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Object While medulloblastoma was initially thought to comprise a single homogeneous entity, it is now accepted that
it in fact comprises 4 discrete subgroups, each with its own distinct demographics, clinical presentation, transcriptomics,
genetics, and outcome. Hydrocephalus is a common complication of medulloblastoma and not infrequently requires CSF
diversion. The authors report the incidence of CSF diversion surgery in each of the subgroups of medulloblastoma (Wnt,
Shh, Group 3, and Group 4).
Methods The medical and imaging records for patients who underwent surgery for medulloblastoma at The Hospital
for Sick Children were retrospectively reviewed. The primary outcome was the requirement for CSF diversion surgery
either before or within 60 days of tumor resection. The modified Canadian Preoperative Prediction Rule for Hydrocephalus (mCPPRH) was compared among subgroups.
Results Of 143 medulloblastoma patients, treated from 1991 to 2013, sufficient data were available for 130 patients
(15 with Wnt, 30 with Shh, 30 with Group 3, and 55 with Group 4 medulloblastomas). Of these, 28 patients (22%) ultimately underwent CSF diversion surgery: 0% with Wnt, 29% with Shh, 29% with Group 3, and 43% with Group 4 tumors.
Patients in the Wnt subgroup had a lower incidence of CSF diversion than all other patients combined (p = 0.04). Wnt
patients had a lower mCPPRH score (lower risk of CSF diversion, p = 0.045), were older, had smaller ventricles at diagnosis, and had no leptomeningeal metastases.
Conclusions The overall rate of CSF diversion surgery for Shh, Group 3, and Group 4 medulloblastomas is around
30%, but no patients in the present series with a Wnt medulloblastoma required shunting. The low incidence of hydrocephalus in patients with Wnt medulloblastoma likely reflects both host factors (age) and disease factors (lack of metastases). The absence of hydrocephalus in patients with Wnt medulloblastomas likely contributes to their excellent rate of
survival and may also contribute to a higher quality of life than for patients in other subgroups.
http://thejns.org/doi/abs/10.3171/2014.9.PEDS14280
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M

is the most common malignant
pediatric brain tumor and is a common cause of
morbidity and death among pediatric neurosurgery patients. Current therapy for medulloblastoma consists of maximal safe resection, craniospinal radiotherapy
for children older than 3 years of age, and subsequent
edulloblastoma

high-dose chemotherapy.10,20,21,25,31,35,43 Survivors are often
left with significant sequelae of both the disease and its
therapy, all of which can have a serious and negative impact on a patient’s quality of life.11,20 In the past, medulloblastoma was thought to consist of a heterogeneous small
blue cell tumor of the cerebellum. More recently it has
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become apparent and well accepted that in reality there
are 4 distinct subgroups of medulloblastoma, each with its
own specific demographics, clinical presentation, imaging features, basic biology, response to therapy, and outcome.5,6,9,12–14,19,21,23,24,26,28,30,32–35,38,39,41,44 These 4 subgroups,
Wnt, Shh, Group 3, and Group 4 medulloblastoma, will
likely be subdivided in future clinical trials of medulloblastoma and each will each require its own specific type
of targeted therapy.1,2,4,15,16,18,26,29,32,34,37,38,40,42
By definition, medulloblastomas arise within the posterior fossa, usually from the cerebellum. It is very common
for medulloblastoma patients to present with noncommunicating hydrocephalus due to occlusion of the fourth
ventricle or its outlets by the mass in the posterior fossa.
It is also possible for medulloblastoma patients to present
with communicating hydrocephalus, usually secondary to
leptomeningeal metastases. Indeed, it is quite common for
a medulloblastoma patient’s primary presentation to be as
the result of the hydrocephalus rather than direct effects of
the tumor mass itself.
The treatment of hydrocephalus in a child with a posterior fossa tumor varies by individual and by institution,
depending on the clinical and radiological presentation.
Options for treatment of hydrocephalus range from tumor
resection alone, with or without temporary external CSF
drainage, to endoscopic third ventriculostomy (ETV) or
placement of a permanent CSF diversion device (usually
a ventriculoperitoneal shunt).36 Shunt procedures can add
significantly to a patient’s morbidity and mortality due to
complications such as shunt infection, shunt blockage, and
shunt overdrainage. In the past, there was also a worry that
CSF diversion in a patient with leptomeningeal metastases
might lead to systemic metastases of the medulloblastoma. The rate of CSF diversion surgery in medulloblastoma
patients varies in the literature but likely hovers around
33%.36 Many other elements in the presentation and care
of children with medulloblastoma vary by subgroup, so we
decided to determine the subgroup specific incidence of
CSF diversion surgery.

