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Medulloblastoma (MB) is one of the most common
pediatric malignant brain tumors, representing up to
20% of newly diagnosed central nervous system tumors
in children. Standard treatments for MB include surgical
resection, craniospinal irradiation with a posterior fossa
boost, and adjuvant chemotherapy (1). Although these
strategies can increase the survival of 70-80% of MB
patients, they are associated with serious treatment-induced
morbidity, including a decline in neurocognitive function
(2,3). Reports suggest that neurocognitive functions
deteriorate after craniospinal irradiation for MB, and that
most MB survivors require substantial care. Studies also
indicate that decreasing the radiation dose can prevent this
irradiation-associated cognitive decline (2,4,5).

With recent advances in genomic analysis, MB was found
to consist of at least four distinct molecular subgroups:
WNT, SHH, Group 3, and Group 4 (6). These subgroups
have distinct demographic, transcriptional, genetic, and
clinical features, and the prognosis of MB is associated
with the subgroup classification. These findings have been
reviewed in several articles (7-9).

The molecular classification system is an important
prognostic tool with great potential for improving MB
treatment (10). Of the subgroups, WNT MB has the best
prognosis. SHH MB has an intermediate prognosis. Group
3 MB is frequently associated with metastasis and a poor
prognosis. Group 4 is sometimes associated with metastasis
and has an intermediate prognosis. A recent analysis
suggests that a subset of Group 4 has a good prognosis,
similar to that of WNT MB (11). Based on these subgroup-
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specific prognosis, a new risk stratification proposed for
MB patients (12) suggests that both the WN'T subgroup
and the Group 4 subgroup with chromosome 11 loss have
a good prognosis and can be cured by current therapeutic
strategies. Thus, MB patients classified into these molecular
groups would be good candidates for prospective clinical
trials using limited therapeutic protocols such as reduced
radiation dosage and/or reduced chemotherapy.

The identification and characterization of MB subgroups
has dramatically changed our perspective of MB over the
past few years. However, current treatment protocols
still stratify patients into high- and average-risk groups
according to their age, their metastatic status, and the
presence of residual tumors after resection (13,14), and do
not consider the MB subgroup.

Recently, Moxon-Emre et 4/. examined the intellectual
outcomes for MB patients according to MB subgroups for
the first time, and found that baseline cognitive functions
differ between the four subgroups (15). The authors report
that reducing the radiation dosage and/or chemotherapy
can prevent intellectual decline in MB patients, as expected.
Of particular interest is their finding that reducing the
radiation dosage is only beneficial to WNT and Group 4
MB patients, and not to Group 3 or SHH MB patients.
This retrospective study found that reducing the radiation
or chemotherapeutic regimen can prevent cognitive decline
particularly for patients with WN'T MB, which has the best
prognosis, and for patients with a subset of Group 4 MB.
These findings will undoubtedly lead to prospective clinical
trials with reduced radiation or chemotherapeutic regimens
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in these groups. Thus, in the near future, radiation
dosage will be chosen according to the MB subgroup, and
subgroup-specific therapeutic strategies will become the
standard. These subgroup-specific therapies are expected
to be more effective and significantly safer than current
standard therapies.

Other reports that analyzed intellectual outcomes for
MB patients were conducted before the MB subgroups were
recognized. Moxon-Emre et a/l. were the first to compare
intellectual outcomes by MB subgroup, and they found that
each subgroup has distinct intellectual characteristics and
outcomes. The authors suggest that the SHH MB subgroup
in particular has unique characteristics of intellectual
outcome, and that a biological mechanism other than
demographic and medical features might contribute to this
uniqueness. Each MB subgroup has distinct demographic
characteristics. WN'T MB develops from progenitor cells of
the lower rhombic lip (16), and SHH MB from cerebellar
granule neuron precursors (17). Group 3 MB is proposed
to originate from neural stem cells. The cells of origin of
Group 4 MB were long unknown, but a very recent study
suggests that they are progenitors of the upper rhombic lip
(uRL) (18). Another recent study reported characteristic
MRTI findings for each MB subgroup (19). WNT MB
contacts the brain stem and expands into the fourth
ventricle. SHH MB grows predominantly in the rostral
cerebellar hemisphere. Most Group 3 and Group 4 tumors
grow in the vermis and infiltrate the fourth ventricle.
These locations may be related to the cells of origin of
each MB subgroup. Thus, Moxon-Emre et 4/. suggest that
the demographic differences between subgroups may also
influence the intellectual function in MB patients.

