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Differentiation between recurrent gliomas and radiation
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Abstract. Arterial spin labeling (ASL) magnetic resonance
(MR) perfusion imaging has been proposed as an effective
method to measure brain tumor perfusion. The aim of the
present study was to evaluate the utility of this technique
in the differentiation of recurrent gliomas from radiation
necrosis. Twenty-one patients with surgically treated primary
gliomas, including 16 cases of recurrent glioma and 5 of radia-
tion necrosis were examined using 3.0T MR imaging (MRI).
ASL and dynamic susceptibility contrast-weighted (DSC)
perfusion MRI scans were performed. Maps of normalized
cerebral blood flow (CBF) in ASL imaging and cerebral blood
volume (CBV) in DSC imaging were computed and analyzed
in the regions of interest. In cases of glioma recurrence, the
normalized ASL-CBF ratio (4.45+2.72) was higher than that
in cases of radiation injury (1.22+0.61) (P<0.01). The normal-
ized DSC-relative CBV ratio was also significantly higher in
glioma recurrence (3.38+2.08) than it was in radiation injury
(1.09+0.55) (P<0.05). A close linear correlation was found
between the ASL and DSC MRI techniques (linear regres-
sion coefficient, R=0.85; P=0.005) in the differentiation of
recurrent glioma from radiation injury. The results indicate
that ASL perfusion is an accurate method of distinguishing
between glioma recurrence and radiation necrosis.

Introduction

Radiation therapy is one of the main therapeutic methods
used in the treatment of gliomas following surgical excision,
despite the fact that it often causes radiation necrosis (reported
incidence rate, 2-24%), the most severe type of radiation
injury (1,2). Following treatment, frequent monitoring is
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required for the evaluation of the therapy, and magnetic reso-
nance imaging (MRI) is the preferred modality.

Glioma growth is often accompanied by the breakdown
of the blood brain barrier (BBB) and a higher cerebral blood
volume (CBV), which is due to tumor angiogenesis (3,4);
however, BBB leakage also occurs in radiation injury. Both
types of lesions appear hyperintense on T2-weighted images
and show strong contrast enhancement with surrounding
edema and mass effect, which makes it impossible to differen-
tiate between glioma recurrence and radiation injury using the
conventional enhanced MRI (5-7); therefore, there is an urgent
requirement for the development of new, functional imaging
modalities for the evaluation of the effectiveness of glioma
treatment.

Dynamic susceptibility contrast-weighted (DSC)
magnetic resonance (MR) perfusion imaging allows for
the measurement of cerebral blood flow (CBF) and CBV,
which are known to correlate with both the histologic tumor
grade and individual histological features (8-10). A previous
study has shown that DSC-MRI is useful for the diagnosis
of glioma recurrence and radiation necrosis (11). However,
there are several disadvantages to using this technique.
First, it requires an intravenous injection of a gadolinium
contrast agent (12,13). Secondly, in DSC-MRI, contrast agent
extravasation causes T2-weighted signal intensity loss, which
can in turn result in a decreased relative CBV (rCBV) for
high-grade tumors (14). Thirdly, this technique is mainly
based on gradient-echo or echo planar imaging (EPI), which
have been shown to be highly sensitive to susceptibility,
which may decrease the rCBV ratio (15).

Arterial spin labeling (ASL) MR perfusion imaging utilizes
labeled blood water as the endogenous tracer, and is recog-
nized as a non-invasive method of measuring CBF. Several
studies have used this technique to evaluate glioma grading
and tumor angiogenesis (16-18). The aim of the present study
was to assess the ability of ASL perfusion imaging to differ-
entiate between glioma recurrence and radiation necrosis and
compare it with the DSC-MRI technique.

