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Aim: The aim of this study was to explore the effects of changes in the gross tumor volume
(GTV) on dose distribution in organs at risk (OARs) and healthy brain tissue in patients with
gliomas.

Methods: Eleven patients suffering from gliomas with intensity-modulated radiotherapy
(IMRT) plans treated with a simultaneous integrated boost technique planned before therapy
(initial plans) were prospectively enrolled. At the end of radiotherapy, patients underwent repeat
computed tomography and magnetic resonance imaging, and IMRT was replanned. The GTV
and dosimetric parameters between the initial and replanned IMRT were compared using the
Wilcoxon two-related-sample test, and correlations between the initial GTV and the replanned
target volumes were assessed using the bivariate correlation test.

Results: The volume of the residual tumor did not change significantly (P>0.05), the volume of
the surgical cavity decreased significantly (P<<0.05), and the GTV and target volumes decreased
significantly at the end of IMRT (all P<<0.05). The near-maximum dose to OARs and volumes
of healthy brain tissue receiving total doses of 10-50 Gy were lower in the replanned IMRT
than in the initial IMRT (all P<<0.05). The GTV in the initial plan was significantly positively
correlated with the changes in the GTV and planning target volume 1 that occurred during
IMRT (all P<0.05).

Conclusion: The reduction in the GTV in patients with gliomas resulted from shrinkage of the
surgical cavity during IMRT, leading to decreased doses to the OARs and healthy brain tissue.
Such changes appeared to be most meaningful in patients with large initial GTV values.
Keywords: intensity-modulated radiotherapy, dose distribution, glioma, gross tumor volume,
tumor bed

Introduction

The broad category glioma represents ~28% of all tumors and 80% of malignant tumors.
Glioblastoma accounts for the majority of gliomas, while astrocytoma and glioblas-
toma combined account for about three-fourths of all gliomas as defined by CBTRUS.!
Radiotherapy (RT) is one of the adjuvant modalities involved in the multimodal treatment
of gliomas.? Five previous clinical trials have demonstrated a statistically significant survival
benefit from postoperative RT as compared with the supportive care or the administration
of different chemotherapy schedules without RT.> Postoperative RT and concurrent and
adjuvant chemotherapy with temozolomide remain the standard treatment for patients
with glioblastoma.* In the treatment of high-grade gliomas, intensity-modulated RT
(IMRT) improves the radiation dose coverage and allows for dose escalation to target
volumes while sparing normal structures.> Previous research has indicated that the gross
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tumor volume (GTV) after surgery in gliomas will change as
time elapses. Champ et al’ have reported that the magnitude
of the target volume changed over the period from immediate
postoperative magnetic resonance imaging (MRI) to repeat
MRI during the day of RT simulation; the study involved
24 patients with high-grade gliomas, where the target volumes
were contoured according to the Radiation Therapy Oncology
Group guidelines.® GTV1 (fluid-attenuated inversion recovery
abnormality and tumor bed) had decreased significantly in the
delayed MRI as compared with the immediate postoperative
MRI, while GTV2 (contrast-enhanced T1 abnormality and
tumor bed) exhibited a nonsignificant increase. Some studies
have found changes in tumor volume in high-grade gliomas
during conformal RT and IMRT. Tsien et al’ reported that
the GTV changed in 19 patients of high-grade glioma based
on MRI data obtained at week 3 during RT: two patients had
an objective decrease in GTV, 12 patients revealed a slight
decrease in rim enhancement or changes in the cystic appearance
ofthe GTV, two patients showed no changes in GTV, and three
patients demonstrated an increase in GTV. Shukla et al'® ana-
lyzed 15 patients with high-grade gliomas treated with conformal
RT; tumor volume assessment was based on MRI data at the
end of week 5 of treatment. Twelve patients showed a reduc-
tion in tumor volume (median, 54.85 cm?), of which four had
an objective reduction in GTV (=50%); the other three patients
demonstrated an increase in tumor volume (median, 14 cm?).

