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Abstract The treatment of medulloblastoma, the most

common malignant brain tumor in children, has evolved

over the last few decades. The objectives of this paper were

to determine the survival of pediatric medulloblastoma in

Canada, to determine if there has been an improvement in

the survival rates between the years of 1990 and 2009,

inclusive, and to determine prognostic factors for survival.

All patients under the age of 18 years diagnosed with

medulloblastoma from 1990 to 2009, inclusive, in Canada

were included. Data collected included date of diagnosis,

age at diagnosis, gender, stage, pathology, treatment, re-

currence and current status. From these, survival rates were

determined. Data were obtained on 628 eligible patients.

The overall 5-year survival rate for the study time period

was 69.2 ± 3.3 %. The survival rate increased during the

interval of 1996–2000, then remained stable; 1990–1994:

60.2 ± 4.3 %; 1995–1999: 73.2 ± 3.5 %; 2000–2004:

68.8 ± 3.7 %; and 2005–2009: 72.1 ± 4.9 %, p = 0.05.

Children over 14 years of age had a significantly better

overall survival than those age 5–14 and those under 5
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(85.7 ± 5.5 % vs 76.1 ± 2.7 % and 60.8 ± 3 % respec-

tively, p = 0.001). Histologic medulloblastoma subtype

and M stage of disease did not result in significant dif-

ferences in survival. Despite changes in approaches to

therapy, we demonstrate a steady survival rate for chil-

dren with medulloblastoma after 1996. In our analyses,

age over 14 years was associated with a higher survival

rate.

Keywords Medulloblastoma � Survival � Pediatric

Introduction

Medulloblastoma is the most common malignant brain

tumor in children and accounts for approximately 20 % of

all brain tumors in children and adolescents under the age

of 18 years [1]. Current therapy includes maximal surgical

resection, craniospinal radiation with a boost to the tumor

bed, and adjuvant chemotherapy [2]. Using these mod-

alities, the survival is approximately 80 % for patients with

standard-risk disease (defined as residual tumor less than

1.5 cm2 and no evidence of disease in the head, spine or

cerebrospinal fluid) and 65 % for those with high risk

disease [3, 4]. Other factors shown to influence survival

include histological subtype, age at diagnosis, and therapy

utilized. The majority of publications on survival of

medulloblastoma describe results of clinical trials, which

have stringent eligibility criteria that necessarily influence

the survival data [5–9]. As well, the majority of medul-

loblastoma studies are for specific age ranges, usually over

age 3 or under age 3, and not for the whole population of

affected children.

The Canadian Pediatric Brain Tumor Consortium

(CPBTC) represents all Canadian pediatric oncology cen-

ters. The health care system in Canada is such that any

child who is diagnosed with a brain tumor in Canada is

treated at one of the institutions of the CPBTC. There is

potential that a young adult (i.e. 16 or 17 years old) with

medulloblastoma would be treated at an adult center, but

this potential is very low given the cooperation between

adult and pediatric centers in Canada, such that any person

under the age of 18 with a pediatric diagnosis is sent to a

pediatric institution. The CPBTC undertook a population-

based study of all patients diagnosed with medulloblastoma

during the past two decades. The primary objectives of this

observational study were to determine the survival rate in

children under the age of 18 years diagnosed with medul-

loblastoma in Canada and to determine if there was any

change between each 5-year period of the 20 years sur-

veyed. The secondary objective was to explore the prog-

nostic risk factors for survival.

Methods

This study was designed as a multi-centered, national,

retrospective observational study. A questionnaire was

developed in order to collect data on Canadian pediatric

patients with medulloblastoma. The inclusion criteria for

the study were age 18 years or younger with a histo-

logically confirmed diagnosis of medulloblastoma diag-

nosed in Canada in the years 1990–2009, inclusive. The

data collected included date of diagnosis, age at diagnosis,

gender, M stage, histologic subtype, treatment received,

enrollment on a clinical trial, any recurrence and charac-

teristics of the recurrence, and the status of patient at the

time of the survey. Patients who were treated at more than

one center were discussed among the centers to determine

which center would include the patient in their data to

ensure no duplication of data.

