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Summary
Purpose: The aim of this study was to present the manage- (OS) was 76.4% at 3 years, 66.2% at 5 years and 59.2% at
ment and treatment of children with medulloblastoma in 10 years. Mean disease-free survival (DFS) was 75.8% at 3
Serbia, a middle-income country (MIC).
years, 62.8% at 5 years and 56.6% at 10 years. Mean OS
of stage M0 patients was 86.4% at 3 years, 74% at 5 years
Methods: The data of 87 children diagnosed with meduland 63.1% at 10 years. The OS of stage M1, M2 and M3
loblastoma and treated at the Institute for Oncology and
patients combined was 48.9% at 3 years, 44.0% at 5 years
Radiology of Serbia from 2000 to 2013 were analyzed.
and 37.7% at 10 years.
Results: The children’s median age was 8.3 years (range
Conclusion: In Serbia, a MIC, it is possible to achieve good
2.5-17.3). Eighty-two (94.2%) were 3 years or older. Sixtytreatment results in children with medulloblastoma using
two (71.3%) patients had stage M0 medulloblastoma, 12
international treatment guidelines and recommendations,
(13.8%) had stage M1 and 13 (14.9%) had stage M2 or M3.
available resources and an experienced team of professionAs of October 2015, 51 (58.6%) patients were alive and 31
als dedicated to pediatric neurooncology.
(35.6%) had died. Five patients (5.7%) were lost to followup. Twenty-six patients relapsed. The median follow-up
time was 58 months (range 4–187). Mean overall survival Key words: children, medulloblastoma, survival, treatment

Introduction
Medulloblastoma is the most common malignant brain tumor in children, accounting for approximately 20% of all childhood brain cancers [14]. Standard treatment for this disease consists of
surgery, craniospinal radiation and chemotherapy
[2,5]. The use of these modalities in modern therapeutic protocols has resulted in an OS rate greater
than 70% in children aged 3 years or older [2,5,6].

The mainstay of treatment is a multi-disciplinary
team with adequate neuroradiology, neurosurgery,
pathology, radiotherapy (RT) and chemotherapy
resources [1,3,7,8]. Although improved outcomes
and cure rates in children with medulloblastomas have been observed in high-income countries
(HIC), they are not observed in low- and middleincome countries (MIC) [3,7].
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Herein, we present the management and treat- metastatic disease. For young children under 4 years of
ment results of children with medulloblastoma in age, several regimens were used to postpone radiation.
In most regimens, such as Baby brain (ESO SIOP), HIT
Serbia, an MIC.

Methods
The data of 87 pediatric patients with medulloblastoma who were treated at the Institute for Oncology and Radiology of Serbia between January 2000 and
December 2013 were analyzed. The inclusion criterion
was histopathologic diagnosis of medulloblastoma with
no previous history of malignant disease. The majority
of the patients were diagnosed and operated upon at
the Clinic of Neurosurgery, Clinical Center of Serbia, in
Belgrade. Histopathologic examination was performed
at the Institute of Pathology, Faculty of Medicine, University of Belgrade, Belgrade, in collaboration with the
Department of Pathology Clinical Center of Serbia, Belgrade. All the patients underwent RT and chemotherapy
at the Institute for Oncology and Radiology of Serbia,
Belgrade. These institutions are national referral centers for the diagnosis and treatment of childhood brain
tumors. Any patient with medulloblastoma is admitted
to these hospitals to confirm the diagnosis and develop
a treatment strategy [9-12].
Treatment of all of the patients began with surgery, which was classified as gross total resection if
there was no evidence of residual disease, near-total
resection if up to 1.5 cm³ residual disease remained and
subtotal resection if more than 1.5 cm³ residual disease
remained. The extent of resection was based on the neurosurgeons’ operative notes and computed tomography
(CT) or magnetic resonance imaging (MRI) results. The
Chang classification [13] was used to stage metastatic
disease: stage M0, no evidence of metastases; M1, microscopic metastases in the cerebrospinal fluid (CSF);
M2, macroscopic, intracranial leptomeningeal metastases; M3, intraspinal leptomeningeal metastases; and
M4, metastases outside the cerebrospinal axis. In most
of the patients, spinal extension was evaluated via cervical, thoracic and lumbar MRI and lumbar CSF cytology.
Histopathologic classification of the tumor was
performed according to the 2000/2007 WHO criteria.
[14-16]. After completion of the appropriate staging procedures, all children were treated with a combination
of RT and chemotherapy. Until 2006, patients received
two-dimensional RT (2D-RT). Craniospinal irradiation
was performed with conventionally fractionated doses
of 30-36 Gy and boosted to 50-56 Gy in the posterior
fossa. Standard fractionation in the pediatric population
is defined as daily fractions in the range of 1.5-1.8 Gy,
5 days a week, depending on patient age. Starting in
2006, three-dimensional conformal RT (3D-CRT) was
introduced. Patients received risk-adapted craniospinal
RT at doses of 23.4 Gy for average-risk disease and 36
Gy for high-risk disease, with a boost to the posterior
fossa of 50.4-55.8 Gy.
A combination regimen of cisplatin, lomustine
(CCNU) and vincristine has been used as adjuvant
chemotherapy after RT. Different treatment strategies
were applied, based on patient age and the presence of

