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ABSTRACT

Medulloblastoma (MB) accounts for 20% of malignant brain tumours of childhood; however, only scarce data are available about pae-
diatric medulloblastoma patients in developing countries. We aimed to assess the outcome and prognostic factors among Egyptian
paediatric MB patients and compare them with high-income countries. This is a retrospective study that includes 53 eligible patients
diagnosed with MB during the period from January 2008 to December 2013. Median age at diagnosis was 6 years. The majority of our
patients (45) were high-risk patients (84.9%) (15% of them infantile <3 years), whereas 8 patients (15.1%) were standard-risk patients.
The 5-year overall survival (OS) and disease-free survival (DFS) rates were 54.6% and 74.8%, respectively. The presence of postop-
erative residual disease, spinal seeding, M staging, and completion of chemotherapy protocol made a significant difference in survival
rate (p= 0.045 and p< 0.001; p= 0.021 and p< 0.001, respectively). There was no significant difference between patients presenting at
ages younger or older than 3 years old regarding survival rate (5-year OS 50.0% versus 55.2%, respectively). At the end of this study,
29 patients (54.7%) were alive, 22 patients (41.5%) had died and two patients (3.8%) were lost to follow-up. Two patients relapsed
after treatment. Patients with advanced stages and incomplete surgical resection had a poorer outcome. Coordinated, multidiscipli-
nary paediatric neuro-oncology teams with better health care facilities, strong supportive care measures, and proper assessment of
long-term morbidity are needed to improve the outcome of childhood MB patients in developing countries.
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INTRODUCTION to potential risk factors or may be an underestima-
tion due to underreporting or the restricted avail-
ability of modern diagnostic techniques.! Medul-
loblastoma (MB) is the most common malignant
brain tumour of childhood; it accounts for approxi-
mately 20% of paediatric central nervous system
neoplasms in children younger than 14 years old.
23 Each year, approximately 500 new cases are di-
agnosed worldwide.

Paediatric brain tumours affect many children
worldwide, contributing to 25% of all diagnosed
paediatric cancers annually. The incidence of
pediatric brain tumors in developing countries is
lower, usually below 20 per million, than in devel-
oped countries. This lower incidence in developing
countries may be related to a decreased exposure
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However, only scarce data are available about the
incidence and overall survival of paediatric me-
dulloblastoma patients in developing countries.
Egypt is one of the Middle East countries, with a
population of 95 million; children aged 0-14 years
represent 26.8 million (33%), and 8500 of those
children are diagnosed with cancer in Egypt every
year. The incidence of brain tumours comprises
approximately 25% of them, and MB represents
18.8% of brain tumours.** Current standard man-
agement includes safe maximal surgical resection
followed by craniospinal irradiation (CSI) with
chemotherapeutic radiosensitisation and then ad-
juvant chemotherapy. The overall and event-free
survival rates depend on many prognostic factors.
In developing countries, the treatment setting and
socioeconomic status could affect the outcome.® In
this study, we investigated the treatment outcome
and prognostic factors of Egyptian paediatric me-
dulloblastoma patients, who presented to the pae-
diatric department of the National Cancer Institute
(NCI) at Cairo University in Egypt during the
period from 2008 to 2013 and were treated with
postoperative, adjuvant, risk-adapted radiotherapy
(RT) and chemotherapy. The study investigated the
impact of this treatment protocol on survival and
compared it with treatment in high-income coun-
tries.

PATIENTS and METHODS

This is a retrospective cohort study, which includ-
ed 53 patients 18 years old or younger diagnosed
with medulloblastoma and treated at the National
Cancer Institute (NCI) at Cairo University, Egypt,
during the period from January 2008 to December
2013. The extent of surgical resection was catego-
rised into the following four groups: gross total re-
section (GTR), no visible tumour remaining in the
surgical field; near-total resection (NTR), removal
of more than 95% but less than 100% of tumour;
subtotal resection (STR), removal of more than
50% to less than 95% of tumour; and partial resec-
tion (PR), more than 10% but less than 50% exci-
sion of tumour, biopsy and open surgical removal
or closed (e.g., needle) removal of tissue for the
purpose of establishing a pathological diagnosis,
with tumour removal less than 10% of the total tu-
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mour mass. Evaluation of metastatic disease was
based on the Chang classification system.’