We discovered a trend of decreasing tumor bed size or
surgical cavity volume during IMRT in our treatment of
patients with glioma, which resulted in a decrease in GTV.
If this volume actually decreased, it would affect the radiation
dose delivered to organs at risk (OARs) and healthy brain tissue
during IMRT. One aim of this study was to evaluate the changes
in the volume of the residual tumor and surgical resection cavity
with time after IMRT in patients with gliomas and also to
evaluate whether there were changes in the GTV. Additionally,
changes in the GTV were analyzed to determine how the dose
distributions to the OARs and healthy brain tissue may change
during IMRT in response to changes in GTV; furthermore,
the magnitude of the dosimetric changes to OARs and healthy
brain tissue was also determined. We also analyzed the correla-
tions between the GTV and changes in GTV, planning target
volume 1 (PTV1), PTV2, and PTV3 during IMRT.

Materials and methods

Patients’ selection

A total of eleven patients with gliomas were enrolled in this
prospective study at a single institution. The study protocol was
approved by Medical Ethics Committee of Xiangya Hospital

of Centre South University and all participants gave written
informed consent to be included in the study. All patients
underwent surgery and at least partial tumor resection, and all
the lesions were pathologically confirmed as being gliomas
according to the World Health Organization 2007 classifica-
tion of tumors of the central nervous system.!! Four patients
were diagnosed as grade 2 gliomas, five patients were proved
to be grade 3 gliomas, and two patients were confirmed to be
grade 4 gliomas. The extent of surgical resection was evalu-
ated by pre- and postoperative MRI. Gross tumor resection
(GTR) consisted of complete removal of visible tumor,
subtotal resection (STR) consisted of removal of 50%—-99% of
the tumor volume, and a biopsy indicated resection of <50%
of the tumor in contrast-enhanced T1-weighted images. All
patients received IMRT. Four patients underwent GTR, and
seven patients experienced STR. Patients with a grade 3 or
4 glioma received concomitant chemotherapy consisting of
daily temozolomide (75 mg/m?/d) with IMRT and adjuvant
chemotherapy consisting of up to six cycles of maintenance
temozolomide (150-200 mg/m?/d on days 1-5 repeated every
28 days). Corticosteroids were not used regularly during the
RT of gliomas in our study. Usually, 250 mL of 20% man-
nitol injection was given once a day within the first 3 days
after RT, and when headache and vomiting arose in patients,
5-10 mg of dexamethasone was administrated through vein
once a day along with mannitol for 3 days.

IMRT plans

For treatment planning, each patient was immobilized
using an individualized thermoplastic cast. For planning,
contrast-enhanced computed tomography (CT) with 0.3 cm
slices, gadolinium-enhanced T1-weighted MRI images,
and T2-weighted MRI images were obtained; these CT
and MRI images were fused to create the initial image in
accordance with the International Commission on Radiation
Units and Measurements report number 62.!2 For grades 3
and 4 gliomas, referring to the definition of the target volume
given by Stupp et al,’® the GTV represented the residual
tumor and surgical cavity in contrast-enhanced T1-weighted
images in MRI simulation, meantime residual tumor was
defined referring to MRI after surgery within 72 hours. The
GTV with a 0.5 cm margin was defined as the PTV1, and
the GTV with a 1.5 cm margin was defined as the clinical
tumor volume 2 (CTV2). The CTV2 with a 0.5 cm margin
was defined as the PTV2. The GTV with a 2.5 cm margin was
defined as the CTV3, and the CTV3 with a 0.5 cm margin
was defined as the PTV3. For grade 2 gliomas, according
to the European Organization for Research and Treatment
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of Cancer protocol,' the GTV included the residual tumor
and surgical cavity based on the region of high intensity in
T2-weighted MRI images; the GTV with a 0.5 cm margin
was generated as the PTV1. The GTV with a 1.5 cm margin
was defined as the CTV2, and the CTV2 with a 0.5 cm
margin was defined as the PTV2. Simultaneous integrated
boost-IMRT was performed using Varian’s Trilogy treat-
ment system (Varian Oncology, Palo Alto, CA, USA) at
2.4-6.86 weeks after surgery. The mean interval time after
surgery was 4.43 weeks, and IMRT was usually performed
within 5 days after MRI simulation, giving a different sub-
volume radiation dose; fractions were delivered five times a
week to a total of 26-30 fractions. The PTV1 received a dose
to target (D,) of 52.08-64.2 Gy delivered in 2.10-2.14 Gy
fractions. The D, for PTV2 was 48.6-60.2 Gy delivered in
1.8-2.0 Gy fractions, and the D for PTV3 was 48.6-54 Gy
delivered in 1.8 Gy fractions. OARs included the brainstem,
the right and left lens, the right and left optic nerves, the optic
chiasm, the pituitary gland, the left and right hippocampi,
and the left and right cochleas. Dose limitation to OARs
was undertaken with reference to the Radiation Therapy
Oncology Group 0825 protocol.” Dmaxs delivered to key
OARs were as follows: the lens, 7 Gy; the optic nerves,
55 Gy; the optic chiasm, 56 Gy; the pituitary gland, 50 Gy;
the brainstem, 60 Gy; and the cochlea, 35 Gy. Healthy brain
tissue was defined as the volume of the whole brain minus
the PTV2 for grade 2 gliomas or the PTV3 for grades 3
and 4 gliomas. IMRT plans that were designed using the
initial images were referred to as the initial IMRT plans.

