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Aim: To define the optimal margin on MRI scans in the re-radiation planning of recurrent

glioblastoma using methionine positron emission tomography (MET-PET).

Background: It would be very useful if the optimal margin on MRI to cover the uptake area

on  MET-PET is known.

Materials and Methods: CT, MRI, and MET-PET were performed separately over the course of 2

weeks. Among the MRI scans, we used the contrast-enhanced T1-weighted images (Gd-MRI)

and T2-weighted images (T2-MRI). The Gd-MRI-based clinical target volume (CTV) (CTV-Gd)

and the T2-MRI-based CTV (CTV-T2) were defined as the contrast-enhanced area on Gd-

MRI and the high intensity area on T2-MRI, respectively. We defined CTV x mm (x = 5, 10,

15,  20) as x mm outside the CTV. MET-PET-based CTV (CTV-MPET) was defined as the area

of  accumulation of MET-PET. We  calculated the sensitivity and specificity of CTV-Gd and

CTV-T2 following comparison with CTV-MPET, which served as the gold standard in this

study.

Results: The sensitivity of CTV-T2 5 mm (98%) was significantly higher than CTV-T2 (87%),

and there was no significant difference in the sensitivity between CTV-T2 5 mm and CTV

T2  10, 15, or 20 mm. The sensitivity of CTV-Gd 20 mm (97%) was lower than that of CTV-T2

5  mm (98%).
Conclusions: A margin of at least 5 mm around the high intensity area on T2-MRI is necessary

in  the target volume delineation of recurrent glioblastoma for the coverage of MET-PET

findings in re-radiation therapy planning.
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Table 1 – Patient characteristics.

N (%)

Age (years) ≥50 14 (56)
<50 11 (44)

Sex Male 18 (72)
Female 7 (28)

KPS ≥70 20 (80)
<70 5 (20)

(HN). The Gd-MRI-based clinical target volume (CTV) (CTV-
Gd) and the T2-MRI-based CTV (CTV-T2) were defined as the
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1.  Background

Glioma is one of the common primary brain tumors. Glioblas-
toma (GBM) is the most common among the gliomas.
A landmark trial by Stupp et al. led to the acceptance
that maximum safe surgical excision followed by adjuvant
chemoradiotherapy and adjuvant chemotherapy is the best
standard care protocol.1 Despite multidisciplinary treatment,
early failure of local treatment is a common feature of this
disease.2,3 The median survival time is limited to approxi-
mately 10–15 months for GBM.1,4 Most episodes of relapse
occur within 2–3 cm of the margin of the original lesion.5,6

The usefulness of hypofractionated stereotactic radiotherapy
(SRT) was reported for recurrent GBM.7–9 SRT is often used to
irradiate the gadolinium (Gd)-contrasted tumor edge on mag-
netic resonance imaging (MRI) for recurrent GBM. However,
GBM often exists beyond the Gd-enhanced lesion because
of its infiltrative character.10–12 Several articles reported that
11C methionine positron emission tomography (MET-PET) has
greater accuracy than MRI  in correctly outlining the true
extent of gliomas.13–16 Grosu et al. reported that patients
who  received SRT planned with a biological imaging tech-
nique, such as MET-PET, survived longer compared to patients
who  received SRT planned with MRI.17 Iuchi et al. reported
that MET-PET could not only visualize the tumor extent but
also predict the required irradiation dose to control tumors.18

Moreover, Yoo et al. reported that usefulness of MET-PET as
a prognostic factor for progression-free survival.19 However,
the number of institutes where MET-PET is available is lim-
ited.

2.  Aim

It would be very useful if the optimal margin to add the tar-
get delineated on MRI  to cover the uptake area on MET-PET is
known. The purpose of this study was to investigate the recog-
nition of the tumor extent and to define the optimal margin
on MRI  scans in the re-irradiation planning of recurrent GBM
using MET-PET.

3.  Materials  and  methods

3.1.  Patients

A total of 25 patients participated in this study. All patients
received an initial treatment consisting of surgery, adjuvant
chemoradiotherapy, and adjuvant chemotherapy (temozolo-
mide). The patient characteristics are shown in Table 1. This
study was conducted with the approval of our institutional
review board. Written informed consent was obtained from
each patient before radiotherapy.

3.2.  Images

Computed tomography (CT), MRI  and MET-PET were sepa-

rately performed within a 2-week period. CT was performed
using helical equipment (Light Speed; General Electric,
Waukesha, WI). The head was immobilized in a commercially
KPS: Karnofsky performance status.

available stereotactic mask while acquiring CT images. The
scan was performed with 2.5-mm slice-thickness, scanned
without gaps.