Materials and methods
Subjects. The present study was approved by the Ethics

Committee of the Northern Jiangsu Province Hospital (Yang-
zhou, China).
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Between March 2012 and March 2014, 57 surgically
treated patients with pathologically confirmed primary
gliomas underwent follow-up MRI. Using contrast-enhanced
T1-weighted imaging, contrast-enhancing lesions were
observed in 21 of these cases and were included in the present
study. Sixteen patients received radiotherapy with 50-60 Gy,
while 5 received radiochemotherapy (50-60 Gy) combined
with temozolomide. Patients to whom temozolomide was
administered concurrently received a daily temozolomide
dosage of 75 mg/m? during intensity-modulated radiation
therapy, and then at 150 mg/m?for 5 days in each of six 28-day
treatment cycles.

Follow-up MRI scans were performed every 3 months and
included T2-weighted, diffusion weighted (DW) and ASL
perfusion imaging, followed by DSC-MRI.

Materials and methods. Conventional MR images were
acquired using a 3.0T MR imaging system (Discovery
MR750; GE Healthcare, Fairfield, CT, USA) with a 16-channel
coil specifically for imaging the head. Conventional sequences
included axial, sagittal and coronal T2-weighted, axial
T1-weighted, fluid-attenuated inversion recovery sequence and
DW imaging.

ASL imaging used a 3-dimensional (3D) pseudocon-
tinuous ASL method and was performed prior to DSC-MRI
as follows: Repetition time (TR), 4,632 msec; echo time
(TE), 1.5 msec; acquisition matrix, 96x61; field of view
(FOV), 24 cm; slice thickness, 4 mm; interslice gap, 0 mm
and post label delay, 1,535 msec with spiral acquisition along
with 3D proton density-weighted fast spin echo (FSE) EPI
sequence as follows: TR, 3.9 msec, TE, 1.9 msec, parallel
imaging factor, 2; acquisition matrix, 96x61; FOV, 24 cm;
slice thickness, 4 mm and interslice gap, 0 mm. The dosage
of contrast agent (Magnevist; Bayer HealthCare Pharmaceu-
ticals, Berlin, Germany) was 0.05 mmol/kg. The automatic
bolus injection (Medrad Spectris Solaris; Bayer HealthCare,
Saxonburg, PA, USA) of the contrast agent (rate, 3 ml/sec) was
followed by an injection of 20 ml saline. The total acquisi-
tion time for perfusion measurement and bolus tracking was
1:20 min.

Image evaluation

Qualitative assessment. All images were reviewed by two
neuroradiologists who were blinded to the clinical and histo-
pathological history of the cases. The images were evaluated
using the FuncTool Performance software package with the
Advantage 4.5 Workstation (GE Healthcare).

Since the regions of the gliomas with maximum perfu-
sion are suggestive of malignancy and aggressiveness, three
maximally perfusion regions of the entire lesions were located
by drawing regions of interest (ROIs) of area 0.5-2.0 cm?. The
average of the values from these regions was calculated and
normalized to the contralateral normal white matter.

Artifacts. A 5-point scale was used to assess the image
artifacts (ranging from 1, severe degradation to 5, little degra-
dation) caused by motion and susceptibility effects. A score of
5 was attributed to an excellent image quality, with almost no
artifacts; while a score of 3 indicated degraded image quality
owing to artifacts (sufficiently degraded to interfere with accu-
rate diagnosis).
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Table I. Artifact scores in ASL and DSC imaging.

Artifact score (mean + SD)

Imaging Motion artifact Susceptibility artifact
ASL-CBF 475+£0.44 4.85+0.37
DSC-CBV 4.60+0.50 4.15+0.75
P-value 0.508 0.0004

ASL, arterial spin labeling; CBF, cerebral blood flow; DSC, dy-
namic susceptibility contrast-weighted; CBV, cerebral blood flow;
SD, standard deviation.

Classification of lesions. Six cases of glioma recurrence
were classified according to the histopathological analysis,
while 15 lesions (10 lesions of glioma recurrence and 5 of
radiation necrosis) were verified based on the follow-up MRI
scan according to the Macdonald criteria (19,20). Each patient
was followed up for a minimum of 11 months, and the rate of
follow-up was 100%.

