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Radiation therapy in paediatric gliomas: our institutional experience
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Abstract

Background and purpose: The aim of our retrospective
study was to analyze the clinical outcome of paediatric
glioma patients treated with radiation therapy (RT) in our
institution.

Material and methods: We retrieved the case records of all
children with gliomas (age < 18 years) who received RT in
our department between 2004 and 2007. We analyzed the
information regarding patients’ demography, clinical details,
treatment given, RT details, and survival. The event-free
survival (EFS), the period from the date of completion of
RT to the date of the event, i.e. death/recurrence, was calcu-
lated with respect to age, sex, location of tumour (brainstem
vs. non-brainstem), histopathology (low grade vs. high grade),
extent of surgical resection, dose and duration of RT, and use
of chemotherapy.

Results: A total of 70 children with glioma received RT
during the above-mentioned period. The 3-year EFS rate for
all patients was 44% and the median EFS period was
18 months. The 3-year EFS in patients who underwent
surgical decompression and no surgery was 58% and 25%,
respectively (p < 0.05). Patients with brainstem lesions had
statistically significantly lower 3-year EFS to non-brainstem
gliomas (28% vs. 56%, p < 0.01). Chemotherapy use showed
no statistically significant trend towards better survival.
Conclusions: RT is an effective modality of treatment in
paediatric glioma patients in our setup. Farly use of RT
in incompletely resected low-grade gliomas is worth revisit-

Streszczenie

Watep i cel pracy: Celem retrospektywnego badania byta
ocena wynikéw leczenia dzieci chorych na glejaki, u ktérych
prowadzono radioterapi¢ w o$rodku autoréw.

Materiat i metody: Odszukano dokumentacj¢ medyczna
wszystkich dzieci (wiek < 18 lat) chorych na glejaki, ktére
w latach 2004-2007 byly leczone w o$rodku autoréw za
pomocg radioterapii. W kazdym przypadku przeanalizowano
informacje dotyczace danych demograficznych chorych,
szczegdtowych danych klinicznych, stosowanego leczenia,
szczegblow stosowanej radioterapii i czasu przezycia. Czas
przezycia do wystapienia zdarzenia (zgonu lub nawrotu
choroby) (event-free survival — EFS) obliczono w odniesieniu
do wieku, plci, umiejscowienia guza (guzy pnia mdzgu
W poréwnaniu z guzami poza pniem mézgu), charakterystyki
histopatologicznej guza (guzy o malym stopniu zto§liwosci
w poréwnaniu z guzami o duzym stopniu zlosliwosci),
doszczetno$ci chirurgicznego wycigcia guza, dawki i czasu
radioterapii oraz zastosowania chemioterapii.

Wyniki: W analizowanym okresie radioterapii poddano
70 dzieci chorych na glejaki. Odsetek trzyletniego EFS dla
wszystkich pacjentéw wyniést 44%, a mediana EFS wyniosta
18 miesiecy. Trzyletni EFS u chorych, u ktérych guz wycigto
chirurgicznie, wyniést 58%, a u chorych, ktérych nie
operowano, 25% (p < 0,05). Odsetek trzyletnich EFS byt
znacznie mniejszy u chorych z guzami pnia mdzgu
niz z guzami poza pniem mézgu (odpowiednio 28 1 56%,
2 < 0,01). Stwierdzano nieistotny statystycznie trend w kie-
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ing. Results of chemotherapy in high-grade glioma and
brainstem gliomas are encouraging.

Key words: paediatric glioma, radiation therapy,

retrospective analysis.

Introduction

Central nervous system (CNS) tumours are the
second commonest cancers in Indian children after
lymphoma/leukaemias [1]. More than 50% of all
paediatric CNS tumours are gliomas [2,3]. In contrast
to adults, low-grade gliomas (LGG) are commoner and
carry better prognosis in children. Location wise, infra-
tentorial location is more frequent as compared to those
in adults [4]. Though surgery remains the mainstay
treatment in paediatric gliomas, radiation therapy (RT)
also plays an important role. It is mainly indicated as
adjuvant treatment for all high-grade gliomas (HGG)
and incompletely resected or progressive LGG; and as
definitive treatment, with or without chemotherapy in
inoperable gliomas.

The planning and delivery of RT for children is
technically challenging, especially in those requiring
daily anaesthesia. Immobilization with head casts and
other accessories is essential for precise treatment.
Though RT plays a vital role, radiation-related late side-
effects remain a concern. With the advances in imaging
and radiation delivery methodes, it is possible to confine
the radiation dose to the target area and minimize the
radiation to normal brain and therefore reduce late
adverse effects [5]. The aim of our study is to analyze
the clinical outcome of paediatric astrocytic glioma
patients treated with RT.