Methods

Subgrouping of Medulloblastoma Tissue
All tissue samples were subgrouped using nanoString
limited gene expression profiling from either frozen or
formalin-fixed paraffin-embedded–derived tissue as previously described.27
Study Design and Data Collection
This is a retrospective cohort review of patients surgically treated for medulloblastoma at The Hospital for Sick
Children in Toronto. Data on the molecular subgroup status of 143 medulloblastoma tissue samples were available,
collected from June 1991 to March 2013. After obtaining
permission for data review from the institutional Research
Ethics Board, we identified 130 patients in whom clinical
data and hydrocephalus parameters were available in sufficient quality for analysis. Thirteen patients were excluded, 11 for missing preoperative imaging or missing data on
hydrocephalus treatment, one because he died within 30
days after surgery, and one because he had previously un-

dergone shunt placement for other reasons. Demographic
data, information on tumor and CSF diversion surgeries,
and data on metastatic disease status at diagnosis were
reviewed in the patient chart. Data entry was performed
using Microsoft Access 2013 and statistical analysis using
IBM SPSS v22.
Hydrocephalus Parameters
To formally assess hydrocephalus and the probability
of the need for CSF diversion surgery after tumor resection, we applied the modified Canadian Preoperative Prediction Rule for Hydrocephalus (mCPPRH). This scale
was developed by Riva-Cambrin et al. in 2009 and validated by Foreman et al. in 2013.8,36 The validation study
recommended the use of the parameter “transependymal
edema” instead of “papilledema” (as suggested in the original publication) to overcome the lack of clinical data for
papilledema usually observed in the retrospective setting.
We were facing this same issue and therefore used the
modified version of the CPPRH—the mCPPRH. Demographic, clinical, and radiological parameters to calculate
the mCPPRH score are summarized in Table 1. The score
ranges from 0–10, with a score of 4 points or higher delineating a high risk for the need of CSF diversion surgery
(50% of the patients or more) after tumor resection.
Calculation of the ventricular size was performed on
the last preoperative CT or MRI scan before first tumor
resection. As the term “moderate/severe” hydrocephalus
in the mCPPRH scale appears to be somewhat arbitrary,
we decided to calculate the “frontal and occipital horn ratio” (FOR) developed by Kulkarni et al. in 1999.17 The cutoff from “none/mild” to “moderate/severe” hydrocephalus
was chosen at a FOR of 0.45, in accordance with the authors’ recommendation. As the FOR does not have an independent prognostic value for the need of CSF diversion
surgery, this parameter was solely used to decide about assignment into the two subscore groups of “none/mild” and
“moderate/severe” hydrocephalus. In cases in which preoperative imaging was missing, the variable for the degree
of hydrocephalus was adopted from the radiology report,
as suggested by the original publication.17
Data Presentation and Statistical Analysis
After collection of the aforementioned data, the database was de-identified and the key to link demographics to
TABLE 1. The mCPPRH score in children with posterior fossa
neoplasms
Predictor

Points

Age <2 yrs
Presence of transependymal edema
Moderate/severe hydrocephalus
Cerebral metastases
Preop estimated tumor diagnosis
Medulloblastoma
Ependymoma
Dorsal exophytic brainstem glioma
Total possible

3
1
2
3
1
1
1
10
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patient identifier stored on a separate encrypted drive. The
de-identified database was then transferred to IBM SPSS
v22 for statistical analysis.
For the comparison of molecular medulloblastoma
subgroups, patients were first divided according to their
subgroup status into a Wnt, Shh, Group 3, and Group 4
collective. Then p values were calculated across the subgroups using the 1-way ANOVA for continuous variables
and the chi-square test for categorical variables. Additionally, each variable in every subgroup was compared
pairwise with the remainder of the patients using the t-test
for comparison of means for continuous variables and the
Fisher exact test for categorical variables.
In addition to the stratification into molecular subgroups, the patients were also divided according to the
requirement for CSF diversion surgery. Patients in the
CSF diversion surgery group were defined as those who
received a shunt or an ETV within 60 days of their first
tumor resection surgery and excluded those who were
treated 60 days after tumor resection surgery. We chose
60 days as the cutoff for the CSF diversion surgery group
to exclude patients who were shunted at the end of life,
when disseminated disease led to communicating (malabsorption due to metastases), rather than obstructive (fourth
ventricular outlet obstruction), hydrocephalus. The aforementioned statistical tests were similarly applied for these
two groups.