Statistical analysis. All statistical analyses were performed
using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). The unpaired
Student's t-test was used for the comparison between the
CBF and rCBV values of recurrent gliomas and those radia-
tion necrosis. Artifact scores in ASL and DSC images were
compared using Wilcoxon's sign-rank test. Linear regres-
sion analysis was used to evaluate the correlation between
ASL-CBF and DCS-CBV. P<0.05 was considered to indicate
a statistically significant difference.

Results

Patient diagnosis and imaging results. The present study
included 21 patients (11 men and 10 women), with an age
range of 32-63 years and a mean age of 51.3 years. Six cases
of glioma recurrence were confirmed by surgical pathology
or biopsy, and 10 cases of glioma recurrence were verified
based on the Macdonald criteria (19), since they showed clear
radiological evidence of disease progression despite the use
of therapy. Radiation necrosis was diagnosed in 5 cases by
follow-up MRI, in which enhanced lesions disappeared or
decreased in size without any treatment.

Representative images of patients with glioma recurrence
and radiation injury are presented in Figs. 1 and 2. Analysis of
the images revealed that glioma recurrence exhibited a higher
normalized ASL-CBF ratio (4.45+2.72) compared with that of
radiation injury (1.22+0.61) (P<0.01). In addition, the normal-
ized DSC-rCBV ratio in glioma recurrence (3.38+2.08) was
significantly higher than that in radiation injury (1.09+0.55)
(P<0.05).

Linear regression analysis. As demonstrated in Fig. 3, the linear
regression analysis revealed that there was a close correlation
between normalized ASL-CBF and normalized DSC-CBV,
with R=0.85 and an equation of y=0.56+1.15x for the regression
line, which was statistically different from identity at P<0.05.
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Figure 1. Glioma recurrence in a 54-year-old male patient with glioblastomas. T1-weighted images of the glioblastomas (A) pre-surgically, (B) post-sur-
gically and at the (C) 3-, (D) 6-, (E) 10- and (F) 14-month follow-ups. (G) Arterial spin labeling-cerebral blood flow and (H) dynamic susceptibility
contrast-weighted-cerebral blood volume imaging at the 14-month follow-up. The follow-up magnetic resonance imaging scan performed 6 months after
the administration of radiation therapy with temozolomide shows an increase in lesion size. (H) Note the evident magnetic susceptibility artifact near the

operation area leading to an underestimation of tumor perfusion (white arrow).

Figure 2. Radiation injury in a 37-year-old man with glioblastoma multiforme. T1-weighted, post-surgical images at (A) 9, (B) 12, (C) 16 and (D) 24 months.
(E) Arterial spin labeling-cerebral blood flow (ASL-CBV) and (F) dynamic susceptibility contrast-weighted-cerebral blood volume (DSC-CBV) images at
12 months. The follow-up magnetic resonance imaging scans show a reduction in lesion size. (E and F) Low perfusion in the enhanced area of the T1-weighted

images is shown by ASL-CBF (white arrow) and DSC-CBV imaging.

Artifact scores. Artifacts in the ASL-CBF and DSC-CBV
images were scored as follows (Table I): Motion artifact,
4.75+0.44 and 4.60+0.50, respectively (P=0.508); suscep-
tibility artifact, 4.85+0.37 and 4.15+0.75, respectively
(P<0.01). No case scored <3 due to motion artifacts in either
of the two imaging techniques or due to susceptibility arti-
facts in the measurement of ASL-CBF. With regard to the

estimation of DSC-rCBYV, 5 cases scored 3, due to suscepti-
bility artifacts.

