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OBJECTIVE    To analyze the therapeutic eff ects and side eff ects 
of intensity-modulated radiotherapy (IMRT) with different 
fractionated doses in treating astrocytoma. 
METHODS    During a period from October 2001 to December 
2006, 58 patients with astrocytoma were treated using IMRT. Based 
on the World Health Organization (WHO) classifi cation, 32 of the 
58 cases were grade-II, 20 grade-III and 6 grade-IV (glioblastoma 
multiforme, GBM). Thirty-two of the 58 patients (3 with grade 
IV, 11 with grade III, and the other 18 with grade II who were 
over 40 years) were treated with hyperfractionated IMRT (Hyper 
Fr IMRT), and the other 26 patients were treated with standard 
fractionated IMRT (St Fr IMRT). 
RESULTS    The 1-, 3- and 5-year overall survival (OS) rates 
were respectively 86%, 52%, and 45%, and the 1-, 3- and 5-year 
progression-free survival (PFS) rates were respectively 77%, 38%, 
and 25%. Using an analytical hierarchy process it was shown that 
concerning the patients with grade II astrocytoma classifi ed based 
on WHO grading, the therapeutic effect was much better in the 
group of Hyper Fr IMRT than in the St Fr IMRT group. There was 
no statistical signifi cance of the diff erences in the OS and PFS rates 
between the 2 groups (P = 0.049 and P = 0.006). The OS and PFS 
rates of the patients with grade-III astrocytoma were both higher 
in the group with Hyper Fr IMRT than in the St Fr IMRT group. 
However, there was no statistical significance of the differences 
between the 2 groups. Advanced RTOG grade-III (radiation 
therapy oncology group, RTOG) neurotoxicity occurred only in 1 
of the cases. 
CONCLUSION    Compared with the St Fr IMRT, the Hyper 
Fr IMRT may help to prolong the survival of patients with 
astrocytoma. 
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Introduction

Conventional therapy for astrocytoma is surgery followed by adju-
vant radiotherapy and/or chemotherapy. Since some of the tumors are 
close to jeopardized areas which control vital organs, such as eyes, 
optic nerve, optic chiasm, brain stem and spinal cord, using high-dose 
radiation is not safe if delivered to the region of the tumor through 
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conventional radiotherapy. New techniques in radiother-
apy, such as 3 dimensional conformal radiation therapy 
(3D-CRT) and intensity-modulated radiotherapy (IMRT) 
can increase the dose delivered to the target area while 
reducing the dose to the peripheral normal tissue. Re-
cently, it has been shown in a comparative study on the 
different dose distribution between the plans of 3D-CRT 
and IMRT, that in the treatment of high-grade gliomas, 
IMRT can improve the conformality in the target tissue 
and better protect the normal tissues[1]. The technique of 
IMRT has been available in more and more clinical set-
tings. However, the proper fractionated dose, treatment 
outcomes, and toxic reactions produced by IMRT in 
treating the astrocytomas is still unclear. Since 2001, hy-
per-fractionated (Hyper Fr) or standard fractionated (St 
Fr) IMRT for treating astrocytoma began to be applied 
in our hospital. In this paper, the outcome of survivals 
and radio-therapeutic reaction of the new technology 
were retrospectively reviewed. 

Materials and Methods

Clinical data 
From October 2001 to December 2006, 58 astrocytoma 
patients, with a KPS of ≥ 60, underwent IMRT. Of these 
patients, grade-II astrocytoma was found in 32, grade-III 
malignant astrocytoma in 20, and grade-IV glioblastoma 
multiforme (GBM) in the remaining 6. Hyper-fraction-
ated IMRT was conducted in 32 patients, including 3 
with grade- IV, 11 with grade-III, and the other 18 with 
grade-II astrocytoma. All these patients were above 40 
years of age. At the same time, St Fr IMRT was con-
ducted in the other 26 astrocytoma patients. There were 
no significant differences in the clinicopathologic fea-
tures between the 2 groups (Table 1). The median age 

