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owing to ineffective therapies. Even when surgical resection fol-
lowed by adjuvant therapy is provided, the median progression-
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ABSTRACT

BACKGROUND AND PURPOSE: Vascular endothelial growth factor is a well-known tumor-specific biomarker that mediates angiogenesis
in glioblastoma via hypoxia-dependent mechanisms. Our aim was to investigate the correlation of clinical characteristics, radiologic
features, and vascular endothelial growth factor expression with survival outcomes in patients with glioblastoma.

MATERIALS AND METHODS: Clinical and radiologic data of 185 patients with glioblastoma were retrospectively reviewed. Vascular
endothelial growth factor expression was examined in all cases via immunohistochemical analysis. Univariate and multivariate analyses
were performed to identify the prognostic factors of progression-free survival and overall survival.

RESULTS: Vascular endothelial growth factor expression levels were associated with the presence of ringlike tumor contrast
enhancement. Age, preoperative Karnofsky Performance Scale score, gross total resection, and adjuvant therapy were identified as
prognostic factors. Among patients undergoing gross total resection, high vascular endothelial growth factor expression was associated
with longer progression-free survival (P = .011) and overall survival (P = .039). For tumors with high vascular endothelial growth factor
expression, both the non-contrast-enhancing tumor component and peritumoral edema could stratify overall survival (P = .039 and .018,
respectively), while only the presence of the non-contrast-enhancing tumor component predicted a longer progression-free survival (P =
024).

CONCLUSIONS: Vascular endothelial growth factor expression level was not an independent prognostic factor in glioblastoma. How-
ever, high vascular endothelial growth factor expression might predict longer survival in patients in whom gross total resection was
achieved. Furthermore, peritumoral edema and the non-contrast-enhancing tumor component could stratify survival outcomes in pa-
tients with high vascular endothelial growth factor tumors.

ABBREVIATIONS: GTR = gross total resection; <GTR = tumor residual; HR = hazard ratio; KPS = Karnofsky performance status scale; nCET = non-contrast-
enhancing tumor component; PFS = progression-free survival; OS = overall survival; VEGF = vascular endothelial growth factor

lioblastoma is a rapidly progressive and highly angiogenic ~ free survival (PFS) of these patients is only 6.9 months, and the

tumor. The outcome of patients with glioblastoma is poor, ~ median overall survival (OS) is 14.7 months." Clinical character-
istics, including patient age, Karnofsky Performance Scale (KPS),
and the extent of resection, have been investigated previously as
prognostic factors for glioblastoma, while the prognostic role of

radiologic features and potentially associated tumor-specific bio-

markers remains unclear.
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Vascular endothelial growth factor (VEGF) is a well-known
tumor-specific biomarker that mediates angiogenesis in glio-
blastoma via hypoxia-dependent mechanisms, contributes to
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the generation of blood vessels with distinctive features, and
promotes vascular permeability, resulting in the observation of
the radiologic contrast enhancement in tumors, which should
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otherwise be prevented by an intact blood-brain barrier.” The
prognostic role of VEGF expression has been investigated in
different types of malignancies, such as breast cancer,” gastric
track cancer,”® and lung cancer.””® The levels of VEGF expres-
sion were found to be correlated with microvessel attenuation
in human glioma.” Moreover, the association of VEGF expres-
sion with survival outcome in patients with malignant tumor
has been suggested.'®'" In a subsequent study, radiologic fea-
tures (eg, edema) were introduced as a factor in the correlation
between VEGF expression and prognostic outcome. This sug-
gests that VEGF expression is predictive of survival in tumors
with little or no edema.'”

Further understanding of the role played by VEGF expression
in predicting the survival of patients with glioblastoma is of clin-
ical significance and is currently needed. Therefore, the present
study aimed to identify the potential association of clinical and
radiologic features and VEGF expression with survival outcome
in patients with glioblastoma.

