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Abstract

Introduction Atypical teratoid/rhabdoid tumor (AT/RT) is a highly aggressive embryonal CNS neoplasm, characterized by
inactivation of SMARCBI1 (INI1) or rarely of SMARCA4 (BRG1). While it is predominantly a childhood tumor, AT/RT is
rare in adults.

Methods We provide a comprehensive systematic review of literature with meta-analysis; 92 adult cases were found from
74 articles. We additionally present 4 cases of adult AT/RTs (age ranging from 19 to 29 years), located to cerebellum in 2
cases, to ponto-cerebellar angle in 1 case and to spinal cord in the remaining case.

Results Microscopic features of our 4 cases showed a highly cellular tumor with rhabdoid morphology and high mitotic
activity. All tumor cells lacked nuclear SMARCB1/INI1 protein expression. In case no. 3 we also performed methylation
profiling which clustered the tumor with pediatric AT/RT-MYC subgroup. Prognosis remains poor in both pediatric and adult
population with a median overall survival of 11 months. Our review demonstrated median overall survival of 15 months
among the adult populations. However, consistent with a recent review, adult AT/RT seems to have highly variable prognosis
and some patients reach long term survival with 22.9% of 5-year survival without evidence of disease and mean follow up
time of 35.9 months (SD = 36.5). 27.1% of dissemination was also reported among the adult population.

Conclusions Adult AT/RTs predominantly arise in female patients and in supratentorial location. Midline structures, includ-
ing the sellar region, are the most affected sites, especially among females aged > 40 years. Male gender is more prevalent
between the age of 18 and 40 years and more frequently associated with non-midline tumors. Factors significantly associated
with better prognosis are patient’s age (< 40 years), combined radio-chemotherapy adjuvant approach and Ki-67 score < 40%.
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Introduction with rhabdoid morphology, exhibiting mesenchymal, epithe-

lial and neuroectodermal differentiation. Rhabdoid features

Atypical teratoid/rhabdoid tumor (AT/RT) is a highly
aggressive central nervous system (CNS) embryonal neo-
plasm, first described by Rorke et al. in 1996 [1]. According
to the World Health Organization (WHO), the diagnosis of
AT/RT can be rendered in presence of a poorly-differentiated
neoplasm that frequently exhibits, at least focally, rhabdoid
morphology, with inactivation of SMARCB1 (INI1) or
rarely of SMARCA4 (BRG1) [2, 3]. WHO assigns to this
entity a grade 4. The histologic spectrum of AT/RT is quite
wide, as it is composed of poorly differentiated cells, mainly
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in the CNS are not specific nor sensitive of AT/RT. Interest-
ingly, cells with rhabdoid morphology are the exclusive or
predominant histopathologic finding in only a minority of
cases of AT/RT. In fact, pediatric CNS embryonal tumors
without rhabdoid features, but with loss of SMARCBI1
expression in tumor cells, may qualify as AT/RTs as well
[3]. Other CNS tumors with rhabdoid histology include epi-
thelioid glioblastoma with rhabdoid component, as well as
the rhabdoid variants of more common tumors, such as men-
ingiomas, metastatic carcinomas, chordomas and sarcomas.
AT/RT is predominantly a childhood tumor. It is the most
common malignant brain tumor in children younger than 6
months [4] and it is believed to account for 1-2% of pediatric
brain tumors and over 10% of CNS tumors in infants [3].
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Adult cases (i.e. age > 18) are rare and, to the best of our
knowledge, only 92 cases have been confirmed and reported
to date [4-91].

Recently, some studies found that AT/RTs belonged to
three different molecular subtypes (AT/RT-TYR, AT/RT-
SHH, and AT/RT-MYC), characterized by distinct DNA
methylation profiling, gene expression patterns, and clinico-
pathologic features [30, 92]. The main correlations between
molecular and clinico-pathologic features of AT/RT are
summarized in Table 1.

