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Original Article 

Purpose: To investigate the surgical, perfusion, and molecular characteristics of glioblastomas 
which influence long-term survival after treatment, and to explore the association between 
MR perfusion parameters and the presence of MGMT methylation and 1p/19q deletions.
Materials and Methods: This retrospective study was approved by our institutional review 
board. A total 43 patients were included, all with pathologic diagnosis of glioblastoma with 
known MGMT methylation and 1p/19q deletion statuses. We divided these patients into long-
term (≥ 60 months, n = 7) and short-term (< 60 months, n = 36) survivors, then compared 
surgical extent, molecular status, and rCBV parameters between the two groups using 
Fisher’s exact test or Mann-Whitney test. The rCBV parameters were analyzed according to 
the presence of MGMT methylation and 1p/19q deletions. We investigated the relationship 
between the mean rCBV and overall survival using linear correlation. Multivariable linear 
regression was performed in order to find the variables related to overall survival.
Results: Long-term survivors (100% [7 of 7]) demonstrated a greater percentage of gross 
total or near total resection than short-term survivors (54.5% [18 of 33]). A higher prevalence 
of 1p/19q deletions was also noted among the long-term survivors (42.9% [3 of 7]) than the 
short-term survivors (0.0% [0 of 36]). The rCBV parameters did not differ between the long-
term and short-term survivors. The rCBV values were marginally lower in patients with MGMT 
methylation and 1p/19q deletions. Despite no correlation found between overall survival and 
rCBV in the whole group, the short-term survivor group showed negative correlation (R2 = 0.181, 
P = 0.025). Multivariable linear regression revealed that surgical extent and 1p/19q deletions, 
but not rCBV values, were associated with prolonged overall survival.
Conclusion: While preoperative rCBV and 1p/19q deletion status are related to each other, 
only surgical extent and the presence of 1p/19q deletion in GBM patients may predict long-
term survival. 
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INTRODUCTION

Glioblastoma (GBM) is a rapidly progressing type of 
primary malignant brain tumor with a mean survival of 
less than 15 months, with only 3-5% of patients surviving 
longer than five years after diagnosis (1, 2). Even in the case 
of surgical resection followed by radiotherapy, most GBM 
patients die within two years from the date of diagnosis, 
and little improvement in brain tumor survival had been 
achieved until the development of chemotherapy with 
temozolomide (TMZ), a DNA alkylating agent. Combining 
radiotherapy with TMZ has been shown to improve 
prognosis and increase overall survival in high grade glioma 
patients (3-9).

In the past, the classification of gliomas has been 
solely based on histological phenotypes. However, an 
increasing body of knowledge on genomics has supported 
the idea that the subtyping of gliomas based on their 
genetic parameters demonstrates better correlation with 
prognosis than did conventional histological subtyping 
(10). Accordingly, recently revised WHO classification 
of gliomas suggested glioma classification based upon 
not only the well-established histologic criteria but also 
upon the genetic characteristics (11, 12). Of the various 
genetic markers related to gliomas, methylation status 
of O-6-methylguanine-DNA methyltransferase (MGMT) 
gene promoter and the status of 1p/19q deletion have 
been suggested to be related to tumor prognosis (13, 14). 
Methylation of the MGMT promoter results in decreased 
levels of MGMT protein, a DNA repair enzyme, thereby 
precipitating tumor cell death. Recent studies have also 
suggested that the methylation of MGMT promoter 
enhances sensitivity to chemotherapy, thus improving 
prognosis with prolonged survival in high-grade glioma 
patients undergoing chemotherapy with TMZ (15, 16). On 
the other hand, co-deletion of 1p19q is a required marker 
for the diagnosis of ‘canonical oligodendroglioma’ and for 
the subclassification of GBM. Accordingly, the presence of 
1p19q codeletion in glioblastoma is demonstrated in GBMs 
with oligodendroglioma background, which are known 
to have better prognoses than classical GBMs (14, 16). 
Nevertheless, there have been conflicting results as to the 
relationship or lack thereof between these two genetic/
epigenetic alterations and the prognosis of GBM (17, 18).