91, and HIT 2000, various combinations of vincristine,
cisplatin, carboplatin, etoposide and cyclophosphamide
were used. For patients with poor prognosis, chemotherapy and postoperative RT followed by maintenance
chemotherapy were administered using different chemotherapy regimens: “8-in-one-day”regimen (“8 in 1”),
Baby brain (ESO SIOP), HIT 91, and HIT 2000.
According to our protocol, after the completion
of treatment, follow-up examinations were performed
every 3 months during the first and second year, every
6 months in years 3 to 5, and yearly thereafter. Patient
disease status was assessed via clinical examination and
MRI imaging.
Statistics
Mean, median, standard deviation and range were
used to describe patient demographic characteristics.
The Kaplan–Meier method with 95% confidence interval
(CI) was used to estimate OS and DFS.

Table 1. Patient, disease and therapy characteristics
Characteristics

Number of patients

%

range 2.5-17.3

median 8.3

Male

53

60.9

Female

34

39.1

Gross total

53

60.9

Near total

22

25.3

Subtotal

12

13.8

Biopsy only

0

0

M0

62

71.3

M1

12

13.8

M2/M3

13

14.9

Classic

61

70.1

Nodular/desmoplastic

23

26.4

Large cell/anaplastic

3

3.4

2D

50

57.5

3D

37

42.5

Yes

78

89.7

No

9

10.3

Packer

35

44.9

HIT 2000

26

33.3

ESO SIOP/Baby brain

6

7.7

“8 in 1”

3

3.8

Other

8

10.3

Age (years)
Gender

Extent of resection

Metastatic stage

Histology

Radiotherapy

Chemotherapy

Chemotherapy protocol
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Log-rank test and Cox model were used to test for observed in 13 patients (14.9%), and the presence
differences between groups. p values<0.05 were deemed of tumor cells in the CSF without macroscopic disstatistically significant.
ease on imaging (M1) was observed in 12 (13.8%)

The clinical characteristics of the 87 patients
are shown in Table 1. The median patient age at the
time of diagnosis was 8.3 years (range 2.5-17.3).
Eighty-two patients (94.2%) were 3 years or older.
The male to female ratio was 1.56. Symptoms were
present for 1 to 18 months, with a median of 2
months. A delayed diagnosis was correlated with a
high rate of advanced disease (p=0.043). The classic histologic variant was observed in 61 patients
(70.1%), the nodular/desmoplastic variant in 23
(26.4%) patients and the large cell/anaplastic disease in 3 (3.4%) patients.
Meningeal dissemination within the subarachnoid space (cranial M2 or spinal M3) was

patients. Most of the patients (62, 71.3%) had no
metastatic disease (M0). Spinal seeding was observed on spinal MRI in 68 patients (78.2%). Cytologic dissemination to the CSF was observed in 73
(83.9%) patients.
All the patients were treated with surgery. Resection was classified as gross total in 53 (60.9%)
patients, near total in 22 (25.3%) patients and subtotal in 12 (13.8%) patients. No patient had biopsy
alone. Postoperative MRI of the brain was used in
the majority of the patients (58;66.7%). Cranial CT
was used in 29 (33.3%) patients.
All the patients received craniospinal RT with
a local boost to the posterior fossa. Fifty patients
received 2D-RT (57.5%) and 37 (42.5%) 3D-CRT. In
most cases RT was initiated within 4-6 weeks of
the definitive surgery. There were no statistically

Figure 1. Overall survival in 87 patients with medulloblastoma.

Figure 2. Disease-free survival in 87 patients with medulloblastoma.

Figure 3. Overall survival by metastatic stage category
(p=0.003).

Figure 4. Disease-free survival by metastatic stage category (M0, M1 vs. M2, M3) (p<0.0001).

