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Abstract
Background. Intensity-modulated radiotherapy (IMRT)
can deliver different doses to two target volumes with high
conformity. The purpose of the present study was to com-
pare outcomes provided by two different optimization
methods, overlapping structure-based and non-overlapping
structure-based methods, for simultaneous integrated boost
(SIB)-IMRT for malignant gliomas.
Methods. Treatment plans for three glioblastomas and one
anaplastic astrocytoma were analyzed in the present study.
The planning protocol was to deliver 70Gy/28 fractions (fr)
to the gross tumor volume (GTV) and 56Gy/28fr to the
surrounding edema. Two different optimization methods
were tested for optimizing dose distribution to the GTV
and the surrounding edema. One method was the “includ-
ing method”, an overlapping structure-based (GTV and
the clinical target volume [CTV]) optimization method.
The other method was the “annulus method”, a non-
overlapping structure-based (GTV and the subtracted
volume) optimization method. Dosimetric indexes derived
from dose-volume histograms (DVHs) were used for the
analysis.
Results. There was no significant difference between the
two methods in the mean doses of the target volumes and

the doses delivered to the 5% or 95% target volumes (D05

or D95). The mean dose to the brain by the including method
was significantly higher than that delivered by the annulus
method (P � 0.0001). The D05 of the brain showed no
significant difference between the two methods.
Conclusion. The two optimization methods provided
comparable dose distributions within the target volumes
and normal brain.
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Introduction

Intensity-modulated radiotherapy (IMRT) has spread as a
new radiotherapy technique for treating cancers at many
sites; that is, head and neck cancers, prostate cancers, and
gynecologic malignancies.1–7 IMRT can deliver a conformal
irradiation dose to the primary target, sparing organs at
risk (OARs), including the spinal cord, lens, and parotid
glands.8,9 A simultaneous integrated boost (SIB) method,
using the IMRT technique (SIB-IMRT), has been applied
to accelerated fractionation therapy for head and neck
cancers.1–4 This fractionated schedule delivers a large
fraction (2.12–2.4Gy) to the gross tumor volume (GTV)
while delivering a conventional fraction (1.8–2.0Gy) to the
clinical target volume (CTV) for lymph node areas for
elective irradiation.

We started a pilot study for treating malignant gliomas
with the SIB-IMRT in December 2000.10 Our strategy is to
treat the GTV and the surrounding edema with different
fractions. In our protocol, the prescribed dose to the GTV
and the surrounding edema is 70Gy/28fr (daily, 2.5Gy) and
56Gy/28fr (daily, 2.0Gy), respectively. SIB-IMRT has two
advantages for the treatment of malignant gliomas. The
first is that SIB-IMRT can shorten overall treatment time
(OTT), which is preferable for treating tumors with rapid
repopulation.11,12 The second is that the dose gradient
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between the GTV and the surrounding edema may improve
tumor control without increasing the late toxicity of brain
necrosis. Because the surrounding edema is normal brain
tissue at risk by microscopic invasion by malignant glioma
cells, a conventional fraction size is preferable for reducing
the late toxicity of brain necrosis. On the other hand, a large
fraction size was reported to be effective for treating malig-
nant gliomas. Tamura et al.13 reported that patients with
glioblastoma treated with hypofractionation (40Gy/8 fr)
showed a slightly longer survival time than those treated
with conventional fractionation (60Gy/30fr).

In head and neck cancers, the CTV for lymphatic nodes
is usually apart from the primary lesion. Therefore, in the
inverse planning of SIB-IMRT for head and neck cancers,
the GTV and the CTV for lymphatic nodes can be defined
as two separate target volumes. On the other hand, in
malignant glioma, the CTV is derived from the GTV ex-
pansion. Because the CTV for malignant glioma should be
regarded as the GTV plus 2- or 3-cm margins,14,15 the vol-
ume at risk of microscopic invasion by tumor cells (the CTV
minus the GTV) is large, and can be treated as a separate
target volume. The purpose of the present study was to
compare outcomes between overlapping structure-based
(GTV and the CTV) and non-overlapping structure-based
(GTV and the subtracted volume) optimization methods in
inverse planning for the treatment of malignant gliomas
with SIB-IMRT.