Results

Of 130 patients, one-third (35%) were female, mean
age at diagnosis was 86 months (7.2 years), and one-third
had metastatic disease at diagnosis (31%). Fifteen patients
(12%) were diagnosed with Wnt, 30 (23%) with Shh, 30
(23%) with a Group 3, and 55 (42%) with a Group 4 medulloblastoma. The mean follow-up time was 71 months
(5.9 years). Thirty patients (23%) had died within that
follow-up period with a mean survival time of 42 months
(3.5 years). Twenty-eight (22%) individuals needed CSF
diversion surgery within 60 days of resection. Two patients had a shunt placed before tumor resection. No ETVs
were performed before the primary tumor resection, but 5
patients underwent ETV after tumor resection, and in 4 of
these cases the ETV had to be converted to a ventriculoperitoneal shunt.
Demographics and Metastatic Status Across Molecular
Subgroups
Table 2 provides an overview of demographic and
metastatic status of all patients by subgroup. Sex, age at
diagnosis, proportion of deceased patients, survival time,
and metastatic status at diagnosis were significantly different in their distribution/mean value across the 4 subgroups. When comparing each subgroup individually to
the remainder of the patients, Wnt patients were older
(118 months), predominantly female (67%), less frequently
had metastatic disease (7%), and were universally alive at
follow-up. Patients in the Shh group were youngest (mean
69 months) and had the shortest survival time (mean 24
months) in the pairwise comparison. Group 3 patients
were on the young side (mean 70 months) compared with
238

the remainder of the individuals and had the highest rate
(50%) of metastases at diagnosis. Patients with the longest mean survival time (mean 72 months) were found in
Group 4. In the Wnt subgroup, no deaths occurred during
the observational time. These subgroup-specific characteristics are consistent with the published literature.22,23
“Infants” were regarded as those patients with medulloblastoma who were younger than the age of 3 years and
were not subjected to craniospinal irradiation. In our series, Shh and Group 3 medulloblastomas showed a significantly higher proportion of very young children than Wnt
and Group 4.
Hydrocephalus Parameters Across Molecular Subgroups
The parameters assessed to calculate the mCPPRH
score are summarized in Table 3. An overall significant
difference in distribution/mean value was found for the
parameters age < 2 years, transependymal edema, and
mCPPRH score. Of note, the parameter age < 2 years is
given by the authors of the mCPPRH scale and does not
correspond to the age limit of 3 years used in the presentation of clinical parameters according to subgroups in
Table 2. The latter was chosen because the age limit to
administer radiotherapy was 3 years.
Because of missing data, we could not calculate the
FOR for 25 patients (19%) or the mCPPRH score for 24
patients (18%). Wnt patients had a smaller FOR (0.39)
in the pairwise comparison; the chi-square test p value
across all subgroups, however, was greater than 5%. The
mCPPRH score in the Wnt subgroup, though, was significantly smaller (1.92 points) with a significant p value for
the chi-square test across all subgroups (p = 0.45). Group
4 patients had the highest rate of transependymal edema
(93%, p = 0.02).
Early CSF Diversion Surgery
Table 4 summarizes the data obtained in the patients
who required CSF diversion surgery within 60 days compared with data acquired in those who did not. As mentioned above, a total of 28 patients (22%) ultimately needed
surgical treatment for their hydrocephalus. Shunt-treated
patients were significantly younger (59 vs 93 months, p
= 0.0004) and, not surprisingly, had a higher mean mCPPRH score (4.09 versus 2.82 points, p = 0.002) than those
not treated with a shunt. When looking at age distribution
across the subgroups in the patients who underwent CSF
diversion surgery, Shh patients were youngest (mean age
43 months, median age 26 months), although this difference was too small to be significant. Of the patients who
did not undergo CSF diversion surgery, Wnt patients were
significantly older (p = 0.02).
The observation that not a single patient in the Wnt subgroup needed CSF diversion surgery was also significant
when compared with all non-Wnt patients (p = 0.04). The
distribution across all subgroups, however, did not show a
significant difference. In a binominal multivariate logistic regression analysis, only the mCPPRH score remained
significant predictor for needing CSF diversion surgery.
Being in the Wnt group alone was not independently predictive. The remaining variables (sex, proportion of de-
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TABLE 2. Demographics and metastatic status across molecular subgroups
Variable