Tumor location of pediatric AT/RT is mainly related to
specific molecular subtype and the tumor shows an over-
all male preponderance [30, 36], while in adults it is often
supratentorial with female preponderance [19]. As many
cases are misdiagnosed because of the polyphenotypic pro-
file of the tumor cells, as well as the absence of specific
radiologic findings, a standardized treatment [16] for these
tumors currently lacks. Prognosis is poor, although adults
with AT/RT tend to have longer overall survival than chil-
dren. Treatment generally consists of surgical resection in
combination with chemotherapy and radiotherapy [19]. Cur-
rently, management of AT/RT in adults is based on data
extrapolated from pediatric literature [19]. Little is known
on the optimal treatment of adult population. Given the lim-
ited number of AT/RT cases in adults, most of them reported
in the form of single case reports or small case series, patient
and tumor characteristics, overall prognosis, and impact of
extent of resection and adjuvant therapy remain indetermi-
nate in this patient population. In addition, other previously
published systematic reviews and meta-analysis have also
included tumors that did not exhibit INI1 or BRGI altera-
tions, resulting in analyses of heterogeneous populations that
may contain tumors that are not molecularly defined as AT/
RT. As far as we are aware, there have been 92 reported
cases of AT/RT in adults [4-91]. A previously published
review by Chan et al. [19] in 2018 presented quantitative
and qualitative analysis of 50 recognized cases of AT/RT
and, as our work included 92 cases, a significant increase
in data is available (+ 86%). In addition to case by case in
depth analysis and comprehensive data synthesis, we also

compared our findings with quantitative and qualitative stud-
ies of both pediatric and adult AT/RT. Considering the rare
incidence of this tumor and its highly malignant nature, our
work can elaborate the current data in literature and dem-
onstrate more extensively the characteristics and impact of
AT/RT in adults, and potentially serve as a reference tool for
further studies and therapeutic decisions.

We herein provide a comprehensive systematic review of
literature with quantitative analysis and present 4 additional
cases of adult AT/RTs.

Materials and methods
Study design

We performed a review of the literature in accordance with
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify reported cases
of AT/RT in adults. All cases of AT/RTs, arising in patients
aged > 18 years and with a histopathologic diagnosis con-
firmed by SMARCBI1/INI1 or SMARCA4/BRG]1 alterations
by immunohistochemistry and/or molecular tests were con-
sidered as relevant to this research; 4 unpublished adult
cases from our institution were included in the study.

A search flow diagram is provided in Fig. 1. We searched
PubMed using the following Medical Subject Headings
(MeSH): “adult” AND “atypical teratoid rhabdoid tumor”.
Results were restricted to English language only. Search
results yielded 138 articles. The titles and abstracts were
reviewed to identify potentially eligible articles. Of the 138
results, 74 articles were deemed as relevant to this study. In
addition, Google Scholar was utilized with the same search
terms. 342 references from relevant articles were used to
supplement the systematic review. 153 duplicate publica-
tions were removed. 181 full texts of potentially eligible
articles were obtained and reviewed for eligibility. Data was
extracted from all eligible articles. A total of 74 articles and
92 cases were selected. The following data were collected:
(i) patient demographics, (ii) tumor characteristics, (iii)

Table 1 Summary of the correlations between molecular and clinico-pathologic features of AT/RT

Molecular subtype AT/RT-TYR

AT/RT-SHH

AT/RT-MYC

Age distribution Infant (< 1 year)

Tumor location Mainly infratentorial

Chromosome 22 copy
number variations

SMARCBI1
Genes involved

Monosomy

Point mutations/focal deletions
TYR, TYRP, MITF, OTX2, BMP4,
PDGFRB

Pathologic features Epithelial morphology

Toddler (2-5 years)
Mainly supratentorial

Diploid

Point mutations/focal deletions

GLI2, BOC, PTCHD2, CBL, ASCL1,
MYCN, HES1

Small round blue cell morphology

Older than 3 years

Mainly supratentorial (spinal in a
subset of cases)

Diploid

Wide deletions
MYC, HOX

Mesenchymal/ rhabdoid morphology
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Fig. 1 Search flow diagram of
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survival times, (iv) treatment. Categorical variables were
compared using the chi-square test, and continuous vari-
ables were compared using Student’s t-test and analysis of
variance. Kaplan—Meier analysis was used to compare long-
term actuarial survival between groups. By adding our 4
unpublished cases to the patient cohort, a total of 96 cases
were included in the analysis.

Results
Systematic review and meta-analysis

The results from the systematic review of the literature are
summarized in Table 2 and Supplementary Table. We found
92 adult patients who were diagnosed with AT/RT from the
74 articles included in this study (Fig. 1). We also included
our 4 cases into the patient cohort.

