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Introduction:  Atypical teratoid rhabdoid tumors (ATRTs) are rare, highly malignant embryonal 

tumors of the central nervous system (CNS) accounting for 20% of CNS tumors in children under 

the age of 3. This study examines a large cohort of ATRT patients to determine demographic, 

clinical, and pathologic factors which impact prognosis and survival.

Methods: Demographic and clinical data were abstracted on 174 ATRT patients (171 pediatric 

patients age ,20 and 3 adult patients age $20) from the Surveillance, Epidemiology, and End 

Results database (1973–2010). Standard statistical methodology was used.

Results: A total of 174 ATRT cases (mean age of 2.84 years) were identified. ATRT had a 

higher incidence in males (56.3%), Caucasians (59.1%), and children ,3 years of age (80.5%), 

P,0.001. The most common primary sites were the cerebellum (17.8%), ventricles (16.1%), and 

frontal lobe (12.6%). Mean overall survival was 3.2±0.4 years, while overall and  cancer-specific 

mortality were 63.2% and 56.3%, respectively, P=0.005. Most ATRT cases were treated with 

surgery alone (58.0%), followed by a combination of surgery and radiation (34.3%), no treatment 

(6.5%), and radiation alone (1.2%). The use of combination therapy has increased significantly 

(16.1%) since 2005 (P,0.001), while primary surgical resection and radiation therapy rates 

remain relatively unchanged. The longest survival was observed among ATRT patients receiving 

combination therapy (5.9±0.7 years), followed by radiation alone (2.8±1.2 years), and surgery 

alone (1.9±0.4 years), P,0.001. Multivariable analysis identified only distant metastases 

(OR =4.6) as independently associated with increased mortality, whereas combination therapy 

(OR =0.4) was associated with reduced mortality, P,0.005.

Conclusion: ATRT is a rare and highly aggressive embryonal malignancy of the CNS that 

presents more often as locoregional tumors .4 cm in male Caucasian children of age ,3 years, 

involving the cerebellum, ventricles, or frontal lobe. Combination therapy significantly improves 

survival, and its use has been increasing since 2005.

Keywords: childhood brain cancer, pediatric cancer, central nervous system, rare tumors, 

SEER database

Introduction
Central nervous system (CNS) tumors constitute the second most common malignancy 

in the pediatric population, following leukemia.1 Atypical teratoid rhabdoid tumors 

(ATRTs) are a rare, aggressive, and highly malignant embryonal tumor of the CNS, 

comprising approximately 3% of pediatric brain tumors, and 20% of CNS tumors in 

children under the age of 3.2–4 First described in the late 1980s, ATRT is  associated with 

an extremely poor prognosis, with mean overall survival ranging from 6 to 18 months.2–6 

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CMAR.S88561
mailto:rchamberlain@barnabashealth.org


Cancer Management and Research 2015:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

302

Lau et al

 Diagnosing ATRT has been difficult, and it is often misdiag-

nosed as primitive neuroendocrine tumor (PNET), medullo-

blastoma, or other CNS tumors.7,8  Historically, ATRT has 

been treated with surgical resection alone; however, more 

recent studies have demonstrated similar benefits to adjunct 

radiation.9,10

Current knowledge regarding ATRT is limited, and only 

rare case reports or small retrospective observational studies 

exist.3,9 The demographic, pathologic, and clinical factors 

influencing prognosis and survival in ATRT patients are not 

well understood. The current study examines a large cohort 

of ATRT patients from the Surveillance, Epidemiology, 

and End Results (SEER) database in an effort to identify 

 demographic, clinical, and treatment strategies that may 

impact the clinical outcomes in a modern ATRT cohort.

Methods
Data for the current study were extracted from the SEER 

database provided by the National Cancer Institute between 

1973 and 2010. SEER Stat software version 8.0.4 (National 

Cancer Institute, Bethesda, MD, USA) was utilized to 

extract data from 18 SEER registries (Alaska Native Tumor 

Registry,  Arizona Indians, Cherokee Nation,  Connecticut, 

Detroit, Georgia Center for Cancer Statistics, Greater Bay 

Area  Cancer Registry, Greater California, Hawaii, Iowa, 

 Kentucky, Los Angeles, Louisiana, New Jersey, New  Mexico, 

Seattle-Puget Sound, and Utah). A total of 174 patients with 

histologically confirmed ATRT were  identified and exported 

to IBM SPSS®v20.2 (IBM  Corporation, Armonk, NY, USA). 

