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Abstract
Purpose The aim of this study was to report the outcome in
children with high-grade astrocytoma outside the brain stem
and spinal cord that were treated at a single center.
Materials and methods The study included 26 patients with
anaplastic astrocytoma and 37 patients with glioblastoma; all
patients were aged ≤18 years. At initial diagnosis, 18 of the
patients with glioblastoma received only temozolomide
(TMZ), 14 received other chemotherapies, and 5 did not re-
ceive any chemotherapy. Among the patients with anaplastic
astrocytoma, 9 received TMZ, 9 received other chemotherapy
regimens, and 8 patients did not receive any chemotherapy.
The median radiotherapy dose in all patients was 60 Gy.
Results Median age of the patients was 12.5 years. Median
overall survival was 20 months and mean progression-free sur-
vival was 4.7–11.3 months (median: 8 months) in all patients.
Patients with a Karnofsky performance score (KPS) ≥70 had
median overall survival of 32 months, versus 7 months in those
with a KPS < 70. Patients aged <15 years had median survival
of 38 months, versus 16 months in those aged 15–18 years.
Patients with anaplastic astrocytoma that received TMZ, other
chemotherapy regimens, and no chemotherapy had median sur-
vival of 21 months, 132 months, and 11 months, respectively.
Patients with glioblastoma that received TMZ, other

chemotherapy regimens, and no chemotherapy had median sur-
vival of 32 months, 12 months, and 8 months, respectively.
Conclusion In the present study, patients with anaplastic as-
trocytoma treated with chemotherapy protocols other than
TMZ had the longest OS; however, in the glioblastoma group,
OS was 32 months in those treated with standard TMZ and
12 months in those treated with other protocols (P = 0.493).
Although TMZ is less toxic than PCV, it was not shown to be
superior.
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Introduction

Astrocytomas account for 40–50 % of central nervous system
tumors in children [1]. WHO grade III and IV lesions are
considered high grade [2]. In contrast to adults, high-grade
astrocytomas are relatively rare in children, and supratentorial
high-grade lesions constitute 10% of brain tumors in children.
The outcome in children treated for anaplastic astrocytoma or
glioblastoma is poor, with 5-year progression-free survival
(PFS) of 23 and 16 %, respectively [3].

High-grade gliomas in adults and children differ in the rate
of occurrence and in response to chemotherapy. Sposto et al.
[4] reported that chemotherapy consisting of vincristine
(VCR), lomustine (CCNU), and prednisone (PCV) prolonged
event-free survival (EFS) and overall survival (OS) rates com-
pared to standard surgery and radiotherapy, especially in chil-
dren with glioblastoma. On the other hand, the only agent that
resulted in prolonging survival in adults is temozolomide
(TMZ) used in concomitant and adjuvant settings [5]. The role
of TMZ in pediatric patients remains to be elucidated.

The behavior of high-grade astrocytomas and the prognos-
tic factors are not fully known in children because of their
rarity. The aim of the present study was to report the outcome
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in children and adolescents diagnosed with high-grade astro-
cytoma outside the brain stem and spinal cord; prognostic
factors and the effect of different chemotherapy protocols on
outcome were evaluated.

Materials and methods

A search of the database of Hacettepe University, Department
of Radiation Oncology, Ankara, Turkey, was performed to
identify patients aged ≤18 years that were diagnosed as ana-
plastic astrocytoma and glioblastoma between February 1994
and August 2012. The present retrospective study was ap-
proved by the institutional ethics committee. In all, 63 patients
that were treated for high-grade astrocytomas (anaplastic as-
trocytoma group: n = 26; glioblastoma group: n = 37) were
included in this study.

Clinical and radiological data, including age, Karnofsky
performance score (KPS), symptoms at presentation, tumor
localization, extent of surgery, pathological findings, and ra-
diotherapy and chemotherapy details, were recorded.
Resection of >90 % of a lesion based on the surgery notes
was defined as gross total resection (GTR). Subtotal resection
was defined as removal of 50–90 % of a lesion, and resection
of <50 % of tumor volume was defined as biopsy. Subtotal
resection and biopsy were regarded as partial resection and
grouped as other surgery in the analysis.

