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Abstract Bevacizumab is a novel treatment for the recur-

rent high-grade gliomas (rHGG). However, only a subset of

the patients shows response to the bevacizumab treatment and

the response evaluation using conventional criteria is diffi-

cult. The purpose of our study was to evaluate the early

response for rHGG treated with bevacizumab using volu-

metric analysis of diffusion-weighted imaging (DWI).

Twenty-nine patients who received bevacizumab therapy for

rHGG were included in our study. All patients received a

conventional MRI scan with DWI before and after the initial

bevacizumab dose. For each MRI, we measured the total

volume of the T2 hyperintense lesion (HT2) of the rHGG,

the volume of foci with a lower ADC value than that of the

normal cortex (LADC), and the proportion of LADC to HT2

(LADC/HT2). The Changes in the HT2, LADC and LADC/HT2

after bevacizumab treatment were also determined. There-

after, those volumetric data were compared to the progression

free survival (PFS). After the analyses, we found a significant

negative correlation between the PFS and the LADC for the

post-bevacizumab ADC maps (r = -0.413, P = 0.026).

The patients with an LADC of\2.5 cm3 showed a longer PFS

than those with an LADC of C2.5 cm3 (median = 135 vs.

91 days, P = 0.002) on the post-bevacizumab ADC maps. A

multiple linear regression analysis revealed that only the post-

bevacizumab LADC was a significant predictor of the PFS

(P = 0.026). In conclusion, the post-bevacizumab LADC can

be used for an early response evaluation and can predict the

PFS for rHGG patients treated with bevacizumab.

Keywords Bevacizumab � Diffusion-weighted imaging �
Glioblastoma � Astrocytoma � Prognosis

Introduction

Gliomas are the most common primary brain tumor, and the

majority are high-grade gliomas (HGGs), including glio-

blastomas (GBMs) and anaplastic astrocytomas (AAs) [1, 2].

Despite recent advances in treatments, the clinical courses of

patients with HGGs are grave and virtually every patient
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experiences a recurrence after the first line treatment [2, 3].

Bevacizumab, a humanized monoclonal antibody for the

vascular endothelial growth factor (VEGF), has been shown

to be effective for recurrent HGG (rHGG) as a single agent or

in combination with chemotherapeutic agents such as iri-

notecan [2, 4–7]. The response rate for rHGG after treatment

with bevacizumab has been reported to be 24.5–57.0 % [4, 5,

8, 9]. In spite of these encouraging results, a large subset of

patients with rHGGs shows disease progression after the

treatment. Furthermore, bevacizumab treatment induces

restoration of the blood–brain barrier [2], which results in

decreased contrast enhancement. Therefore, the conven-

tional Macdonald criteria [10], which usually depend on

contrast-enhanced imaging, become unreliable after bev-

acizumab treatment [11, 12]. Recently, the Response

Assessment Neuro-Oncology (RANO) Working Group

proposed new criteria for the tumor response assessment

[12], which consider increasing T2 hyperintense lesion as an

additional marker for tumor progression. However, the

RANO criteria have some limitations in differentiating a true

tumor infiltration from edema or gliosis [13]. Therefore,

there have been enormous efforts to identify a new bio-

marker that can predict the treatment response or prognosis

after treatment with bevacizumab for HGGs.

Diffusion-weighted image (DWI), which utilizes the

Brownian motion of water molecules, has been shown to be

able to provide information about cellular density and

properties of the extracellular matrix [14]. Because extra-

cellular water molecules move more freely than those in

the intracellular spaces, the apparent diffusion coefficient

(ADC) value calculated from DWI can serve as a marker of

cellularity. This potential biomarker can be obtained

without any radiation hazard or contrast media in only few

minutes, and has been proven to be effective in predicting

and monitoring the treatment of various cancers [15, 16].

Several recent studies have reported promising results for

the prognosis evaluation of rHGG patients treated with

bevacizumab using the ADC analysis of DWI [17–23].