A total of 174 patients with a primary diagnosis of ATRT 

were identified to form the final study cohort, using the 

SEER International  Classification of Disease for  Oncology 

( ICD-O-3) codes 9508/3. Demographic and clinical data 

extracted included age, sex, race, tumor stage, tumor size, 

primary tumor site, and type of treatment received (surgery, 

radiation, both or unknown/no treatment). The term “no 

 treatment” refers to no reported treatment. Patients with 

in situ cancers, those with nonspecific site of tumor origin, 

and those in whom histologic confirmation of their cancer 

was not  available were excluded from the final study cohort. 

Endpoints examined included overall survival, mortality, 

and cancer-specific mortality.  Categorical variables were 

 compared using the chi-square test, and continuous  variables 

were compared using Student’s t-test and analysis of  variance. 

Multivariable analysis using the “backward Wald” method 

was performed to calculate odds ratios (ORs) and deter-

mine independent factors affecting survival. Missing and 

unknown data were excluded from the multivariable  analysis. 

 Kaplan–Meier analysis was used to compare long-term 

actuarial survival between groups. Statistical significance 

was accepted at the level of P,0.05.

Results
Demographic data
A total of 174 ATRT cases were reported in the SEER 

 database over the 38-year study period (1973–2010). Among 

these, 171 ATRT patients (98.3%) were aged 19 years or 

younger, and the median age at diagnosis was 1.00 year 

(mean age was 2.84 years), P,0.001 (Table 1).  Specifically, 

140 patients (80.5%) were #3 years, while 31 patients 

(17.8%) were between 4 and 19 years old, and 3 patients 

(1.7%) were $20 years old, P,0.001. There were 98 male 

patients (56.3%) and 76 female patients (43.7%), with a male 

to female ratio of 1.3:1, P,0.001.

The majority of ATRT cases occurred among  Caucasians 

(101 cases; 59.1%, P,0.001), followed by  Hispanics 

(38 patients; 22.2%, P,0.001), African–Americans (17 patients; 

9.9%, P=not significant [NS]), and Asian/Pacific Islanders (15 

patients; 8.8%, P.0.05).

Tumor characteristics
The most common primary site for ATRT was the 

 cerebellum (17.8%; 31 cases), followed by the ventricles 

(16.1%, 28 cases), frontal lobe (12.6%, 22 cases), brain stem 

(12.1%, 21 cases), temporal lobe (5.7%, 10 cases), parietal 

lobe (4.0%, 7 cases), pineal gland (3.4%, 6 cases), cerebrum 

(2.9%, 5 cases), occipital lobe (1.7%, 3 cases), overlapping 

lesions of the brain (6.9%, 12 cases), or other parts of the 

Table 1 Demographic profiles of 174 patients with ATRT from 
the SEER database, 1973–2010

Variable Frequency % P-value

Total 174

Age (mean =2.84 years, range 0–67) (median =1.00 years)

 Age 3 or under 140 80.5 ,0.001
 Age 4–19 31 17.8 ,0.001
 Age 20 and above 3 1.7 ,0.001
Sex
 Male 98 56.3 ,0.001
 Female 76 43.7 ,0.001
Race
 Caucasians 101 59.1 ,0.001
 Hispanic 38 22.2 ,0.001
 African Americans 17 9.9 NS
  Asian/Pacific Islanders/Others 15 8.8 NS

Abbreviations: ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, 
Epidemiology, and End Results database; NS, not statistically significant, defined as 
P.0.05.
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Table 2 Tumor characteristics of 174 patients with ATRT from 
the SEER database, 1973–2010