MATERIALS AND METHODS

Patients

The medical records of 185 adult patients with glioblastoma who
underwent surgical treatment at our institution between January
2007 and November 2008 were retrospectively reviewed. Inclu-
sion criteria were as follows: 1) 18 years of age or older; 2) avail-
ability of presurgical MR imaging scans, including T1-weighted,
T2-weighted, and postcontrast T1-weighted images; 3) patholog-
ically confirmed glioblastoma; 4) no previous craniotomy or ste-
reotactic biopsy; and 5) no previous diagnosis of any brain tumor.
The histopathologic diagnosis of tumors was confirmed by 2 in-
dependent neuropathologists. This study was approved by our
institutional review board, and written consent was obtained
from all enrolled patients.

Treatment

In our study, “gross total resection” (GTR) was defined as no
visible contrast-enhancing tumor on postoperative MR images
obtained within 72 hours after surgery, according to an assess-
ment comparing pre- and postoperative MR images.'> All cases in
which GTR was not achieved were considered as having tumor
residual (<GTR). Patients with severe edema who required cor-
ticosteroid treatment to alleviate intracranial hypertension were
excluded to avoid a possible influence on radiologic evaluation
results. The adjuvant treatment included radiation therapy or
chemotherapy alone or concomitant temozolomide and fraction-
ated radiation therapy followed by up to 6 cycles of adjuvant
temozolomide.'

Image Acquisition

MR imaging was performed on a Trio 3T scanner (Siemens, Er-
langen, Germany). Itincluded axial T1-weighted (TR, 450 ms; TE,
15 ms; section thickness, 5 mm), T2-weighted fast spin-echo (TR,
6000 ms; TE, 140 ms; section thickness, 5 mm), and contrast-
enhanced (gadopentetate dimeglumine, DTPA-Gd injection;
Beilu Pharmaceutical Co., Beijing, China; 0.1 mmol/kg) axial T1-
weighted images (TR, 450 ms; TE, 15 ms; section thickness, 5
mm). Postcontrast images were acquired immediately following
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injection of contrast agent. Postoperative MR images for deter-
mining the extent of resection were obtained within 72 hours after
surgery.'*

Identification of Imaging Features

Radiologic features of the tumor were assessed by 2 experienced
neuroradiologists (Q. Chen and X. Chen, who have 14 and 12
years of experience, respectively, in brain disease diagnosis by us-
ing MR imaging) blinded to the patient clinical information. In
cases in which imaging features identified by the 2 neuroradi-
ologists were inconsistent, a third senior neuroradiologist
(J.M., with 25 years of experience in brain disease diagnosis)
examined the images for a final assessment. The patterns of
tumor contrast enhancement were identified on the basis of
the size and morphologic features of the largest enhanced area
on contrast-enhanced MR images regardless of whether it was
single- or multifocal and were categorized as ringlike or non-
ringlike-enhanced patterns. Tumors displaying cystic necrosis
with peripheral enhancement were defined by an enhanced
ringlike pattern; tumors not displaying this pattern were clas-
sified as having non-ringlike-enhanced patterns. Limited (or no)
edema (—) was defined as edema extending =<1 cm from the mar-
gin of the tumor based on T2-weighted images; otherwise, edema
was scored as moderate to severe (+).'> The non-contrast-en-
hancing tumor component (nCET) was defined as a region of
hyperintensity on T2-weighted images (with corresponding hy-
pointensity on contrast-enhanced T1-weighted images) that was
associated with a mass effect and architectural distortion, includ-
ing blurring of the gray-white interface (Fig 1).'°

Immunohistochemistry

Immunohistochemical analysis of VEGF expression was per-
formed for all patients. VEGF expression was scored by using
4-level grading criteria: (—) indicated <5% positive cells, (+)
indicated mild expression with 6%-25% positive cells, (++) in-
dicated moderate expression with 26%-50% positive cells, and
(+++) indicated strong expression with >50% positive cells.
Glioblastoma tumors were classified into 2 groups based on the
level of VEGF expression as follows: low (—~++) and high
(+++) expression groups.