Despite the huge advantage of genetic profiling of GBM 
for prognostication, genomic information from the part 
of GBM is inherently inadequate and does not represent 
the status of the whole GBM, which necessitates the use 

of a non-invasive procedure for the prognostic prediction 
of GBM. Segmentation methods using structural images 
such as T2-weighted images or contrast-enhanced T1-
weighted images have demonstrated clinical utility in the 
measurement of apparent diffusion coefficient (ADC) values 
from glioblastomas (19). Additionally, by using perfusion 
dynamic susceptibility contrast (DSC) MRI, differential 
diagnosis between glioblastoma and primary central 
nervous system (CNS) lymphoma can be achieved with a 
high diagnostic confidence (20). While perfusion DSC-MRI 
has shown a strong correlation between glioma grade and 
rCBV values (21), the relationships between DSC perfusion 
parameters and genetic markers/overall survival are not 
straightforward (22, 23). Beyond MRI, clinical factors, 
such as the extent of resection, are regarded as important 
prognostic factors for GBM (24).

Therefore, we aimed in this study to compare the 
perfusion characteristics of GBMs between long-term (≥ 
60 months) and short-term (< 60 months) survivors using 
DSC-MR perfusion imaging, and aimed to investigate its 
association with MGMT promoter methylation and 1p/19q 
deletion status of GBM, as well as whether preoperative 
DSC parameters are predictive of survival of GBM.

MATERIALS AND METHODS

Subjects
This retrospective study was approved by our institutional 

review board, and informed consent was waived as it was 
a retrospective study. Forty-five patients with pathologic 
diagnoses of glioblastoma (WHO grade IV) on postoperative 
specimen from January 2010 to August 2015 were 
identified. The MGMT promoter methylation and 1p/19q 
deletion statuses from each patient were recorded based on 
their final pathology reports. Two patients were excluded 
because their data on MGMT promoter methylation or 
1p/19q deletion profile was missing. As a result, a total of 
43 patients (26 male and 17 female; mean age, 56.4; age 
range, 14-89 years) were included for baseline analysis.

The overall survival (in months) of each patient was 
calculated from the date of initial brain MRI to either the 
date of the last clinic visit or the date of death. We divided 
the patients into two groups: long-term survivors (≥ 60 
months) and short-term survivors (< 60 months) (16) (Table 1). 

Perfusion MR imaging analyses were performed in 29 
of 43 patients, because 14 patients were excluded due to 
the loss of raw perfusion MR data (Fig. 1). All GBMs were 
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confirmed at the time of biopsy (n = 1), partial resection (n 
= 1), subtotal resection (n = 8), near total resection (n = 8), 
or gross total resection (n = 11). A neuroradiologist (with 12 
years of neuroimaging experience) retrospectively assessed 
the extent of resection, blinded to clinical information. The 
extent of resection was classified into one of five categories 
based on postoperative magnetic resonance imaging as 
follows: 1) gross total resection (GTR), no visible tumor left; 
2) near total resection (NTR), removal of more than 90% 
but less than 100% of tumor; 3) subtotal resection (STR), 
removal of 50% to 89% of the tumor; 4) partial resection 
(PR), removal of 10% to 49% of the tumor; or 5) biopsy 
(Bx), removal of less than 10% of the tumor (25). The 
standard treatment protocol included radiation therapy plus 
continuous daily TMZ (75 mg/m2 per day) followed by six 
cycles of adjuvant TMZ (150 mg/m2 for five days, every 29 
days) following surgical resection.

MR Examination
The brain MRI protocol included contrast-enhanced 3D T1 

gradient echo images and axial T2* dynamic susceptibility 
weighted-perfusion that was weighted using 3.0T MRI 
scanners (GE Healthcare HDxT and Siemens Skyra). Axial 
T2* DSC-perfusion-weighted imaging (PWI) was performed 
during the administration of gadobutrol (Gadovist; Schering, 
Berlin, Germany; 0.1 mmol/kg of body weight) with an 
injection rate of 3 ml/s followed by a saline flush of 20 cc, 

Fig. 1. Study design diagram.

Table 1. Demographic Characteristics of the Study Subjects

Characteristics
Baseline analysis 

(n = 43)
MR perfusion 

analysis (n = 29)

Sex

Male 60.5% (26/43) 55.1% (16/29)

Female 39.5% (17/43) 44.8% (13/29)

Age (years) 56.4 (14-89)* 57.0 (14-89)*

Overall survival (months)

Long-term survivor 
(≥ 60 months)

16.3% (7/43) 20.7% (6/29)

Short-term survivor 
(< 60 months)

83.7% (36/43) 79.3% (23/29)

Genetic markers

MGMT promoter 
methylation

48.8% (25/43) 55.1% (16/29)

1p / 19q deletions 7.0% (3/43) 6.9% (2/29)