On the same day at the end of RT, the second plan-
ning contrast-enhanced CT scans, the second planning
gadolinium-enhanced T1-weighted MRI scans, and the
T2-weighted MRI scans were performed with the patient
in the same treatment position and secured using the same
thermoplastic cast; the resulting images were coregistered
to create the replanned image. The residual tumor, the surgi-
cal cavity, and the target volume, which were defined in the
same manner as in the initial IMRT plan, were contoured
by the same radiation oncologist and neuroradiologist who
defined them in the initial IMRT images. The IMRT plans
were then designed using the replanned images (IMRT
replan) by the same radiation physicist who designed the
initial IMRT plans. Both the initial IMRT plans and the
IMRT replans were designed using the Eclipse Treatment
Planning System (Varian Medical Systems Inc., Palo Alto,
CA, USA); the prescribed dose, the plan objective, and the
OAR constraints were the same in the IMRT replan as in the
initial IMRT plan.

Target volume measurements and dose
calculations in OARs and healthy brain

tissue

The volumes of the residual tumor and the surgical cavity, the
GTYV, and the target volumes, including the PTV1, PTV2, and
PTV3, were measured and compared between the initial and
replanned images. Dose-volume histograms (DVHs) were
generated to determine the near-maximum dose (D2%) and
the mean absorbed dose (D50%) to the OARs in the initial
IMRT plan and in the IMRT replan. For each OAR, a mean
DVH used for comparison between the initial and replanned
IMRT was obtained by summing its DVH in each plan and
averaged by the number of selected patients. Values of the
relative volume of healthy brain tissue receiving at least nGy
(Vn [%]) in the initial IMRT plan were compared to those
in the IMRT replan using the DVHs for healthy brain tissue.
The correlations between the GTV in the initial IMRT plan
and the changes in the GTV, PTV1, PTV2, and PTV3 at the
end of IMRT were investigated.

Statistical analysis

Statistical Package for the Social Sciences 13.0 was used to
carry out the statistical analysis. Differences in the volumes
of the residual tumor and the surgical cavity, the GTV,
target volumes, and dosimetric parameters in the OARs
and healthy brain tissue between the initial IMRT plan and
the IMRT replan were performed using the Wilcoxon two-
related-sample test. The independence of correlated data
was the GTV in the initial IMRT, and the dependence of
correlated data was changes in the GTV, PTV1, PTV2, and
PTV3 at the end of IMRT. Correlations between the GTV
in the initial IMRT plan with changes in the GTV, PTV1,
PTV2, and PTV3 at the end of IMRT were analyzed using
the bivariate correlation tests with Pearson’s correlation
coefficients. P-value of <0.05 was considered as statistically
significant.

Results

Comparisons between tumor volumes
and target volumes in the initial and
replanned IMRT

There was no significant difference in changes in the volume
of the residual tumor between the initial IMRT plan and the
IMRT replan (mean reduction, 3.248.2 cm?; P=0.093). In
one patient, the volume of the residual tumor after replan-
ning increased as compared to that in the initial plan; in
six patients, the volume of the residual tumor decreased
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Figure | The changes in the GTV in the initial and replanned IMRT.
Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy.