Patients were stratified into standard risk (SR) and
high risk (HR). SR patients were defined thus if
the patient was older than 3 years with no evidence
of metastatic disease and had totally or near-totally
resected disease (<1.5 cm residual) on postopera-
tive magnetic resonance imaging (MRI) or com-
puted tomography (CT) scan and a non-anaplastic
type. Patients older than 3 years with evidence of
metastatic disease or residual tumour =1.5 ¢cm or
with an anaplastic type were considered HR.

For SR patients, maximal safe surgical resection of
the tumour was followed by 2340 cGy of cranio-
spinal radiation and 3240 cGy of radiation to the
primary tumour site. In addition to vincristine
weekly during radiotherapy for a total of eight dos-
es, maintenance chemotherapy was begun, after a
6-week rest period, in the form of CCNU, vincris-
tine, and cisplatin in eight cycles (COG A9961).

For HR patients, maximal safe surgical resection of
the tumour was followed by 3600 cGy of cranio-
spinal radiation and 1800-1980 cGy of radiation
directly to the primary tumour site in addition to
weekly vincristine during radiotherapy for a total
of six doses. Maintenance chemotherapy was be-
gun, after a 6-week rest period, in the form of cis-
platin (CDDP), vincristine (VCR), and cyclophos-
phamide in 28-day cycles for a total of 6 cycles.
Some HR patients received isotretinoin concur-
rently with maintenance chemotherapy and con-
tinued for six months after completion of chemo-
therapy (COG ACNS0332).

Patients younger than 3 years at the time of diag-
nosis were adapted to the infantile protocol (COG
P9934), with neoadjuvant chemotherapy to delay
radiotherapy for this group of patients to reduce
the harm to the developing nervous system. The
infantile group included 8 patients, and they were
considered HR; they were grouped together.

Data were collected from patients’ files and includ-
ed age, gender, presenting symptom, radiologi-
cal findings, cerebral spinal fluid (CSF) cytology,
surgical details, radiotherapy treatment details,
chemotherapy treatment details, complications of
treatment, response to treatment, follow-up status
and relapse.
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Statistical Analysis

Statistical analysis was done using IBM SPSS Sta-
tistics version 22 (IBM Corp., Armonk, NY, USA).
Numerical data were expressed as a mean and
standard deviation or median and range as appropri-
ate. Qualitative data were expressed as frequency
and percentage. Chi-squared test or Fisher’s exact
test was used to examine the relationship between
qualitative variables. For non-normal distributed
quantitative data, the comparison between two
groups was made using the Mann-Whitney U test
(non-parametric t-test). Survival analysis was done
using the Kaplan-Meier method. The log-rank test
was used to compare two survival curves. Multi-
variate analysis was done using the Cox regression
method for the significant factors affecting survival
on univariate analysis. The hazard ratio (HR) with
its 95% confidence interval (CI) was used for risk
estimation. Overall survival rates calculated from
the date of diagnosis to date of death from any
cause, living patients or patients lost to follow-up
were considered censored on last known alive date.
Although disease-free survival was calculated for
patients who achieved complete remission from
the time of complete response to the time of re-
lapse/progression or death, whichever occurred
first, DFS patients neither relapsed/progressed nor
died were censored at last assessment before the
loss to follow-up. All p-values were two-sided. p
values < 0.05 were considered significant.