Surgical extent

GTR + NTR** 62.5% (25/40***) 65.5% (19/29)

STR + PR + Bx** 37.5% (15/40***) 34.5% (10/29)
Data are number of patients, and data in parenthesis are percentages except 
where indicated.
*The data is the mean value and the data in parenthesis is range of the values.
** Abbreviations area indicated as follows: GTR = gross total resection; NTR = 
near total resection; STR = subtotal resection; PR = partial resection; Bx = biopsy
*** 40 of 43 patients were evaluated for surgical extent. Three patients who 
could not undergo immediate postoperative (< 24 hours) MRI were excluded 
because the surgical extent could not be accurately measured.
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using the single-shot gradient-echo echo-planar imaging 
sequence (repetition time [TR]/echo time [TE], 1000/18.9 
ms; field-of-view [FOV], 240 mm; slice thickness [ST]/
interslice gap [IG], 7/0 mm; matrix, 256 × 256; flip-angle 
[FA], 60°). 

Immediately following the acquisition of the DSC-PWI, 
the post contrast-enhanced 3D fast spoiled gradient-
recalled acquisition in the steady state (FSPGR), T1-
weighted sequence (TR/TE, 6.2/2.6 ms; FOV, 220 mm; ST/IG, 
1/0 mm; matrix, 512 × 512), or 3D magnetization prepared 
rapid acquisition gradient echo (MPRAGE) sequence (TR/TE, 
1900/2.46 ms; ST, 0.5 mm; matrix, 256 × 256; FA, 9°) was 
obtained. 

Image Preparation - Coregistration of T1 Contrast-
Enhanced MR Images and CBV Map

As the thin-section postcontrast 3D T1 gradient echo 
images and nCBV map differed in slice thickness, the two 
images underwent a coregistration process. Following 
coregistration, the resulting MR images contained both 
structural and functional information regarding the 
tumor characteristics. Coregistration was performed 
using NordicICE (NordicNeuroLab, Norway), a dedicated 
postprocessing software.

Tumor Delineation and Intratumor Segmentation
After successfully performing the coregistration process, 

the region-of-interest (ROI) of the enhancing portion 
of glioblastoma was semi-automatically selected using 
NordicICE. This ROI selection process was performed 
by a neuroimaging researcher with three years of 
neuroimaging experience. Each ROI selection was reviewed 
by a neuroradiologist (with 20 years of neuroimaging 
experience) so as to evaluate its adequacy for analysis. After 
ROI placement was completed in each patient, information 
pertaining to the brain tumor, such as the volume and 
surface area of the brain tumor, as well as statistical 
parameters, such as the mean, median, standard deviation, 
quartiles, and means of the highest/lowest five percentiles, 
were calculated using NordicICE. 

Statistical Analysis
All statistical analyses were performed using SPSS ver. 

20.0. The level of significance was set at P < 0.05. All of the 
continuous variables were tested for normalization. 

The difference in frequencies for the extent of surgical 
resection and for each molecular subtype between long-
term/short-term survivors was evaluated with a Fisher’s 

exact test. A Mann Whitney test was performed in order 
to compare the overall survival (months) according to 
the status of the extent of surgical resection or genetic 
alterations, as well as various rCBV parameters, between 
the long-term and short-term survivors.

Next, in order to explore the relationship between 
imaging markers (rCBV values) and the two genetic markers, 
we compared various rCBV parameters (mean, median, 
5th percentile, 95th percentile, 1st quartile, 3rd quartile, 
minimum, and maximum) according to the status of MGMT 
methylation and 1p/19q deletions. 

In order to explore the relationship between overall 
survival (in months) and mean CBV values, we performed 
linear regression analysis and a Pearson correlation test.

Finally, we performed multivariable linear regression in 
order to find variables related to prolonged overall survival. 
The dependent variable was the overall survival (in months), 
and the enter method was used in the multivariable 
regression. The independent variables selected for analysis 
were the extent of surgical resection, MGMT methylation, 
1p/19q deletions, and mean rCBV.

RESULTS

All of the long-term survivors underwent either GTR 
or NTR (4 GTRs and 2 NTRs), but only 11 of the 23 short-
term survivors underwent GTR or NTR. The overall survival 
was significantly greater in the GTR+NTR group (median, 
32 months; interquartile range [IQR], 18-71 months) than 
in the STR+PR+Bx group (median, 9 months; IQR, 6.5-16 
months; P = 0.00042).