Total
(n = 130)

Wnt
(n = 15)

Shh
(n = 30)

Group 3
(n = 30)

Group 4
(n = 55)

p Value*

No. of females (%)
Mean age at diagnosis in mos (median)
No. age <3 yrs at diagnosis (%)
No. deceased at last follow-up (%)
Mean survival of deceased in mos (median)
Mean follow-up (median)
No. w/ metastasis at diagnosis (%)

45 (34.6)
86 (80)
20 (15.4)
30 (23.1)
42 (34)
71 (62)
40 (30.8)

10 (66.7)†
118 (101)†
0 (0.0)
0 (0.0)†

14 (46.7)
69 (57)†
11 (36.7)†
11 (36.7)
24 (14)†
69 (61)
6 (20.0)

6 (20.0)
70 (59)†
9 (30.0)†
10 (33.3)
34 (27)
63 (54)
15 (50.0)†

15 (27.3)
95 (89)
0 (0.0)†
9 (16.4)
72 (72)†
81 (76)
18 (32.7)

<0.01
<0.01
<0.01
0.01
<0.01
0.27
0.01

—

58 (47)
1 (6.7)†

— = not applicable.
* Boldface indicates statistical significance.
† Significant difference when compared pairwise to remainder of patients.

ceased patients, survival time, follow-up duration, and
metastatic status) were not significantly different in the
CSF diversion surgery groups. The incidence of metastatic
disease at diagnosis, however, tended to be higher in the
group needing CSF diversion surgery (43% vs 28%).
Late CSF Diversion Surgery
In addition to patients treated with CSF diversion acutely within 60 days of tumor resection, patients who needed
CSF diversion after that time were additionally evaluated.
Five patients were treated at a later point in time: none in
the Wnt group, 1 of 30 in the Shh group (3%), 3 of 30 in
Group 3 (10%), and 1 of 55 in Group 4 (2%). The p value
across all subgroups was not significant; however, when
comparing Group 3 patients who needed late CSF diversion surgery to the remainder of the patients, the p value
was 0.46.

Discussion

The single entity formerly known as medulloblastoma
is being rapidly replaced by the 4 accepted subgroups of
medulloblastoma.9,22,23,41 In the next round of clinical trials,
medulloblastoma patients will likely be divided according
to the molecular subgroup of their lesion, and discussions

of subgroup affiliation are currently part of the clinical
consideration and treatment planning for patients with
medulloblastoma in many first-world pediatric neurosurgical centers. Neurosurgeons are part of the team treating
children with medulloblastoma and will therefore need to
be familiar with the molecular subgroups of the disease to
participate in these discussions and provide optimal care
to their patients. In addition to tumor resection, initial and
ongoing treatment of hydrocephalus is an important part
of the neurosurgeon’s role in the care of medulloblastoma
patients. The percentage of patients needing CSF diversion surgery in our cohort of patients (22%) seems acceptable and compares well with the literature. Our finding
that no patients with Wnt medulloblastoma in our series
required CSF diversion surgery likely relates to patient/
host factors (older age at presentation, smaller ventricles at
presentation, lower mCPPRH score, and lowest incidence
of transependymal edema), as well as disease factors (near
absence of leptomeningeal metastases), but might also relate to the specific biological characteristics of the Wnt
subgroup. The absence of the need for CSF diversion surgery after 60 days also appears supportive of that observation, suggesting that all non-Wnt patients are prone to
leptomeningeal spread at recurrence, leading to a higher
rate of communicating hydrocephalus.