during IMRT; and in four patients with GTR, there was no
new lesion around the resection cavity at the end of IMRT.
The surgical cavity, GTV, PTV1, PTV2, and PTV3 values
were significantly lower after IMRT replanning than in the
initial IMRT plans (mean reductions, 28.91£14.97 cm’,
31.29£18.93 cm?®, 45.24£22.5 cm?, 87.1£32.3 cm?, and
103.8440.3 cm?®, respectively; all P<<0.05). All patients
showed an objective decrease in the volume of the surgical
cavity: nine patients exhibited a reduction in the volume of

the surgical cavity of =50% and two patients demonstrated
a reduction in the volume of the surgical cavity of <50%.
The GTV, PTV1, PTV2, and PTV3 of the initial contrast-
enhanced T1-weighted MRI images in patients with grades
3 and 4 gliomas and the T2-weighted MRI images in patients
with grade 2 gliomas objectively decreased relative to those
in the replanned contrast-enhanced T1- and T2-weighted
MRI images. Figure 1 shows the changes in GTV in the
initial and replanned IMRT. The changes in GTV between the
initial and replanned MRI images for patient 4 are shown in
Figure 2. The clinical data of patients are shown in Table 1.
The values of tumor volume in the initial and replanned
IMRT in each patient are shown in Table 2. Changes in
the residual tumor volumes and surgical cavity, GTV, and
target volumes between the initial and replanned IMRT are
shown in Table 3.

Comparison between dosimetric
parameters of OARs and healthy
brain tissue in the initial IMRT plan
and the IMRT replan

Values for dosimetric parameters regarding the OARs and
healthy brain tissue were acquired from the DVHs for the

Figure 2 GTV contours for patient 4 in the (A) initial IMRT plan and (B) replanned IMRT.

Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy.
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Table | Clinical characteristics of eleven patients with gliomas

Patient Side Location of tumor Extent of surgical Pathological grade Radiation dose (Gy)
number resection PTVI PTV2 PTV3
| Left Frontal lobe STR 3 64.2 60 54
2 Left Frontal lobe GTR 3 64.2 60 54
3 Left Frontal lobe STR 4 64.2 60 54
4 Left Temporal and STR 4 64.2 60 54
occipital lobes
5 Right Frontal and parietal STR 2 57.78 48.6
lobes
6 Left Frontal lobe GTR 2 54 48.6
7 Right Occipital lobe STR 52.08 50.4
8 Right Temporal and GTR 3 60.2 60.2 54
parietal lobes
9 Right Frontal lobe GTR 3 60 54 46.8
10 Right Frontal lobe STR 2 58.8 50.96
I Right Parietal lobe STR 3 60.2 60.2 54

Abbreviations: GTR, gross tumor resection; PTV|, planning target volume |; PTV2, planning target volume 2; PTV3, planning target volume 3; STR, subtotal resection.

initial IMRT plan and the IMRT replan. The mean DVHs
for OARSs in the two sets of plans are displayed in Figure 3.
D2% to the brainstem, optic chiasma, and pituitary gland in
the IMRT replan was lower than that in the initial IMRT plan
(mean reductions, 8.0+2.8 Gy, 7.913.4 Gy, and 5.7+2.6 Gy,
respectively; all P<<0.05). D2% to the ipsilateral lens, con-
tralateral lens, ipsilateral optic nerve, and contralateral optic
nerve in the IMRT replans were significantly lower than those
in the initial IMRT plans (mean reductions, 1.0+0.2 Gy,
0.7£0.3 Gy, 3.8%£1.4 Gy, and 5.0£1.9 Gy, respectively; all
P<0.05). Similarly, D2% to the ipsilateral hippocampus,
contralateral hippocampus, ipsilateral cochlea, and contralat-
eral cochlea in the IMRT replan was significantly lower than
that in the initial IMRT plan (mean reductions, 6.8+2.2 Gy,
13.816.4 Gy, 9.513.8 Gy, and 5.242.2 Gy, respectively; all
P<0.05). D50% to the ipsilateral hippocampus, contralateral
hippocampus, ipsilateral cochlea, and contralateral cochlea
in the IMRT replan was significantly lower than that in the

initial IMRT plan (mean reductions, 5.8%£3.1 Gy, 8.115.6 Gy,
6.614.9 Gy, and 4.513.7 Gy, respectively; all P<0.05). V10,
V20, V30, V40, and V50 values in the IMRT replan were also
lower than those in the initial IMRT plan (mean reductions,
11.3%%8.1%, 10.9%18.8%, 8.9%+8.4%, 6.5%+3.8%, and
3.1%%2.5%, respectively; all P<<0.05). Dose distributions
for the OARSs and the healthy brain tissue in the initial and
replanned IMRT of patient 4 are shown in Figure 4. The
values of dosimetric parameters for the OARs and the healthy
brain tissue are shown in Table 3.