of the 58 patients was 45 years, with a range from 19 to 
74 years. In the patients, 37 were male and 21 female. 
Before the treatment, none of the patients received any 
chemotherapy or radiotherapy. Puncture biopsy was 
performed in only 1 patient and a partial resection of the 
tumor was performed in all other patients. The foci lo-
calized in a temporal lobe were found in 34 of the cases, 
a frontal lobe in 21, an occipital lobe in 2, and a parietal 
lobe in 1. The median dose of the radiotherapy was 58 
Gy (range from 54 to 60 Gy). Adjuvant chemotherapy 
was given to 24 patients with grade-III or grade-IV for 
4 to 6 cycles after radiotherapy. Salvage chemotherapy 
was used in 5 of the patients, who developed a recur-
rence following radiation therapy. A dosage of 150-200 
mg/m2 of temozolomide, an oral chemotherapeutic drug, 
was given to 4 patients for successive 5 days, and was 
repeated every 28 days. In 25 patients, an intravenous 
drip of carmustine at 125 mg/d was administrated for 3 
successive days, and repeated every 4-6 weeks. 

Treatment
The median interval time between the surgery and radio-
therapy was 28 days, with a range of 15 to 39 days. The 
simulation was conducted 1 to 3 weeks after surgery. 
A thermoplastic face-mask was correctly utilized for 
each patient by fixing in on the head and neck during 
radiotherapy. The enhanced computer tomography scan 
(CT) was conducted on all of the patients. The range of 
the scan was from head to neck, with a thickness of 2.5 
mm. All image data were transmitted to the NOMOS 
Peacock planning system for 3 dimensional dose optimi-
zation and computation, which produced a dose-volume 
histogram. The patients underwent a MRI scan a week 
after the CT examination in order to make a clear delin-
eation of the target area and the vital organs close to the 

Table 1. Comparison of clinicopathologic features between the group of 
St Fr IMRT and group of Hypo Fr IMRT.

Factors Group of Hypo Fr IMRT (n = 32) Group of St Fr IMRT (n = 26) P

Age (years) 46.5 ± 11.5 41.5 ± 16.7 0.305

Sex 

    Female 13 8 0.437

    Male 19 18

KPS 80 ± 8.9 80 ± 6.5 0.093

Pathologic types

    WHO grade-II 18 14 0.961

    WHO grade-III 11 9

    WHO grade-IV 3 3

Interval time between surgery and radiotherapy (days) 8.0 ± 6.1 27.0 ± 6.6 0.35

Chemotherapy 

    Yes 14 15 0.291

    No 18 11
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tumor. The clinical target volume (CTV) of grade-II as-
trocytoma meant a 1-2 cm extension from the margin of 
the diseased region (DisR) shown by the enhanced CT 
and MRI scan conducted after surgery. The total dose 
of the CTV was 55 Gy /22f in the group with Hyper Fr 
IMRT, with 2.5 Gy each time, and was 54 Gy/27f in the 
group with St Fr IMRT, with 2 Gy each time. The CTV 
of grade-III malignant astrocytoma and grade-IV GBM 
indicated a 2 cm extension from the margin of the DisR 
shown by the enhanced CT and MRI scan performed 
after surgery.  The total dose of CTV was 60 Gy/24f in 
the group with Hyper Fr IMRT, with 2.5 Gy each time, 
and 60 Gy/30f in the group with St Fr IMRT, with 2 Gy 
each time. The planning of target volume (PTV) showed 
a 0.3-0.5 cm extension from the margin of the CTV, and 
the PTV was surrounded by 90% of the isodose line. In 
our groups, the delineation of the target area referred to 
the conventional radiotherapy, i.e., there was a 2 cm ex-
tension beyond the gross tumor volume (GTV) for plan-
ning the PTV of low potential malignancy astrocytoma, 
and 2.5-3 cm more extension for PTV of glioblastoma 
multiforme (GBM). In addition, it was confirmed by 
previous data that for PTV of GBM with tumor relapse, 
the exposure fi eld was usually within the GTV of the tu-
mor plus a 2 cm extension[2]. By using the 6-MV X-ray 
accelerator, radiotherapy was given 5 days a week, and 
lasted for 5 to 6 weeks in total. The maximum tolerated 
dose of these vital organs was as follows: 4000 cgy for 
the spinal cord, 5400 cGy for the optic nerve and the op-
tic chiasm, 1000 cGy for crystal bodies, and 5500 cGy 
for the brain stem. 