RESULTS

1. Patients’ Demographics and Clinical
Characteristics

Among the 53 patients with medulloblastoma,
8 patients were younger than 3 years (15%); 45
(85%) patients were older than or equal to 3 years
old, with a median age of 6 years and a range from
6 months to 18 years. Thirty-one patients were
males (58.5%), and 22 were females (41.5%), with
a male-to-female ratio of 1.4:1. Vomiting was the
most frequent presenting symptom encountered
in 90.6% of the patients, followed by a headache,
which was detected in 86.8% of patients, whereas
unsteady gait was observed in 54.7% and cranial
nerve involvement was present in 50.9%. Other
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presenting symptoms such as convulsions and dis-
turbed consciousness level occurred in fewer per-
centages. Twenty-three patients had MO disease
(43%), 20 had M1 disease (38%), 8 patients had
M3 disease (15%), and two had M4 disease (4%).

2. Surgical Treatment and Risk Groups

The majority (45) of our patients were high-risk
patients (84.9%); 18% of them were infantile
(younger than 3 years), whereas 8 patients (15.1%)
were standard risk. Surgical resection was attempt-
ed for all patients, with gross total resection in
45.3% (24 patients), subtotal resection in 15.1% (8
patients), partial resection and near-total resection
in 5 (9.4%) and 4 (7.5%) patients, respectively, and
biopsy encountered in 22.6% (12 patients). Fifty-
one patients (96.3%) required a ventriculoperito-
neal shunt (VPS) insertion before surgery. Surgical
complications occurred in 4 patients (7.5%), in-
cluding haematoma in three patients and facial pal-
sy in one patient. Histopathological examination
showed classic medulloblastoma in 29 (54.7%)
patients. The desmoplastic and nodular variant
appeared in 9 (17%) and 7 (13.2%) patients, re-
spectively, whereas anaplastic/large-cell medul-
loblastoma was found in 8 (15.1%) patients. CSF
cytology was positive for malignant cells in 49.1%
of patients, whereas seeding was detected in 15.1%
of patients (M3 only; no M2 was detected). Bone
marrow aspirate and biopsy were performed in 40
patients (75.5%), and only two patients had bone
marrow biopsy positive for malignant, non-haema-
topoietic cells (M4), whereas a bone scan was done
in 35 patients, and all of them were negative.

3. Radiation Treatment

Forty-nine (92.5%) patients received adjuvant ra-
diotherapy according to risk stratification. One pa-
tient received conformal 50 Gy radiotherapy. The
median duration between surgery and radiotherapy
was 70 days, ranging from 35 to 273 days. Median
overall treatment time (OTT) was 51 days. Inter-
ruption of radiotherapy for more than 7 days was
encountered in 30 (56.6%) patients.
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4. Chemotherapy Treatment

All patients received chemotherapy; 31 patients
(58.5%) completed their chemotherapy protocol,
but 22 patients (41.5%) did not complete chemo-
therapy due to death or sepsis.

5. Response to Treatment

Thirty-eight patients (71.7%) achieved complete
response (CR) and 5 patients (9.4%) attained par-
tial response; seven patients (13.2%) did not re-
spond (stable disease [SD]) and only three patients
(5.7%) showed progressive disease (PD).

6. Outcome

The median follow-up time was 38.6 months, rang-
ing from 13.3 to 81.9 months. Twenty-nine patients
(54.7%) were alive, 2 patients (3.8%) were lost to
follow-up, and 22 patients (41.5%) died. Six pa-
tients died from disease, 12 patients died from in-
fection and sepsis and 4 patients died from both
disease and sepsis. Two out of 53 patients relapsed
after treatment. One patient had a distant relapse
(spine) and was treated with radiotherapy; the oth-
er patient had a local relapse and was treated with
palliative chemotherapy.