The long-term survivor group (42.9% [3 of 7]) showed a 
greater percentage of 1p/19q deletion than did the short-
term survivor group (0.0% [0 of 36], P = 0.037). As for 
the percentage of MGMT methylation, no difference was 
revealed between the long-term (57.1% [4 of 7]) and the 
short-term survivor groups (58.3% [21 of 36], P = 1.000). 
Between GBM patients with MGMT methylation (median 
27.5 months, IQR 15.5-35.5 months) and those without 
MGMT methylation (median 15 months, IQR 12-40 months), 
there was no difference found in terms of overall survival (P 
= 0.318). However, 1p/19q deleted GBM patients (median 
82 months, IQR 81.5-82.5 months) survived longer than 
patients without 1p/19q deletion (median 22 months, IQR 
11.5-33.5 months, P < 0.01) (Figs. 4-6).  

Regarding rCBV parameters, there was no significant 
difference found between the long-term and short-term 
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survivors (P > 0.05, Table 2). In the context of MGMT 
methylation, the rCBV values were lower in patients with 
MGMT methylation. However, this trend was not statistically 
significant. It should be noted, however, that statistical 

analysis comparing the rCBV parameters in terms of 1p/19q 
deletions was inapplicable, due to the small number of 
1p/19q deleted patients (n = 2) (Table 3) (Figs. 4-6). 

When both the long-term survivor and short-term 
survivor groups were combined into one large group, there 
was no significant linear correlation found between the 
mean rCBV value and overall survival (Fig. 2). However, 
a significant negative linear correlation was observed 
between the mean rCBV value and overall survival in the 
short-term survivor group (adjusted R2 = 0.181, P = 0.025) 
(Fig. 3).

Multivariable linear regression analysis demonstrated 
that our model was able to predict overall survival with 
statistical significance (P = 0.018, adjusted R2 = 0.275). 
Surgical extent and 1p/19q deletion were found to be 
statistically significant variables contributing to prolonged 
overall survival (Table 4).

DISCUSSION

We found that the long-term survivor group of GBM was 
characterized by a higher extent of surgical resection, a 
higher frequency of 1p/19q deletion and a lower tendency 
of some rCBV parameters (95th percentile, 3rd quartile, and 
maximum), but no significant difference was found in terms 
of median rCBV of the tumor as compared to that of the 
short-term survivor group. 

The findings of our study are in accordance with previous 
research suggesting that the presence of 1p/19q deletion 
is a favorable prognostic indicator (26-29). 1p/19q deletion 
is a hallmark of the presence of an oligodendroglial 

Fig. 2. Scatter plot of mean rCBV versus overall survival 
(in months) in GBM patients, including both long-term 
and short-term survivors. Although the scatter plot 
demonstrates a decreasing trend towards lower mean rCBV 
values with greater overall survival, the linear regression 
analysis did not demonstrate a statistically significant linear 
correlation (P = 0.186, R2 = 0.029).

Fig. 3. Scatter plot of mean rCBV versus overall survival 
(in months) in short-term GBM survivors. Linear regression 
analysis demonstrated the presence of a statistically 
significant negative linear correlation between mean rCBV 
and overall survival (P = 0.025, R2 = 0.181).

Table 2. Comparison of Various rCBV Parameters between the 
Long-Term and Short-Term Survivors 

rCBV parameter Long-term (n = 6) Short-term (n = 23) P-value

Mean 2.66 [1.95-3.48] 2.98 [1.52-6.48] 0.148

Median 2.32 [1.44-3.59] 2.84 [1.58-6.48] 0.430

5th percentile 2.32 [1.44-3.59] 2.84 [1.48-6.48] 0.964

95th percentile 5.71 [3.60-8.09] 7.78 [2.29-12.64] 0.072

1st quartile 1.52 [0.95-2.50] 1.38 [0.00-4.81] 0.693

3rd quartile 3.71 [2.74-5.49] 4.49 [1.87-8.55] 0.072

Minimum 0.03 [0.00-0.18] 0.00 [0.00-1.00] 0.953

Maximum 5.71 [3.60-8.09] 7.79 [2.29-12.64] 0.072
Majority of the rCBV values were lower in the long-term survivor group. However, 
Mann-Whitney test failed to reveal any statistically significant difference.
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component, and oligodendroglial background in GBM has 
long been regarded as a predictor for prolonged survival 
(27). The alteration of 1p/19q has reportedly been linked 
with greater sensitivity to chemotherapy with alkylating 
agents (26, 28, 29). However, some reports have not 
found any improved survival in GBM patients with 1p/19q 
deletion (30). These conflicting results on the survival of 
GBM with 1p/19q deletions may be attributable to tumor 
heterogeneity and the near impossibility of whole tumor 
analysis of GBM (31). 