Radiotherapy was administered using 3-D conformal plan-
ning in all patients. Gross tumor volume (GTV) was defined
based on postoperative MRI. Residual disease noted via T1
post-contrast images and the postoperative cavity were delin-
eated as GTV. Clinical target volume-1 (CTV) was defined as
GTV + 2.5 cm. Patients with CTV-1were scheduled to receive
40 Gy in 20 fractions. After 40 Gy, the treatment field size was
reduced. CTV-2 was defined as GTV + 1 cm, and patients
with CTV-2 were administered 54–60 Gy.

Patients that received cisplatin + etoposide, or procarba-
zine, N-(2-chloroethyl)-N’-cyclohexyl-N-nitrosurea, and vin-
cristine (PCV) were grouped together as protocol 1. Patients
that received concomitant TMZ and adjuvant cisplatin +
etoposide were grouped as protocol 2. Patients that received
concomitant and adjuvant TMZ were grouped as protocol 3.
Patients were assessed weekly for hematological toxicity dur-
ing chemoradiotherapy. Following radiotherapy, patients were
followed monthly via medical history and physical examina-
tion, and MRI was performed every 3 months for evaluation
of treatment response.

Statistical analysis

Descriptive data are presented as median (range) or n (%), as
appropriate. Time-to-event data analysis was performed using

the Kaplan-Meier method. OS was calculated as the time from
diagnosis to death due to any cause. PFS was defined as the
time from the end of radiotherapy to progression of disease or
death due to any cause. The Mantel-Cox test was used to
compare survival distribution between independent groups.
Cox proportional hazard regression analysis was used to iden-
tify independent prognostic factors for survival in the study
group, and the hazard ratio of the tested variable was defined
as relative risk. Survival data are presented as 1-year, 2-year,
and 5-year survival probability and median survival time
(standard error, 95 % CI). The type-1 error level was consid-
ered as 5 % for all statistical analyses.

Results

This study included 63 patients: 26 (41 %) with anaplastic
astrocytoma and 37 (59 %) with glioblastoma. Median age
in the anaplastic astrocytoma group (69 % male and 31 %
female) was 14 years (range: 5–18 years), versus 12 years
(range: 4–18 years) in the glioblastoma group (54 % male
and 46 % female). The prominent complaint at admission in
both groups was seizures. Median follow-up time was
16 months (range: 2.8–229.6 months). Basic demographic
characteristics of the patients are shown in Table 1.

Most tumors were located supratentorially in both groups
(anaplastic astrocytoma group: 81 %; glioblastoma group:
89 %) but differed in location according to depth. Twenty-
nine patients underwent GTR. GTR of the lesions was per-
formed in 42 % of the anaplastic astrocytoma group and 49 %
of the glioblastoma group. In total, 42 % of the anaplastic
astrocytoma group received TMZ in their chemotherapy reg-
imen, versus 54 % of the glioblastoma group. The overall
mortality rate in the anaplastic astrocytoma and glioblastoma
groups was 58 and 76 %, respectively. The progression rate
was 88 % in the anaplastic astrocytoma group and 87 % in
glioblastoma group. Disease-specific characteristics of the pa-
tients are summarized in Table 2.

Median OS was 20.2 months in the entire study group, and
the 1-year survival rate was 60 %, which decreased to 26 %
through the fifth year of follow-up (Fig. 1). When survival
rates were compared according to clinical characteristics, it
was observed that anaplastic astrocytoma histology,
KPS ≥ 70, GTR, and chemotherapywere favorable prognostic
factors. Descriptive analysis and comparison of survival data
are shown in Table 3.

When survival was analyzed separately for each group,
KPS, age, and surgery were observed to be factors that were
associated with survival in the anaplastic astrocytoma group.
Chemotherapy, in addition to KPS, age, and surgery, were
associated with survival in the glioblastoma group. In the
glioblastoma group, patients that received standard TMZ had
a median OS of 32.4 months, whereas, median OS in those
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that received protocol-1 and protocol-2 was 12 and
12.5months, respectively (P = 0.474). Adjusted survival com-
parison according to tumor histology showed that chemother-
apy, KPS, age, and surgery were associated with survival re-
gardless of the diagnosis. Stratified survival data and adjusted
comparisons are shown in Table 4.