TABLE 3. Hydrocephalus parameters across molecular subgroups
Variable

Total
(n = 130)

No. of patients age <2 yrs (%)
8 (6.2)
No. of patients w/ transependymal edema (%)‡ 86 (81.1)
FOR§
0.43 (0.42)
No. of patients w/ moderate/severe hydro37 (34.9)
cephalus (%)‡
No. of patients w/ cerebral metastases (%)
18 (13.8)
Mean mCPPRH score (median)‡
3.08 (2.00)

Wnt
(n = 15)

Shh
(n = 30)

Group 3
(n = 30)

Group 4
(n = 55)

p Value*

0 (0.0)
4 (13.3)
4 (13.3)
0 (0.0)†
8 (61.5)
16 (69.6)
21 (80.8)
41 (93.2)†
0.40 (0.39)† 0.42 (0.40) 0.44 (0.43) 0.43 (0.43)
2 (15.4)
7 (30.4)
10 (38.5)
18 (40.9)

0.02
0.02
0.10
0.36

0 (0.0)
1.92 (2.00)†

0.26
0.045

3 (10.0)
2.83 (2.00)

6 (20.0)
9 (16.4)
3.38 (2.00) 3.36 (4.00)

* Boldface values indicate statistical significance.
† Significant difference when compared pairwise to remainder of patients.
‡ Information on 24 patients not available; percentages refer to total number with available information in each subgroup (Wnt = 13, Shh = 23,
Group 3 = 26, and Group 4 = 44).
§ Information on 25 patients not available; percentages refer to total number with available information in each subgroup (Wnt = 12, Shh = 23,
Group 3 = 26, and Group 4 = 44).
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TABLE 4. Data on CSF diversion surgery
CSF Diversion
Variable
No. in subgroup (%)
Wnt
Shh
Group 3
Group 4
No. in Wnt subgroup (%)
No. female (%)
Mean age at diagnosis in mos (median)
Mean age in mos at diagnosis by subgroup (median)
Wnt
Shh
Group 3
Group 4
No. dead at last follow-up (%)
Survival in mos of deceased (median)
Mean follow-up in mos (median)
No. w/ metastasis at diagnosis (%)
Mean mCPPRH score (median)§
*
†
‡
§

Not Required (n = 102)

p Value*
0.17

0 (0.0)†
8 (28.6)
8 (28.6)
12 (42.9)
0 (0.0)
9 (32.1)
59 (46)
—
43 (26)
46 (34)
79 (78)
7 (25.0)
43 (35)
77 (67)
12 (42.9)
4.09 (4.00)

15 (14.7)†
22 (21.6)
22 (21.6)
43 (42.2)
15 (14.7)
36 (35.3)
93 (89)
118 (101)†
78 (65)
79 (66)
99 (93)
23 (22.5)
42 (33)
70 (62)
28 (27.5)
2.80 (2.00)

0.04
0.83
<0.01
0.10/0.02‡

0.80
0.93
0.50
0.16
<0.01

Boldface indicates statistical significance.
Significant difference when compared pairwise to remainder of patients.
The p value on the left is for the CSF diversion group and that on the right is for the no-CSF diversion group.
Information on 24 patients not available.

In summary, the most likely explanation for the Wnt
patients not needing CSF diversion surgery is their lower
mCPPRH score, meaning their risk profile is more favorable. In a binominal logistic regression analysis, being in
the Wnt group did not independently influence the need
for CSF diversion surgery.
We observed that ETV for the treatment of hydrocephalus in the acute setting had a high conversion rate to conventional shunt surgery of 80%. This is somewhat contradictory to reports citing a higher success rate for ETV but
might be the result of the long observation period and the
absence of the standard use of ETV to treat hydrocephalus
due to posterior fossa tumors at our institution.3,7
Our study does have limitations in that Wnt medulloblastomas are the least common (about 10%), data collection was retrospective, and the patients were accrued
over a long period of time (22 years). The low incidence of
Wnt medulloblastomas especially results in a small patient
number when evaluating the Wnt subgroup separately.
However, because CSF diversion can contribute serious
morbidity and even occasionally lead to death, the lack of
hydrocephalus in patients with Wnt medulloblastoma no
doubt adds to the overwhelmingly favorable prognosis in
this subgroup.
Furthermore, because a diagnosis of shunt-dependent
hydrocephalus can decrease a patient’s quality of life, the
freedom from hydrocephalus in Wnt medulloblastoma patients that we observed could contribute to a better quality
of life than that experienced by children with other subtypes of medulloblastoma. In future studies, clinical data
240

Required (n = 28)

on larger numbers of Wnt medulloblastomas—the rarest
subgroup of medulloblastomas—should be assessed in a
multicenter fashion to confirm its association with a very
low rate of CSF diversion surgery.