Variable Frequency % P-value

Total 174
Stage
 Locoregional 120 87.0 ,0.001
 Distant metastasis 18 13.0 0.005
Tumor size
 Microscopic 0 0.0 NS
 Under 2cm 7 5.3 NS
 2–4 cm 46 34.6 NS
 Over 4 cm 80 60.2 NS
Primary tumor site
 Pineal gland 6 3.4 NS
 Brain, NOS 29 16.7 NS
 Overlapping lesion of brain 12 6.9 NS
 Brain stem 21 12.1 NS
 Cerebellum, NOS 31 17.8 NS
 Ventricle, NOS 28 16.1 NS
 Occipital lobe 3 1.7 NS
 Parietal lobe 7 4.0 NS
 Temporal lobe 10 5.7 NS
 Frontal lobe 22 12.6 NS
 Cerebrum 5 2.9 NS

Abbreviations: ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, 
Epidemiology, and End Results database; NOS, not otherwise specified; NS, not 
statistically significant, defined as P.0.05.
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brain (16.7%, 29 cases), P=NS (Table 2).  Eighty-seven 

percent (120 cases) of ATRT cancer were locoregional at 

presentation, while 13.0% (18 cases) had distant metastasis, 

P,0.005. Around 60.2% (80 cases) of ATRT tumors were 

greater than 4 cm in size, 34.6% (46 cases) were between 2 

and 4 cm, and 5.3% (7 cases) were less than 2 cm.

Treatment
Fifty-eight percent of the ATRT patients (98 patients, 

P=0.02) were treated initially with surgery, while 1.2% 

(2 patients, P=NS) were initially treated with primary 

 external beam radiation therapy (Tables 3 and 4). Around 

34.3% (58 patients, P=0.005) received both surgery and 

radiation, while 6.5% (11 patients, P=NS) had neither 

 surgery nor radiation treatment. ATRT cases managed with 

a combination of surgery and radiation increased by 16.1% 

over the study period, from 22.3% between 1973 and 2004 

to 38.4% after 2005, P,0.001. The number of ATRT cases 

treated with combination surgery and radiation showed a 

6.9% increase between 2004 and 2005 (3.4%–10.3%), a 

10.3% increase between 2006 and 2007 (5.2%–15.5%), and 

a 3.4% increase between 2009 and 2010 (13.8%–17.2%) was 

observed, P,0.001 (Figure 1). The use of primary radiation 

therapy and surgical resection alone remained approximately 

the same (0.0% in the 1973–2004 period increasing to 1.7% in 

the post-2005 period for radiation treatment alone and 56.3% 

in the 1973–2004 period increasing to 58.7% in the post-2005 

period for surgical resection alone), P,0.001. There was an 

11.3% decrease in the number of ATRT patients receiving no 

treatment, from 14.6% in the 1973–2004 period to 3.3% in 

the post-2005 period, P,0.001. Mean survival for patients 

treated with primary radiation therapy was significantly 

improved compared to those treated with surgery alone 

Table 3 Treatment and survival outcomes of 174 patients with 
ATRT from the SEER database, 1973–2010

Variable Frequency % P-value

Total 174
Overall survival (mean, years ± SD) 3.212±0.363
Overall survival (median, years ± SD) 0.917±0.112
Overall treatment
Neither 11 6.5 NS
Radiation alone 2 1.2 NS
Surgery alone 98 58.0 0.02
Both 58 34.3 0.005
Treatment by study period
Neither
 1973–2004 7 14.6 ,0.001
 2005 onward 4 3.3 ,0.001
Radiation only
 1973–2004 0 0.0 ,0.001
 2005 onward 2 1.7 ,0.001
Surgery only
 1973–2004 27 56.3 ,0.001
 2005 onward 71 58.7 ,0.001
Both radiation and surgery
 1973–2004 10 22.3 ,0.001
 2005 onward 48 38.4 ,0.001
Survival by treatment (mean, years ± SD)
Neither 0.33±0.2 ,0.001
Radiation alone 2.79±1.2 ,0.001
Surgery alone 1.87±0.4 ,0.001
Both 5.87±0.7 ,0.001
Overall mortality
Alive 64 36.8 0.005
Dead 110 63.2 0.005
Cancer-specific mortality
Alive 64 36.8 0.005
Cancer death 98 56.3 0.005
Noncancer death 12 6.9 0.005
Overall cumulative survival
1-year 49
2-year 35
5-year 28
Cancer-specific survival
1-year 50
2-year 37
5-year 31

Abbreviations: ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, 
Epidemiology, and End Results database; NS, not statistically significant, defined as 
P.0.05; SD, standard deviation.
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Figure 1 Trends in incidence rate and treatment modality for ATRT from the SEER database, 1973–2010.
Abbreviations: ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, Epidemiology, and End Results database.