Unlike 1p/19q deletion, MGMT methylation did not show 
a statistically significant difference between the long-
term and short-term survivor groups in our study. Hegi et 
al. (13) discussed that MGMT methylation status serves 
as an independent prognostic factor in GBM patients 

Fig. 4. A 47-year-old male with glioblastoma in the right frontal lobe. (a) T2-weighted image, (b) T1-weighted contrast-
enhanced image, and (c) rCBV map are shown. The mean rCBV value measured from the enhanced part of the tumor was 1.95. 
Molecular analysis revealed both MGMT promoter methylation and 1p19q codeletion. The overall survival was 81 months. 

a b c

Table 3. Comparison of Various rCBV Parameters in Terms of 
MGMT Methylation and 1p/19q Deletions

rCBV parameter Group Group P-value

MGMT 
methylation

With MGMT 
methylation (n = 16)

Without MGMT 
methylation (n = 13)

Mean 2.71 [1.52-3.58] 2.99 [1.85-6.48] 0.148

Median 2.63 [1.58-3.68] 2.59 [1.44-6.48] 0.430

5th percentile 0.36 [0.00-1.69] 0.44 [0.00-2.88] 0.964

95th percentile 5.45 [2.29-12.64] 8.09 [3.73-12.52] 0.072

1st quartile 1.37 [0.00-2.95] 1.68 [0.00-4.81] 0.693

3rd quartile 3.74 [1.87-7.07] 5.00 [2.55-8.55] 0.072

Minimum 0.00 [0.00-1.12] 0.00 [0.00-1.07] 0.953

Maximum 5.45 [2.29-12.64] 8.09 [3.73-12.51] 0.072

1p/19q deletion 
status

With 1p/19q 
deletions (n = 2)

Without 1p/19q 
deletion (n = 27)

Mean 2.34 [1.95-2.73] 2.92 [1.52-6.48]

N/A**

Median 1.71 [1.43-2.00] 2.68 [1.44-6.48]

5th percentile 0.51 [0.50-0.53] 0.43 [0.00-2.88]

95th percentile 5.84 [3.60-8.09] 6.60 [2.29-12.64]

1st quartile 1.16 [0.95-1.37] 1.51 [0.00-4.81]

3rd quartile 4.11 [2.73-5.48] 4.23 [1.87-8.55]

Minimum 0.08 [0.00-0.15] 0.00 [0.00-1.12]

Maximum 5.84 [3.60-8.09] 6.60 [2.29-12.64]
** Mann-Whitney test was inapplicable in terms of 1p/19q deletions due to 
limited sample size.

Table 4. Multivariate Analysis of Predicting Overall Survival in 
Terms of Surgical Extent, 1p/19q Deletion, MGMT Methylation, 
and Mean rCBV

Variables Adjusted R2 P-value, 
univariate

P-value, 
multivariate

Surgical extent 0.163 0.017 0.042

1p/19q deletions 0.188 0.011 0.039

MGMT methylation -0.035 0.826 0.490

Mean rCBV 0.029 0.186 0.273
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who undergo chemotherapy with alkylating agent, which 
contradicts the findings of our study. However, according 
to a meta-analysis conducted by Meng et al. (32), the 
prognostic significance of MGMT promoter methylation 
in terms of overall survival was not as remarkable in the 
Asian population as it was in the European or American 
populations. Our study results comparing the proportion of 
MGMT methylation between the long-term and short-term 
survivors were in line with Meng’s results. 

Regarding PWI, the long-term survivor group tended to 
show lower mean rCBV values (95th percentile, 3rd quartile, 
and maximum values) than did the short-term survivor 
group, but this trend was not statistically significant. 
In a recent study, rCBV was shown to be a significant 
predictor of progression-free survival both prior to and 
after anti-angiogenic therapy (33). However, findings on 
the relationship between rCBV and overall survival, have 
not been straightforward (34, 35). The tendency of lower 

Fig. 5. A 73-year-old male with glioblastoma in the left temporal lobe. (a) T2-weighted image, (b) T1-weighted contrast-
enhanced image, and (c) rCBV map are shown. The mean rCBV value measured from the enhanced part of the tumor was 2.70. 
Molecular analysis revealed that both MGMT promoter and 1p19q were intact. The overall survival was 13 months.

a b c

Fig. 6. A 43-year-old female with glioblastoma in the right frontal lobe. (a) T2-weighted image, (b) T1-weighted contrast-
enhanced image, and (c) rCBV map are shown. The mean rCBV value measured from the enhanced part of the tumor was 3.48. 
The molecular analysis revealed that both MGMT promoter and 1p19q were intact. The overall survival was 106 months.

a b c
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mean rCBV values found in our long-term survivor group 
may suggest a complex role of rCBV and vascularity in the 
overall survival of GBM. 