Conclusions

In a collective of 130 pediatric patients with medulloblastoma, the CSF diversion surgery rate was 22%. This
rate was the same for the Shh, Group 3, and Group 4 molecular subgroup. In the Wnt subgroup, however, none
of the patients needed CSF diversion surgery. The most
likely explanation of this observation is the low risk profile
of Wnt patients that is reflected in their lower mCPPRH
score, suggesting again the relatively favorable clinical behavior of Wnt medulloblastomas.

References

1. Alimova I, Venkataraman S, Harris P, Marquez VE, Northcott PA, Dubuc A, et al: Targeting the enhancer of zeste
homologue 2 in medulloblastoma. Int J Cancer 131:1800–
1809, 2012
2. Aref D, Moffatt CJ, Agnihotri S, Ramaswamy V, Dubuc AM,
Northcott PA, et al: Canonical TGF-b pathway activity is a
predictor of SHH-driven medulloblastoma survival and delineates putative precursors in cerebellar development. Brain
Pathol 23:178–191, 2013
3. Bhatia R, Tahir M, Chandler CL: The management of hydrocephalus in children with posterior fossa tumours: the role
of pre-resectional endoscopic third ventriculostomy. Pediatr
Neurosurg 45:186–191, 2009

J Neurosurg Pediatr Volume 15 • March 2015
Unauthenticated | Downloaded 01/08/23 02:05 AM UTC

CSF diversion surgery by medulloblastoma subgroups

4. Buss MC, Remke M, Lee J, Gandhi K, Schniederjan MJ,
Kool M, et al: The WIP1 oncogene promotes progression and
invasion of aggressive medulloblastoma variants. Oncogene
[epub ahead of print], 2014
5. Dubuc AM, Morrissy AS, Kloosterhof NK, Northcott PA, Yu
EP, Shih D, et al: Subgroup-specific alternative splicing in
medulloblastoma. Acta Neuropathol 123:485–499, 2012
6. Dubuc AM, Remke M, Korshunov A, Northcott PA, Zhan
SH, Mendez-Lago M, et al: Aberrant patterns of H3K4 and
H3K27 histone lysine methylation occur across subgroups in
medulloblastoma. Acta Neuropathol 125:373–384, 2013
7. El-Ghandour NMF: Endoscopic third ventriculostomy versus
ventriculoperitoneal shunt in the treatment of obstructive hydrocephalus due to posterior fossa tumors in children. Childs
Nerv Syst 27:117–126, 2011
8. Foreman P, McClugage S III, Naftel R, Griessenauer CJ,
Ditty BJ, Agee BS, et al: Validation and modification of a
predictive model of postresection hydrocephalus in pediatric
patients with posterior fossa tumors. J Neurosurg Pediatr
12:220–226, 2013
9. Gottardo NG, Hansford JR, McGlade JP, Alvaro F, Ashley
DM, Bailey S, et al: Medulloblastoma Down Under 2013:
a report from the third annual meeting of the International
Medulloblastoma Working Group. Acta Neuropathol
127:189–201, 2014
10. Gudrunardottir T, Lannering B, Remke M, Taylor MD, Wells
EM, Keating RF, et al: Treatment developments and the unfolding of the quality of life discussion in childhood medulloblastoma: a review. Childs Nerv Syst 30:979–990, 2014
11. Henrich N, Marra CA, Gastonguay L, Mabbott D, Malkin D,
Fryer C, et al: De-escalation of therapy for pediatric medulloblastoma: trade-offs between quality of life and survival.
Pediatr Blood Cancer 61:1300–1304, 2014
12. Hovestadt V, Jones DT, Picelli S, Wang W, Kool M, Northcott PA, et al: Decoding the regulatory landscape of medulloblastoma using DNA methylation sequencing. Nature
510:537–541, 2014
13. Jones DT, Jäger N, Kool M, Zichner T, Hutter B, Sultan M,
et al: Dissecting the genomic complexity underlying medulloblastoma. Nature 488:100–105, 2012
14. Kool M, Jones DT, Jäger N, Northcott PA, Pugh TJ, Hovestadt V, et al: Genome sequencing of SHH medulloblastoma
predicts genotype-related response to smoothened inhibition.
Cancer Cell 25:393–405, 2014
15. Kool M, Korshunov A, Remke M, Jones DT, Schlanstein M,
Northcott PA, et al: Molecular subgroups of medulloblastoma: an international meta-analysis of transcriptome, genetic
aberrations, and clinical data of WNT, SHH, Group 3, and
Group 4 medulloblastomas. Acta Neuropathol 123:473–
484, 2012
16. Korshunov A, Remke M, Kool M, Hielscher T, Northcott PA,
Williamson D, et al: Biological and clinical heterogeneity
of MYCN-amplified medulloblastoma. Acta Neuropathol
123:515–527, 2012
17. Kulkarni AV, Drake JM, Armstrong DC, Dirks PB: Measurement of ventricular size: reliability of the frontal and occipital horn ratio compared to subjective assessment. Pediatr
Neurosurg 31:65–70, 1999
18. Markant SL, Esparza LA, Sun J, Barton KL, McCoig LM,
Grant GA, et al: Targeting sonic hedgehog-associated medulloblastoma through inhibition of Aurora and Polo-like
kinases. Cancer Res 73:6310–6322, 2013
19. Morrison LC, McClelland R, Aiken C, Bridges M, Liang L,
Wang X, et al: Deconstruction of medulloblastoma cellular
heterogeneity reveals differences between the most highly invasive and self-renewing phenotypes. Neoplasia 15:384–398,
2013
20. Moxon-Emre I, Bouffet E, Taylor MD, Laperriere N, Scantlebury N, Law N, et al: Impact of craniospinal dose, boost vol-