Clinical features

Of the 96 patients, the mean age at the diagnosis was 38.3
years, ranging from 18 to 80 years. 70 out of 96 (72.9%)
were female, while 25 out of 92 (26%) were male. In 1
case (1.1%) a specific gender was not reported in the origi-
nal article (Fig. 2a). Overall F:M ratio was 2.8:1. A com-
parison between age groups (18-40, > 40) (Fig. 2b) and
gender revealed significant differences (Chi-Square = 4.8,
p = 0.02). Male gender was significantly more prevalent
between the age of 18 and 40 (Fig. 2c).

Signs and symptoms were related to tumor location. The
most common symptoms were headache (n = 46, 47.9%)
and visual disturbances (n = 43, 44.8%), followed by cranial
nerve deficit (n = 18, 18.8%), altered consciousness (n =7,
7.3%) and seizures (n = 6, 6.3%) (Fig. 2d).

Only 7 (7.3%) cases were in the spinal cord while the
remaining 89 (92.7%) were intracranial. Intracranial tumors

were far more common in the supratentorial region (n =
78, 81.3%) when compared to infratentorial region (n = 11,
11.5%) (Fig. 2e). The most common intracranial location
was the sellar region (n = 45, 46.9%), followed by cerebral
hemispheres (n =21, 21.9%). Other reported locations were
pineal region (n = 8, 8.3%), cerebellopontine (CP) angle
(n =4, 4.2%), cerebellum (4=4.2%), tectum (n =1, 1%)
trigeminal nerve (n = 1, 1%), thalamus (n= 1, 1%) and intra-
ventricular (n =1, 1%); 2 cases (2.1%) with intracranial loca-
tion did not include a specific site (Fig. 3a).

Regarding tumor location and age, a sellar location was
significantly more prevalent (Chi-Square = 22.9, p = 0.006)
above the age of 40 years, while hemispheral, pineal and CP
angle locations were more common among patients younger
than 40 years (Fig. 3b). In addition, a highly significant dif-
ference was identified between centrality/laterality of tumor
location and age (Chi-Square = 16.4, p = 0.0002). Mid-
line tumors arose predominantly in patients above the age
of 40, while laterally located tumors were more prevalent
in younger than 40 (Fig. 3c). Centrality/laterality assessed
with gender was found to be significantly different as well
(Chi-Square = 22.4, p < 0.0001). Male gender presented
with a similar degree of left, right and midline lesions while
female gender presented far more commonly with a midline
lesion (Fig. 3d).

Prognostic factors

Over the entire course of the disease, 26 (27.1%) patients
exhibited dissemination of disease. 3 (3.1%) patients were
reported to have evidence of dissemination at the time of
diagnosis. 23 (24%) patients experienced dissemination later
in the course of the disease. 43 (44.8%) patients experienced
recurrence throughout the course of the disease; the mean
time to recurrence was 11.4 (SD = 18.3) months and median
time to recurrence was 4 months. 30 (31.3%) patients were
reported to have a degree of local invasion. 13 (13.5%)
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Table 2 Patient and tumor features from the systematic review

Table 2 (continued)

Patients
Adult AT/RT patients
Mean age at diagnosis—year (SD, range)
Age group 18-40—no (%)
Female gender—no (%)
Tumors
Location—no (%)
Supratentorial
Infratentorial
Spinal
Intracranial
Sellar
Hemispheric
Pineal
Cerebellum
Cerebellopontine angle
Thalamus
Intraventricular
Tectum
Trigeminal
Not reported
Dissemination—no (%)
Distant dissemination
At diagnosis
Later in course of disease
Local invasion
At diagnosis
Local and distant
Recurrence
Composite
Treatment
Surgery—no (%)
Gross total resection
Incomplete resection
Biopsy only
Not reported/Unclear
Adjuvant—no (%)
Chemotherapy and radiotherapy
Radiotherapy only
Chemotherapy only
Stereotactic surgery
No adjuvant
Not reported
Prognosis
Alive at follow up
Without evidence of disease
With evidence of disease
Mean follow up—months (SD, range)
Death
Mean time to death—months (SD, range)

Median overall survival—months

96

38.3 (15.3, 18-80)
53 (55.2%)

70 (72.9%)

