2) 150

Ifosfamide (mg/m2) 6000

Carboplatin (mg/m2) 500

Etoposide (mg/m2) 300

Vincristine (mg/m2) 3

Cyclophosphamide (mg/m2) 1500

Actinomycin D (μg/kg) 50
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