After determining the clinical parameters that had an
effect on survival, multivariate Cox proportional hazard
regression analysis was used to identify independent prog-
nostic factors. A model was built for histologic diagnosis,
KPS group, age group, surgery type, and chemotherapy
regimen. The final model included KPS and surgery type;
variables with a P value >0.10 were excluded (histology,
age, and chemotherapy) (Figs. 2 and 3). A KPS < 70 was
associated with a 5.61-fold higher mortality risk than a
KPS ≥ 70, and surgery other than GTR was associated
with a 2.30-fold higher mortality risk.

PFS was 8.4 months in the entire study group, versus 14.3
and 5.0 months in the anaplastic astrocytoma and glioblasto-
ma groups, respectively. Although there was not a significant
difference in PFS between the 2 groups, the difference was
concluded to be clinically significant. The only factor that was

Table 1 Demographic
characteristics of patients in
diagnostic arms

AA (n = 26) Glioblastoma (n = 37)
Median (min–max) Median (min–max)

Age (years) 14 (5–18) 12 (4–18)

Follow-up time (months) 23.2 (7.5–229.6) 11.7 (2.8–177.3)

n (%) n (%)

Sex

Girl 8 (30.8 %) 17 (45.9 %)

Boy 18 (69.2 %) 20 (54.1 %)

Mortality rate 14 (58.3 %) 28 (75.7 %)

Complaints

Seizure 9 (34.6 %) Seizure 11 (29.7 %)

Nausea-vomiting 5 (19.2 %) Nausea-vomiting 7 (18.9 %)

Vision problems 4 (15.4 %) Headache 8 (18.9 %)

Headache 3 (11.5 %) Motor deficit 9 (18.9 %)

Motor deficit 3 (11.5 %) Vision problems 3 (8.1 %)

Dizziness 1 (3.8 %) Weight loss 1 (2.7 %)

Decrease in academic performance 1 (3.8 %) Facial paralysis 2 (2.7 %)

Table 2 Disease specific characteristics of patients according to the
diagnosis

AA (n = 26) Glioblastoma (n = 37)
n (%) n (%)

Karnofsky performance score

≥70 23 (88.5 %) 23 (62.2 %)

<70 3 (11.5 %) 14 (37.8 %)

Tentorial localization

Infratentorial 5 (19.2 %) 4 (10.8 %)

Supratentorial 21 (80.8 %) 33 (89.2 %)

Spatial localization

Deep 18 (69.2 %) 18 (48.6 %)

Periphery 8 (30.8 %) 19 (51.4 %)

Surgery

Gross total resection 11 (42.3 %) 18 (48.6 %)

Others 15 (57.7 %) 19 (51.4 %)

Chemotherapy

None 7 (26.9 %) 7 (18.9 %)

Protocol-1 8 (30.8 %) 10 (27.0 %)

Protocol-2 6 (23 %) 8 (21.7 %)

Protocol-3 5(19.3 %) 12 (32.4 %)

Progressive disease

Present 23 (87.5 %) 32 (86.5 %)

None 3 (12.5 %) 5 (13.5 %)
Fig. 1 Overall survival rate of glioblastoma and anaplastic astrocytoma
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associated with PFS was the KPS. Patients with a KPS ≥ 70
had a mean PFS of 9.4 months, whereas those with a
KPS < 70 had a mean PFS of 2.8 months (P < 0.001).

In total, 49 patients received a total dose of 60 Gy, 2
patients who were 4 and 5 years old at the time of ra-
diotherapy received 54 Gy, and 12 patients with ages
>5 years and ≤9 years old received 56 Gy. Total hearing
loss occurred in 2 patients treated with cisplatin +
etoposide, of which 1 received 56 Gy and 1 received
60 Gy with cochlea doses ≥54 Gy. In all, 5 patients
developed pituitary insufficiency during post-treatment
follow-up.