The study was approved by the local research ethics

boards at each institution prior to completion of the ques-

tionnaires. The questionnaire was completed by all 16

Canadian member centers of the CPBTC for all patients

meeting inclusion criteria. The data were anonymized at

the center at the time of completion of the questionnaire.

The completed questionnaires were centrally collected by

the principal investigator and the data entered into a

database. There was no central review of pathology or

radiology for the cases.

Descriptive statistics were compared using Chi square

analysis. Overall survival was calculated using Kaplan–

Meier analysis. To examine for changes in survival over

time, the study period was broken into 4 equal times pe-

riods (1990–1994, 1995–1999, 2000–2004 and 2005–2009,

inclusive). These time periods reflected the standard

Canadian census time periods. The age groupings were

divided into under 5 years, 5–14 years and 14–19 years to

reflect the statistics collected by Statistics Canada. The

5-year survival rates between groups were compared using

log-rank test. Cox proportional hazard regression analysis

was used to assess the relationship between different

variables and time to death. A p value of\0.05 was con-

sidered statistically significant. Statistical calculations were

done using SPSS.

Results

There were a total of 628 eligible patients from all 16

Canadian institutions who met all inclusion criteria. The

mean age was 5.08 ± 3.3 years. The study population

characteristics are summarized in Table 1.

The overall 5-year survival rate was 69.2 ± 3.3 %. To

determine if a change in the 5-year survival rate had
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occurred between 1990 and 2009, the data were broken

down into 5 year periods (Table 2). Between the time pe-

riod 1990–1994 and 1995–1999, the 5-year survival in-

creased and then remained relative stable thereafter. The

2-year survival increased with each subsequent time peri-

od, and the 10-year survival increased after 1994 (Table 2).

There were changes in the therapy given during the

different time intervals (Table 1). From 1990 to 1999,

chemotherapy-only was more frequently used compared to

other time periods. However, since 1995 the use of both

chemotherapy and radiotherapy were more common. The

use of high dose chemotherapy, though uncommonly used,

has increased since 2000. In examining therapy received by

patients under the age of 5 years 46.5 % received che-

motherapy and radiation therapy, 10.1 % received radio-

therapy only and 22.9 % received chemotherapy only.

The numbers of cases contributed by the various centers,

as well as therapy and outcome are shown in Table 3. Of

note, there was not a significant difference in outcome

based on the number of cases contributed by the center.

The tumor was reported to have recurred in 32.2 % of

the cases. The distribution of the site of recurrence varied

over time; however the posterior fossa was the most

common site of reoccurrence (60 % of recurrence in this

location—data not shown). Patients with M0 disease who

had a reoccurrence did so in the posterior fossa 56 % of

this time, M1 disease 74 % of the time, M2 disease 78 %

of the time, M3 disease 52 % of the time and M4 disease

had no recurrence in the posterior fossa.

To examine the role that different known risk factors

might have in the determining of the overall 5-year survival

Table 1 Summary of study population demographics

Overall

N (%)

1990–1994

N (%)

1995–1999

N (%)

2000–2004

N (%)

2005–2009

N (%)

Gender (N = 622)

Male 386 (62.1) 80 (55.9) 104 (60.8) 114 (66.2) 88 (66.2)

Female 236 (37.9) 63 (74.1) 67 (39.2) 61 (34.9) 45 (33.8)

Age (N = 625)

\3 years 190 (27.7) 45 (31.1) 67 (42.2) 72 (49.2) 6 (4.1)

\5 years 288 (46.1) 67 (42.2) 77 (45) 83 (46.9) 61 (46.7)

5–14 years 288 (46.1) 72 (49.7) 81 (47.4) 76 (42.9) 59 (44.7)