78 (81.3%)
11 (11.5%)
7(7.3%)
89 (92.7%)
45 (46.9%)
21 21.9%)
8 (8.3%)

4 (4.2%)

4 (4.2%)

1 (1%)

1 (1%)

1 (1%)

1 (1%)

2 (2.1%)

26 (27.1%)
3(3.1%)
23 (24%)
30 (31.3%)
15 (15.6%)
13 (13.5%)
43 (44.8%)
5(5.2%)

28 (29.2%)
45 (46.9%)
3(3.1%)

20 (20.8%)

55 (57.3%)
13 (13.5%)
1(1%)

2 (2.1%)

8 (8.3%)
7(17.7%)

42 (43.8%)

22 (22.9%)

13 (13.5%)

35.9 (36.5, 4-204)
49 (51%)

16.8 (29.5, 0-168)
15
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Mean overall survival—months (SD, range) 25.3(34.1,0-204)

patients experienced both local and distant dissemination.
Cerebrospinal fluid (CSF) dissemination was reported in 18
(18.8%) cases (Fig. 4a, b).

17 out of 45 (37.8%) patients with a sellar site as pri-
mary location demonstrated local invasion. 13 (28.9%) had
cavernous sinus invasion, of which 12 (26.7%) involved the
left cavernous sinus, and 3 (6.7%) involved the cavernous
sinuses bilaterally. In 1 case (2.2%) the side of the cavern-
ous sinus invasion was not reported. In 5 (5.4%) patients, the
tumor was a composite tumor exhibiting components of AT/
RT and another primary CNS tumor.

Effects of different therapies on outcome

Among the 96 cases, 28 (29.2%) had gross total resection
(GTR), 45 (46.9%) had subtotal or partial resection, and 3
(3.1%) had a biopsy. Extent of resection was not reported or
indeterminate in 20 (20.8%) cases.

With regard to adjuvant therapy, 55 (57.3%) received
combined radiotherapy and chemotherapy, 13 (13.5%)
received radiotherapy alone, 1 (1%) received chemotherapy
alone, 2 (2.1%) received stereotactic radiosurgery alone, and
8 (8.3%) did not receive adjuvant therapy. Of the 68 patients
who underwent radiotherapy, 18 (26.5%) received cranio-
spinal irradiation.

49 out of the 96 patients (51%) died of their disease with
a mean time to death of 16.8 (SD = 29.5) months (range: 0
to 168 months). 42 (43.8%) were alive at last follow-up with
mean follow-up time of 35.9 months (SD = 36.5) (Fig. 4c).
The range was 4 to 204 months. Of the 42 patients, 22
(52.4%) had no evidence of recurrence at follow-up, with
follow-up time ranging from 4 to 204 months. Of the 28
patients who underwent GTR, 13 (46.4%) had passed away
with time to death ranging from 1 month to 14 years after
surgery. Of the 45 that had incomplete resection, 24 (53.3%)
died with time to death ranging from postoperative to 2.5
years after surgery. The 3 patients that had a biopsy only
died 8, 25, and 27 months after the diagnosis, respectively.
When comparing patients who received gross total resection,
incomplete resection, and biopsy, no significant difference
on the log-rank test (Chi-square = 2.9, p = 0.2) was found.

Among the 55 patients who underwent combined radio-
therapy and chemotherapy, 34 (61.8%) were alive at fol-
low-up times, ranging from 6 months to 17 years. Time to
death for the remaining 21 (38.2%) ranged from 1 month to
3 years after diagnosis. Only 2 of the 13 patients (15.4%)
who received radiotherapy alone were alive at follow-up
times, ranging from 6 to 9 months. Time of death for the
remaining patients treated with radiotherapy alone ranged
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Fig.2 A Gender distribution;

