
CLINICAL-PATIENT STUDIES

Medulloblastoma in children: a 32-year experience from a single
institution
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Abstract We retrospectively evaluated 203 patients

newly diagnosed with medulloblastoma between 1975 and

2006. All patients underwent surgical resection and after

surgery were treated with a combination of radiotherapy

and chemotherapy. CCNU-based protocols were used in

the early years, with CDDP+VP16 being used more

recently. Radiotherapy was used in patients older than three

years of age according to the protocols. One hundred fif-

teen patients had total surgical resection, 78 had subtotal

resection, and 4 patients had only a biopsy. Every patient

received chemotherapy: 124 with the CCNU-based proto-

col, 75 with CDDP+VP16, and 4 with other protocols.

Overall (OS) and event free-survival (EFS) rates were 43.1

and 41.9% in the whole group, with a median follow-up

time of 8 years. OS rates for patients with and without

spinal seeding were 30 and 63.1% (P = 0.0002). OS rates

for males and females were 36.2 and 54.7% (P = 0.03).

OS rates for patients receiving the CCNU and

CDDP+VP16 protocols were 41.1 and 45%.
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Introduction

Medulloblastoma, an embryonal brain tumor, is the most

frequently occurring brain tumor in children [1, 2]. It can

constitute up to 40% of the posterior fossa. The treatment

strategy is surgery, followed by radiotherapy and chemo-

therapy. Multidrug chemotherapy, cisplatin-based, or

CCNU, procarbazine, and vincristine protocols are the

most commonly used chemotherapy protocols. Multidrug

chemotherapy has not been found superior to three-drug

regimens in multicenter prospective trials. In recent years,

brain tumors have been stratified according to risk cate-

gories. The most important prognostic factor is seeding at

the time of diagnosis [3]. Patients in the standard risk group

have been treated successfully, whereas the prognosis for

high-risk patients is still poor, with survival rates not

reaching 40%.

In this study, we analyze the clinical features, treatment,

and outcome of 203 patients with medulloblastoma treated

in our institution in the last 32 years.

Patients and methods

We identified 224 patients with a diagnosis of medullo-

blastoma at our institution between January 1975 and

December 2006. We excluded patients who were treated in

another oncology center, those who discontinued the

therapy, and those who died early after surgery with sur-

gical complications. For the remaining 203 patients, we

analyzed retrospectively their clinical and epidemiological
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Department of Pediatric Oncology, Hacettepe University,

Institute of Oncology, 06100 Ankara, Turkey

e-mail: hupog@tr.net

N. Akalan

Department of Neurosurgery, Hacettepe University, Faculty

of Medicine, 06100 Ankara, Turkey
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characteristics, histopathology, treatment modalities, sur-

vival rates and prognostic criteria.

All patients were evaluated with a complete physical

and neurological examination. To evaluate the primary

tumor, cranial computed tomography (CT) or magnetic

resonance imaging (MRI) was used. Spinal extension was

investigated with cervical, thoracal, and lumbar MRI in

most of the patients. Surgical resection was done in all

patients. Before 1984, the amount of resection was deter-

mined by the surgeon’s opinion and postoperative CT

scans, whereas after 1984 it was decided by postoperative

MRI findings. Total resection or gross-total resection was

defined as no visible disease after surgery on postoperative

imaging studies. The other surgical procedures were

defined as follows: subtotal resection, where surgical

removal was greater than 50% of the total tumor mass but

visible tumor remained, and biopsy, where surgical

removal was less than 10% of the total tumor mass. The

histopathological diagnosis was confirmed by examination

of the surgical specimens obtained from the primary tumor.

Histopathologic classification of the tumor was made

according to WHO criteria.

All patients were treated with a combination of radio-

therapy and chemotherapy after surgery. Chemotherapy

protocols were primarily chloroethylnitrosurea (CCNU)

(100 mg/m2), procarbazine (100 mg/m2), vincristine

(1 mg/m2), prednisolone (40 mg/m2) with 6-week intervals

between 1975 and 1996, and cisplatinum 100 mg/m2 and

etoposide 100 mg/m2 (CDDP+VP16) with a 4-week

interval thereafter. Most of the patients were treated with

fractionated conventional external beam radiotherapy to

the craniospinal region. Radiotherapy doses for the cra-

nium were 3,000 cGy and for the medulla spinalis were

2,500 cGy.

Mean and median values were used for demographic

characteristics. Kaplan–Meier survival curves were used

for survival analyses. The patient groups were compared in

terms of survival duration using a log-rank test.