Material and methods

For this retrospective analysis, we retrieved the case
records of all the paediatric astrocytic glioma patients who
received RT in our department between 2004 and 2007.
Within each case record, we analyzed the information
regarding the patient’s demography, clinical details,
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runku dtuzszego przezycia wsréd chorych poddanych che-
mioterapii.

Whioski: Radioterapia jest skuteczng metoda leczenia dzieci
chorych na glejaki, leczonych w o$rodku autoréw. Warto
ponownie rozwazy¢ mozliwo$¢ wezesnej radioterapii w czes-
ciowo wycietych glejakach o matej ztosliwosci. Wyniki
chemioterapii w przypadkach glejakéw o duzej ztosliwosci
zlokalizowanych w pniu mézgu s zadowalajgce.

Stowa kluczowe: glejaki u dzieci, radioterapia, analiza
retrospektywna.

diagnosis, treatment given, RT details, and survival.
Inclusion criteria consisted of: (1) age less than 18 years,
(2) histopathological diagnosis of glioma of any grade or
(3) convincing radiological diagnosis of glioma in the
absence of histopathological diagnosis. Patients who
defaulted the treatment in between, as well as patients
with medulloblastoma, ependymoma and other non-
glioma histology, were excluded from the present analysis.

The initial clinical workup of the patients consisted
of detailed clinical/neurological examination, complete
blood count, liver and kidney function tests, plain chest
X-ray, and computed tomography (CT) or magnetic
resonance imaging (MRI) of the brain (and spine, if
necessary). After the surgery or biopsy, patients were
referred for RT. Patients who were not eligible for biopsy
due to lesions located in the brainstem/inaccessible areas
were directly sent to our RT clinic. Expected benefit
and sequelae of RT were explained in detail to the
parents of each child. All children who were thought to
require anaesthesia during RT (children up to 5 years
of age in general, and uncooperative children) were sent
to the pre-anaesthesia clinic (PAC) for assessment. After
the PAC check-up, eligible patients were then called for
RT planning. All the patients who required general
anaesthesia were essentially admitted to the RT indoor
unit. Others were treated on an out patient department
basis. Patients were simulated on an X-ray/CT-simulator
and treated on a linear accelerator/cobalt. Meticulous
shielding of the field was done wherever necessary.

The various indications of RT in our patients were
as follows: (1) high-grade tumours, (2) inoperable
tumours and (3) low-grade tumours with post-surgery
residual or progressive disease. The usual dose of RT
was 50-56 Gy for low-grade gliomas and for children
below the age of § years and 56-60 Gy for high-grade
gliomas and patients above the age of 5 years.
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Table 1. Symptoms at clinical presentation

Symptom Number Percentage
Headache 42 60
Seizures 14 20
Cranial nerve palsy 27 39
Limb weakness 15 21
Vision loss 20 19
Cerebellar symptoms 16 23
Table 2. Histopathological subtypes
Subtype Number Percentage
Pilocytic astrocytoma 22 32
Diffuse fibrillary astrocytoma 4 6
Oligodendroglioma 3 4
Anaplastic astrocytoma 4 6
Mixed gliomas 3 4
Glioblastoma 8 11
Unknown histology 21 30
Others S 7
Total 70 100
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Fig. 1. Distribution of patients according to anatomical location of the tumour

During the course of RT] patients were assessed at
least once weekly. Complete blood count was done for
each patient every week. Follow-up was done every
month for the first 6 months and then every 3 months
till 2 years. Neuroimaging (CT or MRI) was performed
every 6 months or earlier in case of symptomatic
deterioration.

Statistical analysis was performed using the statistical
software SPSS, version 11.5. The EFS was defined as
the period from the date of completion of RT to the date
of occurrence of the event, 1.e. death or recurrence. EFS
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was determined using the Kaplan-Meier survival
method [6] with respect to age (below and above
5 years), sex, location of the tumour (brainstem vs. non-
brainstem), histopathological characteristics (low-grade
vs. high-grade), extent of surgical resection, dose and
duration of RT, and use of chemotherapy. L.og-rank test
was used to determine the p-value and p < 0.05 was
considered significant.

Results

A total of 70 children with glioma received RT
between 2004 and 2007. Their median age was 10 years
(range 2-18 years). About 80% of patients were above
5 years of age. There were 42 males and 28 females in
the study group. Duration of presenting symptoms
ranged from 10 days to 18 months (median 4 months).
Various symptoms at clinical presentation are shown in
Table 1. Headache was the commonest symptom.

