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Atypical teratoid rhabdoid tumour is an aggressive
paediatric embryonal brain tumour with a poor
prognosis despite intensive multimodal therapy.
Children older than 3 years with complete tumour
resection and early irradiation might have better
chances of survival.1 The characteristics of atypical
teratoid rhabdoid tumours are a biallelic inactivation
of SMARCB1 (hSNF5/INI1/BAF47), a core subunit of the
highly-conserved SWI/SNF chromatin-remodelling
complexes that have different roles in transcriptional
and epigenetic regulation of cell signalling, growth,
and differentiation.2 First recognised in malignant
rhabdoid tumours, inactivating mutations of SWI/SNF
subunits have since been discovered in many cancers.
Despite its overtly malignant phenotype, atypical
teratoid rhabdoid tumour has a remarkably stable
genome.3 Thus attention has focused on epigenetic
tumourigenic mechanisms underlying SMARCB1
mutation, the only recurrent genetic alteration in
atypical teratoid rhabdoid tumours.
Loss of SMARCB1 leads to epigenetic alterations
that drive key developmental and cancer-promoting
pathways. In a normal state, SMARCB1 interacts with
epigenetic modiﬁers to suppress oncogenes and
stimulate tumour suppressors (eg, recruitment of
histone deacetylases to repress cyclin D15 and evicts
polycomb complex proteins to enhance transcription
of p15INK4b or p16INK4a). SMARCB1 also directly aﬀects
chromatin structure at gene promoters (eg, suppresses
GLI14 and Aurora A5) and alters cofactor binding (eg,
TCF4 binding represses β-catenin pathway genes6).
Hence, loss of SMARCB1 creates a malignant potential
through activation of diﬀerent pathways (SHH, Wnt/
β-catenin, mTOR/Akt) and loss of cell cycle control.
In The Lancet Oncology, Jonathon Torchia and
colleagues7 report the largest integrated molecular
and clinicopathological analysis of childhood atypical
teratoid rhabdoid tumours. Gene expression and
copy number proﬁling in a discovery cohort of
43 atypical teratoid rhabdoid tumours identiﬁed two
molecularly distinct subgroups. Group 1 tumours
had substantial overexpression of genes involved
in the neural development (FABP7 and ASCL1) and
NOTCH signalling (HES5/6 and DLL1/3) and were
predominantly supratentorial. Group 2 atypical teratoid

rhabdoid tumours had enrichment of genes involved
in mesenchymal diﬀerentiation, cell adhesion and
migration, and activation of bone morphogenetic
protein (BMP) and MAPK signalling and were generally
infratentorial. A validation cohort of 144 primary
atypical teratoid rhabdoid tumours showed that robust
ASCL1 antibody immunostaining reliably diﬀerentiated
the two molecular groups. In a univariate analysis
of 70 patients who received treatment with curative
intent, the investigators reported that ASCL1 expression
was prognostic of better 5-year overall survival than
was no expression (35% [95% CI 13–57] vs 20% [6–34],
p=0·033). Interestingly, among patients treated with
chemotherapy alone, group 1 patients had signiﬁcantly
better 5-year overall survival (34% [7–61]) than did
group 2 patients (9% [0–21]; p=0·001), implying
greater intrinsic chemosensitivity in group 1 patients,
justifying a radiation-sparing approach in young
patients in this group to avoid neurocognitive sequelae,
without compromising survival. Extent of resection was
signiﬁcantly greater in group 1 patients irrespective
of location, indicating enrichment of cell adhesion
and migration genes in group 2 tumours that might
promote a more inﬁltrative or metastatic tumour
phenotype.
Integrating molecular and clinicopathological
analyses, the investigators proposed three separate
risk categories of atypical teratoid rhabdoid tumours:
the average risk group comprised older children with
completely resected, supratentorial atypical teratoid
rhabdoid tumours, high ASCL1 expression with
a signiﬁcantly better 5-year overall survival of 60%
(95% CI 17–100) than in the other categories; very high
risk comprised younger children with incompletely
resected or metastatic infratentorial, ASCL1-negative
atypical teratoid rhabdoid tumours with a dismal
5-year overall survival of 6% (0–16) and rapid disease
progression; and high risk comprised children with a
5-year overall survival of 32% (95% CI 14–50), which
included patients with all other features. Importantly,
average-risk patients treated with chemotherapy alone
had the best outcomes, whereas highest-risk patients
had a dismal prognosis irrespective of therapy.
This study has several limitations. In both the
discovery and validation cohorts, full clinical and
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treatment data were unavailable for many patients.
This multinational cohort spanned decades and
diverse treatment approaches. Only univariate analyses
adjusted for ASCL1 status were used to assess the
prognostic signiﬁcance of molecular subtyping because
the cohort was underpowered for multivariate analyses.
In risk-stratiﬁed analyses, the average-risk cohort was
small (n=6). Prospective validation of the proposed riskstratiﬁcation in current protocols for atypical teratoid
rhabdoid tumours is crucial to conﬁrm these results and
reﬁne group-speciﬁc diagnostic molecular markers.
Nevertheless, this important study marks the ﬁrst
step towards an integrated, risk-adapted, therapeutic
approach for atypical teratoid rhabdoid tumours:
avoiding radiation in younger, average-risk patients
and integrating novel therapies early for very high-risk
patients. Inhibitors of NOTCH, BMP, and LIN28/RAS/
MAP kinase signalling are candidates with promising
preclinical eﬃcacy in models of atypical teratoid
rhabdoid tumours. The MEK inhibitor selumetinib,8
CDK,9 Aurora kinase,10 and EZH2 inhibitors11 have
also shown encouraging speciﬁc preclinical activity
against atypical teratoid rhabdoid tumours, leading
to current or planned paediatric trials. Indeed, eﬃcacy
has been reported with the Aurora kinase A inhibitor
alisertib in children with atypical teratoid rhabdoid
tumours. Rapid validation of these results might herald
a promising new therapeutic era of risk-adapted trials
incorporating novel agents for this group of children.