Results

Epidemiologic and clinical characteristics of the 203

patients are given in Table 1. There were 126 males and 77

females (M/F = 1.63) with a median age of 7 years (0.37–

19 years) at diagnosis. The type of surgery was total in 115

(56.7%), subtotal in 78 (38.3%), biopsy in 4 (2.0%), and

unknown in 6 (3.0%). Spinal seeding was determined in 31

(33.3%) of the 93 patients at diagnosis who were investi-

gated for spinal involvement. Of the 128 patients whose

tumor sizes were defined radiologically or perioperatively,

tumor size was smaller than 3 cm in 10 (7.8%), 3–6 cm in

112 (87.5%), and larger than 6 cm in 6 (4.7%).

Craniospinal radiotherapy was delivered to 198 patients

(97.5%). Five patients who were under age of 3 years were

not given radiotherapy because of their age. One hundred

and twenty four patients (61.1%) were treated with a

CCNU-based protocol, 75 (36.9%) with CDDP+VP16, and

4 with other protocols.

Overall survival (OS) and event-free survival (EFS)

rates were 43.1 and 41.9% with a median follow-up time of

8 years (Fig. 1). The prognostic factors having a statisti-

cally significant influence on survival were gender

(P = 0.03), age group (P = 0.04), and existence of spinal

seeding (P = 0.0002) (Figs. 2 and 3). Among patients with

medulloblastoma the survival rate for those with the des-

moplastic type was 76.5%; for patients showing the classic

type, 47.2%; and for those with large-cell type, 66.6%

(P = 0.2).

The patients were divided into two groups according to

the year of diagnosis; group 1, 1975–1995, and group 2,

1996–2006. There were 101 patients in group 1 and 102 in

group 2. Overall survival for group 1 was 41.2 and 46.4%

for group 2 (P = 0.4). The CDDP+VP16 chemotherapy

protocol resulted in a survival rate of 44.9%, whereas the

survival rate was 41.1% for those receiving the CCNU

chemotherapy protocol and 33.3% for those treated with

Table 1 Epidemiologic and clinical characteristics of patients

Age 0.37–19 Years Median 7 years

Male/female 126/77 Ratio: 1.63

Age group (years)

0–5 67 33%

5.1–10 90 44.3%

[10 46 22.7%

Tumor size (cm)

\3 10 4.9%

3–6 112 55.2%

[6 6 3%

Not measured 75 36.9%

Type of surgery

Total 115 56.7%

Subtotal 78 38.3%

Biopsy 4 2%

Unknown 6 3%

Chemotherapy protocol

CCNU based 124 61.1%

CDDP+VP16 75 36.9%

Other 4 2%

Medulloblastoma subgroups

Desmoplastic 19 9.4%

Large cell 3 1.5%

Nodular 3 1.5%

Classic 178 87.6%
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other chemotherapy regimes (P = 0.6). One patient treated

with CDDP+VP16 died 9 years after diagnosis with

recurrent disease. If we exclude this patient from the

analysis, the overall survival rate in this group was 60%.

Tumor size (P = 0,65) and type of surgery (P = 0.74) had

no impact on survival (Table 2).

Discussion

According to the current WHO classification [4], embryo-

nal brain tumors (EBTs) include medulloblastoma,

medulloepithelioma, ependymoblastoma, supratentorial

primitive neuroectodermal tumor (sPNET), and atypical

teratoid/rhabdoid tumor (ATRT). The most frequently

occurring embryonal brain tumor is medulloblastoma. TheFig. 1 Overall and event-free survival rates of 203 patients with

medulloblastoma

Fig. 2 Overall survival rates according to gender

Fig. 3 Overall survival rates according to presence of spinal seeding

Table 2 Survival rates

Factor Survival rate (%) P value

Year group 0.4

Before 1996 41.2

After 1996 46.4

Age groups (years) 0.04*

0–5 39.7

5.1–10 42.2

[10 49

Gender 0.03*

Male 36.2

Female 54.7

Tumor size (cm) 0.65

\3 40

3–6 39.4

[6 44.4

Spinal metastasis \0.01*

Yes 30

No 63.1

Type of surgery 0.74

Total 40

Subtotal 46

Biopsy 25

Not defined 60

Chemotherapy protocol 0.6

CCNU based 41.1

CDDP+VP16 44.9

Other 33.3

Medulloblastoma subgroups 0.2

Desmoplastic 76.5

Large cell 66.6

Extensive nodularity 100

Classic 47.2

* P values lower than 0.05

J Neurooncol (2008) 90:99–103 101

123



incidence of medulloblastoma—39% of all brain tumors—

among our patients is slightly higher than found in other

centers.

