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Summary

Purpose: To compare arterial spin labeling (ASL) perfusion 
technique with the clinically established dynamic suscepti-
bility contrast-enhanced (DSC) perfusion weighted-imaging 
(PWI), and to determine its value in routine MRI evalu-
ation of disease progression in patients with glioblastoma 
multiforme (GBM).

Methods: A prospective intraindividual study was per-
formed in 31 patients with histologically proven GBM who 
had clinical and/or radiological deterioration after treat-
ment, including surgery, radiotherapy and therapy with 
temozolomide. Conventional brain protocol with ASL and 
DSC techniques was performed on 3T MRI unit. Cerebral 
blood flow (CBF) and cerebral blood volume (CBV) maps 
were analyzed by means of regions of interest (ROI). Each 
ROI average value was normalized to the contralateral nor-
mal brain parenchyma ROI value. Neuroradiologists ana-

lyzed CBF and CBV maps separately, and classified patients 
into progression or pseudoprogression group. Radiological 
diagnosis was confirmed by clinical-radiological follow-up 
for at least three months after patient deterioration.

Results: High linear correlation existed between DSC-PWI 
and ASL in the tumor ROI (r=0.733; p<0.001). 92% of ASL 
CBF maps were informative. ASL detected all lesions as well 
as DSC MRI. Both techniques provided perfusion values 
closely correlated.

Conclusion: ASL allows distinction between GBM progres-
sion and pseudoprogression, and it can be used as reliable 
alternative to DSC-PWI.

Key words: ASL, DSC, glioblastoma, perfusion, pseudopro-
gression

Introduction

 Although surgical resection followed by ra-
diotherapy and different modalities of chemother-
apy have increased the overall survival of patients 
with GBM [1-3], they have hampered neuroradio-
logical diagnostic. 
 If increasing size and postcontrast enhance-
ment of the existing lesion and/or the lesion’s 
number is detected on postsurgical control con-
ventional brain MRI with contrast administration 
(cMRI), the diagnosis of recurrent GBM (progres-

sion) or treatment effects (pseudoprogression) is 
made [4-6]. Both entities appear on MRI as con-
trast enhancing lesions with edema and mass ef-
fect [5-7]. Unlike GBM progression, pseudopro-
gression is an inflammatory reaction of brain 
tissue with increased permeability of normal vas-
cular network and edema after radiochemotherapy 
[6,7]. Accordingly, GBM progression demands re-
operation or different oncological therapy, while 
pseudoprogression requires follow-up with or 
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without symptomatic therapy. Wrong diagnosis 
consequently influences the patient’s quality of 
life, survival and outcome [8].
 McDonald and The Response Assessment in 
Neuro-Oncology (RANO) working group based the 
therapy response criteria of malignant gliomas on 
clinical parameters and cMRI findings [9]. How-
ever, contrast enhancement of the lesions reflects 
rather disruption of blood-brain barrier (BBB), 
emphasized by corticosteroids, radio- and chemo-
therapy, than the presence and degree of neovas-
cularity [5,6,10-12]. Therefore, clear differentiation 
between therapy sequelae and recurrent GBM can-
not be achieved with cMRI sequences alone. 
 Tissues microvascular hemodynamic eluci-
dates PWI techniques. DSC is mostly used and 
clinically accepted PWI, which allows the meas-
urement of the CBV and CBF. Although numerous 
studies have shown the utility of DSC in the dif-
ferentiation of tumor recurrence from treatment 
effects [13-17], there are several disadvantages of 
using intravascular contrast bolus in the oncolog-
ical patients’ follow-up [7].  
 In order to avoid repeated contrast injections, 
as well as to analyze the absolute perfusion values, 
the clinical use of ASL technique is increasing. 
 The purpose of this study was to compare ASL 
and DSC perfusion techniques, and to estimate the 
value of ASL in the differentiation of progression 
from pseudoprogression in patients with GBM. 
For the time being, there is only one published ar-
ticle that analyzed particularly the value of ASL in 
the differentiation of GBM progression and pseu-
doprogression, but using the qualitative analy-
sis of CBF-ASL parameter [18]. To the best of our 
knowledge, this is the first article that specifically 
analyzed the value of ASL in the differentiation 
of GBM progression from pseudoprogression us-
ing two-dimensional (2D) pseudocontinuous ASL 
(PASL) perfusion technique and normalizing the 
obtained quantitative CBF-ASL values of brain le-
sions with contralateral normal-appearing white 
or gray matter.