Follow-up
The follow-up data of the patients were obtained from 
the case records kept in the clinic and admission offi ce 
of the hospital, including the case history, neurologic 
check, and CT or MRI examination. Call visits were car-
ried out to all patients (to the patients or relatives of the 
patients). The calculation of the survival time and the 
time of tumor progression (TTP) started from the first 
day of the radiotherapy. The level of tumor progression 
was determined based on the clinical neurologic check 

and image analysis. The radiotherapeutic reactions were 
classifi ed based on the grading system of the radiation 
therapy oncology group (RTOG). 

Statistical analysis
SPSS 13.0 statistical software was used for statistical 
analysis, and the survival rate was computed using the 
life-table method. The Log rank test was adopted to 
check the signifi cance of the differences in the survival 
rate among the groups. Multivariate analysis (Cox re-
gression) was used for evaluating the known factors, 
such as the gender, age, KPS, mode of fractionation and 
the impact of tumor staging on the prognosis. 

Results 

Survival and local control (LC) rates
The median follow-up time was 24 months, ranging 
from 5 to 73 months. Disease-free survival was found 
in 24 of the 58 patients (41.4%). Eight of the 58 patients 
lived well with cancer (13.8%), but 26 patients died of 
tumor progression (44.8%). The 1-, 3-, and 5-year over-
all survival (OS) rates were 86%, 52%, and 45% (Fig.1) 
respectively, and the 1-, 3-, and 5-year progression-
free survival (PFS) rates were respectively 77%, 38%, 
and 25% (Fig.2). The 1-, 3-, and 5-year OS rates were 
respectively 100%, 63%, and 57% in the patients with 
grade-II astrocytoma, and 84%, 51%, and 38%, respec-
tively in the patients with grade-III malignant astrocy-
toma. All 6 GBM patients died, with median survival 
times (MST) respectively of 10 months and 7 months 
(Fig.3) in the Hyper Fr IMRT and St Fr IMRT groups. 

Different fractionated doses
In comparing the survival and RC rates in the patients 
treated with different fractionated doses of IMRT, analy-
sis showed using the analytical hierarchy process that 
the 5-year OS rates of the grade-II astrocytoma patients 
were respectively 50% and 30% (P = 0.049, Fig.4) in 
the Hyper Fr IMRT and St Fr IMRT groups. The 5-year 
PFS rates were 48% and 11%, respectively in the Hyper 
Fr IMRT and St Fr IMRT groups (P = 0.006, Fig.5). The 

Fig.1. Overall survival curve of all patients 
in the group. 

Fig.2. Progression-free survival curve of all 
patients in the group.

Fig.3. Overall survival curves of all patients 
with WHO grade II, III and IV GBM in the 
group.
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OS and PFS rates of grade III patients investigated by 
WHO were higher in the Hyper Fr IMRT group com-
pared to those in the St Fr IMRT group. However, there 
was no statistical signifi cance in the differences between 
the two groups (P = 0.368 and P = 0.356). 

Analysis of prognostic factors
Univariate analysis indicated that the factors predicting 
poor prognosis of the patients included a high grade of 
tumor classified based on the WHO grading, age of ≥ 
50 years, and the KPS less than 70, with the P values of 
0.000, 0.000 and 0.012, respectively. The multivariate 
COX regression analyses of the age (< 50 vs. ≥ 50), KPS 
(< 70 vs. ≥ 70), gender (male vs. female), grading of 
tumor (grade II vs. III vs. IV), and the mode of fraction-
ation (St Fr vs. Hypo Fr) were conducted. There were 
correlations among tumor grading, age, the mode of 
fractionation, and survival, with the P values of 0.000, 
0.002 and 0.025, respectively. 

Types of relapse
A local recurrence of the primary focus occurred in 31 
of the total patients, contralateral recurrence in 2 and 
dissemination to the cerebrospinal fl uid in 1 patient. 

