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OBJECTIVE

This study aimed to investigate the boost volume changes on adaptive magnetic resonance imaging 
(MRI) performed before the second phase of the radiotherapy (RT) for glioblastoma (GBM) and to 
examine whether the extent of surgery affected the boost volume changes.

METHODS

Among 50 GBM patients included in this study, 30 had Gross total resection (GTR), 14 had STR (subtotal 
resection), and sixpatients had biopsy.Treatments were planned in twophases according to the RTOG 
recommendations. Computed tomography (CT) for treatment planning and MRI for target volume de-
termination were performed twice, before treatment and around the 20th fraction. Boost volumes were 
delineated on both images to compare volume changes.Wilcoxon two-related t-test was used to evaluate 
the boost volume changes. Growth and shrinkage trends were analyzed according to the type of resection.

RESULTS

The change between the determined boost volumes on two scans wasfound to be statistically significant. 
Twenty-four of 30 patients (80%) who underwent GTR had a reduced GTV, and threehad enlargement.
Among patients who had an STR, GTV volume decreased in sevenof 14 patients (50%) and enlarged in 
6 (43%).GTV shrank in twoof sixpatients (33%) with biopsy and enlarged in four.

CONCLUSION

This study demonstrated that there were considerable radiological changes occurring during RT for 
GBM patients. The boost volume variations occurring during RT require repeat CT/MRI for the second 
phase of RT. The extent of surgery can be considered while generating CTV and PTV margins.
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INTRODUCTION

Glioblastoma (GBM) is the most common primary 
malignant brain tumor in adults. Multidisciplinary 
treatment approach for GBM requires surgery followed 
by adjuvant radiotherapy (RT) and temozolomide. De-
spite all efforts with multimodality treatments, the me-

dian survival time of GBM patients remains between 
14 and 16 months.[1]

Maximum safe resection is an important component 
of the treatment and the extent of resection positively 
affects the results of the treatment.[2] The most com-
mon site of recurrence is the initial contrast-enhancing 
area in magnetic resonance imaging (MRI).[3,4]
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Therefore, accurate delineation of the tumor bed is 
very important for adjuvant RT treatment planning. 
RTOG 0825 recommended the use of computed to-
mography (CT) simulation with pre-and post-oper-
ative MR scans for target volume delineation.[5] The 
post-operative MR scans are used for contouring and 
adaptive MRIis not common during the course of RT.

According to a multicentric study that examined 
the changes in boost volume with a mid-treatment 
MRI in GBM patients, when compared to a pretreat-
ment MRI scan, there was 80% variation in the gross 
tumor volume (GTV).[6] Another study reported that 
routinely monitoring changes in tumor volume during 
the first 3 weeks of RTwereessential for the entire boost 
volume to receive the scheduled dose.[7] The previous 
studies have shown that in GBM patients who under-
went gross total resection (GTR), the target volume 
changes continue during the entire RT course, second-
ary to surgical defect alterations.[6,8] In another study, 
which included 19 patients who underwent GTR, the 
GTV volume was found to decrease in all patients at 
the time of first RT simulation and MRI before the 
boost treatment, when compared to early post-opera-
tive MR scans.[8]

In our recent publication, we showed an adaptive 
treatment plan based on target volumes defined using 
pre-boost MR scans that could provide better normal 
tissue sparing or avoidance of undercoverage given the 
volume changes occurring during RT, especially when 
limited-fields were used.[9]

The aim of the present study is to investigate the 
changes in the boost volume during the course of RT by 
comparing initial and boost simulation MR scans in a 
larger number of patients to determine whether the ex-
tent of surgical resection had any effect on these changes.

MATERIALS AND METHODS

Fifty GBM patients treated in our clinic between Janu-
ary 2019 and April 2021 were included in the study. GTR 
was performed in 30 of 50 patients and 14 patients un-
derwent STR and biopsy was performed in six patients.

Thermoplastic head masks were used to immobilize 
all patients. Pre-operative MRI was used to determine 
the initial shape, size, and location of the tumor. The 
first simulation (CT_initial and MR_initial) was per-
formed a few days before the start of treatment and the 
second simulation (CT_boost, MR_boost) was done 
before the boost phase. Simulation CT images 2–3 mm 
with slice thickness were obtained for treatment plan-
ning and same day MR T1 pre-and post-gadolinium 

and T2 fluid-attenuated inversion recovery (flair) se-
quences were anatomically registered with planning 
CT scan using Eclipse treatment planning system (Ver-
sion 13.6, Varian Medical Systems, Palo Alto, CA).