Patients and methods

Analyzed cases

The treatment plans of four patients with malignant gliomas
were analyzed in the present study. Three patients had
glioblastoma and one patient had anaplastic astrocytoma.
Table 1 summarizes the histology and location of the tumor
and the target volume in each patient. All the tumors were
located more than 2cm apart from the normal critical
structures.

Target definition

Following the International Commission on Radiation
Units and Measurements (ICRU) 50 recommendations,16

the GTV and the CTV were delineated on axial computed

tomography (CT) images. The GTV was defined by
contrast-enhanced tumors on T1-weighted magnetic reso-
nance imaging (MRI) or contrast-enhanced CT (CE-CT).
The CTV was defined as the GTV plus a 2.0-cm margin to
include surrounding edema, delineated as a high-intensity
area on T2-weighted MRI or low density on CE-CT. The
margin was modified so that it could be expanded to include
the edema beyond 2cm from the GTV and it could be
shrunken to the anatomical defense, intracerebral fissure,
or tentorium cerebelli, within 2cm. The CTV-annulus
(CTV-A) was defined as the volume outside the GTV, ob-
tained by subtracting the GTV from the CTV (CTV minus
the GTV). Figure 1 schematically shows each target volume
defined by the two methods. In the present study, three
planning target volumes (PTV), PTV-G, PTV-A and PTV-
C, were defined. The PTV-G was the volume to which a
0.5-cm margin was added to the GTV. The PTV-C was the
volume to which a 0.5-cm margin was added to the CTV.
The PTV-A was the volume obtained by subtracting the
PTV-G from the PTV-C. All the contours of the target
volumes were delineated manually.

IMRT planning

A commercial treatment-planning system, Cadplan Helios
ver.6.01 (Varian Associates Palo Alto, CA, USA) was used
in the present study. On the basis of the experience of
treatment of malignant gliomas with SIB-IMRT at Kinki
University, the IMRT beam arrangements consisted of five
coplanar beams.10 Five beams were equally spaced at 72°
intervals at the following gantry angles: 20°, 92°, 164°, 236°,
and 308°. The IMRT plans assumed that the treatments
were to be done with a Clinac-600C accelerator (Varian
Associates) equipped with 80 leaves, 40 per side, and a
dynamic multileaf collimator. Beam energy of 4-MV X-rays
was used.

In the inverse planning for optimizing the dose distribu-
tion to the PTV-G and the PTV-A, two different optimiza-
tion methods were tested. One was the “including method”,
which uses overlapping volumes, the PTV-G and the
PTV-C (the PTV-C includes the PTV-G), as the volumes
for the optimization. The other method, the “annulus
method”, uses continuous target volumes, the PTV-G and
the PTV-A (the PTV-A surrounds the PTV-G), as the vol-
umes for the optimization.

In the present study, the prescribed doses to the PTV-G
and the PTV-A were 70Gy in 28 fractions (fr) and 56Gy in

Table 1. Summary of the analyzed cases

Case no. Histology Site of tumor Volumme (cm3)

GTV CTV CTV-annulus

1. GBM Right parietal 63.4 261.6 172.2
2. GBM Right parietal 55.4 205.8 139.2
3. AA Left temporal 188 553 338.8
4. GBM Right parietal 43.1 286.2 235.1

GTV, gross tumor volume; CTV, clinical target volume; GBM, glioblastoma; AA, anaplastic
astrocytoma
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28fr, respectively. All treatment plans were normalized to
deliver 70Gy to 95% volume of the PTV-G. The following
criteria were determined as the planning goals in the
present study. The first was that the dose to 95% volume
(D95) of the PTV-A was greater than 56Gy. The second was
that the dose to 5% volume (D05) of the PTV-G was 77Gy,
i.e., 110% of the prescribed dose to the PTV-G. The third
was that the D05 of the PTV-A was less than the prescribed
dose to the PTV-G (70Gy).