Table 4 Comparing treatment profiles for different age groups between 1973–2004 and 2005–2010 for 174 patients with ATRT from 
the SEER database, 1973–2010

Year Treatment modality Age group

#3 4–19 $20

Frequency (%) Frequency (%) Frequency (%)

1973–2004 Neither 5 (13.5%) 2 (20.0%) 0 (0.0%)
Radiation only 0 (0.0%) 0 (0.0%) 0 (0.0%)
Surgery only 22 (59.5%) 5 (50.0%) 0 (0.0%)
Both 10 (27.0%) 3 (30.0%) 1 (100.0%)

2005–2010 Neither 3 (3.0%) 1 (5.0%) 0 (0.0%)
Radiation only 1 (1.0%) 0 (0.0%) 1 (50.0%)
Surgery only 67 (67.3%) 3 (15.0%) 1 (50.0%)
Both 28 (28.3%) 16 (80.0%) 0 (0.0%)

Abbreviations: ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, Epidemiology, and End Results database.
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(15.4±0.4 years vs 13.6±0.3 years, P,0.001). The longest 

survival was seen among ATRT patients receiving both 

surgery and radiation (5.9±0.7 years), followed by radiation 

alone (2.8±1.2 years), surgery alone (1.9±0.4 years), and 

finally those receiving neither surgery nor radiation (0.3±0.2 

years), P,0.001.

Outcomes
Overall and cancer-specific mortality were 63.2% and 56.3%, 

respectively, for the entire cohort, P,0.005 ( Figures 2 and 3). 

Mean overall survival was 3.212±0.363 years. ATRT patients 

undergoing surgery and radiation therapy experienced 

 significant survival benefit (mean  survival 5.87±0.7 years), 

 compared to those treated with primary surgical therapy 

(1.87±0.4 years) or radiation alone (2.79±1.2 years), P,0.001. 

Patients receiving no therapy had the lowest  survival of 

0.33±0.2 years, P,0.001.

When stratif ied by ethnicity, Caucasians had the 

 longest  survival (4.17±0.5 years), followed by Hispanics 

(2.48±0.7 years) and Asian/Pacific Islanders/other races 

(1.84±1.0 years). African–Americans had the shortest 

 survival (1.21±0.4 years). Males had a longer survival than 

females (3.52±0.5 years vs 2.90±0.5 years). There were no 

significant survival differences between different ethnicities 

(P=0.634) or sexes (P=0.443).

Multivariable analysis
Multivariable analysis identified only distant metastases 

(OR =4.6, CI =2.7–6.9) as independently associated with 

increased mortality, P,0.005. Conversely, combination 
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Figure 2 Kaplan–Meier curves illustrating actuarial survival for patients with ATRT from the SEER database, 1973–2010.
Abbreviations: Cum, cumulative; ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, Epidemiology, and End Results database.
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surgery and radiation treatment (OR =0.4, CI =0.1–2.0) was 

independently associated with reduced mortality, P,0.005.