An important finding in Moxon-Emre et 4/. is that
reduced-dosage radiation therapy is only beneficial to
WNT and Group 4 patients. Although reports published
in the pre-subgroup era indicated that reducing radiation
doses could minimize the intellectual decline in MB patients
(20,21), it was not clear whether a reduced dosage would
benefit all MB patients regardless of subgroup. Moxon-
Emre et al. reported that WN'T and Group 4 patients
maintain intellectual function with a reduced radiation
dosage, making patients in these subgroups good candidates
for clinical trials of limited-dose radiation therapy. These
trials are already underway, and should confirm the study’s
findings.

However, the Moxon-Emre et 4l.s study has some
limitations, and we need to be cautious about coming
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to definite conclusions. Although the median follow-up
time was about 5 years, some patients were followed for
only about a year. One report suggests that the late effect
on cognition occurs more than 5 years after the initial
radiation therapy (22), so long-term follow-up data is
necessary for a definite conclusion. Furthermore, Moxon-
Emre et al. analyzed WNT and Group 4 patients together
because of the small number of patients; ideally these
two groups should be analyzed separately. We need data
from more patients, and this effort will require worldwide
collaboration, because even high-volume centers see only
a small number of MB patients. In addition to intellectual
outcomes, we also need to examine the effects of treatments
and MB subgroup on endocrine function, academic
function, and social function. Academic and social function
are directly related to the patient’s quality of life (4), and
these analyses would complement an assessment of the
overall late effects of therapeutic interventions.

Moxon-Emre et /. found that reduced-dose radiation
did not influence the intellectual scores of SHH and Group
3 patients. This might have been because the prognosis of
Group 3 patients is too poor to observe any benefit from
reduced-dosage radiation therapy, in which case it would
be necessary to improve the prognosis of Group 3 patients
to improve their intellectual outcome. These findings also
suggest that radiation therapy has only a limited effect
on Group 3 patients, and that other therapies, including
molecularly targeted therapies, are necessary to improve
both the prognosis and the intellectual outcome of this
subgroup. Some SHH patients can be cured with current
treatment strategies, so it is not clear why reducing the
dosage of radiation therapy does not benefit them. Moxon-
Emre er al. suggest that some SHH patients may have a
p53 or other germ-line mutation, such that a genetic factor
could influence their resistance to radiation; more research
is necessary to explore this possibility. If the intellectual
outcome of SHH patients declines even with a minimum
radiation dose, it might be possible to use molecularly
targeted therapies to improve intellectual outcomes without
compromising the prognosis. Recently, small-molecule
SMO inhibitors were synthesized and studied extensively in
SHH MB patients (23,24). The results from these studies
indicate that SHH inhibition is a promising new strategy
for treating SHH MB.

The findings of this study will further improve patient
stratification and molecularly targeted treatment strategies,
and will lead to safer and more effective treatments for MB.

Transl Cancer Res 2016;5(Suppl 7):S1311-S1314



Translational Cancer Research, Vol 5, Suppl 7 December 2016

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Xian-Xin Qiu
(Department of Neurosurgery, the Children’s hospital of
Medical College, Zhejiang University, Hangzhou, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.12.65). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Gajjar A, Chintagumpala M, Ashley D, et al. Risk-
adapted craniospinal radiotherapy followed by high-dose
chemotherapy and stem-cell rescue in children with newly
diagnosed medulloblastoma (St Jude Medulloblastoma-96):
long-term results from a prospective, multicentre trial.
Lancet Oncol 2006;7:813-20.

2. Spiegler BJ, Bouffet E, Greenberg ML, et al. Change in
neurocognitive functioning after treatment with cranial
radiation in childhood. J Clin Oncol 2004;22:706-13.

3. Zeltzer LK, Recklitis C, Buchbinder D, et al.
Psychological status in childhood cancer survivors: a report
from the Childhood Cancer Survivor Study. ] Clin Oncol
2009;27:2396-404.

4. Mabbott DJ, Spiegler BJ, Greenberg ML, et al. Serial
evaluation of academic and behavioral outcome after

© Translational Cancer Research. All rights reserved.

10.

11.

12.

13.

14.

15.

17.

tcr.amegroups.com

S$1313

treatment with cranial radiation in childhood. J Clin Oncol
2005;23:2256-63.

Ris MD, Packer R, Goldwein J, et al. Intellectual outcome
after reduced-dose radiation therapy plus adjuvant
chemotherapy for medulloblastoma: a Children's Cancer
Group study. ] Clin Oncol 2001;19:3470-6.

Northcott PA, Korshunov A, Witt H, et al.
Medulloblastoma comprises four distinct molecular
variants. J Clin Oncol 2011;29:1408-14.