Complications
All patients completed the treatment plan, with slight 
acute toxic reactions. A RTOG grade I reaction was 
found in 43 of the 58 patients (74.1%) and a RTOG 
grade II reaction in the other 15 (25.9%). There were 
no statistical differences in the acute reactions between 
the Hyper Fr IMRT and St Fr IMRT groups. The RTOG 
grade-III advanced reaction occurred in one patient with 
a grade-III malignant astrocytoma from the Hyper Fr 
IMRT group. The primary tumor was localized in the 

temporal lobe, and the patient presented a disorder of 
verbal expression, with an enlarged DisR shown by en-
hanced MRI scan 11 months after the radiotherapy. In 
a follow-up after the symptomatic treatment, no further 
progression of the lesion was found via enhanced MRI 
examination. The RTOG grade IV/V advanced neuro-
toxicity was not found, either group. 

Discussion

Different radiotherapeutic doses in different target areas 
can be concurrently given by IMRT. The total dose of 
St Fr IMRT is lower, within the fixed frequency of ir-
radiation, in the normal tissue compared to the target 
area of the tumor. Therefore, each fractionated dose in 
the normal tissue can be reduced, and as a result, normal 
tissue damage in the late phase reaction is decreased. 
Compared to the St Fr IMRT, Hyper Fr IMRT possesses 
superiority with low costs of the treatment, the short-
ened duration of therapy and a potential of radiobiology. 
In an application research on a human GBM graft using 
a nude mouse model, Hasegawa et al.[3] reported that the 
tumor regression responded most by Hyper Fr radio-
therapy. 
    It was shown in a preliminary result of applying St 
Fr IMRT to treat astrocytoma patients, that the survival 
rate was not improved. Narayana et al.[4] reported on the 
application of the dynamic multi-diaphragm collimator 
for IMRT of GBM in 58 cases, in which the radiothera-
peutic dose was 59.4-60 Gy, 1.8-2.0 Gy each time. MST 
of the patients with malignant astrocytoma and patients 
with GBM was respectively 36 months and 9 months. A 
grade-III late phase toxic reaction occurred in 4 patients, 
presenting a verbal or cognitive disorder, without grade-
IV/V late phase neurotoxicity. Similarly, Fuller et al.[5] 

Fig.5. Comparison of the progression-free survival curves be-
tween the patients with grade II astrocytoma respectively treated 
with Hypo Fr IMRT and St Fr IMRT.
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reported the preliminary results of 42 patients who un-
derwent IMRT. In the 42 patients, IMRT was solitarily 
employed in 72%, and a boost of IMRT was given to the 
other 28% after 3D-CRT, with a MST of 8.7 months. A 
nonparametric analysis showed that there were no sig-
nifi cant differences in the survivals between the solitary 
application of IMRT and the IMRT boost after 3D-CRT. 
The authors believed that employment of the conven-
tional defi nition of the target area and the St Fr dose of 
IMRT may not improve the survival and RC rates of 
GBM. 
    There have been some reports on the use of Hyper 
Fr IMRT for GBM, which varied greatly in the results 
related to whether the mode of treatment could increase 
the survival rate of the astrocytoma patients. Floyd et 
al.[6] appraised the therapeutic outcomes of utilizing Hy-
per Fr IMRT in 20 GBM patients who underwent a total 
radiotherapeutic dose of 50 Gy/10f/2w. Compared with 
previous outcomes of using St Fr, this treatment mode 
failed to improve the overall survival time and failed to 
delay the time of the progression of disease. The need 
for surgery in patients with brain cell necrosis is very 
frequent. 
    Sultanem et al.[7] reported on the therapeutic outcome 
of 25 GBM patients undergoing Hyper Fr IMRT. The 
total therapeutic dose was 60 Gy/20f, 3 Gy each day, 
and the MST was 9.5 months. This is a safe mode of 
treatment which shortens the time of therapy. However, 
it has no improvement in the survival rate compared to 
conventional therapy. A report of research conducted by 
Iuchi et al.[8] demonstrated improvement in survival in 
GBM patients using Hyper Fr IMRT. A delineation of 
the 3-layered PTV was conducted in 25 GBM patients 
who underwent Hyper Fr IMRT. The dose of the PTV1 
(the DisR displayed by enhanced CT/MRI plus a 0.5-cm 
extension) was 48-68 Gy/8f (BED 77-12 Gy). At the 
same time, the dose of PTV2 (PTV1 plus 1.5 cm exten-
sion) was 40 Gy/8f and that of PTV3 (edema area around 
the enhanced DisR) was 32 Gy/8f. Compared with the 
therapeutic outcome of 60 GBM cases with conven-
tional external irradiation, the progression-free time of 
the tumor was obviously longer in the group with Hyper 
Fr IMRT treatment compared to the group with conven-
tional external irradiation (P < 0.0001). 
    Age is a key prognostic factor for low-grade glioma 
patients. It was reported by Yeh et al.[9] that the OS and 
PFS rates of the grade-II astrocytoma patients at an age 
below 40 years were higher than those of the patients 
with an age over 40. In our group, Hyper Fr radiotherapy 
was performed in 18 grade- II astrocytoma patients with 
an age over 40. The differences in the OS and PFS rates 
between the Hyper Fr IMRT and St Fr IMRT groups (P 
= 0.049 and P = 0.006) was statistically signifi cant. The 
OS and PFS rates of grade-III malignant astrocytoma 
patients were higher in the Hyper Fr IMRT group than 
those in the St Fr IMRT group. However, the differences 
between the 2 groups were not statistically signifi cant. 