Although WHO designates medulloblastomas as grade

IV, these tumors exhibit a wide spectrum of differentiation

or anaplasia. Classic, desmoplastic, tumors with extensive

nodularity, and large-cell type are the four medulloblas-

toma subtypes described in the 2000 WHO classification

and used for prognostic potential [5]. Eberhart et al. [6]

reported that desmoplasia was not associated with

improved survival, but they found anaplasia to be a sig-

nificant factor for poor prognosis. Other series have

suggested a better prognosis for desmoplastic medullo-

blastoma compared to classic and large-cell/anaplastic

subtypes [7, 8]. In our series, there was an increament in

survival rate of patients with the desmoplastic type.

One of the unexpected findings in our study was the

longer survival for girls compared to boys. Other studies

have shown variable effects of gender on clinical outcome.

Better survival for females was statistically significant in

some series [6, 9]. However, other studies showed no

survival disadvantage for boys nor any significant associ-

ation of survival and gender [8, 10–12]. We could not

explain the reason for the worse prognosis of male patients

with medulloblastoma in our series.

Older patients have responded well to the therapy in our

study (P = 0.04) in this group. In other studies, infants had

the worst prognosis [13], primarily because they could not

have radiotherapy or underwent delayed radiotherapy.

Metastatic stage is among the well-known clinical

characteristics of prognostic significance. Many studies

have reported the presence of dissemination at diagnosis as

the dominant prognostic factor [3, 8, 12]. The survival rate

of these high-risk patients in these studies was not higher

than 30–40%. Similarly, in our series the patients with

spinal metastasis at diagnosis had the worst prognosis

(P = 0.0002).

To improve the survival of patients with medulloblas-

toma several chemotherapy protocols have been tried in

combination with conventional surgery and radiotherapy.

Among them the CCNU-based protocol and cisplatin plus

etoposide protocol are the most commonly used. There are

equivocal results in regard to chemotherapy reported in the

literature. Packer et al. [14] reported a 5-year disease-free

survival rate of 71% in medulloblastoma patients treated

with radiotherapy and CCNU, cisplatin, and vincristine

chemotherapy. A study conducted by CCG reported a 3-

year disease-free survival rate of 80% in patients with

medulloblastoma treated with a combination of radiother-

apy and adjuvant chemotherapy [15]. In contrast, Padovani

et al. [16] showed that chemotherapy had no impact on

survival (P = 0.95) in adult patients with medulloblas-

toma. In our series, the cisplatin and etoposide

chemotherapy protocol resulted in the highest rate of sur-

vival (44.9%). If we exclude the patient who died in

9 years from recurrent disease, the survival of the patients

treated with the CDDP regimen was 60%. Most of our

patients were given CCNU-based chemotherapy between

1975 and 1996; after 1996 they were given cisplatin plus

etoposide with the intent of improving survival and

decreasing toxicity.

The improvement in survival rates with medulloblas-

toma has been attributed to the use of more effective

chemotherapy protocols, advances in surgical techniques,

and better imaging and staging. However, postoperative

radiotherapy plays the largest contributing factor to

improved prognosis [17]. The posterior fossa dose given to

medulloblastoma patients ranged between 34.3–72 Gy and

to the rest of the craniospinal axis between 23.3–45.6 Gy

[17, 18]. Most of the patients in the present series were

given radiotherapy within 1–3 months after primary sur-

gery with a dose of 3,000 cGy for the cranium and

2,500 cGy for the medulla spinalis. The timing of radio-

therapy initiation after surgical intervention did not have a

statistically significant effect on survival rates.

Overall survival and EFS in our series are comparable

with other series reported in the literature [12]. Although 5-

year survival rates of 50–60% have been achieved in

medulloblastoma through the use of craniospinal radiother-

apy and multiagent chemotherapy, damage to the developing

nervous system of younger children is a major problem [5,

15, 19]. In this regard, risk classification is of major impor-

tance so that children in the standard-risk group can receive

less aggressive therapy. For children older than 3 years

standard-risk patients are defined as patients with localized

disease at the time of diagnosis and total or nearly total

resection. Patients younger than 3 years and those with dis-

seminated disease or partially resected tumor are included in

the high-risk group [13, 14, 20]. A non-metastatic, desmo-

plastic, female medulloblastoma patient can be categorized

in the low-risk group in our study.

Medulloblastoma is the most common brain tumor in

children. The prognostic factors in this study are gender,

age group, and the presence of seeding. CDDP+VP16 was

a more succesful treatment regimen. New treatment strat-

egies should be sought for high-risk patients.
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