7. Overall Survival

Regarding the aggregate group estimates, the sur-
viving proportion at 3 and 5 years was 58.5% and
54.6%, respectively (Figure 1). Factors that affect-
ed the overall survival (OS) included the presence
of postoperative residual tumour (p= 0.045), spi-
nal seeding (p< 0.001), M staging (p= 0.021), the
presence of a headache (p= 0.006), residual lesion
detected by MRI post-radiotherapy (p=0.020) and
completing the chemotherapy protocol (p< 0.001)
(Table 1). Age, gender, risk stratification, patholo-
gy subtypes, radiotherapy-concomitant vincristine
and delay of chemotherapy were not statistically
significant when tested by covariate analysis to test
their effect on the prognosis and survival of me-
dulloblastoma patients with p value (0.991, 0.984,
0.077, 0.099, 0.753 and 0.197) respectively (Fig-
ure 2 and 3). There was no significant difference
between patients who received HR protocol with
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Figure 1. Overall survival

or without isotretinoin as a pro-apoptotic agent in
correlation with OS either in the maintenance or
continuation cycles with p-value 0.350 and 0.141,
respectively.

8. Disease-free Survival

The disease-free survival (DFS) rates at 3 and 5
years were 74.8%. Factors that affected DFS in-
cluded completing chemotherapy protocol (p<
0.001), headache at presentation (p= 0.001) and
visual defect at presentation (p=0.025) (Table 2).

DISCUSSION

There is limited data on brain tumours in Egypt,
which is one of the biggest developing countries
in the Middle East, with a high incidence of pae-
diatric brain tumours. In this retrospective study,
we addressed the outcomes, prognostic factors and
challenges of treating brain tumours among Egyp-
tian paediatric MB patients who were treated by
adjuvant, postoperative, risk-adapted radiotherapy
and chemotherapy during the period from January
2008 to December 2013, at the National Cancer In-
stitute of Cairo University, Egypt, and compared it
with high-income countries.

Survival of childhood MB has dramatically im-
proved over the past few decades as a result of the
adoption of a multimodal treatment approach.8
Recent clinical trials in high-income countries
have shown that patients with SR MB who receive
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Table 1. Factors with significant P value affecting overall survival in MB paediatric patients
No. No. of %Surviving at %Surviving Median p
deaths deaths 36 months at 60 months survival
estimate
Whole group 53 22 58.5% 54.6% *
Headache Present 46 16 66.3% 61.8% * 0.006
Absent 7 6 NR NR 11.0
Postoperative Present 29 16 46.6% 41.2% 34.0 0.045
residual Absent 24 6 73.1% 73.1% *
Spinal seeding Present 8 6 NR NR 8.6 <0.001
Absent 44 15 67.5% 63.0% *
Stage MO & M1 43 16 63.8% 59.6% * 0.021
M3 & M4 10 6 50.0% NR 9.3
MRI post CR 27 6 77.8% 77.8% * 0.020
radiotherapy Regressive and 17 9 44.9% 44.9% 17.7
stationary
Chemotherapy Yes 3i 4 89.3% 82.9% * <0.001
completed No 22 18 13.3% 13.3% 9.7
* Not applicable, NR: Not reached

reduced-dose CSI and adjuvant chemotherapy ex-
perience 5-year event-free survival (EFS) greater
than 80%, and those with HR MB who receive
standard-dose CSI and adjuvant chemotherapy ex-
perience 5-year EFS of 66% to 70.3%.>'° The out-
come of MB in low-income countries varies based
on the availability of health care resources and the
choice of chemotherapy regimens.® In this study,
45 (85%) patients were high-risk, and 8 (15%) pa-
tients were standard-risk. The standard-risk group
of patients had a better outcome than those in the
high-risk group, with a 5-year OS of 87.5% and