MRI for radiation treatment planning was performed using
a 1.5-T scanner (Genesis Signa; General Electric, Wauke-
sha, WI). Images were acquired using a standard head
coil without rigid immobilization. Axial, three-dimensional
gradient echo T1-weighted native and after contrast admin-
istration (Gd-diethylenetriaminepentaacetic acid [Gd-DTPA;
Magnevist, Schering, Berlin, Germany], 0.1 mmol/kg body
weight) at 2.0-mm slice thickness were acquired from the
foremen magnum to the vertex. The T2-weighted (2600/102
[effective]) images were acquired with a 512 × 224 matrix
and a 24-cm field of view with a 6-mm slice thickness. We
used contrast-enhanced T1-weighted images (Gd-MRI) and
T2-weighted images (T2-MRI) for target delineation.

Patients fasted for at least 4 h before MET-PET to ensure
standardized metabolic conditions. They were advised to have
only a light breakfast on the morning of the examination day.
The PET scanner used was an Advance NXi imaging system
(General Electric Yokogawa Medical System, Hino-shi, Tokyo,
Japan), which provides 35 axial images at 4.25 intervals. The
crystal width is 4.0 mm (transaxial). The in-plane spatial res-
olution (full width at half-maximum) was 4.8 mm,  and the
standard 2-dimensional scan mode was used. Before the emis-
sion scans were performed, a 3-min transmission scan was
performed to correct the photon attenuation, using a ring
source containing 68 Ge. A dose of 7.0 MBq/kg 11C methionine
was injected intravenously, depending on the examination.
Emission scans were acquired for 30 min, beginning 5 min
after injection of 11C methionine. During MET-PET data acqui-
sition, the patient’s head position was continuously monitored
using laser beams projected onto ink markers drawn over the
forehead skin, and the head position was corrected as neces-
sary.

3.3.  Target  delineation

These images sets (CT/MRI and CT/MET-PET) were then fused
utilizing the Pinnacle system. The MET-PET and MRI  scans
were analyzed separately in each patient. The target volumes
were defined by three observers, including a neurosurgeon
(JS), radiation oncologist (MM)  and nuclear medicine specialist
contrast-enhanced area on the Gd-MRI and high intensity
area on the T2-MRI, respectively. We defined CTV x mm  (x = 5,
10, 15, 20) as x mm outside the CTV. MET-PET-based CTV
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Fig. 1 – The calculation of sensitivity and specificity.

Fig. 2 – The typical contouring of the target volume on MET-PET, Gd-MRI, and T2-MRI.
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CTV-MPET) was defined as the area of accumulation of MET-
ET that was apparently higher than that of normal tissue
n MET-PET. A threshold value of 1.3 of the CTV-MPET for
he tumor/normal tissue index was considered indicative of

alignant activity. The final determination of tumor delin-
ation was obtained by consensus among three observers.
he same window parameters were used for all patients

ncluded in this study. We calculated the sensitivity and
pecificity of CTV-Gd and CTV-T2 following comparison with

TV-MPET, which served as the gold standard in this study.
he calculations of sensitivity and specificity are shown in
ig. 1.
4.  Results

The typical CTVs are shown in Fig. 2. The average CTV-Gd,
CTV-T2, and CTV-MPET volumes were 56, 222, and 59 mL,
respectively (Table 2). There was no significant correlation
between each type of CTV and its size. The sensitivities and
the specificities of CTV-Gd and CTV-T2 are shown in Table 3.
The sensitivity of CTV-Gd 5 mm (86%) was significantly higher

than that of CTV-Gd (57%), and there was no significant differ-
ence in sensitivity between CTV-Gd 5 mm and CTV-Gd 10, 15,
or 20 mm.  The sensitivity of CTV-T2 5 mm (98%) was signifi-
cantly higher than CTV-T2 (87%), and there was no significant

https://doi.org/10.1016/j.rpor.2018.04.003
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Table 2 – Average and median CTV on MET-PET, Gd-MRI,
and T2-MRI (mL).

Average Median Standard deviation

MET-PET 59 29 64
Gd-MRI 56 38 58
T2-MRI 222 147 174

CTV: clinical target volume, MET-PET: 11C methionine positron
emission tomography, Gd-MRI: contrast-enhanced T1-weighted
image on MRI, T2-MRI: T2-weighted image on MRI.

Table 3 – Sensitivity and specificity of CTV-Gd and
CTV-T2 (mean ± SD (%)).