Methods

Study population 

 This prospective study was approved by the insti-
tutional Ethics Committee. The intraindividual study 
was performed in 31 patients with histologically prov-
en GBM, who had clinical and/or radiological deterio-
ration during postsurgical conformal radiotherapy and 
concomitant or adjuvant oral therapy with temozolo-
mide. All patients received radiation therapy with total 
dose of 60 Gy given in 30 fractions during 6 weeks frac-
tionated in 2 Gy per day. Concomitant oral application 

of temozolomide included dose of 75 mg/m2/day, fol-
lowed by six cycles of 150 mg/m2/day for 5 days every 
28 days. 

MRI protocol

 Control brain MRI was performed on a 3 Tesla 
MRI unit (Skyra, Siemens, Germany) with a standard 
eight-channel transmit/receive head coil. The protocol 
included axial and sagittal T2-weighted imaging, axial 
T1-weighted imaging, coronal fluid attenuated inver-
sion recovery sequence, diffusion-weighted imaging, 
and multiplanar reconstructed transverse, coronal and 
sagittal imaging with a three-dimensional (3D) mag-
netization-prepared rapid acquisition gradient-echo 
(MPRAGE) sequence after contrast application. 
 ASL technique was performed before contrast 
medium administration as 2D pseudocontinuous ASL 
method (PICORE Q2T) with imaging parameters: rep-
etition time (TR) 2500 ms; echo time (TE) 12 ms; acqui-
sition matrix 64x64; field of view (FOV) 256 mm; slice 
thickness 8 mm; interslice gap 25%; inversion time (IT) 
1800 ms; post label delay 0  ms; number of measure-
ments 91; acquisition voxel size 4x4x8 mm; and rela-
tive signal-to-noise ratio (SNR) 1.
 The DSC PWI was performed with a single-shot 
gradient-echo planar imaging (EPI) sequence with the 
following parameters: TR 1950 ms, TE 30 ms; flip angle 
(FA) 90º; acquisition matrix 128x128; FOV 220 mm; slice 
thickness 4 mm; interslice gap 10%; and relative SNR 1. 
The DSC PWI technique was applied during the intra-
venous administration of 0.2 mmol/kg of gadopentetate 
dimeglumine (Magnevist; Bayer Schering Pharma AG, 
Berlin, Germany) at a flow rate of 5 mL/s with an MRI 
compatible power injector (Spectris; Medrad, Germany) 
through a 20-gauge peripheral angiocatheter. The bolus 
of contrast material was followed by a 20 mL bolus of 
saline administered at the same injection rate. 

Image analysis 

 Image processing was performed using commer-
cially available software (Syngo Via, Siemens, Germa-
ny). Two neuroradiologist (25 and 7 years of experience, 
respectively), blinded to the clinical findings, analyzed 
three imaging sets within an interval of at least four 
weeks to avoid intraobserver bias. Imaging sets were: 
1) cMRI with ASL; 2) cMRI with DSC PWI; 3) cMRI 
with ASL and DSC PWI. The lesions were classified as 
tumor progression or as treatment effects ,  or as pseu-
doprogression. In case of disagreement, the final MRI 
diagnosis was made by consensus.  
 A single ROI (area 0.20-0.50 cm2) was manually 
drawn in the lesion area with the most intense contrast-
enhancement, and then transferred to corresponding 
location on CBF-ASL and CBV-DSC maps. The ROI 
was also applied in the adequate contralateral normal-
appearing brain tissue. Cystic, necrotic or hemorrhagic 
parts of the lesion, adjacent bone, air and blood vessels, 
were excluded from the ROI. For each ROI, the mean 
CBF and CBV values were measured. Normalized 
CBF (nCBF) and CBV (nCBF) values were calculated 
as CBFlesion/CBFnormal-appiring tissue (CBFl/CBFn) ratio      
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and CBVlesion/CBVnormal-appiring tissue (CBVl/CBVn) ratio, 
respectively. 