[14 years 49 (7.8) 6 (4.5) 13 (7.6) 18 (10.2) 12 (9.5)

Metastasis (N = 601)

M0 387 (64.5) 82 (61.2) 101 (62.7) 112 (64.4) 92 (69.7)

M1 65 (10.7) 17 (12.7) 18 (10.3) 18 (10.3) 11 (8.3)

M2 43 (7.2) 11 (8.2) 12 (7.5) 11 (6.3) 9 (6.8)

M3 100 (16.7) 21 (15.7) 27 (16.8) 32 (18.4) 20 (16.1)

M4 6 (1.0) 3 (2.2) 2 (1.2) 1 (0.6) 0

Histologic subtype (N = 523)

Classic NOS 383 102 107 98 76

Anaplastic 56 3 7 17 29

Nodular/desmoplastic 77 14 24 25 14

Initial treatment (N = 628)

None 56 (8.9) 18 (12.4) 7 (4.1) 19 (10.7) 12 (9.0)

Chemotherapy only 61 (9.7) 17 (11.7) 26 (15.1) 15 (8.4) 3 (2.3)

Radiotherapy only 73 (11.6) 31 (21.4) 21 (12.2) 8 (4.5) 13 (9.0)

Chemotherapy radiotherapy 395 (62.9) 78 (53.8) 118 (68.6) 130 (73) 69 (51.9)

High dose chemotherapy only 13 (2.1) 1 (0.7) 0 3 (1.7) 9 (6.8)

High dose chemotherapy radiotherapy 30 (4.8) 0 0 3 (1.7) 27 (20.3)

Table 2 Overall 2, 5 and 10 years survival for the time periods

Year 2 years (%) 5 years (%) 10 years (%)

Medulloblastoma overall survival

1990–1994 70.4 ± 4.0 60.2 ± 4.3 56.5 ± 4.4

1995–1999 74.8 ± 3.2 73.2 ± 3.5 68.8 ± 3.7

2000–2004 78 ± 3.3 68.8 ± 3.7 65.1 ± 3.3

2005–2009 81.7 ± 3.5 72.1 ± 4.9 –

Log rank p = 0.05
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rates, Kaplan–Meier analysis stratifying for each of the

variables was done (Table 4). An increase in the 5-year

survival rate with age was noted (Fig. 1) and based on

initial treatment. However, neither stage of disease, gender,

nor histologic subtype of medulloblastoma were found to

be significant predictors of the 5-year survival.

To explore if the various risk factors reported in the

literature to be associated with a poor outcome had an

association, Cox Regression Modeling was used (Table 5).

The proportional risk attributed to the outcome for each of

the following factors: being less than 5 years of age at the

time of diagnosis and having a first relapse attributed an

approximately two fold increased risk for poor outcome.

Discussion

The overall 5-year survival of patients with medulloblas-

toma in this study was 69.2 ± 3.3 % which is similar to

several recently published studies. A recent study exam-

ining the survival of children, adolescents and adults with

medulloblastoma and primitive neuroectodermal tumors

(PNETs) found a cumulative relative survival of 62, 52 and

47 % at 5, 10 and 20 years [3]. The 5-year cumulative

relative survival was 30 % for infants (\1 year), 62 % for

children (1–9 years), 64 % for adolescents (10–19 years)

and 59 % for adults ([20 years). At 10 years this disparity

broadened with survivals of 26, 57, 54 and 46 % respec-

tively. They also found a significant improvement in sur-

vival for all age groups over the 25 year time period of the

study, similar to the improvement we saw in our study.