Correlation between the GTV in the
initial IMRT plan and changes in the target
volumes at the end of IMRT

The GTV in the initial IMRT plan was positively correlated
with changes in the GTV and the PTV1 at the end of
IMRT (7=0.930 with P=0.000 and =0.850 with P=0.001,
respectively). There were no correlations between the GTV in

Table 2 The values of tumor volume in the initial and replanned IMRT in each patient

Patient Initial IMRT target volume (cm?) Replanned IMRT target volume (cm?)

number Residual tumor Surgical cavity GTV Residual tumor Surgical cavity GTV
| 5.2 35.2 40.4 4.5 7.3 12.0
2 0 18.3 18.3 0 5.3 53

3 17.9 66.2 84.1 15.9 20.4 36.2
4 I.1 71.7 72.8 0.0 26.1 26.1

5 49.4 57.6 107.0 21.9 16.0 379
6 0 46.4 46.4 0 20.8 20.8
7 0 40.7 40.7 0 316 31.6
8 0 77.6 77.6 0 26.4 26.4
9 0 57.8 57.8 0 36.1 36.1
10 0.9 36.0 37.0 2.1 15.5 17.5
I 6.9 15.8 22.7 1.3 54 6.7
Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy.
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Table 3 Comparison target volume and dose parameter of OARs in the initial and replanned IMRT

Initial IMRT Replanned IMRT Decreased percent during z P-value
(mean = SD) (mean = SD) IMRT (mean = SD)
Target volume (cm’)
Residual tumor 7.4+14.9 4.247.5 14.3154.5 —1.682 0.093
Surgical cavity 47.6+20.6 19.2£10.4 61.1£14.8 -2.934 0.003
GTV 55.0+27.5 23.5+11.8 57.1£15.3 —2.934 0.003
PTVI 104.4141.4 59.3+24.6 43.0+12.8 —2.943 0.003
PTV2 301.8475.6 214.7451.2 28.3+7.2 —2.943 0.003
PTV3 439.0+76.7 335.2451.1 23.247.3 —2.201 0.028
D2% to OARs (Gy)
Brainstem 46.6x11.1 38.6£13.8 20.6%13.1 —2.845 0.004
Optic chiasma 35.3+12.5 27.419.0 23.8+18.4 -2.667 0.008
Pituitary gland 27.847.2 22.148.6 30.4+23.1 -2.756 0.006
Ipsilateral lens 5.1+23 4.3+1.1 20.4+15.3 —2.580 0.010
Contralateral lens 4.4+1.5 3.6+1.3 18.2+15.5 —2.402 0.016
Ipsilateral optic nerve 22.348.3 18.4+7.2 24.7+18.6 -2.934 0.003
Contralateral optic nerve 21.8£7.5 16.8+6.3 33.8+22.7 -2.934 0.003
Ipsilateral hippocampus 51.5t14.1 44.6%17.4 15.7+12.8 —2.667 0.008
Contralateral hippocampus 42.6%15.2 28.8+14.8 33.3+19.4 —2.845 0.004
Ipsilateral cochlea 24.619.3 15.1+5.8 37.7432.0 —2.758 0.010
Contralateral cochlea 13.4+4.2 8.2+4.0 30.2+24.8 -2.490 0.013
D50% to OARs (Gy)
Ipsilateral hippocampus 44.1£18.1 38.3118.6 17.8+15.7 —2.802 0.005
Contralateral hippocampus 28.2+15.6 20.11+£13.7 28.9+15.5 —2.845 0.004
Ipsilateral cochlea 16.848.2 10.2+4.9 39.7+25.9 —2.845 0.004
Contralateral cochlea 10.743.5 6.2+3.7 3524234 -2.934 0.003
Vn (%) of healthy brain
V10 72.6+11.0 61.2+12.7 15.7£11.3 -2.576 0.006
V20 50.8+10.0 39.9£10.2 20.8+17.2 -2.576 0.006
V30 32.1£9.0 23.345.7 26.0+14.4 —2.845 0.004
V40 16.816.1 10.3+3.0 35.2+15.1 —2.845 0.004
V50 5.2+3.8 2.1+1.6 52.5+24.9 —2.803 0.005

Notes: D2%: near-maximum dose; D50%: median absorbed dose; and Vn (%): values of the relative volume of healthy brain tissue receiving at least nGy. Z is the statistic of

the Wilcoxon two-related-sample test.

Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy; OARs, organs at risk; PTV|, planning target volume |; PTV2, planning target volume 2;

PTV3, planning target volume 3.

the initial plan and changes in the PTV2 and PTV3 (»=0.501
with P=0.117 and r=0.668 with P=0.147, respectively).
Because of the small sample size, correlation between GTV
in the initial IMRT plan and changes in the PTV2 and PTV3
during IMRT was not statistically significant (P>0.05).
However, correlation between GTV and changes in the
PTV2 and PTV3 was r>0.5. If the sample was big enough,
these correlations may be statistically significant, even if the
rvalue remains the same level. Figure 5 shows the correlation
between the GTV in the initial IMRT plan and the changes
in the GTV and PTV1 at the end of IMRT.

Discussion

The patients enrolled in the study were not consecutive cases.
To explore the effects of changes in the GTV of the residual
tumor and the surgical cavity during IMRT for gliomas,

we selected patients with gliomas who had undergone GTR
or STR with an obvious surgical cavity from January 2009 to
January 2012. We carried out the IMRT replan, collected the
data, and performed the statistical analysis from February 2012
to October 2012. This study confirmed that the GTV values
for gliomas declined between the initial IMRT plan and the
end of IMRT; there was a reduction in the PTV1, PTV2, and
PTV3 at the end of IMRT. These volume changes were asso-
ciated with decreases in the D2% and D50% values for the
OARs. We also observed that there were positive correlations
between the GTV value in the initial IMRT plan and changes
in the GTV and PTV1 values at the end of IMRT. Two stud-
ies have evaluated changes in the volume of the GTV during
RT in high-grade gliomas. Tsien et al’ reported that the GTV
changed in 19 patients with high-grade gliomas based on MRI
data obtained early during RT. Most patients exhibited an
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Figure 4 Dose distributions in GTV and OARs in the (A) initial and (B) replanned IMRT plans for patient 4.
Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy; OARs, organs at risk.

objective or slight decrease in the GTV; in two patients, there
were no changes in the GTV, and in three patients, there was
an increase in the GTV. Both of the patients with an objective
decrease in the GTV during treatment involved grade 3 tumors.
No cases of tumor progression were noted in patients with
grade 3 tumors during treatment. In comparison, three of the
12 patients with grade 4 tumors exhibited tumor progression,
based on the MRI scans obtained during week 3 of RT. This

study found that the GTV in the replanned MRI image in the
total patient population objectively decreased relative to the
GTV in the initial MRI image, which differed from the findings
of Tsien et al.’ This study included four patients with grade 2
gliomas, five patients with grade 3 gliomas, and two patients
with grade 4 gliomas. Perhaps the changes in the GTV were
relative to the grade of the gliomas. The high-grade gliomas
were more aggressive than the low-grade gliomas, and the
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Figure 5 Correlation between the GTV in the initial plan and the changes in the GTV at the end of IMRT (A) and the changes in the PTV| at the end of IMRT (B).
Abbreviations: GTV, gross tumor volume; IMRT, intensity-modulated radiotherapy; PTV|, planning target volume |.
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probability of progressive disease in the high-grade gliomas
during RT may be higher than that in the low-grade gliomas.
The extent of surgery also differed between the two studies.
In this study, all patients underwent GTR or STR. However,
in the study of Tsien et al,’ six patients received STR and
seven patients underwent biopsy. Local control was associated
with the extent of resection. Patients who had received GTR
and STR had bigger surgical cavities than patients who had
received STR and biopsy. The residual tumor and surgical cav-
ity constituted the GTV. In this study, there was no significant
difference in the changes in the volumes of the residual tumor
between the initial IMRT plan and the IMRT replan. The surgi-
cal cavity was significantly smaller in the IMRT replan than
in the initial IMRT plan. The shrinkage of the surgical cavity
resulted in a decrease in the GTV. Shukla et al'® evaluated the
changes in the GTV in 17 patients with high-grade gliomas at
the end of week 5 of conformal RT. Fifteen patients received
STR, two patients experienced biopsy, and two patients with
multifocal lesions were excluded from the final analysis. Three
patients (two patients with grade 4 and one patient with grade
3 gliomas) exhibited an increase in the GTV, which differed
from our findings. We considered that the different extents
of resection and the different tumor grades of patients in the
two studies lead to differences in the research findings. In
our clinical practice, we always found the GTV enlarged at
the end of IMRT compared to that at the beginning of IMRT
in gliomas; however, in the eleven patients of this study, we
did not observe a larger GTV at the end of IMRT than that at
the beginning of IMRT. The possible explanation is that the
sample size in this study is small.