Discussion

In the present study, the ability of the ASL technique to differ-
entiate between glioma recurrence and radiation necrosis
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Figure 3. Scatterplot showing normalized ASL-CBF and DCS-CBYV in all
cases. Linear regression analysis revealed a high correlation between the
two values, with R=0.85 and a formula of y=0.56+1.15x for the regression
line, which is statistically different from identity at P<0.05. ASL-CBEF, arte-
rial spin labeling-cerebral blood flow; DCS-CBV, dynamic susceptibility
contrast-weighted-cerebral blood volume.

was evaluated. The results demonstrated that there is a close
correlation between the ASL and DSC methods with regard to
distinguishing between the two conditions.

Perfusion imaging of brain tumors, which mainly includes
DSC-MR perfusion techniques, has been used for tumor
grading, guiding tumor biopsy and assessing the response
to treatment (21). However, the use of an exogenous contrast
agent is a major limitation in the routine clinical application
of this method, since contrast agent extravasation and high
sensitivity to susceptibility can result in a decreased rCBV for
high-grade tumors (9). ASL imaging constitutes another MR
perfusion method, which is used for the assessment of brain
tumor vascularity (22). In this technique, the contrast agent
used is labeled arterial blood water proximal to the brain.
Since 90% of the labeled water passes through the capillary
bed on the first pass and T1 decay is considerably shorter than
the capillary transit time, contrast agent extravasation and
dispersion do not interfere with ASL signal intensity (19,23). In
addition, since no exogenous contrast agent is required, ASL
imaging could be ideal for the long-term follow-up of gliomas
following radiation, including those with renal dysfunction.

Previous studies have shown that ASL imaging could
potentially differentiate between glioma recurrence and
radiation injury. The study conducted by Ozsunar et al (24)
demonstrated that ASL imaging could accurately distinguish
predominant recurrent high-grade glioma from radiation
necrosis; however, the results were based on a single-slice
method with a scanning time of 4-8 min, dependent on lesion
size, which limited the wide range of clinical applications.
Choi et al (25) showed the diagnostic superiority of combined
ASL and DSC perfusion compared with DSC imaging alone
in the differentiation of pseudoprogression from early tumor
progression, with ASL having a lower sensitivity than DSC
perfusion. There are, however, differences between the study
of Choi et al (25) and the present study. ASL imaging in the
previous study was based on an gradient-echo sequence, which
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is more vulnerable to magnetic susceptibility artifacts. Further-
more, Choi et al only assessed the diagnostic performance of
DCS perfusion alone or combined with ASL imaging, while
the present study aimed to assess the diagnostic performance
of ASL imaging. The results of the present study suggest that
there is a close correlation between ASL perfusion imaging
and DSC-MRI (Fig. 3) and that ASL-CBF could effectively
distinguish glioma recurrence from radiation injury.

DSC-MRI was shown to exhibit a high sensitivity to
susceptibility, due to magnetic susceptibility artifacts, which
could lead to an underestimation of tumor perfusion when the
ROI is close to surgically treated regions of the brain or areas
affected by bleeding (26,27). In the present study, however, the
ASL imaging was conducted utilizing the 3D FSE technique,
which features high spatial resolution and reduced magnetic
susceptibility. No evident magnetic susceptibility artifacts
were found to influence the image quality in the present study,
indicating that this ASL imaging method is suitable for the
follow-up of glioma after surgical excision.

The study did, however, have several limitations. First, the
sample size was rather small, particularly that of patients with
radiation injury, which does not allow for generalization of the
present findings; further research using a larger population is
required. Secondly, only the most clearly enhanced regions
were analyzed; however, edema in a portion of the glioma may
represent tumor infiltration, the identification of which may
contribute to an improved evaluation of the tumor. Finally, in
the ASL imaging, only a single delay time between labeling
and imaging was used, which may result in an inaccurate
estimation of the CBF, due to differences in the cerebral circu-
lation among individuals.

In conclusion, the aforementioned findings demonstrate the
potential of CBF as determined by ASL perfusion imaging in
the differentiation of glioma recurrence from radiation injury.
ASL imaging could potentially be used to determine the
perfusion patterns in patients with surgically treated primary
gliomas, and could also prove useful in the selection of the
appropriate treatment option.
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