2

Lindsey M Hoﬀman, *Maryam Fouladi
Cincinnati Children’s Hospital Medical Center, 3333 Burnet Avenue,
Cincinnati, OH 45229, USA
maryam.fouladi@cchmc.org
We declare no competing interests.
1

2
3

4

5

6

7

8

9

10

11

Chi SN, Zimmerman MA, Yao X, et al. Intensive multimodality treatment
for children with newly diagnosed CNS atypical teratoid rhabdoid tumor.
J Clin Oncol 2009; 27: 385–89.
Lee RS, Roberts CWM. Rhabdoid tumors: an initial clue to the role of
chromatin remodeling in cancer. Brain Pathol 2013; 23: 200–05.
Lee RS, Stewart C, Carter SL, et al. A remarkably simple genome underlies
highly malignant pediatric rhabdoid cancers. J Clin Invest 2012;
122: 2983–88.
Jagani Z, Mora-Blanco EL, Sansam CG, et al. Loss of the tumor suppressor
Snf5 leads to aberrant activation of the Hedgehog-Gli pathway. Nat Med
2010; 16: 1429–33.
Lee S, Cimica V, Ramachandra N, Zagzag D, Kalpana GV. Aurora A is a
repressed eﬀector target of the chromatin remodeling protein INI1/hSNF5
required for rhabdoid tumor cell survival. Cancer Res 2011; 71: 3225–35.
Mora-Blanco EL, Mishina Y, Tillman EJ, et al. Activation of β-catenin/TCF
targets following loss of the tumor suppressor SNF5. Oncogene 2014;
33: 933–38.
Torchia J, Picard D, Lafay-Cousin L, et al. Molecular subgroups of atypical
teratoid rhabdoid tumours in children: an integrated genomic and
clinicopathological analysis. Lancet Oncol 2015; published online April 14.
http://dx.doi.org/10.1016/S1470-2045(15)70114-2.
Weingart MF, Roth JJ, Hutt-Cabezas M, et al. Disrupting LIN28 in atypical
teratoid rhabdoid tumors reveals the importance of the mitogen activated
protein kinase pathway as a therapeutic target. Oncotarget 2015;
6: 3165–77.
Smith ME, Cimica V, Chinni S, et al. Therapeutically targeting cyclin D1 in
primary tumors arising from loss of Ini1. Proc Natl Acad Sci USA 2011;
108: 319–24.
Wetmore C, Boyett J, Li S, et al. Alisertib is active as single agent in
recurrent atypical teratoid rhabdoid tumors in 4 children. Neuro-Oncology
2015; published online Feb 16. DOI:10.1093/neuonc/nov017.
Knutson SK, Warholic NM, Wigle TJ, et al. Durable tumor regression in
genetically altered malignant rhabdoid tumors by inhibition of
methyltransferase EZH2. Proc Natl Acad Sci USA 2013; 110: 7922–27.

www.thelancet.com/oncology Published online April 14, 2015 http://dx.doi.org/10.1016/S1470-2045(15)70170-1