The change of surgical cavities is related to the time elapsed
from surgery to the time MRI was performed. In this study, the
interval of the surgery and IMRT was similar to that of the study
by Stupp et al,* in which a median of 5 weeks was reported; the
mean interval time between surgery and IMRT in our study was
4.43 weeks. In the study of Tsien et al,’ simulated T1-enhanced
MRI was performed 1-2 weeks before the start of RT, and two
additional scans were performed during RT (weeks 1 and 3)
and compared the changes in the GTV in week | and week 3.
The median time interval between surgical resection and
pre-RT MRI was 3.1 weeks (range, 2.1-3.8 weeks). Adding the
1-2 weeks interval before RT, the time between the MRI and
RT simulations was probably 5 weeks, which was similar to
that in this study, so the changes in the GTV were comparable
with our result. However, the observed time point was different
during RT (week 1 and week 3) compared to that in our study
(beginning of IMRT and end of IMRT).

In the research by Champ et al,” an average of 17 days elap-
sed between immediate MRI within 48 hours postoperation

and delayed MRI during the day of RT simulation. For treat-
ment planning, often occurring 2—4 weeks after craniotomy,
24 patients were involved, in which 12 patients were given
dexamethasone treatment at the time of MRI. Champ et al’
compared the changes in the GTV at 48 hours postoperation
compared to that on the day of RT simulation before RT.
Our study evaluated the changes in the GTV during RT and
prophylactically used mannitol and/or dexamethasone at the
beginning of IMRT within the first 3 days. In our research,
besides mannitol and/or dexamethasone being an influence
on GTV, IMRT and temozolomide had effect on the changes
in the GTV.

However, our study had a number of limitations. For
instance, the results from our small sample should be
validated in larger studies. Additionally, future studies should
be designed to accommodate CT and/or MRI at more time
points during therapy and to clarify when changes in the
GTV begin to have significant effects on dose distributions
in OARs and healthy brain tissue.

Conclusion

On the basis of our data, we concluded that shrinkage of the
surgical cavity or tumor bed caused the reduction in the GTV
value during the course of IMRT. Changes in the residual
tumor itself may also influence the GTV value in gliomas. In
this study, one of the eleven patients exhibited an enlarged
residual tumor during IMRT, and in the remaining patients,
the residual tumors had decreased in volume at the end of
IMRT relative to the volumes before IMRT. Because of the
objective shrinkage of the surgical cavity in all patients, the
GTYV decreased during IMRT. We believed that this decrease
in GTV was largely caused by shrinkage of the resection
cavity. This study reveals the dosimetric consequences of
administering RT exclusively using the initial treatment plan
throughout the course of therapy. It resulted in increases in
both the D2% and D50% delivered to the OARs and the
volumes of normal tissue that were irradiated. We observed
that the GTV decreased during RT for gliomas; this decrease
resulted in decreases in the D2% and D50% to the OARs and
the Vn (%) of healthy brain tissue. Additionally, we found a
positive correlation between the initial GTV and shrinkage
changes inthe GTV and PTV1 at the end of IMRT. The expla-
nation to our study must be very cautious. Gliomas, however,
have no distinct border and infiltrate well outside the obvious
tumor or surgical cavity, especially in high-grade gliomas, The
definition of CTV in gliomas is difficult; ~80% of subclinical
lesions exist in the 2 cm margin around the GTV of malignant
gliomas, 90%—-100% of tumor relapse occurs within 2 cm of
the enhancing rim when doses in the range of 60-90 Gy are
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given,'®'® and the gliomas are resistant to the radiation. If we
decreased the CTV of gliomas according to the shrinkage of
the surgical cavity in the late stage of IMRT, this most likely
will result in a more rapid development of recurrent tumor.
For patients with larger GTVs, especially for patients with a
bigger surgical cavity, the mid-IMRT CT and MRI simula-
tions are scanned during the later stages of the IMRT course,
and the IMRT is replanned to escalate the dose to the GTV
while sparing the OARs and healthy brain tissue. It remains
uncertain as to whether or not the replanning of IMRT can
improve the local control and the long-term survival of patients
with gliomas. Studies on adaptive RT for gliomas are needed
to improve the local control and the overall survival and to
decrease the radiation toxicity for gliomas in the future.
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