Histopathologically, pilocytic astrocytoma was the
commonest subtype. Numbers and percentages of
histological subtypes of tumours are provided in Table 2.
The brainstem lesions which could not be biopsied were
put in a separate histopathological variety. Distribution
of patients according to histopathological grade of
the tumour was as follows: grade I — 22, grade 11 -7,
grade III — 7, grade IV — 8, unknown grade — §, and
brainstem — 21 patients. Patients who had brainstem
lesions and unknown grade lesions were treated like
HGG. Figure 1 shows the anatomical location of tumours
in our patients. Brainstem was the commonest site
(21 patients), followed by cerebral cortex (20 patients).
Most brainstem tumours were diffuse (18 out of 21).
The remaining 3 brainstem lesions were exophytic
tumours but all three of them were inoperable due to poor
general condition of the patient or refusal by the parents.

Of the 70 patients, 45 underwent some form of
surgery before RT and the remaining 25 patients were
scheduled for RT directly since they were not eligible
for surgery. Table 3 shows the details of surgical
treatment. Twenty-five patients could not undergo any
surgical procedure because of an inaccessible lesion
site or poor general condition. Of the 45 patients,
11 underwent gross total excision and 32 underwent
debulking surgery in the form of near-total excision or
partial removal of the tumour.

Details of RT are outlined in Table 4. Almost all
patients received local field RT] except one who received
whole brain RT in view of the multi-centricity of the
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tumour. Most patients received a total dose of 56 Gy in
28 fractions over 5.5 weeks. One patient, who had spinal
cord glioma with paraplegia, received palliative
radiotherapy with 20 Gy/5 fractions/1 week in view of
the poor general condition. Due to deteriorating clinical
condition, one patient could not complete the prescribed
dose of 56 Gy and could receive only a total dose of
38 Gy. One patient with multicentric tumour received
whole brain RT for a total dose of 40 Gy/20 fractions/
4 weeks. All other patients received a minimum total
dose of 45 Gy. Nineteen patients received concurrent
and/or adjuvant chemotherapy (mostly temozolomide).
A total of 64 chemotherapy cycles were given in these
19 patients (average 3 cycles per patient).

The follow-up period ranged from 2 to 50 months,
with a median of 18 months. The overall EFS for
all patients is depicted in Fig. 2. The 3-year EF'S was
44% and the median EFS period was 18 months.
Age (< 5 years vs. > § years) and sex of the patients
did not correlate with EFS. As shown in Fig. 3, the
3-year EFS for LGG and HGG was 46% and 41%
respectively (p = 0.9). As shown in Fig. 4, patients with
brainstem lesions had statistically significantly lower
3-year EFS than those with non-brainstem gliomas
(28% vs. 56%, p < 0.01). Extent of surgery was
associated with significantly improved EFS (Fig. §).
The 3-year EFS in patients who underwent partial
resection and no surgery was 58% and 25% respectively
(p < 0.042). The dose of radiation (56 Gy vs. 60 Gy),
dose per fraction (1.8 Gy vs. 2.0 Gy) and type of
external beam radiation therapy machine (Cobalt-60 vs.
linear accelerator) had no correlation with the outcome.
Though a small proportion of patients received
chemotherapy (19/70), the 3-year EFS was slightly (but
not significantly) better with chemotherapy (Fig. 6).

Due to the short follow-up period, late toxicity was
not analyzed in this study. Interruption during the
course of RT was considered as indirect incidence of
acute toxicity. Eleven patients had interruptions of more
than 1-week duration during RT; 6 of them belonged
to the RT-alone group (6/51) and § belonged to the
chemoradiotherapy group (5/19).

Discussion

Facilities for RT of paediatric CNS tumours are
limited to a few centres in a developing country such as
India for various reasons. Management of such patients
requires involvement of multiple specialties including
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Radiation therapy in paediatric gliomas

Surgical procedure No. of patients Percentage
Gross total excision 11 16
Near total excision 13 18
Partial excision 19 27
Biopsy only 2 3
No surgery 25 36
Total 70 100
Table 4. Details of radiation therapy
Attribute
Total dose (Gy)
range 20-60
median 56
No. of fractions
range 5-30
median 28
Dose per fraction (Gy)
range 1.8-4.0
median 2.0
Duration of RT course
6 weeks 45 patients

more than 8 VVCCkS

11 patients

median duration 6 weeks

no. of patients who required GA 12
RT machine

cobalt-60 46

linear accelerator (15-18 MV X-rays) 24

Chemotherapy (concurrent and/or adjuvant)

Survival in months

Fig. 2. Event-free survival of all patients
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Fig. 3. Event-free survival of patients with low grade vs. high grade gliomas
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Fig. 4. Event-free survival of patients with brainstem vs. non-brainstem gliomas

neurosurgery and neuroradiology. Most children below
the age of § years require anaesthesia every day during
the delivery of RT and it is therefore a cumbersome
treatment. Facilities of RT] in general, are limited. Our
centre is an apex medical institute and its cancer centre
is one of the 25 regional cancer centres in India. Our
experience being reported here represents the outcome
of paediatric glioma patients treated at an apex medical
centre. Most series [7-10] on paediatric gliomas are not
pure glioma series and they include patients with a wide
spectrum of tumours including medulloblastomas,
ependymomas, etc. The series by Varan ez a/. [10],
though titled “astrocytic tumours in children”,; excluded
patients with optic glioma, brainstem glioma, and
diencephalic tumours. Our series comprised patients
with paediatric gliomas only and therefore our results
may not be strictly comparable with these studies [7-10].
Apparently, EFS for the entire group of patients in our
series seems to be lower than the literature since our
series had a sizeable number of brainstem lesions which
are known to have worse prognosis.