Discussion

The present retrospective study analyzed the outcome in 26
patients with anaplastic astrocytoma and 37 with glioblastoma
treated at a single center. Studies on glioblastoma in children
report that there is a predilection for the second decade of life

(mostly 11–13 years old). In accordance with the literature,
median age of the present study’s patients was 12.5 years. Age
has been suggested to be a good prognostic factor in adult
glioblastoma patients; however, it remains unclear if the prog-
nosis of glioblastoma in children is better than that in adults [6,
7]. Song et al. [8] reported that median OS was 43 months in
children, whereas others reported that OS in children was
similar to that in the adult population [7]. Median OS in the
present study’s glioblastoma group was 12 months, which is
similar to that in the adult population [5]; however, OS was
significantly longer in patients in the anaplastic astrocytoma
group aged <15 years.

Preoperative performance status is a strong prognostic fac-
tor in adults. Das et al. [9] reported that KPS is also a prog-
nostic factor in children. Patients in the present study with a
KPS ≥ 70 had significantly longer OS. It was observed that a
KPS < 70 was associated with a 5.6-fold higher mortality risk
than a KPS ≥ 70. In addition to survival, KPS was also asso-
ciated with PFS; patients with a KPS ≥ 70 had a significantly
longer PFS.

Table 3 Comparison of the survival data of the patients according to the clinical characteristics

Survival probability Median survival SE (95 % CI) p

1 year (%) 2 years (%) 5 year (%) (months) (months)

Overall 59.8 43.2 25.9 20.2 4.8 (10.9–29.7)

Histology

AA (n = 26) 78.6 63.4 34.6 37.4 17.1 (3.9–70.9) 0.016
Glioblastoma (n = 37) 47.6 30.2 21.6 11.9 1.2 (9.6–14.4)

Karnofsky performance score

> 70 (n = 46) 70.5 55.8 33.4 32.4 10.3 (12.1–52.7) <0.001
< 70 (n = 17) 28.6 – – 7.8 1.1 (5.6–10.0)

Sex

Girl (n = 25) 62.5 45.0 25.0 16.0 7.5 (1.2–30.8) 0.996
Boy (n = 38) 57.7 42.1 24.6 20.3 5.4 (9.6–30.9)

Age group

< 15 (n = 37) 65.5 49.9 36.6 22.1 21.2 (0.0–63.7) 0.051
> 15 (n = 26) 52.0 33.7 12.0 16.0 5.3 (5.7–26.4)

Surgery

Gross total resection (n = 29) 69.9 58.2 44.4 50.5 30.7 (0.0–110.7) 0.007
Other (n = 34) 51.5 31.0 12.9 16.0 4.7 (6.9–25.2)

Chemotherapy protocol

None (n = 14) 30.8 23.1 7.7 10.6 1.3 (8.0–13.2) 0.028
Protocol-1 (n = 18) 72.2 60.6 45.5 38.2 54.9 (0.0–145.8)

Protocol-2 (n = 14) 60 41.5 20.5 20.9 5.6 (9.9–31.8)

Protocol-3 (n = 17) 70.6 45.3 25.2 22.1 3.6 (15.1–29.2)

Tentorial localization

Infratentorial (n = 9) 50.0 50.0 50.0 12.5 - 0.412
Supratentorial (n = 54) 59.3 42.2 22.4 20.3 5.9 (8.7–31.8)

Spatial localization

Deep (n = 36) 67.4 53.6 30.9 24.7 6.9 (11.2–38.1) 0.132
Periphery (n = 27) 50.0 30. 18.5 12.0 3.0 (6.1–17.9)
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The strongest indicator for prognosis is reported to be
the extent of resection, with a 5-year OS of 63 % ± 12 %
in children that undergo GTR [10]. Sanchez-Herrera et al.
[11] studied 16 pediatric cases of glioblastoma and report-
ed that the extent of resection correlated with survival.
Perkins et al. [12] reported that the extent of resection
was the only prognostic factor associated with prolonged
survival in children. Likewise, patients in the present
study that underwent GTR had significantly longer OS
than patients with partial resection, regardless of group.
Additionally, it was observed that undergoing surgery oth-
er than GTR was associated with a 2.3-fold higher mor-
tality risk than undergoing GTR.