21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.
39.

ume, and neurologic complications on intellectual outcome in
patients with medulloblastoma. J Clin Oncol 32:1760–1768,
2014
Northcott PA, Dubuc AM, Pfister S, Taylor MD: Molecular
subgroups of medulloblastoma. Expert Rev Neurother
12:871–884, 2012
Northcott PA, Jones DT, Kool M, Robinson GW, Gilbertson
RJ, Cho YJ, et al: Medulloblastomics: the end of the beginning. Nat Rev Cancer 12:818–834, 2012
Northcott PA, Korshunov A, Pfister SM, Taylor MD: The
clinical implications of medulloblastoma subgroups. Nat Rev
Neurol 8:340–351, 2012
Northcott PA, Korshunov A, Witt H, Hielscher T, Eberhart
CG, Mack S, et al: Medulloblastoma comprises four distinct
molecular variants. J Clin Oncol 29:1408–1414, 2011
Northcott PA, Rutka JT, Taylor MD: Genomics of medulloblastoma: from Giemsa-banding to next-generation sequencing in 20 years. Neurosurg Focus 28(1):E6, 2010
Northcott PA, Shih DJ, Peacock J, Garzia L, Morrissy AS,
Zichner T, et al: Subgroup-specific structural variation across
1,000 medulloblastoma genomes. Nature 488:49–56, 2012
Northcott PA, Shih DJ, Remke M, Cho YJ, Kool M, Hawkins
C, et al: Rapid, reliable, and reproducible molecular subgrouping of clinical medulloblastoma samples. Acta Neuropathol 123:615–626, 2012
Perreault S, Ramaswamy V, Achrol AS, Chao K, Liu TT,
Shih D, et al: MRI surrogates for molecular subgroups of
medulloblastoma. AJNR Am J Neuroradiol 35:1263–1269,
2014
Pietsch T, Schmidt R, Remke M, Korshunov A, Hovestadt V,
Jones DT, et al: Prognostic significance of clinical, histopathological, and molecular characteristics of medulloblastomas
in the prospective HIT2000 multicenter clinical trial cohort.
Acta Neuropathol 128:137–149, 2014
Pugh TJ, Weeraratne SD, Archer TC, Pomeranz Krummel
DA, Auclair D, Bochicchio J, et al: Medulloblastoma exome
sequencing uncovers subtype-specific somatic mutations.
Nature 488:106–110, 2012
Ramaswamy V, Northcott PA, Taylor MD: FISH and chips:
the recipe for improved prognostication and outcomes for
children with medulloblastoma. Cancer Genet 204:577–588,
2011
Ramaswamy V, Remke M, Bouffet E, Faria CC, Perreault S,
Cho YJ, et al: Recurrence patterns across medulloblastoma
subgroups: an integrated clinical and molecular analysis.
Lancet Oncol 14:1200–1207, 2013
Ramaswamy V, Remke M, Shih D, Wang X, Northcott PA,
Faria CC, et al: Duration of the pre-diagnostic interval in medulloblastoma is subgroup dependent. Pediatr Blood Cancer
61:1190–1194, 2014
Remke M, Ramaswamy V, Peacock J, Shih DJ, Koelsche C,
Northcott PA, et al: TERT promoter mutations are highly
recurrent in SHH subgroup medulloblastoma. Acta Neuropathol 126:917–929, 2013
Remke M, Ramaswamy V, Taylor MD: Medulloblastoma
molecular dissection: the way toward targeted therapy. Curr
Opin Oncol 25:674–681, 2013
Riva-Cambrin J, Detsky AS, Lamberti-Pasculli M, Sargent
MA, Armstrong D, Moineddin R, et al: Predicting postresection hydrocephalus in pediatric patients with posterior fossa
tumors. J Neurosurg Pediatr 3:378–385, 2009
Sengupta R, Dubuc A, Ward S, Yang L, Northcott P, Woerner
BM, et al: CXCR4 activation defines a new subgroup of Sonic
hedgehog-driven medulloblastoma. Cancer Res 72:122–132,
2012
Shih DJ, Northcott PA, Remke M, Korshunov A, Ramaswamy V, Kool M, et al: Cytogenetic prognostication within
medulloblastoma subgroups. J Clin Oncol 32:886–896, 2014
Swartling FJ, Grimmer MR, Hackett CS, Northcott PA, Fan
J Neurosurg Pediatr Volume 15 • March 2015