Another recent study utilized SEER data for survival of

medulloblastoma from 1974 to 2003 [4]. They found the

5-year survival rate for medulloblastoma and PNET in-

creased over the study time period with 43.7 % in

1974–1978 to 62.8 % in 1999–2003, again similar to our

data. The HIT 91 protocol for children over the age of

3 years with medulloblastoma had a 10-year overall sur-

vival of 91 % for patients with M0 disease, 70 % for pa-

tients with M1 disease and 42 % for patients with M2/3

disease [5]. The HIT-SIOP PNET 4 trial compared hy-

perfractionated to conventional radiotherapy for standard

risk medulloblastoma and had a 5-year overall survival of

86 ± 2 % and an event free survival of 79 ± 2 % [6]. Our

study did not show a difference in survival based on his-

tologic subtype of medulloblastoma, although is limited by

the fact that there was no central pathology review. Nev-

ertheless, the lack of difference is contrary to previous

studies, and may reflect the intensity of current therapies

currently being used.

Many studies examine patients with either high-risk or

standard-risk disease. The most recent Children’s On-

cology Group (COG) study for standard-risk medulloblas-

toma, found a 5- and 10-year event free survival of 81 ± 2

Table 3 Number of cases and outcome based on number of cases contributed by the center

Center Centers contributing

\30 patients

Centers contributing

30–50 patients

Centers contributing

50–100 patients

Centers contributing over

100 patients

Number of centers 7 4 2 1

Total patient number 168 156 156 148

Year

1990–1994 47 (7.5 %) 37 (5.1 %) 32 (4.6 %) 29 (4.6 %)

1995–1999 38 (6.7 %) 49 (7.8 %) 45 (7.2 %) 40 (6.0 %)

2000–2004 45 (7.2 %) 41 (6.5 %) 49 (7.8 %) 43 (6.8 %)

2005–2009 38 (6.1 %) 29 (4.6 %) 30 (4.8 %) 36 (8.9 %)

Sex

Male 99 92 91 104

Age

Less than 3 years 45 (7.2 %) 45 (7.2 %) 48 (7.6 %) 36 (5.7 %)

Less than 5 years 72 (11.5 %) 68 (10.8 %) 79 (12.6 %) 69 (11.0 %)

5–13 years 79 (12.6 %) 76 (12.1 %) 59 (9.4 %) 74 (11.8 %)

Over 13 years 16 (2.5 %) 10 (1.6 %) 18 (2.9 %) 5 (0.8 %)

Therapy

Chemotherapy ? radiotherapy 48 (7.6 %) 48 (7.6 %) 59 (9.4 %) 48 (7.6 %)

Chemotherapy only 24 (3.8 %) 15 (2.4 %) 13 (2.1 %) 22 (3.5 %)

Radiotherapy only 9 (1.4 %) 22 (3.5 %) 24 (3.8 %) 18 (2.9 %)

Overall 5 year survival rate 67.0 ± 0.4 % 73.4 ± 0.4 % 67.0 ± 0.4 % 69.7 ± 0.4 %
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and 75.8 ± 2.3 % respectively, and 5- and 10-year overall

survival of 87 ± 1.8 and 81.3 ± 2.1 % respectively [7],

while the COG protocol for patients with metastatic

medulloblastoma had a 5-year overall survival was

82 ± 9 % and progression free survival was 71 ± 11 %

[8]. The metastatic stage did not influence survival. Our

study did not find a difference in survival based on stage of

disease, similar to the COG studies which had similar

survivals for patients with high risk and standard risk dis-

ease. The results of our study, similar to COG studies,

likely reflect the difference in intensity of therapy utilized

based on stage of disease.

A recent change in therapy is the use of high dose

chemotherapy with stem cell rescue. In this study, the use

of this modality of therapy varied by era with an increase in

the more recent time periods. One of the first large studies

examining the result of radiation therapy, high dose

chemotherapy with stem cell rescue for the therapy of

medulloblastoma was the St Jude medulloblastoma 96

protocol [9]. This study had a 5-year overall survival rate

of 85 % in the average risk group and 70 % in the high risk

group. In our study, only 43 of 628 children received high

dose chemotherapy with stem cell rescue. Children who

received high dose chemotherapy only had a 51.9 ± 1.7 %

5-year survival, while those who received high dose che-

motherapy and radiotherapy had a 84.7 ± 8.7 % 5-year

survival.