Results
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significant differences in OS (p=0.531) between the
two RT techniques (2D-RT vs. 3D-CRT).
Pre-radiotherapy neoadjuvant chemotherapy followed by craniospinal RT was used in
11 (12.6%) patients. The majority of patients
(73;83.9%) were treated with adjuvant platinumbased chemotherapy.
As of October 2015, 51 (58.6%) patients were
alive and 31 (35.6%) had died. Five (5.7%) patients
were lost to follow -up. All of the deceased patients had died due to tumor spread. Five patients
with metastatic disease did not achieve remission.
Twenty-six patients relapsed. Disease recurrence
was observed in the posterior fossa alone in 4 patients, the posterior fossa and the brain or spine
in 4 patients, and the brain or spine alone in 18
patients. Extra-neural metastases developed in one
patient.
The mean and median follow-up times of the
87 children were 74.35±52.3 months and 58 (range
4–187) months, respectively. OS was 76.4% at 3
years, 66.2% at 5 years and 59.2% at 10 years (Figure 1). DFS was 75.8% at 3 years, 62.8% at 5 years
and 56.6% at 10 years (Figure 2). Among the patients with localized disease (M0), OS was 86.4%
at 3 years, 74% at 5 years and 63.1% at 10 years.
Among the patients with disseminated disease
(M1, M2, M3), OS was 48.9% at 3 years, 44% at
5 years and 37.7% at 10 years. OS differed significantly (p=0.003) between metastatic stage groups,
with better OS in patients with localized disease
(M0) than patients with disseminated disease
(M1, M2, M3) (Figure 3). Among the patients with
Chang stage M0/M1, OS was 82.8% at 3 years,
72.7% at 5 years and 64.7% at 10 years, whereas
among the patients with Chang stage M2/M3, OS
was 33.3% at 3 years and 22% at 5 years. OS differed significantly (p<0.0001) between the patients
with localized disease (M0) or microscopic metastases in the CSF (M1) and the patients with macroscopic intracranial and/or intraspinal leptomeningeal metastases (M2,M3;Figure 4).

Discussion
Brain tumors are a leading cause of cancerrelated deaths in children, and medulloblastomas
are the most common malignant pediatric brain
tumors, accounting for approximately 40% of pediatric posterior fossa CNS tumors [6,17]. Current
management strategies are based on the results
of successive multicenter randomized clinical trials, including those of the North American Pediatric Oncology Group (POG), the Children’s Cancer
Group (CCG) and the International Society of Pediatric Oncology (SIOP) [18].
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With the current standard of treatment, i.e.,
the maximum safe surgical resection possible followed by adjuvant craniospinal irradiation and cytotoxic platinum-based chemotherapy, the overall
patient survival has reached 70% [19]. Among patients with standard-risk disease, this percentage
is increased to more than 80% [20,21]. Recent case
series, many of which are prospective and treated
patients over the past decade, report survival rates
of 85% for non-disseminated medulloblastomas
and of 65-70% in high-risk patients [17,21,22]. The
most effective combination of radiation therapy
and chemotherapy in children older than 3 years
yields long-term disease control in 80% of children with average-risk disease and in 60-70% of
those with high-risk medulloblastoma [23]. Gatta
et al. reported that the standard of care for children
older than 3 years, comprising surgical resection,
craniospinal irradiation and chemotherapy, resulted in overall cure rates of 70-75% [24,25].
In our study, which included 87 patients with
medulloblastomas treated at the Institute for Oncology and Radiology of Serbia between January2000 and December 2013, the OS was 76.4%
at 3 years, 66.2% at 5 years and 59.2% at 10 years.
DFS was 75.8% at 3 years, 62.8% at 5 years and
56.6% at 10 years.
Packer et al. reported that the reasons for these
improved survival rates are due to improved postoperative care, earlier or better disease detection
- especially with respect to disseminated disease -,
more aggressive surgery, improved radiotherapeutic techniques and refinements in the timing and
dosing of chemotherapy [17,21,22].
The SIOP PODC Clinical Practice Guidelines
[7] state that treatment in some MICs yields better outcomes in environments where adequate
surgery, RT and chemotherapy resources and educated professionals are available.
We postulated that the improved cure rates
and treatment results observed are due to the following reasons: small number of delayed diagnoses, low rate of advanced disease at presentation,
advances in neuro-imaging, improved staging,
improvements in neurosurgical techniques, improved perioperative care, no significant delays in
irradiation, RT team with experience and standard
RT equipment, use of effective chemotherapy regimens and multidisciplinary approach.
In our study of 87 patients, symptoms were
present for between 1 to 18 months, with a median
of 2 months. These data suggest a small number of
delayed diagnoses.
Postoperative MRI of the brain was used in
the majority of patients (58;66.7%), whereas cranial CT was used in 29 (33.3%) patients. Spinal MRI
JBUON 2018; 23(4): 1159
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was performed on 68 (78.2%) patients, and CSF
was assessed in 73 (83.9%) patients. From 2000 to
2013, the number of cranial CT imaging decreased,
and the number of brain MRI scans increased. No
patient received risk-adapted treatment without
postoperative MRI of the brain and spine.
Macroscopic metastases (M2,M3) were observed in 13 (14.9%) patients and microscopic metastases (M1) were identified in 12 (13.8%). Most
patients (62;71.3%) did not show metastatic disease (M0). Our data suggest a low rate of advanced
disease at presentation. In our group of patients,
improvements in neurosurgical techniques were
evident from the following: gross total resection
was achieved in 53 patients (60.9%), near-total resection in 22 (25.3%), and subtotal in 12 (13.8%)
patients. No patients underwent biopsy alone.
Two recent international trials by the SIOP
group revealed that delaying RT after definitive
surgery by 7 weeks or more increases the risk
of relapse [26,27]. In our group, the majority of
RT treatments (80.3%) were initiated within 4-7
weeks of definitive surgery. There were no major
delays in RT.
CT-based 3D planning has become the standard of care in HIC [7]. As of 2007, 3D-CRT has been
the standard of care at the Institute for Oncology
and Radiology of Serbia.
The use of adjuvant and neoadjuvant chemotherapy in the treatment of children with medulloblastomas is now well established [7]. In our
group, different treatment strategies were applied
based on patient age and metastatic disease status
according to standard recommendations.
Metastatic (M) stage had statistically significant impact on OS and DFS, with better results in
patients with localized disease (M0) than in those
with disseminated disease (M1, M2, and M3).
The OS of standard-risk patients at 5 years has
improved to 70-80% with current surgical, RT and
chemotherapy approaches [18,21]. More than 80%
of patients with standard-risk disease are cured
with current therapeutic approaches in the treatment of medulloblastoma: maximum safe surgical
resection of the tumor, craniospinal irradiation,
irradiation boost around the primary tumor and
adjuvant chemotherapy [20].
Gajjar et al. reported the results of a prospective multicenter trial (St Jude Medulloblastoma-96). Among average-risk patients, 5-year OS
was 85%, and event-free survival (EFS) was 83% [5].
Taylor et al. published the results of a large multicenter randomized study (SIOP/UKCCSG PNET 3)
of non-metastatic medulloblastoma. OS at 3 and 5
years was 79.5 and 70.7%, respectively, and EFS at
3 and 5 years was 71.6 and 67.0%, respectively [18].
JBUON 2018; 23(4): 1160