According to our clinical protocol, during the first 
phase of target delineation, GTV1 (surgical cavity in-
cluding suspicious involvement and edema) was de-
termined throughT2-weighted MR_initial sequences, 
and it was expanded by 0.5–1cm to create clinical 
target volume (CTV1) and by 1–2 mm to determine 
planning target volume (PTV1). For statistical com-
parison GTV2-initial, volume was determined on the 
MR_initial T1 contrast images to include the contrast-
enhancing area and surgical cavity and was extended 
by 0.5–1 cm margin to create CTV2-initial and 1–2 mm 
margin to generate PTV2-initial volumes. CT_boost and 
MR_boost images were obtained for adaptive planning 
for the second phase of the treatment at around 21±1st 
fraction. MR_boost T1 contrast images were used to 
define GTV2_boost. CTV2_boost volumes were created on 
CT_boost by adding a margin of 0.5–1cm to the GTV2_

boost and PTV2_boost volume was generated by adding a 
margin of 1-2 mm to CTV2_boost. CTV was modified to 
respect the anatomical boundaries. By examining the 
differences between the volumes measured in the ini-
tial and boost simulations, the change in the growth 
and shrinkage tendency according to the extent of sur-
gery was investigated. We investigated whether GTR, 
STR, or biopsy performed before RT was determinative 
about the direction of the volume changes. Target vol-
ume changes between initial and boost CT/MR simu-
lations were evaluated. All variables were compared 
using a two-related-sample test Wilcoxon for volume 
differences for GTV, CTV, and PTV average±standard 
deviation, median (max-min) values. GTV volume 
changes of less than 5% were accepted as stable.

RESULTS

The mean time between two MR simulations for 50 pa-
tients was 30.6 days, and the median was 29 (18–45) 
days. Thirty-three patients were found to have GTV 
shrinkage, while 13 had volume enlargement and four-
were found to be stable when volumes delineated on 
initial and boost MR scans were compared. 

There was a statistically significant difference be-
tween boost GTV, CTV, and PTV volumes defined 
on initial and boost CT/MR simulation images. P 
values for average volume difference for GTV, CTV, 
and PTV were 0.036, 0.013, and 0.006, respectively. 
Table 1 shows the mean±standard deviation and me-
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dian (minimum-maximum) results for the initial and 
boost simulation volumes together with the change in 
volumetric and proportional between the two simula-
tions for all patients.

GTV was found to shrink in 24 (80%) of 30 patients 
who underwent GTR, and the median volume change 
was (min-max) 30.53% (5.5–60%) when boost volume 
was compared to the initial GTV. Three of 30 patients 
who underwent GTR had enlarged GTV with a me-
dian (min-max) change of 15.8% (5.59–295.1%). Three 
patients had stable volumes.

Figure 1 shows the graph of GTV, CTV, and PTV 
volume differences in 30 patients who underwent 
GTR. Minus (−) volume change is seen in patients with 
a decrease in the direction of change, and (+) volume 
change is observed in patients with growth.

It was found that the changes in GTV, CTV, and 
PTV were significant for all 30 patients who underwent 
GTR, with p<0.01, 0.01, and 0.01, respectively. Table 
2 shows the volume changes and p values for patients 
who underwent GTR.

Patients who underwent GTR were evaluated in 
two separate groups according to growth and shrinking 
target volume patterns; GTV, CTV, and PTV volume 
changes were not significant for four patients whose 
volumes tended to increase (p=0.068). The changes in 
GTV, CTV, and PTV volumes were found to be statisti-
cally significant (p<0.001) for 26 patients whose vol-
umes tended to decrease. 

It was found that in seven of 14 patients (50%) who 
underwent STR, the GTV was reduced, and the me-
dian shrinkage rate was (min-max) 23.69% (10.81–
31.92%) compared to the initial GTV volume. In six 

of 14 patients (42.8%) who underwent STR, GTV was 
found to have enlarged, and the median growth rate 
was (min-max) 48.62% (6.08–185.92%) compared to 
the initial GTV. One patient had stable volume. Figure 
2 shows the graph of the differences in GTV, CTV, and 
PTV volumes for 14 patients who underwent STR.

The change in GTV, CTV, and PTV between the 
two simulations was not statistically significant for all 
14 patients who underwent STR; p values were found 
to be 0.975, 0.397, and 0.552, respectively.

Table 3 shows the volume changes and p values for 
patients who underwent STR.