Death occurred in all 6 GBM patients. The MST of the 
patients was 10 months and 7 months, respectively in 
the Hyper Fr IMRT and St Fr IMRT groups. The out-
come of the GBM patients in our group was similar to 
that of the patients with the same treatment method in 
other reports. 
    In our group, the CTV was defi ned as 1-2 cm exten-
sion from the boundary of the DisR shown by the en-
hanced fuci image of CT and MRI scan after surgery. 
The decision of CTV originated from the data of the 
studies on multiple types of relapse after radiotherapy. 
Most of the relapses occurred within the area less than 
2 cm away from the primary tumor[10-14]. This indicates 
that our delineation of the CTV was enough for the treat-
ment. The Hyper Fr dose may increase the therapeutic 
outcome, nevertheless, the RTOG grade IV/V toxic reac-
tions were not found in our group. To further lower the 
radiotherapeutic reactions, we started to apply PET-CT 
to determine the GTV. Application of IMRT can further 
raise the fractionated dose of GTV, and also protect the 
normal tissues better. As a result, preferable survival can 
be reached, and toxic reaction can be reduced. 
    Whether or not IMRT can extend the fi eld of a low-
dose irradiation in the brain tissue remains controversial, 
and the low-dose irradiated region may increase the risk 
of a radiotherapy-induced tumorigenesis. A cross-check 
analysis on comparing the doses of 3D-CRT to IMRT 
demonstrated that the integral dose of IMRT in the nor-
mal brain tissue was cut down at a ratio by 7%-10% (P 
< 0.001), and there was no signifi cant increase of the in-
tegral dose in the 0.5-5 Gy cold spot area[1]. In our study, 
none of 32 patients who survived developed radiothera-
py-induced tumorigenesis.
    The therapeutic effect of GBM patients can be further 
enhanced thorugh combined therapy. After surgery of 
GBM, it was shown in a randomized control study be-
tween the synchronized radio-chemotherapy and simple 
radiotherapy, that the method of radiotherapy plus te-
mozolomide could further increase the survival rate[15]. 
Fan et al.[16] reported, after studying 64 GBM patients, 
that following surgery, applying synchronized radio-
chemotherapy (chemotherapeutic agents was semustine) 
could improve the RC rate of the GBM patients, and 
could delay the recurrence time. IMRT of GBM with 
synchronized chemotherapy deserves further investi-
gation. Wang et al.[17] reported that after a 40 Gy/20f 
conventional exposure to the high-grade gliomas, the 
clinical curative effect of the IMRT in hyperfractionated 
brachytherapy (2.5 Gy/f, median dose 17.5 Gy) com-
bined with chemotherapy was slightly increased, with 
the 3-year OS rate of 25%. Of the 97 patients, radiation 
necrosis occurred in only 3 patients. 
    The modes of Hyper Fr and St Fr IMRT for treating 
astrocytoma are feasible and safe. This is a retrospective 
study with fewer cases, however, the preliminary results 
offers the prospect of applying Hyper Fr IMRT treat-
ment. More investigation is needed for deciding a better 
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delineation of various targets and optimal dose of Hyper 
Fr IMRT. 
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