241

Unauthenticated | Downloaded 01/08/23 02:05 AM UTC

C. Schneider et al.

40.

41.

42.

43.

44.

242

QW, Goldenberg DD, et al: Pleiotropic role for MYCN in
medulloblastoma. Genes Dev 24:1059–1072, 2010
Swartling FJ, Savov V, Persson AI, Chen J, Hackett CS,
Northcott PA, et al: Distinct neural stem cell populations give
rise to disparate brain tumors in response to N-MYC. Cancer Cell 21:601–613, 2012
Taylor MD, Northcott PA, Korshunov A, Remke M, Cho YJ,
Clifford SC, et al: Molecular subgroups of medulloblastoma:
the current consensus. Acta Neuropathol 123:465–472,
2012
Triscott J, Lee C, Foster C, Manoranjan B, Pambid MR,
Berns R, et al: Personalizing the treatment of pediatric medulloblastoma: Polo-like kinase 1 as a molecular target in
high-risk children. Cancer Res 73:6734–6744, 2013
Wang X, Ramaswamy V, Remke M, Mack SC, Dubuc AM,
Northcott PA, et al: Intertumoral and intratumoral heterogeneity as a barrier for effective treatment of medulloblastoma.
Neurosurgery 60 (Suppl 1):57–63, 2013
Zhukova N, Ramaswamy V, Remke M, Pfaff E, Shih DJ,
Martin DC, et al: Subgroup-specific prognostic implica-

tions of TP53 mutation in medulloblastoma. J Clin Oncol
31:2927–2935, 2013

Author Contributions

Conception and design: Schneider, Ramaswamy, Kulkarni,
Bouffet, Taylor. Acquisition of data: Schneider, Ramaswamy,
Bouffet. Analysis and interpretation of data: Schneider,
Ramaswamy, Kulkarni, Taylor. Drafting the article: Schneider,
Ramaswamy, Kulkarni, Bouffet, Taylor. Critically revising the
article: all authors. Reviewed submitted version of manuscript:
all authors. Approved the final version of the manuscript on
behalf of all authors: Schneider. Statistical analysis: Schneider,
Ramaswamy, Kulkarni. Study supervision: Kulkarni, Bouffet,
Taylor.

Correspondence

Christian Schneider, Division of Neurosurgery, The Hospital for
Sick Children, 555 University Ave., Toronto, ON M5G 1X8,
Canada. email: christian_schneider@gmx.ch.

J Neurosurg Pediatr Volume 15 • March 2015
Unauthenticated | Downloaded 01/08/23 02:05 AM UTC