When the whole group was evaluated in patients 
who underwent STR, p value was not found to be sta-
tistically significant since the volume increased and 

Table 1 Mean±standard deviation and median (minimum-maximum) volume changes between two simulation MR images 
for all patients

All patients Initial simulation Boost simulation Differences Differences p 
n=50 volumes (cc) volumes (cc) ΔTV (cc) ΔTV (%) 
 mean±SD mean±SD mean±SD mean±SD 
 median median median median 
 (min-max) (min-max) (min-max) (min-max)

GTV 40.6±25.6 41.3±31.4 0.72±21.8 5.68±73.6 0.036
 34.4 ([4.2]–[111.1]) 32.8 ([1.8]–[151.3]) -3.7 ([-28.3]–[78.5]) (-16.75) ([-60]–[295.1])

CTV 115.7±48.8 111.4±52.23 -4.31±35.8 0.62±43.7 0.013
 109.1([36.3]–[278.5]) 106.6 (32.6–287.4) -11.7 (-78.1–123) -11.0 (-38.8–209.2)

PTV 145.8±57.3 139.0±61.5 -6.83±40.27 (–1.68)±37.1 0.006
 132.9 ([48]–[327.5]) 134.0 ([43.4]–[338.3]) (-16.15) [(-84.9)–(140.7)] (-11.35) [(-35.9–175.9)] 

For ΔTV, (−) values show decreasing volumes, (+) values show increasing volumes. MR: Magnetic resonance; GTV: Gross tumor volume; CTV: Clinical target 
volume; PTV: Planning target volume

Table 2 Volume changes and p values for patients who 
underwent GTR

Volume  GTR median (min-max) p 
changes 

Cc Growth p Shrinking p 
 (n=4)   (n=26) 

ΔGTV 2.38 0.068 -7.9 <0.001 
 (6.5–60.2)   ([-0.1]–[-28.3])
ΔCTV 34.8 0.068 -19.6 <0.001 
 (6.5–68.7)   ([-2.4]–[-78.1])
ΔPTV 39.4 0.068 -22.1 <0.001 
 (4.1–71.1)   ([-4.4]–[-84.9])

For ΔTV, (–) values show decreasing volumes, (+) values show increasing 
volumes.  GTR: Gross total resection; GTV: Gross tumor volume; CTV: Clinical 
target volume; PTV: Planning target volume
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decreased at approximately the same rates. When the 
patients who underwent STR were evaluated in two 
separate groups as enlarging and shrinking target vol-
umes, the changes in GTV, CTV, and PTV were found 
to be statistically significant (p=0.012) in eight patients 
whose volumes tended to decrease. In six patients with 
volume growth, the change in GTV volume was signifi-
cant (p=0.028), while the change in CTV and PTV was 
not significant (p=0.345, p=0.138). 

GTV shrank in two of the six patients (33%) who 
underwent biopsy, and a median shrinkage rate of 
(min-max) 11.61% (4.78%-18.44%) was found when 
compared to the initial GTV volume. GTV enlarged 
in four of the six (67%) patients who underwent bi-
opsy with a median growth rate of 106.59% (12.2–
256.54%). Figure 3 shows the graph of the differences 
in GTV, CTV, and PTV volumes for 6 patients who 
underwent biopsy. The change in GTV, CTV, and 
PTV between the two simulations was not statisti-
cally significant for all six patients who underwent 

Fig. 2. Volume changes in patients who underwent STR. Volume change is observed in patients with (−) reduction in the 
direction of change and (+) in patients with growth.

 STR: Subtotal resection; GTV: Gross tumor volume; CTV: Clinical target volume; PTV: Planning target volume.
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Fig. 1. Volume changes in patients with GTR. Volume change is observed in patients with (−) reduction in the direction 
of change and (+) in patients with growth.

 GTR: Gross total resection; GTV: Gross tumor volume; CTV: Clinical target volume; PTV: Planning target volume.
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Fig. 3. Volume change in patients with biopsy. Volume 
change is observed in patients with (−) reduc-
tion in the direction of change and (+) in pa-
tients with growth.

 GTV: Gross tumor volume; CTV: Clinical target volume; 
PTV: Planning target volume.
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biopsy; p values were found to be 0.116, 0.249, and 
0.600, respectively. The volume changes and p val-
ues for patients who underwent biopsy are shown 
in Table 4. When all six patients who underwent bi-
opsy were evaluated, the change was not significant. 
GTV and CTV changes were both close to signifi-
cance (p=0.068), but PTV change was not significant 
(p=0.144) for four patients with a growth tendency. 
Two patients with a shrinking tendency to target vol-
ume change were not significant (p=0.18).