Discussion
ATRT is a rare and highly malignant embryonal tumor of the 

CNS. Based on the current study, ATRT is more prevalent 

among male Caucasian children under 3 years of age, which 

is consistent with prior studies.2–4 ATRT most commonly 

presents in the cerebellum, ventricles, and frontal lobe, 

with a locoregional distribution and tumor sizes greater 

than 4 cm. Distant metastasis occurred in 13% of patients, 

which is consistent with a prior report by Athale et al,11 in 

which 14% of the patients had metastasis. Most metastatic 

lesions remain in the CNS, 58% of which involved the spinal 

cord and subarachnoid space with possible leptomeningeal 

spread.11 Pulmonary and peritoneal metastases have also been 

reported, but are rare.11 The clinical presentation of ATRT 

depends on the location of the primary tumor at diagnosis and 

is typically associated with nonspecific symptoms, including 

lethargy, vomiting, and/or failure to thrive.3,7,8

Histologically, ATRT tumors are highly cellular neo-

plasms that are composed of sheets or nests of rhabdoid cells, 

which contain an eccentric round nucleus with  prominent 

nucleolus and a plump cell body.6–8 Mitotic figures are typi-

cally present, as well as necrosis with calcifications.8,12 PNET 

components, which are present in almost two-thirds of ATRT, 

are typically made up of small basophilic cells, with high 

nuclear-to-cytoplasmic ratios.8 Mesenchymal components, 

found in approximately one third of ATRT cases, consist 

of loosely arrayed spindle-shaped cells separated by pale 

ground substance.8 The least common histological feature 

of ATRT is the epithelial component, such as glandular or 

squamous epithelium.7,8

Advancements in immunohistochemistry (IHC) have 

allowed for more accurate diagnosis of ATRT, making it 

possible to initiate earlier appropriate therapy.8 There are no 

IHC stains which are pathognomonic for ATRT; however, 

these tumors almost always express epithelial membrane 

antigen, vimentin, smooth-muscle actin, and glial  fibrillary 

acid protein. In contrast, germ-cell tumor markers,  including 

alpha-fetoprotein, placental alkaline phosphatase, and 

human chorionic gonadotropin, are always negative.6–8,10 

 Chromosome 22 abnormalities can also be detected, ranging 

from partial deletions to monosomy.6–8,10,13 One of the most 

common abnormalities is a deletion of region 11.2 of the long 

arm of chromosome 22 (22q11.2), causing a frameshift or 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2015:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