In our study, the OS of patients with localized
disease (M0) was 86.4% at 3 years, 74% at 5 years
and 63.1% at 10 years. The DFS of patients with
localized disease (M0) was 79.4% at 3 years and
67.4% at both 5 and 10 years.
The presence of meningeal dissemination at
the time of diagnosis is a strongly negative prognostic factor. Patients with metastasis constitute a
high-risk group with poor survival rates. The survival rate of patients with disseminated disease at
diagnosis does not exceed 30-40% [28-30].
The European phase III clinical trial SIOP/UKCSG PNET-3, in which high-risk medulloblastoma
patients were treated with neoadjuvant chemotherapy (Preradiotherapy chemotherapy) followed
by RT, resulted in a 5-year progression-free survival (PFS) rate of less than 40% [18]. Furthermore,
metastatic patients showed significantly lower PFS
than standard-risk patients, with rates of 57% and
40% in M1 and M2 stage patients, respectively
[31,32].
Freeman et al. and Zeltzer et al. reported
5-year OS rates of 55-76% [33,34]. Patient series
performed over the past decade, many of which
were prospective, describe survival rates of 6570% for high-risk patients [22].
In the randomized prospective multicenter
trial HIT 91, the 3-year PFS of M1 patients was
65% and that of M2-M3 patients was 30% [35].
A Children Oncology Group study reported
that for patients with high-risk disease, the addition of chemotherapy to a high dose of craniospinal
irradiation and adjuvant chemotherapy might cure
approximately 65% of the patients [20,36]. The best
outcome reported for high-risk medulloblastoma
patients, a 5-year EFS of 70%, was achieved with
craniospinal irradiation with a boost to the primary tumor site after maximum surgical resection
followed by dose-intensive chemotherapy with
autologous peripheral blood stem cell rescue [5].
In the treatment of our patients with disseminated disease (M1, M2, M3), we observed an OS of
48.9% at 3 years, of 44% at 5 years, and of 37.7%
at 10 years. Among the M0/M1 patients, OS was
82.8% at 3 years, 72.7% at 5 years and 61.7% at
10 years. Among the M2/M3 patients with macroscopic metastases, OS was 33.3% at 3 years and
22.2% at 5 years. This poorer outcome of children
with metastatic medulloblastoma is consistent
with previous reports [18,28-30,35]. Considering
the outcomes observed for high-risk patients, the
first target of treatment is to improve survival.

Conclusion
The treatment of childhood medulloblastoma
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has yielded improved survival in HIC. Seventy
to eighty percent of children with this disease
are cured. In Serbia, a MIC, the treatment results
for childhood medulloblastoma are quite promising. The findings suggest that good outcomes
can be obtained with management based on current reference guidelines and treatment recommendations, available resources and an experienced team of professionals dedicated to pediatric
neurooncology.
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