Final diagnosis

 Radiological diagnosis was confirmed by clinical-
radiological follow-up for at least three months after 
patient deterioration. Regular neurological examina-
tion and Karnofsky performance status evaluation were 
performed by neurosurgeons. The patient condition 
was defined as progression, if clinical or MRI findings 
(presence of progressively enhancing lesions) indicated 
change of treatment protocol within three months after 
initial deterioration. A diagnosis of pseudoprogression 
was made in cases without treatment change, based on 
patient clinical condition and follow-up cMRI (presence 
of non-progressively enhancing lesions on the scan 
within three months after initial cMRI with ASL and 
DSC PWI). Clinical and control cMRI data were com-
pared to ASL and DSC PWI findings. 

Statistics

 Data are presented as numbers (%) or mean values 
(± standard deviation). Comparison between two meas-
urements was performed using Wilcoxon Singed Ranks 
test, while Mann-Whitney U test was used for group 
comparisons. ROC analysis was used to assess cut-off 

values of CBV and CBF for tumor presence. Correlation 
analysis was used to evaluate agreement between CBV 
and CBF. All data analyses were performed using SPSS 
20 (IBM corp.). All p values less than 0.05 were consid-
ered statistically significant.

Results 

 The study was performed in 21 men and 10 
women with GBM, with a mean age of 49±13.84 
years (range of 21-73). Twenty patients (64.52%) 
were subsequently classified as having GBM pro-
gression and 11 (35.48%) as having GBM pseu-
doprogression. Fifteen patients (48.38%) showed 
clinical deterioration, while 16 (51.61%) were clin-
ically stable. Disease progression was confirmed 
by clinical exacerbation in 15 patients (75%), and 
by presence of progressive enhancing lesions on 
control cMRI in 5 (25%). Pseudoprogression diag-
nosis was confirmed by clinical stable status and 
absence of progressively enhancing lesions on 
control cMRI in 11 patients (100%).  
 Representative images of patients with GBM 
progression and pseudoprogresion are presented 
in Figures 1 and 2, respectively. 

Figure 1. GBM progression in a 57-year-old man. (A) Axial postcontrast T1-weighted image shows necrotic contrast-
enhancing lesion in the left frontal lobe (arrow). Axial (B) DSC and (C) ASL perfusion maps show increased signal 
intensity in the corresponding area with the contrast enhancement (arrows).

Figure 2. GBM pseudoprogression in a 55-year-old man. (A) Axial postcontrast T1-weighted image shows necrotic 
contrast-enhancing lesion in the left frontal lobe (arrow). Axial (B) DSC and (C) ASL perfusion maps show absence of 
increased signal intensity in the corresponding area with the contrast enhacement (arrows).
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 All of the quantitative imaging parameters 
showed significant differences between GBM pro-
gression and pseudoprogression. 
 As shown in Figure 3, the linear correlation 
analysis revealed that there was a close correla-
tion between nCBF-ASL and nCBV-DSC values, 
with r=0.733, which was statistically different 
with p<0.001. Using ROC curve, the cut off val-
ue 2.89 for CBV had 100% sensitivity and 100% 
specificity (AUC=1,000; p<0.001) in determining 
tumor presence. Similar, CBF value of 0.995 has 
100% sensitivity and 73.7% specificity, and value 
1.02 had 92.3% sensitivity and 92.9% specificity 
(AUC=0.967; p<0.001).