Sensitivity Specificity

CTV-Gd 57 ± 25 98 ± 1
CTV-Gd 5 mm 86 ± 21 95 ± 3
CTV-Gd 10 mm 93 ± 15 90 ± 6
CTV-Gd 15 mm 96 ± 9 84 ± 9
CTV-Gd 20 mm 97  ± 5 78  ± 11

CTV-T2 87 ± 15 89 ± 8
CTV-T2 5 mm 98 ± 6 80 ± 12
CTV-T2 10 mm 99 ± 3 72 ± 18
CTV-T2 15 mm 99 ± 1 67 ± 16
CTV-T2 20 mm 99 ± 0 61 ± 17

CTV-Gd x mm: x mm outside the clinical target volume based on

r

contrast-enhanced magnetic resonance imaging, CTV-T2 x mm: x
mm outside the clinical target volume based on T2-weighted image.

difference in sensitivity between CTV-T2 5 mm and CTV T2 10,
15, or 20 mm.  The sensitivity of CTV-Gd 20 mm (97%) was lower
than that of CTV-T2 5 mm (98%). The specificity of CTV-Gd and
CTV-T2 significantly decreased in accordance with increases
in the margin outside the CTV-Gd and CTV-T2.

5.  Discussion

Even if patients with GBM receive multidisciplinary treatment,
the recurrence rate is high.2,3 Approximately 80% of recur-
rence occurs within a 2–3-cm margin of the primary site.5,6

The recurrence site is usually already irradiated. Therefore,
the target of re-irradiation therapy is often limited to the Gd-
enhanced lesion. However, GBM has an infiltrative character
and can exist beyond the Gd-enhanced lesion.10–12 Several
articles have reported that MET-PET has a greater accuracy
than MRI  in correctly outlining the true extent of gliomas.13–16

MET  is a natural amino acid avidly taken up by glioma cells,
whereas its uptake by normal brain tissue is low. Although
MET  is incorporated into proteins, its uptake is probably not a
measure of protein synthesis but mainly the activation of the
L-mediated and A-mediated amino acid transport at the level
of the blood–brain barrier.20 MET-PET demonstrates a higher
amino acid transport in tumor cells compared with the normal
tissue; therefore, they are very similar when used for tumor
delineation.21 Autoradiographic findings reported by Kubota
et al. demonstrated that the level of increased MET uptake
correlated with the number of tumor cells, whereas no sig-

nificant MET  uptake occurs in the chronic inflammation of
radiation necrosis.22 Grosu analyzed the extent of the resid-
ual tumor in patients with GBM who had undergone surgery.23
iotherapy 2 3 ( 2 0 1 8 ) 215–219

MET uptake was located outside the Gd enhancement in 74%
patients. MET uptake was detected up to 45 mm  beyond the
Gd enhancement. MET uptake was located outside the high
intensity area on T2-MRI in 50%. Voges et al. reported that 70%
cases had an uptake on MET-PET that was observed outside the
target delineated on MRI.24 Schinkelshoek et al. also reported
that 65% cases were needed to modify the target delineated
on MRI because the extent of uptake on MET-PET was out-
side the delineation on MRI.25 Kawai et al. reported that the
uptake on MET-PET was usually larger than the area on the
Gd enhancement and about 20–30% of the uptake on MET-PET
extended outside the area of the enhancement.26 This fact
indicated that the CTV-Gd or CTV-T2 is not sufficient as an
irradiation target. When the irradiation is targeted to these
CTVs, some part of the tumor would not be irradiated in most
cases. The study in27 focused on patients with GBM receiving
initial therapy; it is necessary to add at least a 2-cm margin
for the high-intensity area on T2-weighted images. In this
study, the sensitivity of the CTV-Gd was only 57%. The sen-
sitivity and specificity of CTV-T2 were also not sufficient (87%
and 89%, respectively). However, with an added 5-mm margin
around CTV-T2 (CTV-T2 5 mm),  there is sufficient sensitiv-
ity (98%). Sensitivity of CTV-T2 5 mm was significantly higher
than CTV-T2, and there was no significant difference in sen-
sitivity between CTV-T2 5 mm and CTV-T2 10, 15, or 20 mm,
respectively. The sensitivity and specificity of CTV-Gd 20 mm
(97% and 78%, respectively) were lower than those of CTV-T2
5 mm were. Therefore, CTV-T2 5 mm would be a suitable CTV
for recurrent GBM in terms of tumor control. However, the
specificity of CTV-T2 5 mm was not adequate (80%). Irradiation
of CTV-T2 5 mm has a risk of increasing the rate of adverse
events. A prospective trial is needed to investigate whether
the rate of adverse events is increased by irradiation of CTV-
T2 5 mm.  In this situation, stereotactic radiotherapy should be
used to decrease the toxicity.

6.  Conclusions

In conclusion, CTV-Gd and CTV-T2 differed considerably from
CTV-MPET in patients with recurrent GBM. It would be nec-
essary for at least a 5 mm margin to be added to the high
intensity area on T2-MRI in the target volume delineation of
recurrent GBM to include MET-PET findings in re-irradiation
therapy planning.
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