48.1%, respectively (adjusted p= 0.077). These
rates are comparable to the SR group in high-
income countries but considered low for an HR
group when compared to those in high-income
countries (Table 3).'> Several reasons may explain
this difference. This higher number of HR patients
(85%) in our study may be explained by the de-
layed presentation of the patients, relatively ad-
vanced stages and improper surgical resection. Our
patients underwent their initial surgical interven-
tion elsewhere because of the lack of a paediatric
neurosurgical department, and general neurosur-
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Figure 2. Relation of risk stratification and overall survival
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Figure 3. Relation of age and overall survival
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Table 2. Factors with significant p value affecting DFS in MB paediatric patients
No. No. of %DFS 36 %DFS at 60 Median survival p
events 36 months at 60 months estimate (months)

Whole group 37 9 74.8% 74.8% *

Headache Present 32 5 84.3% 84.3.8% * 0.001
Absent 5 4 NR NR 21.3

Chemotherapy Yes 29 2 92.9% 92.9% * < 0.001

completed No 8 7 12.5% NR 6.1

Visual defect Present 17 1 94.1% 94.1% * 0.025

Absent 20 8 60.0% 60.0% *

geons performed most of those interventions. As a
result, only 45.3% of paediatric patients had GTR
or NTR, and 96.3% required ventriculoperitoneal
shunt (VPS) insertion before surgery.

Our GTR and NTR rate was inferior to that in other
developing countries; Menon et al. reported a GTR
and NTR rate of 75% in India, and only 29% of
their patients required a VP shunt.”® The limited
number of linear accelerators, frequent machine
breakdowns, and long waiting lists were significant
barriers to commencing radiotherapy (RT) on time
(i.e., RT should be given within 4 weeks of surgi-
cal resection of MB). Therefore, clinical manage-
ment was fragmented, and adherence to protocol
guidelines was lax. Median overall treatment time
(OTT) was 51 days. Interruption of radiotherapy of
more than 7 days was encountered in 30 (56.6%)
patients. According to the Children’s Oncology
Group (COG) A9961 phase III trial, it was better to
start radiation treatment within 31 days of defini-
tive surgery.'* However, this was not achieved for
any patient in this study, because the shortest dura-
tion between surgical resection and starting RT was
35 days.

In the present study, the 5-year overall survival for
those patients who started radiotherapy treatment
within 60 days after surgery was 68.8% compared
to 52.8% for those patients who received their ra-
diotherapy treatment after 60 days from surgery,
although it did not show a statistically significant
difference (adjusted p= 0.378), but that may be due
to the small sample size. This was in agreement
with Taylor et al., who reported that overall sur-
vival and EFS were significantly better for patients
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completing RT within 50 days than for those taking
> 50 days to complete RT (3-year overall survival
rate 84.1% vs. 70.9%, p= 0.0356, 3-year EFS rate
78.5% vs. 53.7%, p= 0.0092)."

The timing of imaging examinations after surgery
is important for assessing residual disease and lep-
tomeningeal dissemination. Postoperative imag-
ing of children is often delayed because general
anaesthesia may be required to obtain MRIs, and
longer imaging time is needed for brain and spine
pre- and post-contrast sequences; in addition, there
is a waiting list for MRI due to a limited number
of machines.

The efficacy of chemotherapy in the treatment of
medulloblastoma was assessed previously in two
large randomised trials conducted by the Inter-
national Society of Paediatric Oncology.'*!¢ The
addition of chemotherapy for high-risk patients
seems to improve their survival and has contrib-
uted to a better outcome even in average-risk pa-
tients. In this study, all patients were treated with
chemotherapy—concurrent ~ chemo-radiotherapy
(92.5%) and adjuvant chemotherapy (100%)—
and only eight patients (15.1%) were treated with
neoadjuvant chemotherapy (before radiotherapy).
However, we had 22 patients who did not complete
chemotherapy due to sepsis or death. We found
that completion of chemotherapy is a crucial factor
that affects response to treatment, OS and DFS (p<
0.01) and confirms the importance of completing
the chemotherapy protocol.