We fixed a set of user-defined parameters, which in-
cluded the parameters for maximum and minimum doses
for the PTV-G, the parameters for minimum doses for
the PTV-A and the PTV-C, dose-volume parameters
for the OARs, and penalties for the targets and the OARs.
The parameters for maximum and minimum doses for the
PTV-G were 71.4Gy and 68.6Gy (�2% of the prescribed
dose to the PTV-G), respectively. The parameters for mini-
mum doses for the PTV-A and the PTV-C were both
53.2Gy (95% of the prescribed dose to the PTV-A).

Because the parameters for maximum doses for the
PTV-A and the PTV-C were difficult to determine, the
calculation for the treatment plan was run by changing
the parameters for maximum doses of the PTV-A and the
PTV-C at 2% increments, from 80% to 110% of the pre-
scribed dose to the PTV-G (56Gy–77Gy). The parameters
for appropriate maximum doses for the PTV-A and the
PTV-C were determined from the calculated treatment
plans to accomplish the planning goals. Table 2 shows the
parameters for the targets and the OARs used in the
present study.

Comparison of dose-volume analysis of treatment plans
by two methods

For a comparison of the two methods, we evaluated the
mean dose, D05, and D95 of the PTV-G and the PTV-A, and
the difference between D05 and D95 for the PTV-G and the
PTV-A. The D05 was representative of the maximal target

dose. The difference between D05 and D95 was considered to
reflect the degree of dose homogeneity within the target.
The mean dose and D05 for normal brain were recorded.
The mean doses and the differences between D05 and D95 for
the PTV-G and the PTV-A by the two methods were com-
pared by paired t-test. The mean dose and D05 for normal
brain by the two methods were also assessed with the paired
t-test.

Results

Figures 2–5 show the dose-volume histograms (DVHs) for
the target volumes and normal brain in all patients. Table 3

Fig. 1a,b. Target contouring by
the including method (a) and the
annulus method (b). Planning tar-
get volume (PTV)-G and PTV-C
are delineated by black solid and
white dashed lines, respectively.
PTV-C includes PTV-G. The
PTV-A is delineated with a white
dotted line. PTV-A surrounds
PTV-G. GTV, gross tumor vol-
ume; CTV, clinical target volume

Table 2. Parameters and penalties for targets and organs at risk

Dose parameters and penalties

Max (Gy)/Pen Min (Gy)/Pen

Targets
PTV-G 71.4/100 68.6/100
PTV-A 63.0–65.8/100 53.2/100
PTV-C 56.0–72.8/100 53.2/100

OARs
Max 54/80

Braina V33 45/80 ND
V66 40/80
Max 54/80

Brain stema V33 42/80 ND
V66 38/80

Eye (retina) 40/90 ND
Optic nerve

Lens 6/90 ND
Pituitary gland 30/90 ND

Max, maximum; min, minimum; pen, penalty; PTV, planning target
volume; OARs, organs at risk; V33, 33% of volume; V66, 66% of vol-
ume; ND, not defined
a Dose-volume parameters were set for brain and brain stem
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summarizes various indexes for DVH analyses of all plans.
There was no significant difference between the two
methods in the mean doses (P � 0.356 and P � 0.682) or in
the differences between the D05 and D95 (P � 0.391 and
P � 0.199) of the PTV-G and the PTV-A. In case 1 (Fig. 2),
the annulus method provided more homogeneous dose dis-
tribution than the including method. In all cases, the values

of differences between the D05 of the PTV-A by the includ-
ing method were larger than those by the annulus method,
although no significant difference was shown (P � 0.199).
The mean dose to the brain delivered by the including
method was significantly higher than that by the annulus
method (P � 0.0001). The D05 of the brain showed no
significant difference between the two methods.