Statistical Analysis

The x* test was performed to detect the differences in clinical and
radiologic features between patients with high and low VEGF ex-
pression. Consistency in the assessment of radiologic features by
the 2 radiologists was evaluated by using the k consistency test.
Survival curves were generated by using the Kaplan-Meier
method, and log-rank analysis was performed to compare PFS
and OS. Significant prognostic factors (those with a P value <.05)
identified by univariate analysis were entered into multivariate
survival analysis by using the Cox proportional hazard ratio (HR)
model.

RESULTS

Patient Characteristics

A total of 185 patients with glioblastoma with post-T1 contrast
enhancement were included in this study. Of these, tumors of



FIG 1. MR imaging features of patients with glioblastoma. The contrast-enhanced Tl-weighted
images showed ringlike contrast enhancement (A) and non-ringlike contrast enhancement (B).
T2-weighted images show obvious peritumoral edema (+) (C) and little (or absent) peritumoral
edema (—) (D). The non-contrast-enhancing tumor component refers to the tumor region of T2
hyperintensity (less than the intensity of CSF) (E) that was not enhanced on the contrast-en-

hanced Tl-weighted image (white arrow) (F).

124 patients exhibited ringlike enhancement. Patient sex, pre-
operative KPS, enhancement pattern, and extent of resection
were significantly different between the high and low VEGF
expression groups (P < .001, x> test, On-line Table). On the
basis of the postoperative contrast-enhanced T1-weighted
images obtained <72 hours after the operation, 112 (60.5%,
112/185) had GTR, and 156 received adjuvant therapy follow-
ing tumor resection. In addition, there was no significant dif-

ference in the expression of isocitrate
dehydrogenase 1, O6-methylguanine
DNA methyltransferase, and epidermal
growth factor receptor between pa-
tients with high-versus-low VEGF
expression.

Association of the Radiologic
Features and Extent of Resection
with VEGF Expression

All data regarding tumor volume and lo-
cation are summarized in the On-line Ta-
ble. The mean tumor volume of patients
with high VEGF expression (+++) was
significantly larger than that of patients
with low VEGF expression (— ~ ++)
(P = .033). However, we observed no sig-
nificant differences in the involvement of
brain lobes between tumors with low and
high VEGF expression.

The « values for the consistency be-
tween the 2 evaluators for enhancement
patterns, peritumoral edema, and nCET
were 0.85 (P =.014), 0.81 (P = .008), and
0.76 (P = .021), respectively. Ringlike en-
hancement was more likely to be observed
in glioblastomas with high VEGF expres-
sion than in those with low VEGF expres-
sion (75.6% versus 60.2%, P = .027,
X° test).The prevalence of peritumoral
edema and nCET in the low-versus-high
VEGF expression groups was not signifi-
cantly different (peritumoral edema:
66.0% versus 74.4%, P = .218; nCET:
35.0% versus 46.3%, P = .116; x* test).
Moreover, GTR was significantly more
likely to be achieved in glioblastomas with
high VEGF expression than in those with
low VEGF expression (72.0% versus
51.5%, P = .005).

Progression-Free Survival

Tumor recurrences were identified by MR
images in 143 (77.3%) patients during the
follow-up period. The median follow-up
period for PFS analysis was 9.8 months
(range, 1.0-53.1 months), and the median
PFS was 7.6 months (range, 2.1-32.6
months). Univariate analysis revealed that
age (P = .018), preoperative KPS (P =
.015), extent of resection (P = .013), and adjuvant therapy (P = .021)
were valuable prognostic factors for PES (Table 1). These 4 factors
remained significant in the multivariate Cox proportional hazards
analysis. Age at diagnosis of 50 years or older (P = .032, HR = 1.642)
and preoperative KPS of <80 (P = .024, HR = 2.215) were associ-
ated with shorter PFS, whereas GTR (P = .022, HR = 1.849) and
adjuvant therapy (P = .038, HR = 0.652) indicated longer PFS
(Table 2).
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Table 1: Univariate analysis of survival outcomes for patients with glioblastoma