B Age group; C Distribution
between gender and age groups;
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Fig.3 A Tumor location and gender of intracranial cases; B Distribution between tumor location and age; C Distribution between age and mid-
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from 1.5 months to 14 years. There were no patients alive at
follow-up within the chemotherapy alone, stereotactic radio-
surgery alone, and no adjuvant therapy groups. The patient
who underwent chemotherapy died 10 years after diagno-
sis. The two patients treated with stereotactic radiosurgery

died 6 and 27 months after diagnosis, respectively. Of the 8
patients who did not receive adjuvant therapy, time to death
ranged from the immediate postoperative period to 8 months
after surgery. When comparing those patients who received
both radiotherapy and chemotherapy, radiotherapy alone,
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chemotherapy alone, stereotactic radiosurgery alone and no
adjuvant therapy, there was a highly significant difference
in survival (log-rank = 66.8, p < 0.0001) (Fig. 5a). Patients
who received a combined radiotherapy and chemotherapy
approach had a significant increase in survival when com-
pared with patients that received radiotherapy alone (HR
0.33, CI 0.13-0.83) and with those who did not receive
any adjuvant therapy (HR 0.07, CI 0.009-0.56). Surgical
intervention in addition to a combined chemo-radiotherapy
had a highly significant effect on survival (log-rank= 67.2,
p < 0.0001) when compared to surgical resection with radio-
therapy or surgical resection alone. Increased survival time
was observed in surgical resection with combined chemo-
radiotherapy, independently whether GTR or an incomplete
resection was performed (Fig. 5b,c). Incomplete resection
and combined chemo-radiotherapy showed an improvement
in survival when compared to incomplete resection with no
adjuvant therapy (HR 0.06, CI 0.004—0.84). (Figure 5d).

Correlation between age and Ki-67 score
on outcome

Overall survival was found to be significantly affected by

age (log-rank = 4.1, p = 0.04) (Fig. 5e). Patients above
the age of 40 (n = 43, 44.8%) experienced reduced overall
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survival compared to patients aged between 18 and 40
(n =53, 55.2%). The median overall survival among the
older than 40 group was 9 months, and the mean was 14.7
(CI 9.6-19.9) while the 18-40 age group demonstrated
a higher median overall survival of 18 months and mean
overall survival of 32.6 (CI 19.7-45.4) (F=5.8,p =0.01).

Ki-67 was reported in 48 cases. Numerical entries only
were used for assessment (7 eliminated). Ki-67 expres-
sion was found to be a significant predictor of survival
(log-rank = 14.2, p < 0.0001). Ki-67 score of below 40%
was associated with increased survival (HR 0.22, CI
0.06-0.75) (Fig. 5f). Interestingly, Ki-67 did not show
significant relationship with recurrence and dissemination.

Case presentations

We herein present 4 additional cases of AT/RT arising
in young adults; our series included 1 male and 3 female
patients with age ranging from 19 to 29 years old. Writ-
ten informed consents were acquired from all the subjects
involved in the present case series. Tumors were located
to the cerebellum in 2 cases (case no.l and case no.2),
cerebellopontine angle in 1 case (case no. 3) and spinal
cord in the remaining case (case no. 4).
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Caseno. 1

The patient had previously undergone surgery for a cerebel-
lar mass which was initially diagnosed as large cell/ana-
plastic medulloblastoma and was treated with craniospinal
irradiation plus Packer chemotherapy regimen (lomustine,
vincristine and cisplatin). One year later the patient exhib-
ited a contrast-enhancing frontal mass on brain Magnetic
Resonance Imaging (MRI) (Fig. 6a). Accordingly, a surgi-
cal resection of the mass was performed and the histologic
slides were presented to our institution for a neuropathologic
evaluation. Histologic examination showed a highly cellu-
lar tumor (Fig. 6b) composed of rhabdoid cells with eccen-
tric nuclei, prominent nucleoli and eosinophilic cytoplasm
(Fig. 6¢). The tumor exhibited high mitotic count was (7-9
mitosis/10 HPFs) (Fig. 6¢) and foci of necrosis (Fig. 6d).
The tumor infiltrated the adjacent brain parenchyma. Tumor
cells were diffusely positive for Vimentin (Fig. 6e), focally
positive for Synaptophysin (Fig. 6f) and GFAP (Fig. 6 g)
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resection plus combined radiotherapy and chemotherapy had bet-
ter survival times than those who did not received adjuvant therapy;
E Patients aged > 40 years had lower survival times than those aged
between 18 and 40 years; F Ki-67 values < 40% were associated with
increased overall survival

and negative for GAP, YAP1 and p-catenin (Fig. 6h—j). All
tumor cells showed a loss of nuclear SMARCB1/INI1 pro-
tein expression with retained immunoreactivity in vascular
endothelial cells (Fig. 6k). Ki67 index was 60% (Fig. 61).
Based on both morphological and immunohistochemical
features, a diagnosis of AT/RT was rendered; in addition,
the original cerebellar lesion was histologically reviewed
and the diagnosis of AT/RT confirmed.