Chemotherapy approaches for children younger
than 3 years old varied, and the numbers were too
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Table 3. Comparison of the paediatric medulloblastoma survival rates in the current study and in high-income countries
Year No. of  Treatment RTH RTH 5-Year 5-Year
patients Csl PF EFS/PFS 0OS (%)
(%)

SR >3 years

Current study 2018 8 Standard fractionated RT followed 23.4 55.8 87.5
by 8 cycles of CDDP, CCNU and VCR

Lannering et al.™ 2012 340 Standard fractionated RT followed by 23.4 54 77 87
by 8 cycles of CDDP, CCNU and VCR

Packer et al.™® 2006 383 Weekly VCR during RT followed by 23.4 55.8 82 87
CCNU, CDDP and VCR

HR >3 years

Current study 2018 45 RT followed by 6 cycles of CDDP, 36 55.8 68.5 481
VCR and cyclophosphamide

Tarbell et al.® 2013 224 RT, followed by 3 cycles of CDDP 35.2-44.0 53.2-54.4 70 76.1
and Etoposide, and then 7 cycles of
cyclophosphamide and VCR

Packer et al.™ 1994 56 Weekly VCR during RT followed by 8 36 55.8 85
cycles of VCR, CCNU and CDDP (patients.
18 months old included in the analyses)

small to compare across protocols. The 5-year OS
rate was 50%, which was acceptable when com-
pared with those of other low-income countries,
but this response might not reflect long-term dis-
ease control. This group received definitive surgery
followed by chemotherapy, which played an es-
sential role in the treatment of this infantile group
because it allowed one to delay the use of radia-
tion for these patients, who received neoadjuvant
chemotherapy and reduced the harm to the devel-
oping nervous system in this age group.!”

The most common toxicity in our studied patients
was blood toxicity in the form of myelosuppres-
sion. Forty-nine patients developed grades 3 and
4 blood toxicity during treatment. The main cause
of death in our patients was infection, so good sup-
portive care is critical and considered a crucial
factor during treatment, because early detection
of any complications will help patients complete
their treatment in the prescribed time, especially in
developing countries, thus maintaining the overall
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treatment time (OTT). Moreover, that will confirm
the importance of the risk-adapted therapy to ad-
just the intensity of therapy to the risk of relapse.'®

With the identification of subgroups based on bio-
logical features and their prognostic importance,
current treatment challenges include the determi-
nation of the optimal dose and timing of radiother-
apy, combination of chemotherapy agents, and the
development of therapeutic agents that can target
specific mutations, thereby contributing to preven-
tion of recurrences while decreasing toxicities and
late sequelae for these patients that markedly affect
their quality of life." Unfortunately, lack and una-
vailability of these tests may be an obstacle inhibit-
ing proper risk stratification and proper treatment.

Cultural barriers and a lack of parental awareness
influence treatment adherence in Egypt, and they
reflect on delayed presentation of the patients; we
had three patients were lost follow-up.

Reasons for treatment abandonment were the in-
tolerance to the adverse effects of chemotherapy,
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sepsis, poor social support during prolonged hos-
pitalisation and lack of housing facilities for fami-
lies from distant areas; financial issues were not a
major factor in treatment because the government
subsidises the health care services.

Conclusion

MB is one of the most well-studied and frequently
encountered central nervous system (CNS) malig-
nancies, with a relatively good response to current
treatments. However, the outcome for such patients
is poor in developing countries compared to high-
income countries. Several steps to overcome the
gaps and challenges must be addressed to improve
outcomes for children with MB in low-income
countries. Coordinated, multidisciplinary paediat-
ric neuro-oncology teams with better health care
facilities, standardised treatment protocols, accu-
rate disease staging and risk stratification and good
supportive care during treatment are recommend-
ed, because early detection of complications helps
patients complete their treatment in the prescribed
time, thus maintaining the overall treatment time
(OTT) and proper assessment of long-term mor-
bidity. Furthermore, research collaborations with
developed countries should be considered to im-
prove the outcome of childhood MB in the future.
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