tients with glioblastoma were also in-

PFS oS vestigated. Patients were subdivided
Characteristic P Value HR 95% ClI P Value HR 95% Cl into 4 groups according to the pres-
Age 50 years or older 018 1591 1375-2.894 029 1701  1222-3139 ence of peritumoral edema and VEGF
Sex (men) 315 0764  0.452-1291 092 0.631  0.370-1.078 expression levels. Survival outcomes
Preoperative KPS <80 015 2045  1165-2.445 .038 2290  1267-3.835 were compared among these groups by
Epilepsy 339 0.676  0.303-1.508 421 1408 0.611-3.243 using the log-rank test. For OS. tumors
Ringlike enhancement 367 0760  0.419-1.379 456 0790  0.424-1470 . 8 & o ’
Peritumoral edema 304 1359 07572439 232 1450 0788-2667  With VEGF expression (+++) and
nCET 76 0696 0411180 544 0847 0494-1451  peritumoral edema (—) indicated a
<GTR .013 1751 1.382-2.543 .022 1782 1.349-3.739 longer survival compared with the
Adjuvant therapy 021 0628 03950928 032 0603 054-0980  other 3 groups (P = .013, log-rank).
VEGF expression +++ 194 0.578  0.253-1.321 183 0.577  0.256-1.297 Specifi .
pecifically, peritumoral edema could
stratify OS for tumors with high VEGF
Table 2: Multivariate analysis of survival outcomes expression (P = .018, log-rank), but not for those with low
Predictors P Value® HR 95% Cl VEGEF expression (P = .074, log-rank). For PFS, however, there
PFS was no significant difference among the 4 groups (P = .226,
R Elyeaseretar) 032 1642 1054-2152 log-rank), and peritumoral edema could not stratify survival
KPS <80 .024 2.215 1179-2.728 . . .
<GTR 022 1849 1392-2.548 for different VEGF expression levels (Fig 3).
Adjuvant therapy .038 0.652 0.556-0.984
o8 Prognostic Value of the Non-Contrast-Enhancing Tumor
Age (50 years or older) 043 1348 1.008-2181 Component in Patients Stratified by VEGF Expression
KPS <80 .028 1782 1162-3.361
Levels
<GTR .031 1.615 1.118-2.425

2 Cox proportional hazard regression analyses.

Overall Survival

At the time of analysis, 23 patients with available follow-up
data were alive. The median follow-up period for OS analysis
was 13.8 months (range, 2.0-86.8 months), and the median
OS was 15.1 months (range, 3.8—67.6 months). Univariate
analysis identified age (P = .029), preoperative KPS (P = .038),
extent of resection (P = .022), and adjuvant therapy (P = .032)
as prognostic factors of OS (Table 1). In the multivariate Cox
proportional hazards analysis, age at diagnosis of 50 years or
older (P = .043, HR = 1.348) and preoperative KPS of <80
(P = .028, HR = 1.782) were identified as poor prognostic
factors for OS, whereas GTR (P = .031, HR = 1.615) indicated
longer OS. However, adjuvant therapy failed to show a predic-
tive value for survival outcomes (Table 2).

Prognostic Value of VEGF Expression Levels in Patients
with GTR

To examine the prognostic value of VEGF expression when the
extent of resection was taken into account, we classified pa-
tients into 4 groups according to their VEGF expression levels
and the extent of resection as follows: GTR and high VEGF
expression, <GTR and high VEGF expression, GTR and low
VEGEF expression, and <GTR and low VEGF expression. Sur-
vival outcomes were compared among these groups by using
the log-rank test. We found that patients with glioblastoma
with high VEGF expression and GTR had significantly longer
survival than others (P = .011 for PFS and P = .039 for OS)
(Fig 2). However, there was no significant difference in sur-
vival outcomes among the other 3 groups.

Prognostic Value of Peritumoral Edema in Patients
Stratified by VEGF Expression Levels

The potential interactive and synergistic roles of peritumoral
edema and VEGF expression in predicting the survival of pa-
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Kaplan-Meier curves according to the presence of nCET and
VEGF expression levels showed that patients with high VEGF ex-
pression and nCET had a better survival (P = .027 for PFS and
P = .036 for OS, log-rank). In the high VEGF expression group
specifically, the presence of nCET predicted longer PES (P = .024,
log-rank) and OS (P = .039, log-rank). However, the prognostic
value of nCET for PFES and OS was not observed in patients with
low VEGF expression (P = .716 for PFS and P = .645 for OS,
log-rank) (Fig 4).