Case no. 2

A 20-year-old woman underwent emergency neurosurgery
for a hemorrhage in the posterior cranial fossa; a cerebel-
lar mass was found and surgically excised. No radiologic
data were available. As for case no.1, the tumor was ini-
tially diagnosed as medulloblastoma; however, following
this diagnosis, a histologic revision of the original slides
was performed in our center and a diagnosis of AT/RT
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Fig.6 Case no. 1 A Brain MRI showing a contrast-enhancing frontal
mass. Histological examination showing a hypercellular tumor (B),
composed of mitotically-active rhabdoid cells with eccentric nuclei,
prominent nucleoli and eosinophilic cytoplasm (C); tumor also
exhibits foci of necrosis (D). Neoplastic cells are diffusely stained
with Vimentin (E) and focally with Synaptophysin (F) and GFAP

was rendered. Tumor was composed of mitotically-active,
undifferentiated cells with focal rhabdoid features and
immunohistochemical loss of SMARCBI1/INI1 expres-
sion. Necrosis and numerous apoptotic bodies were found.
Neoplastic cells also exhibited focal positivity for GFAP
and a-smooth muscle actin (a-SMA). Accordingly, patient
underwent combined chemo-radiotherapy with complete
remission of disease after 4 months from the diagnosis
and is currently alive and healthy at 7 years of follow-up.
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(G); conversely, tumor is negative for GAP (H), YAPI (I) and beta-
catenin (J); neoplastic cells characteristically lack nuclear expression
of SMARCBI1/INII, that is retained in vascular endothelial cells (K).
Ki-67 is high (L); (B, D-J, L: original magnification X100; B, K:
original magnification X200)

Case no.3

Patient underwent surgery for a cerebellopontine angle mass,
clinically suspicious for meningioma; brain MRI showed
an extra-axial lesion with ill-defined borders and infiltra-
tive margins that exhibited invasion of the cavernous sinus
and mass effect on the adjacent structures. Histologically,
a mitotically-active, hypercellular tumor, mainly composed
of partially non-cohesive undifferentiated cells with nuclear
anaplasia, was found. Rhabdoid features, including large,
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eccentric and focally incised nuclei, prominent nucleoli and
eosinophilic cytoplasm, were only a focal finding in this
case. Neoplastic cells were diffusely stained with Vimentin
and focally with EMA and a-SMA, while they were nega-
tive for cytokeratin AE1/AE3. A complete loss of nuclear
SMARCBI/INII protein expression was found; accordingly,
a diagnosis of AT/RT was rendered. Ki-67 proliferative rate
was 15%. Methylation profiling was also performed and it
clustered the tumor with pediatric AT/RT-MYC subgroup.
3 months after the diagnosis, brain MRI showed a large
residual cerebellopontine angle mass with hemorrhagic
infarction; patient is still alive after 18 months of follow-up.

Caseno. 4

Patient underwent spinal MRI due to a rapidly worsening
onset of back pain and leg paresthesia; a L4-L5 intra-axial
spinal mass with homogeneous contrast-enhancement and
ill-defined borders was found. Histologic examination
revealed a poorly-differentiated tumor, characterized by
hypercellularity, high mitotic count, nuclear anaplasia and
rhabdoid morphology. Numerous apoptotic bodies were
also found. Immunohistochemically, neoplastic cells were
stained with cytokeratin AE1/AE3 and a-SMA and lacked
nuclear expression of SMARCB 1/INI1. Following the diag-
nosis of spinal AT/RT, the patient exhibited disease progres-
sion and passed away after 14 and 40 months of follow-up,
respectively.