However, most of the previous studies included patients

treated with inhomogeneous chemotherapies or patients

with heterogeneous pathologies (e.g., oligodendroglioma

or mixed glioma). Therefore, the purpose of the present

study was to evaluate the early response for rHGG with

pure astrocytoma components following a treatment with

bevacizumab and irinotecan using a volumetric analysis of

DWI. In addition, we correlated the volumetric values from

DWI with the progression free survival (PFS).

Materials and methods

Our institutional review board approved this study and

informed consent was waived.

Patient selection

A total of 30 patients from our oncologic database were

initially included for this retrospective study. Inclusion

criteria were that each participant (a) had received patho-

logic diagnosis of GBM or AA with a World Health

Organization grade of III or IV, respectively; (b) had

started bevacizumab (Avastin, Genentech, South San

Francisco, CA) therapy at our institute between October

2007 and May 2011; and (c) had been subjected to both

baseline and follow up magnetic resonance imaging (MRI),

including DWI, before and after the first dose of bev-

acizumab. Among those included patients, one patient who

discontinued bevacizumab because of an economic prob-

lem without evidence of disease progression was excluded

from the study. Consequently, 29 patients (20 male and 9

female patients; mean age of 51.2 years; 22 GBM and 7

AA) were analyzed.

Bevacizumab was administered as the second or third

line chemotherapy, combined with topoisomerase inhibitor,

irinotecan (Camptosar injection, Pfizer, New York, NY).

The patients underwent initial craniotomy and tumor

removal (n = 16) or stereotactic biopsy (n = 13). Post-

operative radiation therapy, either concomitant chemora-

diation therapy with temozolomide (n = 11) or radiation

therapy alone (n = 18) was performed in all the patients.

Bevacizumab was given every 2 weeks at our oncology

day ward. After giving 125 mg/m2 of irinotecan mixed

with 200 ml of 5 % dextrose water over 90 min, 10 mg/kg

of bevacizumab mixed with 100 ml of normal saline was

administered intravenously over 60–90 min.

MRI acquisition

In each patient, a baseline MRI was performed before

starting bevacizumab therapy (pre-bevacizumab MRI), and

the first follow up MRI was also obtained (post-bev-

acizumab MRI). The mean time interval between the start

of bevacizumab and the post-bevacizumab MRIs were

38.8 days (11–73 days). The pre- and post-bevacizumab

MRI were performed using 1.5 T scanners [n = 29, Signa

Excite 1.5T (n = 18); Signa HDxt 1.5T (n = 8); Signa

HDx 1.5T (n = 3), GE Healthcare, Milwaukee, WI] or 3T

scanners [n = 29, Verio (n = 21); Trio TIM (n = 1),

Siemens Medical Solution, Erlangen, Germany; Signa

Excite 3.0T, GE Healthcare, Milwaukee, WI (n = 7)]. The

echo-planar DWIs were performed in the axial plane before

the injection of the contrast material using b-values of 0

and 1,000 s/mm2. The DWI was acquired in three

orthogonal directions and combined into a trace image.

Using these data, ADC maps were calculated on a voxel-

by-voxel basis with the software incorporated into the MRI

unit. In addition, MRIs included at least the axial
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precontrast T1-weighted, T2-weighted fast spin-echo, and

the fluid-attenuated inversion recovery T2-weighted

images and contrast-enhanced axial T1-weighted

images acquired after the contrast (Magnevist or Gadovist;

Bayer Schering Pharma, Berlin, Germany; 0.1 mmol/kg)

injection.

After the post-bevacizumab MRI, a follow up MRI was

performed every 2–3 months or when the neurological

symptoms were aggravated in the patients.