DISCUSSION

In this study, we combined clinical, radiologic, and genetic char-
acteristics in an investigation of prognostic factors for glioblas-
toma in a large cohort of patients. We found that peritumoral
edema and nCET were of predictive value for survival in patients
with a high expression level of VEGF. Notably, VEGF expression
was a prognostic factor for patients achieving GTR, but not for
those who did not.

Tumor-specific molecular markers have long been studied for
their potential prognostic role in cancers. VEGF expression has
been described as a valuable indicator of tumor recurrence in
many types of malignancy.'” It was found that high expression
levels of VEGF correlated with poor prognosis, while anti-VEGF
therapy was shown to suppress tumor development and improve
prognosis in glioblastoma."®'? Glioblastoma is thought to exhibit
abnormally high levels of VEGF.?>?" In this study, we found that
VEGF expression alone was not a prognostic factor for patients
with glioblastoma. However, VEGF might interact with other po-
tential factors to determine survival outcomes.

VEGEF regulates pathologic angiogenesis, resulting in the for-
mation of new blood vessels to facilitate tumor growth.>* A pre-
vious study suggested that rapid tumor cell proliferation leads to
oxygen shortage and necrosis in the center of a tumor, which is
prone to present as a ringlike pattern of contrast enhancement.
Consistent with these findings, we also observed that glioblas-



PFS (ON]
100 100+ —— GTR & VEGF +++
S s —— GTR & VEGF —~++
2 2 == <GIR &VEGF +++
; g =~ <GIR &VEGF —~++
(] (]
£ 50 e £ 504
[ o
2 2
2 ] p=0.011 & p=0.039
c T T 1 L 1 c T J 1 1 L)
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (Days) Time (Days)

FIG 2. Survival outcomes of patients with glioblastoma. Kaplan-Meier survival curves of patients classified by the extent of resection and
vascular endothelial growth factor expression are shown. Patients who had high tumor VEGF expression (+ ++) and achieved gross total
resection had significantly longer progression-free survival and overall survival than those with low tumor VEGF expression and residual tumor

after surgery (P = .011 and .039, respectively).
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FIG 3. Kaplan-Meier plots of patients with glioblastoma showing the association between the progression-free survival and overall survival
according to combined vascular endothelial growth factor expression levels and peritumoral edema. Tumors with high VEGF expression (+ + +)

and without peritumoral edema correlated with better OS (P = .013, log-r

ank), but not PFS (P = .226, log-rank). Furthermore, peritumoral edema

could stratify the OS for tumors with high VEGF expression (P = .018, log-rank), but not those with low VEGF expression (P = .074, log-rank).

tomas with high VEGF expression were more likely to present
with a ringlike enhancement pattern than those with low VEGF
expression. In addition, tumors with ringlike enhancement often
exhibit a relatively clear radiologic border on postcontrast T1-
weighted images and thus might more easily be localized during
an operation for total resection. This might explain why GTR was
more likely achieved in glioblastomas with high VEGF expression
than in those with low VEGF expression.

Furthermore, we evaluated the interactive effects between the
extent of resection and VEGF expression in predicting survival of
patients with glioblastoma. Our results suggested that the prog-
nostic value of VEGF expression was only valuable in patients who
achieved GTR, thus implying a codependent effect of the 2 factors
in predicting survival. Because lesions with high VEGF expression
are prone to necrosis and, accordingly, exhibit ringlike enhance-
ment patterns, tumors with ringlike enhancement patterns have

relatively distinguishable margins that may facilitate resection. It
was also reported that patients with cystic glioblastoma with thin-
wall ringlike enhancement might also benefit from GTR,* sug-
gesting that cystic tumors might be circumscribed lesions with a
distinct pattern of invasiveness or limited infiltration of the sur-
rounding neutrophils. Therefore, patients with glioblastoma with
high VEGF expression (++ +) were more likely to benefit from
GTR in terms of prolonging survival. Nevertheless, the inherent
reason that VEGF expression might play a predictive role in the
survival of patients with glioblastoma with GTR but not in those
without GTR remains to be further investigated.