Discussion

In accordance with the 2021 WHO Classification of Tumors
of the CNS [2], only cases with confirmed mutation or loss
of SMARCBI1/INI1 were included in the present systematic
review. The majority of AT/RTs harbor a mutation in one
allele with a second allele lost due to monosomy 22, dele-
tion of 22q11.2, or an acquired copy number neutral loss
heterozygosity [3]. AT/RTs typically do not harbor recur-
rent mutations in addition to SMARCBI1 alteration, which
is the primary recurrent event [36]. Our study demonstrated
that the most common location of AT/RT in adults is the
supratentorial compartment, particularly in sellar region,
followed by cerebral hemispheres. This is consistent with
the previously reported data [19]. Sellar AT/RT encom-
passes nearly half of the reported cases, to date. The vast
majority (43 out of 45) of patients with sellar AT/RTs were
females with a mean and median age of 46 years. It has been
hypothesized that this gender predilection was attributed to
increased mitotic activity in female pituitary gland through-
out life [23, 68]. Johann et al. [35] and Alzoubi et al. [8]
demonstrated that methylation profile of 8 cases of adult AT/
RTs matched with pediatric AT/RTs of the MYC subgroup.

In terms of location, AT/RT-MYC is predominantly associ-
ated with a supratentorial location, followed by infratentorial
and lastly the spinal cord [30], consistently with the findings
of our study. Conversely, Voisin et al. reported the inability
to cluster an adult sellar AT/RT with a SMARCB1 germline
mutation with the pediatric MYC subgroup [85]. AT/RT in
adults shows predilection for midline structures. The major-
ity of patients in our study presented with a midline AT/RT.
Sellar and pineal tumor location encompassed 55.2% of all
cases. These are circumventricular organs, which are now
recognized as a source of neural stem cells in adults [12].
It is postulated that these organs are capable of acquiring
carcinogenic mutations throughout most of adulthood [23].
The intricate relationship of these organs to CSF circulation
may explain the relative high incidence of CSF dissemina-
tion of such tumors. Despite the relatively low number of
cases presenting with distant dissemination, we believe that
the absence of whole neuroaxis imaging at time of diagnosis
may have led to an underestimate of leptomeningeal disease
rate. In our study 26 cases (27.1%) disseminated into distant
sites despite tumor GTR and combined chemotherapy and
radiotherapy. It is likely that such finding is a result of the
aforementioned underestimation. Indeed, most of distant
sites of dissemination were within the CNS but spread into
thoracic and abdominal viscera has been described as well.
Ingold et al. reported a peritoneal seeding of a pineal AT/
RT through a ventriculo-peritoneal shunt [34]. 3 additional
cases demonstrated lungs and abdominal dissemination [5,
52, 76]. Whether distant dissemination is a significant pre-
dictor for decreased overall survival, it is still highly variable
and some patients demonstrated a relatively long survival
despite having distant dissemination at time of diagnosis.
It also remains unclear why sellar AT/RT invaded the left
cavernous sinus in 12 out of 13 cases, while invasion into
the right cavernous sinus was reported only in 3 cases, all of
which had a concomitant left cavernous invasion.

Our review included 5 cases of AT/RT concurrent with
other central nervous system tumors. These compound cases
consisted of a component of AT/RT that demonstrated loss
of INI1 expression and a non-AT/RT component in which
INI1 was uniformly retained. These compound tumors
included pleomorphic xanthoastrocytoma [17, 84], high-
grade glioma [88], ependymoma [57] and prolactin-produc-
ing pituitary adenoma [11]. It has been hypothesized that a
post-clonal inactivation of INI1 occurs in a cell subpopu-
lation of the original tumor, resulting in an AT/RT com-
ponent in an original non-AT/RT lesion. We demonstrated
well-established differences and similarities between adult
and pediatric AT/RT populations. Based on a review of 586
pediatric AT/RT cases, Ostrom et al. reported that male gen-
der accounted for 54.2% cases [62]. Our study reported a
marked female gender predominance with overall 72.9%.
Pediatric AT/RT seem to have a predilection for location
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based on its molecular subtype, AT/RT-TYR subgroup is
strongly associated with a supratentional location while AT/
RT-SHH is strongly associated with an infratentorial loca-
tion, and lastly, AT/RT-MYC is associated with both loca-
tions (supratentorial 50%, infratentorial 38%, spinal cord
12%) [30, 36]. Whereas in adults there is a clear supratento-
rial predilection with 81.3% of tumors located in that region,
11.5% were located in the infratentorial region and 7.3% in
the spinal cord. Prognosis remains poor in both pediatric and
adult population. In pediatric populations life expectancy
is short. This tumor is highly malignant and usually pro-
gresses quickly with a median overall survival of 11 months
[62]. Our review demonstrated median overall survival of 15
months among the adult populations. However, adult AT/RT
seems to have highly variable prognosis and some patients
reach long term survival with 22.9% of 5-year survival with-
out evidence of disease and mean follow up time of 35.9
months (SD = 36.5). This is consistent with a recent case
series by Peng et al. [65].