Another factor often determining survival is age at di-

agnosis. In this analysis, children under the age of 5 years

had a significantly lower survival than older children. A

study by the CPBTC of infants under the age of 3 years

with medulloblastoma demonstrated a 2-year event free

survival of 57 ± 5 % and a 5-year event free survival of

30 ± 5 % [10]. This study is similar to our study, where all

Table 4 Summary of 5 year

survival rates for study variables

of interest

Variable 5 year survival (%)

Overall survival 69.2 ± 3.3

Gender p = 0.815

Male 70.4 ± 2.5

Female 67.2 ± 3.2

Age group at time of diagnosis p = 0.00

5 years or less 60.8 ± 3.0

Between 5 and 14 years 76.1 ± 2.7

Over 14 years 85.7 ± 5.5

Year of diagnosis p = 0.031

1990–1994 60.7 ± 4.1

1995–1999 73.5 ± 4.0

2000–2004 68.8 ± 4.0

2005–2009 72.1 ± 05.0

Histologic subtype p = 0.8

Classic—NOS 71.1 ± 2.2

Extensive nodular 70.1 ± 5.6

Anaplastic/large cell 66.8 ± 6.7

Unknown 63.7 ± 0.06

Metastatic stage p = 0.136

M0 72.6 ± 2.4

M1 69.6 ± 6.2

M2 67.2 ± 7.1

M3 59.8 ± 5.2

M4 60.0 ± 2.2

Therapy p = 0.000

None 24.4 ± 6.9

Standard chemotherapy only 45.0 ± 6.7

Radiotherapy only 67.8 ± 5.8

Chemotherapy and radiotherapy 77.3 ± 2.2

High dose chemotherapy 51.9 ± 1.7

High dose chemotherapy ? radiotherapy 84.7 ± 8.7
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children under the age of 3 years of age with medul-

loblastoma in Canada were included, and not just patients

enrolled on a clinical trial who met the inclusion criteria for

the trial. Similarly, the SEER data on infants with brain

tumors showed a 12 month survival of 43.7 %, but at

3 years, infants treated with surgery and radiation therapy

had a survival of 64.7 % compared to a survival of 22.1 %

for those treated without radiation [11]. A Children’s On-

cology Group study for children aged 8 months to 3 years

with standard risk medulloblastoma utilized chemotherapy

and conformal radiation therapy and found a 4-year overall

survival was 69 ± 5.5 % and event free survival was

50 ± 6 % [12]. The HIT 2000 protocol for children under

4 years of age treated children with chemotherapy alone

and had a 5-year overall survival of 80 ± 6 % and event

free survival of 57 ± 8 % [13]. This study showed that

patients with desmoplastic/nodular histology had a better

survival than those with classic histology and much better

survival than those with anaplastic histology.

Our study also found that for children who relapse with

their medulloblastoma, the majority relapse in the posterior

fossa. The HIT-SIOP PNET 4 trial also examined the site

of relapse, and found that 17 % were in the posterior fossa

only, 18 % in the posterior fossa and craniospinal, and

65 % craniospinal only [6].

Overall, a major strength of our study is that it repre-

sents data for all children diagnosed with medulloblastoma

from 1990 to 2009. These are very helpful data, as they

include not just patients who met criteria for study inclu-

sion, as many previous studies do. This study was limited

by the fact that it was a longitudinal, retrospective study,

and there was no central radiology or pathology review nor

was there data on extent of surgical resection. The study

shows an overall survival of 69.2 %, which should provide

impetus to clinicians to improve this through future clinical

trials. One such improvement planned for future clinical

trials is to focus on the molecular classification of medul-

loblastoma with therapies targeting specific molecular

subgroups [14].
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