In terms of the relationship between genetic markers and 
imaging markers, we found that GBM patients with 1p/19q 
deletion showed longer survival than those without 1p/19q 
deletion. Moreover, despite a limited sample size, 1p/19q 
deleted patients seemed to demonstrate lower CBV values 
overall. This result appears to be somewhat counterintuitive, 
given that the presence of 1p/19q deletion, a molecular 
marker for oligodendroglial background, is related to 
higher rCBV values (36, 37). In a study comparing rCBV 
values between WHO grade II astrocytoma and WHO grade 
II oligodendroglioma (36), a higher average rCBV value 
was noted in the oligodendrogliomas. In another study 
comparing rCBV between oligodendroglial tumors with 
1p/19q deletion and those with intact 1p/19q, the presence 
of 1p/19q deletion was related to higher rCBV (37). Unlike 
previous studies, our study only included the GBM patients 
in which 1p/19q deletion could not be determined with the 
same accuracy as the low-grade oligodendrogliomas, due 
to tumor heterogeneity of GBM (17). A further study with a 
larger case series is warranted in the near future. 

GBM patients with MGMT methylation demonstrated lower 
rCBV values than nonmethylated patients, although this 
trend was not statistically significant. These findings were 
consistent with those of a previous study showing that the 
MGMT status of GBM was not related to the rCBV (15).

In our study, the relationship between the overall 
survival and the mean CBV did not represent a completely 
linear function. When short-term survivors are considered 
separately, however, the lower values of rCBV tended to 
correlate with prolonged survival. According to Bonekamp et 
al. (38), preoperative perfusion MRI showed that an elevated 
CBV value was associated with worse overall survival. 
Interestingly, Bag et al. (22) demonstrated that there was a 
statistically significant association between posttreatment 
perfusion parameters and overall survival (OS), but that 
there was no such association between pre-treatment 
perfusion parameters and OS. In our study, multivariable 
linear regression even confirmed that surgical extent and 
1p/19q deletion are the only meaningful prognostic factors 
for glioblastoma overall survival. Thus, our results contradict 
those of the recent systemic review claiming that rCBV is a 
good predictive/prognostic marker (pooled hazard ratio of 
0.47 for overall survival) (23). A further study with a larger 
sample size for the long-term survivor group is needed in 
the future in order to address these conflicting results. 

This study has several limitations: The first limitation is 
the retrospective nature and small sample size of the study. 
The second limitation is that this study focused mainly on 
the association between rCBV parameters measured on 
tumor ROIs and their molecular subtypes. Other factors 
that might have influenced patient survival, such as the 
socioeconomic status and general condition of each patient, 
were not extensively taken into account. Statistical analysis 
in terms of 1p/19q deletion was inapplicable due to a small 
sample size (n = 2). However, our 1p/19q-deleted patients 
demonstrated prolonged overall survival and lower rCBV 
values than did 1p/19q nondeleted patients.

We believe our findings demonstrate the significance 
of perfusion parameters of GBMs and its relationship to 
genetic parameters such as MGMT methylation and 1p/19q 
deletion status in terms of the overall survival of GBM 
patients. 

In conclusion, our study showed that being a long-term 
survivor (≥ 60 months) of GBM is significantly associated 
with surgical resection and 1p/19q deletion status of the 
tumor, as well as a tendency of lower rCBV (95th percentile, 
3rd quartile, and maximum) values of preoperative PWI, 
but this trend is not statistically significant. Surgical extent 
and the presence of 1p/19q deletion in GBM patients may 
predict long-term survival. 

Acknowledgments 
This paper was written as part of Konkuk University's 

research support program for its faculty on sabbatical leave 
in 2016.