Discussion 

 In this study we evaluated the potential of 
the ASL perfusion technique to be integrated 
in the routine cMRI protocol for differentiating 
GBM progression and pseudoprogression. We 
compared the application of ASL and DSC PWI 
in patients with GBM who had clinical and/or ra-
diological deterioration during the posttreatment 
period. Our results demonstrated that there is a 
high correlation between the ASL and DSC meth-
ods, so that ASL has the ability to differentiate 
tumor recurrence from treatment effects. Our re-
sults show that nCBF-ASL and nCBV-DSC quanti-
tative values were significantly higher in patients 
with GBM progression, than in those with GBM 
pseudoprogression. 
 In the DSC, the important factors are the in-
jection rate of contrast agent, quality of the ve-
nous access and patient hemodynamics, which are 
commonly disrupted in oncological patients. Also, 
contrast agent extravasation from the pathologi-
cally changed blood vessels represents important 

limitation, since it leads to the underestimation 
the CBV values. However, DSC has several advan-
tages: better SNR, shorter scan time, ease of use, 
and higher commercial availability [6,19]. 
 Unlike DSC, ASL perfusion technique exam-
ines the brain perfusion with endogenous intra-
vascular tracer - hydrogen nuclei of the blood wa-
ter, and allows the measurement of absolute CBF 
values of brain tissue. In ASL, protons are “labeled” 
in the region just below the brain ROI. After a pe-
riod of time (inversion time, IT), the tagged blood 
reaches the brain parenchyma, and the imaging 
in the labeled and control unlabeled state is ap-
plied. The magnetization difference between two 
imaging sets is proportional to the amount of the 
arterial blood delivered to the ROI. There are two 
main types of ASL technique – pseudocontinu-
ous (PASL) and continuous (CASL). We performed 
2D PASL technique, where the short RF pulse is 
applied, and the signal acquisition is carried out 
after a short IT. The ASL signal depends on param-
eters such as flow rate, T1 relaxation time of the 
blood and tissue, and transit time of labeled arte-
rial blood from the tagging region to the imaging 
plane. Since the transit time through the capillary 
bed of the labeled arterial water is considerably 
longer than T1 decay, contrast agent extravasation 
does not influence ASL signal intensity. Therefore, 
ASL is a non-invasive, repeatable technique, es-
pecially suitable in patients who cannot tolerate 
a contrast bolus injection. Disadvantages of ASL 
include low SNR and propensity to motion and 
susceptibility artifacts [19-21]. 
 A number of previous studies have used CBV-
DSC and CBF-ASL value for the evaluation of brain 
tumor perfusion [12,22-26], but only a few previ-
ous studies have analyzed CBF-ASL parameter 
in the differentiation of glioma recurrence from 
treatment effects [18,27-31]. 
 The nCBV-DSC values obtained in our study 
are similar with those published in other relevant 
studies, while the nCBF-ASL values are at lower 
level in our study compared to other published 
studies. Previous studies have shown that nCBF-
ASL values can differentiate between tumor recur-
rence and treatment effects, but with different cut-
off values. Choi et al. concluded that ASL values 
with odds ratio of 4.73 could significantly differ-
entiate between GBM progression and pseudopro-
gression, but they analyzed the perfusion signal 
qualitatively, comparing it with white and gray 
matter and blood vessels [18]. Our study included 
quantitative ASL perfusion values, as more objec-
tive ones. 
 Unlike homogeneous patient group in Choi et 
al, and in our study, most of these studies included 