DISCUSSION

Several studies have shown that the cavity and edema 
volume changes might occur during RT treatment in 
GBM patients. Therefore, the boost volumes defined on 
pretreatment MR scans are subject to change resulting 
in larger or smaller than actual boost volumes being 
radiated. This study showed the boost GTV, CTV, and 
PTV volumes changed during RT and a repeat CT/MR 
simulation performed around the 20th fraction might 
compensate for these changes.

We found a relation between the volume changes 
and the extent of surgical resection; patients who un-
derwent GTR had significantly decreased volumes 
most probably due to post-operative cavity shrinkage, 
while patients with STR and biopsy were more likely 
to experience volume enlargement. Considering the 
results from this study, one might argue more gen-
erous margins as recommended by RTOG should be 
able to compensate for the volume changes during RT 
if the main concern was under treatment. However, it 
is a subject for further studies to investigate whether 
the volumetric changes occurred in a symmetrical 

margin. In the low resources setting, it might not be 
possible to obtain a second MR scan before the boost 
phase for all patients; however, the extent of resection 
can be considered to define the patient who will most 
likely benefit from repeat imaging.

The previous studies also reported that wide mar-
gins against the possibility of tumor recurrence would 
cause more brain tissue irradiation with an undesired 
loss of brain functions.[10–13] In the study of Geb-
hardt et al.,[14] 95 documented relapses had an on-site 
component of treatment failure in 77 (81%), a mar-
ginal component in 6 (6%), and a distant component 
in 27 (28%). Although the international group trials 
recommended 2–2.5 cm CTV margins to account for 
microscopic disease, most recent MRI-based studies 
utilized margins smaller than 2cm and they reported 
similar recurrence patterns. According to the results 
of this study, using the same symmetrical margin, ap-
proach for all patients is not reflecting the actual re-
ality, since patients undergoing GTR require smaller 
margins while STR and biopsy patients demand for 
wider margins to avoid over and undertreatment of 
boost volumes. Appropriate imaging and adaptive 
treatment planning for limited field RT might have 
clinical significance for the avoidance of geographic 
misses and reduced toxicity. Similar to our study, Kim 
et al.[8] also reported that patients with GTR also 
would most likely experience.

Several previous studies have shown that the target 
volume did not receive sufficient dose in the enlarged 
group, and the extra irradiated normal tissue dose in 
the shrinking group caused unnecessary radiation 
damage and the intended dose distribution can be 
achieved with adaptive RT.[7,15–17]

Table 3 Volume changes and p values for patients with STR

Volume  STR median (min-max) p 
changes 

Cc Growth p Shrinkage p 
 (n=6)  (n=8)

ΔGTV 19.05 0.028 -8.9 0.012 
 (2.4–69.6)  ([-0.7]–[-19.3])
ΔCTV 18.85 0.345 −14.4 0.012 
 ([-17.4]–[91.7])  ([-6.3]–[-31.1]) 
ΔPTV 26.2 0.138 −15.9 0.012 
 ([-27.5–102.9])  ([-8.1]–[-34.5])

For Δ TV, (−) values show decreasing volumes, (+) values show increasing 
volumes. STR: Subtotal resection; GTV: Gross tumor volume; CTV: Clinical 
target volume; PTV: Planning target volume

Table 4 Volume changes and p values for patients with biopsy

Volume  Biopsy median (min-max) p 
changes

Cc Growth p Shrinking p 
 (n=4)  (n=2) 

ΔGTV 21.75 0.068 -3.5 0.18 
 (6.1–78.5)   ([-1.2]–[-5.9]) 
ΔCTV 29.1 0.068 -13.75 0.18 
 (9.4–123)  ([-1.2]–[-26.3]) 
ΔPTV 24.8 0.144 -15.1 0.18 
 ([-1.5]–140.7)  ([-9.1]–[-21.1])

For Δ TV, (−) values show decreasing volumes, (+) values show increasing 
volumes. GTV: Gross tumor volume; CTV: Clinical target volume; PTV: Plan-
ning target volume
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CONCLUSION

Our study showed that there were considerable radi-
ological changes occurring during RT for GBM pa-
tients. The boost volume variations occurring during 
RT require repeat CT/MRI for the second phase of RT. 
Adaptive MRI might be beneficial to reduce the boost 
volume for GTR patients who have shrinkage of opera-
tion cavities and boost volumes while avoiding under-
treatment of STR and biopsy patients with GTV vol-
umes enlarged during RT. Extent of surgical resection 
should be considered while generating CTV volumes 
when an adaptive MR scan cannot be performed.
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