306

Lau et al

nonsense mutation in the hSNF5/INI1 gene, and subsequently 

leading to loss-of-function of the tumor suppressor gene.14 

IHC showing the absence of nuclear INI1 staining in tumor 

cells can aid in the diagnosis of ATRT.15

Advances in radiological imaging has permitted better 

delineation and improved sensitivity in detecting ATRT 

lesions. Historically, ATRTs were diagnosed only after 

 surgical excision of the tumor; and until recently, these 

were often indistinguishable from PNET.7,8 ATRT appears 

similar to PNET radiologically, with increased density on 

unenhanced computerized tomography (CT) images and 

inhomogenous contrast enhancement, often  associated with 

cysts and hemorrhages.8,10 Warmuth-Metz et al16 studied 

9 CT and 32 magnetic resonance imaging (MRI) images 

from a total of 33 children with ATRT in Germany and 

observed that all 9 CT scans showed hyperdensity, and 3 of 

the images (25%) had evidence of calcifications. MRI was 

more  varied. On T1-weighted images, 12 of the 27 scans 

showed  homogenous hypointensity while the other 15 showed 

inhomogenous  intensities.16 On T2-weighted images, 17 of 

the 30 scans showed mixed intensities with predominantly 

hypointense values.16 Of the 13 predominantly  homogenous 

tumors, 5 were homogenous hypointense, 4 were homog-

enous  isointense, and 4 were homogenous hyperintense.16 

Almost half of the patients showed hemorrhage, and 63% 

of scans showed strong enhancement after intravenous 

 administration of contrast medium.16

Until recently, treatment of ATRT has been by  surgical 

resection alone. In the current study, more than half of 

all ATRT patients were treated with surgery, and survival 

was poor (1.87±0.4 years). Complete surgical resection 

is the most important factor in predicting the prognosis 

of ATRT patients; however, total or near-total resection is 

difficult to achieve and is accomplished in less than one-

third of all patients.2,17 As part of the Canadian Pediatric 

Brain Tumor Consortium, Lafay-Cousin et al18 studied 

50 children #18 years of age with CNS ATRT. Fifteen of 

the patients  underwent gross total resection and had a 2-year 

overall survival of 60%, compared to ten patients who 

underwent subtotal resection and achieved a 2-year overall 

survival of only 21% (P=0.03).18

The use of radiation therapy in addition to surgical 

 resection as a treatment for ATRT has increased from 22.3% 

of cases between 1973 and 2004, to 38.4% of cases since 

2005. This change in treatment paradigm has occurred as a 

result of several small cohort studies which have reported 

 significant benefits to adjunct radiation.3,19 Chen et al19 

reported a  significant relationship between overall  survival 
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Figure 3 Kaplan–Meier curves illustrating actuarial survival by treatment modality for patients with ATRT from the SEER database, 1973–2010.
Abbreviations: Cum, cumulative; ATRT, atypical teratoid rhabdoid tumor; SEER, Surveillance, Epidemiology, and End Results database.
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and the  interval between surgery and the initiation of  radiation 

therapy as well as the interval between surgery and  completion 

of radiation therapy. These authors also  demonstrated that the 

total dose of radiation therapy (.50 Gy) was the only sig-

nificant predictive factor for improved failure-free survival 

(P=0.037). Although there was no significant difference 

in overall survival rate, this was attributed to the limited 

sample population. Tekautz et al3 reported that radiation 

was associated with prolonged survival in older children 

and adult ATRT patients, while younger children benefitted 

only if they received  radiation therapy early in the course of 

treatment. In this study,  combination of surgery and radiation 

conferred the longest mean survival of 5.87±0.7 years, which 

is consistent with prior reports.5,20 Buscariollo et al20 (2012) 

reported on 144 ATRT patients in a retrospective study and 

noted that those who received initial radiation therapy had a 

better overall survival when compared to those who did not 

(34 months to not yet reached vs 6 months, P,0.001).

Radiation therapy in ATRT pediatric patients has 

 typically been delayed, given the young age of the patients 

and the  vulnerability to adverse neurocognitive effects on the 

 developing brain.20,21 Evidence from early studies  suggest that 

patients who receive radiation at a very young age often suffer 

severe long-term neurological, cognitive, and  developmental 

effects, including a decline in  intelligence quotient.22,23  Radcliffe 

et al24 demonstrated more severe  cognitive  impairment among 

children ,3 years of age,  compared to older children  receiving 

brain radiation. Mulhern et al25 in the Pediatric  Oncology Group 

studied 22 children between the ages of 1.7 and 14.8 years 

with  medulloblastomas,  randomized to receive either  standard 

dose cranial  irradiation of 36 Gy (n=13) or  reduced-dose 

 cranial  irradiation of 23.4 Gy (n=9). Children ,9 years of age, 

 experienced a mean decline of 22.50 points on intelligence 

quotient scores with standard radiation dose, compared to 

children .9 years of age, who experienced a mean decline 

of 7.00 points. Younger children ,9 years of age receiving 

standard radiation dose had lower scores than those receiving 

reduced radiation dose (P=0.030).25

Various theories about the underlying mechanism for 

cognitive dysfunction have been proposed. This includes 

the direct, irradiation-induced gradual loss of glial cells in 

demyelination and inhibition of white matter development.22 

Oligodendrocytes and their progenitor cells, responsible for 

producing myelin, are the most radiosensitive glial cells.26 

Death of this cell type as a result of radiation initiates release 

of oxygen species from astrocytes, causing an inflammatory 

response and impairing neurogenesis.26 Another proposed 

explanation is that the indirect effect of irradiation on white 

matter, through damage to the microvasculature, leads to 

hypoxia and ischemia.22,26,27

Recent pharmacological approaches to managing learning 

and cognitive problems induced by cancer treatment have 

shown significant potential.22 Methylphenidate has been used 

in children with attention-deficit disorder following radiation 

therapy and has been shown to improve teacher and parent 

report of attention.26,28 Modafinil and donepezil have also 

been shown to improve attention and global functioning in 

adults after radiation therapy; however, its use has not yet 

been studied in children.26 Further development of innovative 

strategies to preserve neurocognitive function in children 

undergoing brain cancer treatment is required.