Fig. 2. Comparison of dose-
volume histograms (DVHs) in
case 1

Fig. 3. Comparison of DVHs in
case 2
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Discussion

SIB-IMRT has recently received attention as a new method
for accelerated fractionation therapy. Several researchers
have reported that SIB-IMRT is superior to three-
dimensional (3D) conformal radiotherapy or two–phase
IMRT (sequential-IMRT) in terms of conformity of dose

distribution within the target volume and the sparing
normal tissues. Mohan et al.17 reported that the dose distri-
butions provided by SIB-IMRT for head and neck cancers
were more conformal than those with sequential-IMRT,
and the doses to normal tissues were lower than those with
sequential-IMRT. Dogan et al.18 reported that SIB-IMRT
for head and neck, lung, and prostate cancers could
markedly reduce the doses to critical structures compared

Fig. 5. Comparison of DVHs in
case 4

Fig. 4. Comparison of DVHs in
case 3
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Table 3. Dose-volume histogram analysis of the annulus method and including method

Annulus method Including method

Structure Case no. D95 (Gy) Mean (Gy) D05 (Gy) D05–D95 (Gy) D95 (Gy) Mean (Gy) D05 (Gy) D05–D95 (Gy)

PTV-G 1. 70.0a 72.0 74.0 4.0 70.0a 71.8 74.0 4.0
2. 70.0a 71.7 73.6 3.6 70.0a 71.7 73.6 3.6
3. 70.0a 71.1 72.6 2.6 70.0a 71.2 72.8 2.8
4. 70.0a 72.5 74.6 4.6 70.0a 71.3 73.0 3.0

PTV-A 1. 56.1 61.5 68.0 11.9 56.0 63.7 70.8 14.8
2. 56.1 61.3 68.2 12.1 56.0 60.4 68.2 12.2
3. 56.0 61.2 68.6 12.6 56.1 61.1 69.0 12.9
4. 56.0 59.8 66.0 10.0 56.1 59.8 67.0 10.9

Brain 1. NA 20.6 70.9 NA NA 21.3 70.5 NA
2. NA 22.9 59.0 NA NA 23.7 62.0 NA
3. NA 38.0 69.3 NA NA 38.8 67.9 NA
4. NA 22.6 57.8 NA NA 23.3 58.5 NA

PTV, planning target volume; D05, dose to 5% of volume; D95, dose to 95% of volume; NA, not assessed
a The D95 dose to the PTV-G is normalized to 70.0Gy

with sequential-IMRT. In malignant glioma, Thilmann
et al.19 demonstrated that SIB-IMRT had some advantage
over 3D conformal radiotherapy with regard to homo-
geneity of the CTV-A and reduction of the dose to the
normal brain. Chan et al.20 reported that SIB-IMRT could
deliver a higher central tumor dose (~70Gy to the GTV),
while providing increased sparing of the uninvolved brain
compared with 3D conformal radiotherapy. These dosi-
metric studies suggest that SIB-IMRT is appropriate for
the treatment of malignancies at many sites, such as lung,
prostate, or gynecologic cancers or brain tumors. Clinically,
Floyd et al.21 reported the results of a clinical trial for the
treatment of malignant glioma with SIB-IMRT. Their treat-
ment strategy was to deliver a total of 30Gy, in 3-Gy frac-
tions to the edema, with the simultaneous delivery of 50Gy,
in 5-Gy fractions, to the enhancing primary tumor. We
started a pilot study for treating malignant gliomas, using
SIB-IMRT, in December 2000,10 and the dose-escalating
phase I study is ongoing.

In the present study, the mean dose to the brain by the
annulus method was significantly lower than that delivered
by the including method, although the differences were
meaningless from the clinical point of view. In case 1, the
dose distribution within the PTV-A delivered by the annu-
lus method was more homogeneous than that delivered by
the including method, as shown in Fig. 2. Although the
present study revealed that the two methods provided com-
parable dose distribution in the target volumes and normal
brain, there is a possibility that one method provided more
favorable dose distribution than the other one. Therefore, if
one method cannot achieve the treatment goals, the other
should be tried to obtain more suitable outcomes.

Theoretically (mathematically), the annuls method is
better than the including method, but, in terms of achieving
the goals set in the present study, the results for the two
methods were comparable. However, if more difficult goals
are set, such as 90Gy to the PTV-G and 60Gy to the
PTV-A, the conclusion could be different. We would like to
stress that whether the including method can achieve a
result comparable to that for the annulus method would

need to be determined case by case, and the results will
differ from site to site and depending on the goals.
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