Figure 3. Scatterplot showing n-CBF-ASL and nCBV-DSC 
values in all patients with GBM.
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patients with different glioma grades [18,27-31]. 
Ozsunar et al. observed patients with different 
high-grade gliomas who were previously treated 
only with surgery and proton-beam therapy [27]. 
Jarnum et al. calculated high nCBF values (4.86) 
comparing groups of gliomas and non-gliomas 
with postreatment effects [28]. In the study of 
Wang et al. CBF parameters were analyzed in pa-
tients with high-grade and low-grade gliomas be-
fore and after radiotherapy [29]. Nyberg et al. have 
found that nCBF value of 3.37 can distinguish re-
current tumor from radiation necrosis, but they 
analyzed different high-grade gliomas [30]. Kim et 
al. analyzed only patients with GBM progression, 
and correlated the CBF values and O6-methylgua-
nine DNA methyltransferase promoter methyla-
tion status, but in second round of low-dose temo-
zolomide application [31]. 
 In our study group we have calculated CBF val-
ues using 2D PASL at 3T MRI, and normalized ob-
tained values with adequate contralateral normal-
appearing brain tissue (white or gray matter), in 
order to reduce the age-dependent variability and 
perfusion variations between gray and white matter. 
 The difference in the obtained ASL values 
among the different studies may be not only be-
cause different tumors and their treatment ef-
fects were analyzed, but because different ASL 
techniques and different approaches for perfusion 
measurement were applied. Ye et al. obtained 
higher nCBF value both in recurrent tumor (4.45) 
and in treatment effects (1.22), but they analyzed 
patients with primary gliomas after radio- and 
chemotherapy with temozolomide using 3D PASL 
method and compared the lesions only with con-
tralateral normal white matter [32]. 
 As mentioned above, the low value of the 
IT in ASL can lead to apparent hypoperfusion of 
brain tissue [19]. The time needed for protons to 
cross the gap between the labeling zone and the 
ROI will differ according to the velocity of the 
blood and the labeled bolus. The lifespan of la-
beled protons is limited, while the labeled blood 
bolus returns to equilibrium depending on the T1 
time constant of the blood. Also, in the presence 
of mass effect of expansive lesions and radiation 
effects, normal-appearing contralateral brain tis-

sue may have higher water content and be affected 
by demyelination, which leads to underestimation 
of the perfusion values [28]. All these conclusions 
may explain the results of the present study. 
 Similar to other studies, we used the ROI 
analysis of perfusion maps as acceptable routine 
performed by the same radiologists for all meas-
urements, thus minimizing user dependency. An-
other approach in the evaluation of PWI maps 
is histogram analyses with higher interobserver 
agreement, sensitivity and negative predictive 
value, compared to ROI method [28]. Histogram 
analysis has not been yet used in the analysis of 
CBF-ASL maps in the differentiation of GBM pro-
gression from pseudoprogression, and may be a 
new field of research. 
 The present study has several limitations. 
Firstly, the study group was rather small. Second-
ly, the analysis included only the most enhanced 
lesions, although it is known that GBM infiltration 
also persists in non-enhancing edema. Finally, 2D 
PASL technique was used, which may be responsi-
ble for lower nCBF values. 
 The lack of consistency in methodology and 
the results may be a barrier for the clinical ac-
ceptance of ASL. Optimal imaging and reduction 
of artifacts may be the solution for the diagnostic 
accuracy of ASL perfusion technique. In further 
studies calculation of PWI parameters should be 
correlated with the lesion location in the brain, 
since it is known that anterior and posterior wa-
tershed areas of the brain tissue have prolonged 
transit time of contrast agent, and frequently ap-
pear more hypoperfused [19].
 This study has shown that ASL may be inte-
grated in the routine MRI protocol as an alterna-
tive to DSC PWI, in the differentiation of GBM 
pseudoprogression and progression. Although, 
ASL technique is more sensitive on motion and 
susceptibility artefacts, reduction of the known 
technical failures with a more frequent use of ASL 
would be desirable, especially in the follow-up ex-
aminations to avoid repeated contrast injections.
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