VEGEF is known to be a potent permeability factor that causes
edema,’*?° and the inhibition of VEGF reduces edema and tumor
227 It has been shown that
VEGF expression is predictive of longer survival in cases of tu-

burden in patients with glioblastoma.

mors with little or no edema, but not in those with extensive
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FIG 4. Kaplan-Meier survival curves show the progression-free survival and overall survival of patients with glioblastoma tumors with different
vascular endothelial growth factor expression levels and non-contrast-enhancing tumor components. Tumors with high VEGF expression and
the presence of nCET predict better survival (PFS, P = .027; OS, P = .036, log-rank). Moreover, nCET enables stratification of the PFS and OS of
patients with high VEGF expression (PFS, P = .024; OS, P = .039, log-rank), but not of patients with low VEGF expression (PFS, P = 716; OS, P =

.645, log-rank).

edema, indicating that edema could be the regulated by both
VEGF-dependent and VEGF-independent pathways.'> Most in-
teresting, the current study demonstrated that peritumoral edema
could stratify the survival of patients with high VEGF expression
(+++), but not of those with low VEGF expression (— ~ ++).
Although VEGF expression was correlated with edema and could
promote peritumoral edema development, some tumors with
high VEGF expression might not develop significant peritumoral
edema.'? In addition, VEGF and neuronal pentraxin-2 may affect
MR imaging features of edema and enhancement, suggesting that
edema development might not be directly regulated by VEGF.*®
For tumors with high VEGF expression (+ ++), the survival dif-
ference between patients with and without peritumoral edema
might be partly attributed to the underlying mechanism of tu-
morigenesis, in which the angiogenic effect of VEGF may act dif-
ferently in a manner that remains to be determined. Furthermore,
as mentioned above, tumors with high VEGF expression are
prone to necrosis and, accordingly, exhibit ringlike enhancement
patterns, which may present relatively distinguishable margins
and facilitate better resection. In tumors with no peritumoral
edema, GTR would suggest less residual tumor cells and would
thus predict longer PFS.

Previous studies have demonstrated that nCET is a valuable
prognostic indicator in patients with glioblastoma; this finding
was regarded as novel.'® In the current study, we showed that
nCET was a prognostic factor for tumors with high VEGF expres-
sion (+++), but not for those with low (—~++) VEGF expres-
sion. In general, hypoxia induces the increased expression of
VEGF and leads to tumor necrosis, suggesting a rapid growth and
more aggressive behavior.'> However, it was found that the nCET
regions might lack necrosis and likely correspond to tumor areas
with a lower pathologic grade and less aggressive behavior. A pre-
vious study showed that nCET was a valuable prognostic indica-
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tor.'® Although nCET did not show a prognostic value in the
current study, it was more likely to be present in glioblastomas
with high VEGF expression. Thus, we speculate that nCET and
VEGF might play synergistic roles in affecting survival out-
comes. In addition, the prognostic value of nCETs might be
partly owing to their association with oligodendroglioma com-
ponents. Genetic analysis may provide additional clues to ex-
plain why the prognostic value of nCET depends on VEGF
expression levels.

The current study has some limitations. First, we retrospec-
tively enrolled patients from a single institution. Second, the com-
bined prognostic role of VEGF expression and clinical and radio-
logic features requires further confirmation by a prospective
multicenter investigation. Finally, due to the relatively subopti-
mal timing of the postoperative scans, the potential presence of
granulation tissue may confound MR imaging results. Future
studies should also focus on the association between clinical and
radiologic characteristics and the survival of patients with tumors
exhibiting other molecular markers.

CONCLUSIONS

In summary, we showed that VEGF expression was a valuable
prognostic factor in patients who achieved GTR, whereas peritu-
moral edema and nCET could stratify survival outcomes for tu-
mors with high VEGF expression. Thus, our findings suggest syn-
ergistic roles for tumor-specific biomarkers, surgical resection,
and preoperative MR imaging features in predicting survival
outcomes.
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