In the present analysis, patient’s age > 40 years and
Ki-67 score > 40% were found to be significantly associ-
ated with poorer outcome in adults with AT/RT. Based on
these findings, the possibility of modulating the intensity of
treatment according to patient’s age and/or Ki-67 could be
hypothesized in the future; in particular, we emphasize the
utility of performing and accurately evaluating the Ki-67
proliferative rate, as it might potentially influence outcome
of this rare tumor.

AT/RT is exceedingly rare in adults. Therefore, treatment
guidelines are extrapolated from pediatric AT/RT protocols.
Adjuvant therapy after surgical resection has a favorable
effect on survival among pediatric patients older than three
years of age [13]. These guidelines have been applied to
adult patients. Our analysis showed that combined adjuvant
therapy that includes chemotherapy and radiotherapy has
been shown to significantly improve survival among adult
AT/RT when compared to surgical resection only, radio-
therapy only, and to surgery and radiotherapy. No differ-
ence in survival was observed when comparing gross total
resection, incomplete resection and biopsy only. It is unclear
whether the extent of resection has an effect on survival. We
emphasize that our analysis was focused on the differences
in survival between surgery, radiotherapy alone, chemother-
apy alone and combined radio-chemotherapy. Unfortunately,
we did not collect data about the specific treatment regi-
mens; however, it has been reported in literature that high-
dose radiotherapy (a total dose of radiation over 50 Gy) and
high-dose combinations of methotrexate, cyclophosphamide,
cisplatin, vincristine, etoposide, carboplatin, and ifosfamide
are currently used in adult patients with AT/RT.

We also reported 4 additional cases of AT/RT of young
adults, all showing, at least focal, rhabdoid features and
immunohistochemical loss of SMARCB1/INI1; for one of
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these cases (case no. 3), the results of DNA methylation
profiling were available and the tumor was clustered with
pediatric AT/RT-MYC subgroup. Interestingly, 2 cerebel-
lar tumors from our series (cases no. 1 and 2) were initially
misdiagnosed as medulloblastomas; we emphasize that the
heterogeneity of AT/RT’s histology and its polyphenotypic
immunoprofile render the tumor difficult to recognize in
certain occasions and that, due to the presence of primitive
neuroepithelial elements, AT/RT can potentially be misdiag-
nosed as medulloblastoma [13]. However, unlike medullo-
blastoma, AT/RT is often a non-cerebellar tumor, diagnosed
in infancy and not in childhood. In spite of the potential
histological similarities, the loss of this SMARCB1/INI1
expression is often more reliable than morphology alone
to distinguish AT/RT from other poorly differentiated brain
tumors.

Limitations

Potential limitations of the present analysis include: (i) the
relatively small cohort of patients studied; (ii) the extraction
of data from single case reports and small case series, as data
distribution is often inhomogeneous from one case report/
series to another; (iii) presence of confounding factors (i.e.
health and/or functional status of patients might represent
confounding factors for evaluating the impact of adjuvant
therapy on survival); (iv) inappropriate histologic diagno-
sis, as some tumors with overlapping morphologic features,
including rhabdoid meningiomas or dedifferentiated/poorly
differentiated chordomas, may also exhibit INI-1 loss.

Conclusions

The present analysis revealed that AT/RTs are rare tumors in
adult population, that predominantly arise in female patients
and in supratentorial location. Midline structures, includ-
ing the sellar region, are the most affected sites, especially
among females aged > 40 years. Male gender is more preva-
lent between the age of 18 and 40 years and more frequently
associated with non-midline tumors. Factors significantly
associated with better prognosis are patient’s age (< 40
years), combined radio-chemotherapy adjuvant approach
and Ki-67 score < 40%. Although prognosis remains poor
in adult patients, adult AT/RTs seem to have more vari-
able prognosis than their pediatric counterparts, as some
patients may reach long term survival without evidence of
disease. From the present analysis, age, adjuvant therapy
and Ki-67 score are the main factors that affect prognosis
of adult patients.
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