As reported in other series [7-8,11], the extent of
surgery before RT is associated with improved survival.
We also noticed significantly better survival (58% vs.
25%) in patients who had undergone surgery than those
who had no surgery (Fig. ).

RT provides better results in LGG as compared
with HGG. In our series, the 3-year EFS rate was
marginally better in favour of LGG (Fig. 3) but it was
not statistically significant. This may be due to two
factors. Firstly, LGG generally have good prognosis and
routine adjuvant RT is not required. However, in the
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case of patients who show symptomatic and radiological
progression during the follow-up, RT alone or after re-
resection plays a vital role; the outcome may not be as
good as in those who undergo complete resection and
do not show further progression. Several patients with
L.GG in our series were considered for RT when they
had either significant post-surgery residual disease or
progression on MRI with or without deteriorating
clinical symptoms. The other reason could be that, in
our setup, patients find it difficult to comply with the
MRI surveillance policy very strictly due to MRI costs
and the long distances to travel. Therefore, several of
these patients, when they show progression, report for
the follow-up with frank clinical progression with large
tumours not amenable to complete re-resection. RT for
such patients may be less effective. Therefore, early use
of RT in patients with post-surgery residual disease may
be worth re-visiting. There is, however, a study [12] in
adult patients with LLGG showing better progression-
free survival with use of RT immediately after sur-
gery/biopsy as compared to RT used due to progression.
In this study, Arm A patients received RT within
8 weeks after resection or biopsy and Arm B patients
received RT when they showed clinical and/or
radiological progression. Progression-free survival at
S years was significantly better in Arm A as compared
to Arm B (44% vs. 37%, p = 0.02). We feel that for
incompletely resected tumours, RT should be initiated
early since the modern 3D conformal RT techniques
such as stereotactic RT] intensity modulated RT
(IMRT), etc. have shown reduced morbidity in several
trials [5,9,13].

RT remains an essential component of treatment in
HGG even after gross total excision. The 3-year EFS
rate of 41% in HGG in our study is more or less the
same as reported by Bauman ez a/. [7] and Varan ez a/.
[10] in their series.

The various RT parameters did not alter the outcome
significantly. The duration of overall treatment (more
than 8 weeks) seems to have a correlation with worse
outcome in our series but it could not reach statistical
significance due to the small number of patients (11 out
of 70) completing RT in 8 weeks or more time. Various
studies [14,15] have tried altered fractionation schedules
in the form of hyperfractionation [14] and accelerated
fractionation [15], especially in malignant gliomas and
brainstem gliomas, but failed to show any significant
benefit over conventional fractionation.

Several trials [16-19] have reported their results
with the use of chemotherapy in paediatric gliomas.
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Various chemotherapeutic drugs are used in different
combinations for both LGG [17] and HGG [16,18,19].
Temozolomide, which has shown promising results in
adult glioblastoma multiforme [20], has shown varying
results in paediatric gliomas. In our study we have used
chemotherapy on a selective basis. Though there was
no rigid policy for selection of patients for chemotherapy,
it was avoided in patients with poor general condition,
low socioeconomic status and unwillingness for
chemotherapy. Temozolomide for glioblastoma multi-
forme and combination of carboplatin and etoposide for
other HGG and brainstem tumours were the preferred
regimens. Our results have shown a trend towards
improved EFS; though not statistically significant, with
the use of chemotherapy (Fig. 6).

Brainstem glioma is an important group of CNS
tumours in children. Conventional RT remains the
standard of care for such patients, but the outcome
continues to be poor, with S-year survival ranging from
20% to 30% [3,4,21,22]. The 3-year EFS of 28% in
our series is consistent with that reported in the lite-
rature. Chemotherapy with newer agents such as temo-
zolomide [23] has been tried in some recent studies in
order to improve the survival, and the results are
encouraging.

Conclusions

Our results of RT in HGG and brainstem gliomas
in children are consistent with those in the literature.
However, the results of LGG in our series are probably
not very decent, possibly because of our policy of
delaying the RT till progression after surgery. We
therefore suggest a revisit of the policy of early use of
RT for incompletely resected LGG even though they

are asymptomatic.
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