Northcott PA, Jones DT, Kool M, et al.
Medulloblastomics: the end of the beginning. Nat Rev
Cancer 2012;12:818-34.

Northcott PA, Korshunov A, Pfister SM, et al. The clinical
implications of medulloblastoma subgroups. Nat Rev
Neurol 2012;8:340-51.

Kijima N, Kanemura Y. Molecular Classification

of Medulloblastoma. Neurol Med Chir (Tokyo)
2016;56:687-97.

Kool M, Korshunov A, Remke M, et al. Molecular
subgroups of medulloblastoma: an international meta-
analysis of transcriptome, genetic aberrations, and
clinical data of WN'T, SHH, Group 3, and Group 4
medulloblastomas. Acta Neuropathol 2012;123:473-84.
Ramaswamy V, Remke M, Adamski J, et al.
Medulloblastoma subgroup-specific outcomes in irradiated
children: who are the true high-risk patients? Neuro
Oncol 2016;18:291-7.

Ramaswamy V, Remke M, Bouffet E, et al. Risk
stratification of childhood medulloblastoma in the
molecular era: the current consensus. Acta Neuropathol
2016;131:821-31.

Gajjar A, Hernan R, Kocak M, et al. Clinical,
histopathologic, and molecular markers of prognosis:
toward a new disease risk stratification system for
medulloblastoma. J Clin Oncol 2004;22:984-93.

Packer RJ, Rood BR, MacDonald TJ. Medulloblastoma:
present concepts of stratification into risk groups. Pediatr
Neurosurg 2003;39:60-7.

Moxon-Emre I, Taylor MD, Bouffet E, et al. Intellectual
Outcome in Molecular Subgroups of Medulloblastoma. |
Clin Oncol 2016;34:4161-70.

. Gibson P, Tong Y, Robinson G, et al. Subtypes of

medulloblastoma have distinct developmental origins.
Nature 2010;468:1095-9.

Oliver TG, Read TA, Kessler JD, et al. Loss of patched
and disruption of granule cell development in a pre-
neoplastic stage of medulloblastoma. Development
2005;132:2425-39.

Transl Cancer Res 2016;5(Suppl 7):S1311-S1314


http://dx.doi.org/10.21037/tcr.2016.12.65
http://dx.doi.org/10.21037/tcr.2016.12.65
https://creativecommons.org/licenses/by-nc-nd/4.0/

S1314

18. Lin CY, Erkek S, Tong Y, et al. Active medulloblastoma

enhancers reveal subgroup-specific cellular origins. Nature

2016;530:57-62.
19.

specific localization of human medulloblastoma based on

pre-operative MRI. Acta Neuropathol 2014;127:931-3.
20. Grill J, Renaux VK, Bulteau C, et al. Long-term
intellectual outcome in children with posterior fossa
tumors according to radiation doses and volumes. Int ]
Radiat Oncol Biol Phys 1999;45:137-45.
21. Mulhern RK, Kepner JL, Thomas PR, et al.
Neuropsychologic functioning of survivors of childhood
medulloblastoma randomized to receive conventional

or reduced-dose craniospinal irradiation: a Pediatric

Cite this article as: Kijima N, Kanemura Y. Different
intellectual outcomes in molecular subgroups of medulloblastoma.
Transl Cancer Res 2016;5(Suppl 7):S1311-S1314. doi: 10.21037/
tcr.2016.12.65

© Translational Cancer Research. All rights reserved.

Wefers AK, Warmuth-Metz M, Péschl J, et al. Subgroup-

tcr.amegroups.com

Kijima and Kanemura. Intellectual outcome in molecular subgroups of medulloblastoma

Oncology Group study. J Clin Oncol 1998;16:1723-8.

. Palmer SL, Goloubeva O, Reddick WE, et al. Patterns

of intellectual development among survivors of pediatric
medulloblastoma: a longitudinal analysis. J Clin Oncol
2001;19:2302-8.

. Robinson GW, Orr BA, Wu G, et al. Vismodegib Exerts

Targeted Efficacy Against Recurrent Sonic Hedgehog-
Subgroup Medulloblastoma: Results From Phase II
Pediatric Brain Tumor Consortium Studies PBTC-025B
and PBTC-032. J Clin Oncol 2015;33:2646-54.

. Rudin CM, Hann CL, Laterra J, et al. Treatment of

medulloblastoma with hedgehog pathway inhibitor GDC-
0449. N Engl ] Med 2009;361:1173-8.

Transl Cancer Res 2016;5(Suppl 7):S1311-S1314