Since ATRT is most prevalent in young children, at a time 

when their brains are most vulnerable to the neurocognitive 

impairments caused by radiation, conformal focal irradiation 

methods have recently been utilized in hope of limiting or 

eliminating the amount of neurodevelopmental impairment 

that occurs. Conformal focal irradiation and proton radio-

therapy have been successfully studied in young children 

with other forms of CNS embryonal tumors,  including 

ependymoma and medulloblastomas.20,29,30 Its use in the 

treatment of ATRT is relatively new and limited. De Amorim 

et al4 conducted the first clinical series reporting the use of 

proton therapy in pediatric ATRT, involving ten pediatric 

patients (median age 1.8 years, range 15 days–19.3 years). 

At a median follow-up of 27.3 months from the initiation of 

radiation therapy, nine patients had no evidence of disease, 

and one patient died.4

Chemotherapy has been well studied for the management 

of ATRT. Many patients receive chemotherapy in addition to 

surgical resection, with the aim of postponing or avoiding 

radiation therapy, especially in younger children under the 

age of 3. In an early study, Burger et al6 reported that patients 

treated with chemotherapy had a dismal prognosis, with 

most dying within 12 months. Poor response to conventional 

chemotherapy methods used to treat medulloblastomas has 

led to the evaluation of a variety of alternative chemotherapy 

regimens. The Canadian Pediatric Brain Tumor Consortium,18 

reported on 18 patients who received high-dose chemo-

therapy (HDC) regimens and noted longer 2-year overall 

survival compared to those who received conventional che-

motherapy (47.9% vs 27.3%, P=0.036). Although  different 

chemotherapy regimens were used in this study, most patients 

received a methotrexate-based induction,  followed by high-

dose carboplatin and thiotepa.18 Despite some benefit asso-

ciated with chemotherapy treatment, tumor progression is 

relatively common with survival rates  remaining low, often 
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requiring repeat surgery and radiation.5,20,21,31 Athale et al11 

conducted a review of 79 pediatric ATRT patients treated with 

chemotherapy and reported a median survival of only 17.3 

months (range: 1.5–93 months) and an overall mortality of 

67%. It was also reported that disease progression was the 

major cause of death, with craniospinal spread occurring in 

58% of the patients.11

There are several limitations to this study which should 

be considered. First, the SEER database does not accurately 

code for all important clinical factors such as socioeconomic 

status, geography, tumor depth, and method of diagnostic 

confirmation, which may have had an influence on survival. 

Second, information on diagnostic imaging and follow-up 

are lacking. Data on surgical and radiation therapy were 

 available in the SEER database; however, information on 

chemotherapy received was not, which limited this study’s 

ability to evaluate the impact of adjuvant or neoadjuvant 

therapy. There may also be an element of selection bias, 

since SEER registries are more likely to sample from 

urban than from rural areas. Despite these limitations, the 

SEER database has data obtained from 14% of the US 

 population, and these findings can be generalized to the 

overall population.

Summary
ATRT is a rare and highly malignant tumor of the CNS, 

associated with a poor survival and high mortality. The 

 current study represents the largest ATRT study to date, 

establishing trends in demographics, management, and 

 clinical outcomes in a large US patient cohort. ATRT  presents 

more often among Caucasian males under the age of 3 and 

tends to occur in the cerebellum, ventricles, or frontal lobes 

of the brain with locoregional tumors greater than 4 cm 

in size, with up to 13% of the patients developing distant 

metastasis. Advances in diagnostic imaging have allowed for 

better diagnosis of ATRT. While surgery remains the main 

method of treatment for ATRT, radiation has emerged as a 

promising adjunct or primary modality of treatment, nearly 

doubling overall  survival. Despite prolonged survival, overall 

mortality exceeds 60%, and most affected children suffer 

long-term neurocognitive and developmental  impairments. 

Future studies optimizing radiation regimens to limit or avoid 

neurocognitive impairments are needed to permit more precise 

multimodality management of these patients. The role of 

chemotherapy in ATRT treatment remains controversial, and 

despite anecdotal success, the optimal chemotherapy  regimen 

remains unclear. All ATRT patients should be enrolled 

into clinical trials or registries to allow for more defined 

 multimodality  management to optimize clinical outcomes 

for these patients.
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