REFERENCES
 1. Affronti ML, Heery CR, Herndon JE 2nd, et al. Overall 

survival of newly diagnosed glioblastoma patients receiving 
carmustine wafers followed by radiation and concurrent 
temozolomide plus rotational multiagent chemotherapy. 
Cancer 2009;115:3501-3511

 2. Ostrom QT, Bauchet L, Davis FG, et al. Response to "the 
epidemiology of glioma in adults: a 'state of the science' 
review". Neuro Oncol 2015;17:624-626

 3. Buckner JC. Factors influencing survival in high-grade 
gliomas. Semin Oncol 2003;30:10-14

 4. Curran WJ Jr, Scott CB, Horton J, et al. Recursive 
partitioning analysis of prognostic factors in three 
Radiation Therapy Oncology Group malignant glioma trials. 
J Natl Cancer Inst 1993;85:704-710

 5. DeAngelis LM. Brain tumors. N Engl J Med 2001;344:114-123



www.i-mri.org166

Survival prediction using DSC MRI in GBM | Yong Wonn Kwon, et al.

 6. Newlands ES, Stevens MF, Wedge SR, Wheelhouse RT, 
Brock C. Temozolomide: a review of its discovery, chemical 
properties, pre-clinical development and clinical trials. 
Cancer Treat Rev 1997;23:35-61

 7. Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy 
plus concomitant and adjuvant temozolomide for 
glioblastoma. N Engl J Med 2005;352:987-996

 8. Yung WK, Albright RE, Olson J, et al. A phase II study 
of temozolomide vs. procarbazine in patients with 
glioblastoma multiforme at first relapse. Br J Cancer 
2000;83:588-593

 9. Stupp R, Gander M, Leyvraz S, Newlands E. Current and 
future developments in the use of temozolomide for the 
treatment of brain tumours. Lancet Oncol 2001;2:552-560

10. Louis DN, Perry A, Reifenberger G, et al. The 2016 World 
Health Organization Classification of Tumors of the 
Central Nervous System: a summary. Acta Neuropathol 
2016;131:803-820

11. Johnson DR, Guerin JB, Giannini C, Morris JM, Eckel LJ, 
Kaufmann TJ. 2016 updates to the WHO brain tumor 
classification system: what the radiologist needs to know. 
Radiographics 2017;37:2164-2180

12. Wesseling P, Capper D. WHO 2016 classification of gliomas. 
Neuropathol Appl Neurobiol 2018;44:139-150

13. Hegi ME, Diserens AC, Godard S, et al. Clinical trial 
substantiates the predictive value of O-6-methylguanine-
DNA methyltransferase promoter methylation in 
glioblastoma patients treated with temozolomide. Clin 
Cancer Res 2004;10:1871-1874

14. Zhao J, Ma W, Zhao H. Loss of heterozygosity 1p/19q 
and survival in glioma: a meta-analysis. Neuro Oncol 
2014;16:103-112

15. Moon WJ, Choi JW, Roh HG, Lim SD, Koh YC. Imaging 
parameters of high grade gliomas in relation to the MGMT 
promoter methylation status: the CT, diffusion tensor 
imaging, and perfusion MR imaging. Neuroradiology 
2012;54:555-563

16. K im  BS ,  Seo l  H J ,  Nam DH ,  e t  a l .  Concu r r en t 
chemoradiotherapy with temozolomide followed by 
adjuvant temozolomide for newly diagnosed glioblastoma 
patients: a retrospective multicenter observation study in 
Korea. Cancer Res Treat 2017;49:193-203

17. Wesseling P, van den Bent M, Perry A. Oligodendroglioma: 
pathology, molecular mechanisms and markers. Acta 
Neuropathol 2015;129:809-827

18. Blanc JL, Wager M, Guilhot J, et al. Correlation of clinical 
features and methylation status of MGMT gene promoter 
in glioblastomas. J Neurooncol 2004;68:275-283

19. Kim SH, Choi SH, Yoon TJ, et al. Measurement of apparent 
diffusion coefficient values from diffusion-weighted MRI: 

a comparison of manual and semiautomatic segmentation 
methods. Investig Magn Reson Imaging 2015;19:88-98

20. Kim YE, Choi SH, Lee ST, et al. Differentiation between 
glioblastoma and primary central nervous system 
lymphoma using dynamic susceptibility contrast-enhanced 
perfusion MR imaging: comparison study of the manual 
versus semiautomatic segmentation method. Investig 
Magn Reson Imaging 2017;21:9-19

21. Aronen HJ, Gazit IE, Louis DN, et al. Cerebral blood volume 
maps of gliomas: comparison with tumor grade and 
histologic findings. Radiology 1994;191:41-51