Addition of chemotherapy (PCV/CCNU/vincristine
[pCV]) to radiotherapy resulted in prolonged EFS in chil-
dren with high-grade astrocytoma, as compared to radio-
therapy alone; the difference was greatest in children with
glioblastoma [4]. In the CCG-945 [13] study, a more in-
tensive chemotherapy regimen (8-in-1) was compared to
the PCV regimen and the results showed that there was
not a significant benefit associated with the 8-in-1 regi-
men. Numerous retrospective and prospective trials with
adults failed to show any clinical benefit of chemotherapy
in patients with glioblastoma, until the Stupp trial [5].
After that trial, TMZ concomitant with radiotherapy and
followed by adjuvant treatment become the standard

Table 4 Adjusted comparisons of the survival data of the patients according to the diagnose

AA GB p**

Median survival SE (min–max) p* Median survival SE (95 % CI) p*
(months) (months) (months) (months)

Karnofsky performance score

>70 37.4 16.8 (4.4–70.4) 0.011 20.9 10.7 (0.0–41.9) 0.001 <0.001
<70 7.5 – 7.8 1.8 (4.4–11.2)

Age group

<15 132.4 51.2 (32.1–232.7) 0.032 12.3 0.6 (11.0–13.5) 0.313 0.042
>15 21.9 4.5 (13.1–30.7) 9.5 2.1 (5.4–13.5)

Surgery

Gross total resection – – 0.009 12.5 0.6 (11.3–13.7) 0.101 0.004
Others 22.1 2.4 (17.5–26.8) 8.7 0.8 (7.2–10.2)

Chemotherapy protocol

None 11.7 16.3 (0.0–43.6) 0.211 8.6 1.1 (6.5–10.7) 0.035 0.016
Protocol-1(n = 18) 132.4 112.8 (0.0–353.5) 12.0 1.0 (10.1–13.9)

Protocol-2 26.8 3.2 (20.5–33.1) 12.5 6.1 (0.5–24.5)

Protocol-3(n = 17) 21.9 11.5 (0.0–44.5) 32.4 11.1 (10.6–54.2)

*These p values are representing the comparisons of each parameter in diagnostic groups. **This p value represents the adjusted comparisons of
parameters according to the diagnose

Fig. 2 Overall survival rate of KPS ≥ 70 Fig. 3 Overall survival rate of GTR and others
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treatment protocol. In the ACNS0126 [14] study, the
Children’s Oncology Group (COG) evaluated the efficacy
of TMZ in children and the association between MGMT
expression and outcome [14]. In all, 31 patients with an-
aplastic astrocytoma and 55 patients with glioblastoma
were evaluated. The 3-year EFS rate was 7 % ± 4 % in
the glioblastoma group and 13 % ± 6 % in the anaplastic
astrocytoma group. They compared their results to those
of the CCG-945 study and reported that there was not a
significant difference. They concluded that TMZ did not
result in improved outcome in children with high-grade
glioma, as compared to the treatment provided in the
CCG-945 study, but that TMZ was less toxic. Cohen
et al. [14] thoroughly evaluated the differences between
the Stupp trial in adults and their study. They concluded
that their study showed that TMZ in pediatric patients
with brain tumors was not inferior to other chemothera-
peutic agents [14, 15]. Jung et al.’s [16] study included 35
patients (median age: 13 years) with high-grade glioma
that were treated with TMZ. Among the patients, 17 had
glioblastoma and 18 had anaplastic histology. In all, 22
patients received TMZ for initial treatment and 13 re-
ceived it following recurrence. They reported that median
OS was 15 months in the glioblastoma patients, versus
25 months in the patients with anaplastic histology.

In the present study, patients with anaplastic astrocytoma
treated with chemotherapy protocols other than TMZ had the
longest OS; however, in the glioblastoma group, OS was
32 months in those treated with standard TMZ and 12 months
in those treated with other protocols (P = 0.493). Although
TMZ is less toxic than PCV, it was not shown to be superior.
As a result, it is not the standard treatment in children with
glioblastoma. Besides its retrospective nature, the major pitfall
of this study is the lack of information on the methylation
status and 1p19q deletions. However, we think that the ob-
served clinically important survival advantage of TMZ should
be the basis for further studies of TMZ in children with
glioblastoma.
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