22. Bag AK, Cezayirli PC, Davenport JJ, et al. Survival analysis 
in patients with newly diagnosed primary glioblastoma 
multiforme using pre- and post-treatment peritumoral 
perfusion imaging parameters. J Neurooncol 2014;120:361-
370

23. Choi SH, Jung SC, Kim KW, et al. Perfusion MRI as the 
predictive/prognostic and pharmacodynamic biomarkers 
in recurrent malignant glioma treated with bevacizumab: 
a systematic review and a time-to-event meta-analysis. J 
Neurooncol 2016;128:185-194

24. Brown TJ, Brennan MC, Li M, et al. Association of the 
extent of resection with survival in glioblastoma: a 
systematic review and meta-analysis. JAMA Oncol 
2016;2:1460-1469

25. Qaddoumi I, Ellison DW, Morris EB, et al. Dysembryoplastic 
neuroepithelial tumors and cognitive outcome: cure at a 
price? Cancer 2010;116:5461-5469

26. Cairncross G, Wang M, Shaw E, et al. Phase III trial of 
chemoradiotherapy for anaplastic oligodendroglioma: 
long-term results of RTOG 9402. J Clin Oncol 2013;31:337-
343

27. Eckel-Passow JE, Lachance DH, Molinaro AM, et al. 
Glioma groups based on 1p/19q, IDH, and TERT promoter 
mutations in tumors. N Engl J Med 2015;372:2499-2508

28. Jenkins RB, Blair H, Ballman KV, et al. A t(1;19)
(q10;p10) mediates the combined deletions of 1p and 
19q and predicts a better prognosis of patients with 
oligodendroglioma. Cancer Res 2006;66:9852-9861

29. van den Bent MJ, Brandes AA, Taphoorn MJ, et al. Adjuvant 
procarbazine, lomustine, and vincristine chemotherapy in 
newly diagnosed anaplastic oligodendroglioma: long-term 
follow-up of EORTC brain tumor group study 26951. J Clin 
Oncol 2013;31:344-350

30. Kaneshiro D, Kobayashi T, Chao ST, Suh J, Prayson RA. 
Chromosome 1p and 19q deletions in glioblastoma 
multiforme. Appl Immunohistochem Mol Morphol 
2009;17:512-516

31. Aum DJ, Kim DH, Beaumont TL, Leuthardt EC, Dunn GP, Kim 
AH. Molecular and cellular heterogeneity: the hallmark of 



167www.i-mri.org

https://doi.org/10.13104/imri.2018.22.3.158

glioblastoma. Neurosurg Focus 2014;37:E11
32. Meng W, Jiang Y, Ma J. Is the prognostic significance of 

O6-methylguanine- DNA methyltransferase promoter 
methylation equally important in glioblastomas of patients 
from different continents? A systematic review with meta-
analysis. Cancer Manag Res 2017;9:411-425

33. Stecco A, Amatuzzo P, Sponghini AP, et al. Prognostic 
value of relative cerebral blood volume (rCBV) in patients 
with recurrent glioblastoma multiforme treated with 
bevacizumab. J Neurosurg Sci 2016 [Epub ahead of print]

34. Law M, Young RJ, Babb JS, et al. Gliomas: predicting time 
to progression or survival with cerebral blood volume 
measurements at dynamic susceptibility-weighted 
contrast-enhanced perfusion MR imaging. Radiology 
2008;247:490-498

35. Sawlani RN, Raizer J, Horowitz SW, et al. Glioblastoma: 

a method for predicting response to antiangiogenic 
chemotherapy by using MR perfusion imaging--pilot study. 
Radiology 2010;255:622-628

36. Cha S, Tihan T, Crawford F, et al. Differentiation of low-
grade oligodendrogliomas from low-grade astrocytomas 
by using quantitative blood-volume measurements derived 
from dynamic susceptibility contrast-enhanced MR 
imaging. AJNR Am J Neuroradiol 2005;26:266-273

37. Jenkinson MD, Smith TS, Joyce KA, et al. Cerebral blood 
volume, genotype and chemosensitivity in oligodendroglial 
tumours. Neuroradiology 2006;48:703-713

38. Bonekamp D, Deike K, Wiestler B, et al. Association of overall 
survival in patients with newly diagnosed glioblastoma 
with contrast-enhanced perfusion MRI: comparison of 
intraindividually matched T1 - and T2 (*) -based bolus 
techniques. J Magn Reson Imaging 2015;42:87-96