Image analysis

To quantify the tumor volume with the diffusion restric-

tion, the areas on the ADC map corresponding to the T2

hyperintense lesions were first manually segmented by one

author (S.H.C., 12-year-experience in neuroradiology). The

segmentations of ADC map were performed for all the

slices showing T2 hyperintensity. The identification of

corresponding area with T2 hyperintensity on ADC map

was performed by visual inspection, and then polygonal

ROIs were placed on ADC maps for corresponding area

with T2 hyperintensity. Drawing ROIs were performed

with ImageJ software (Version 1.44p, 32 bit for Java 1.6.0,

NIH, Bethesda, MD). After segmentation, the number of

voxels in the segmented ROI and the ADC values of each

voxel were calculated using our in-house program for each

MRI. To minimize the bias due to various MR scanners, we

used normalized ADC (nADC) value to define the foci with

diffusion restriction in the tumor bed. The nADC value of

each voxel was defined as ADC value of the voxel divided

by the ADC value of normal cerebral cortex. The ADC

values of the normal cortex were measured at the contra-

lateral side of the main tumor, at the uppermost part of the

brain. After deriving ADC value of segmented each seg-

mented voxel and normal cerebral cortex, the numbers of

voxels with nADC lesser than one, in other words, those

with smaller ADC value than normal cerebral cortex were

identified. By multiplying the number of voxel and the

volume of each voxel, the total volume of the segmented

T2 hyperintense lesion (HT2) and the volume of the foci

with nADC smaller than one (LADC) were calculated for

each pre-bevacizumab and post-bevacizumab MRI. The

proportions of the volume of foci with the nADC smaller

than one to the volume of total T2 hyperintense tumor bed

(LADC/HT2) were also calculated. After the calculation of

each volumetric data point in the pre- and post-bev-

acizumab MRI, the ratio of the post-bevacizumab volume

data to the pre-bevacizumab volume data was calculated

as a percentage for the interval changes of the HT2, LADC

and LADC/HT2 after the initial dose of bevacizumab using

the following equation: interval change of each value =

post-bevacizumab MRI value/pre-bevacizumab MRI

value 9 100.

Determination of tumor progression

The determination of the tumor progression was based on

the response criteria developed by the RANO Working

Group [12]. The patients who meet any one of following

criteria were classified as progressive disease: (a) C25 %

increase in sum of the products of perpendicular diameters

of enhancing lesions with the smallest tumor measurement;

(b) significant increase in T2/FLAIR nonenhancing lesion;

(c) any new lesion; (d) clear clinical deterioration not

attributable to other causes apart from the tumor; (e) failure

to return for evaluation as a result of death or deteriorating

condition; (f) clear progression of nonmeasurable disease.

The PFS was calculated from the start of the bevacizumab

and irinotecan therapy.

Statistical analysis

All the statistical analyses were performed with GraphPad

InStat (Version 3.05, GraphPad Software, Inc., San Diego,

CA) and PASW statistics (Version 18.0, SPSS Inc.,

Chicago, IL).

All of the variables were assessed for normality with a

Kolmogorov–Smirnov test. A paired t test and Wilcoxon

matched pairs test were used for comparing the volume

data between the pre- and post-bevacizumab MRI.

A Pearson’s product-moment correlation test and a

Spearman’s Rank correlation test were used for assessing

the correlation between the PFS and the volume data. The

Kaplan–Meier method and Logrank test were used to

assess the PFS. A stepwise multiple linear regression

analysis was also performed to define the most important

factor for predicting the PFS among those showing a sig-

nificant correlation with the PFS. The results with P values

less than 0.05 were considered statistically significant.

Results

Clinical outcome

All the patients showed disease progression during the

follow up period, except for one patient who had an ana-

plastic astrocytoma involving the cerebellum. The median

PFS was 121 days (25–442 days; 95 % confidence interval

107.81–134.19 days).

Among 28 patients with disease progression, 16 patients

(57.1 %) showed progression of tumoral enhancement,

while 8 patients (28.6 %) showed increased extent of T2

hyperintense lesion without progression of enhancing

tumor lesion. The other 4 patients (14.3 %) were classified

as progressive disease due to aggravation of neurologic

status.
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Patients’ age did not showed significant correlation with

PFS (P = 0.580 r = -0.107).

Change of volumetric data after initial dose

of bevacizumab

Comparing pre- and post-bevacizumab MRI, there was a

significant decrease in the HT2 after the initial bevacizumab

dose (199.9 vs. 97.0 cm3, P \ 0.001), while the LADC

showed a significant increase (1.6 vs. 3.6 cm3, P \ 0.001).

The LADC/HT2 also showed a significant increase (1.0 vs.

6.4 %, P \ 0.001). Figure 1 shows the box and whisker

plots for the changes in volumetric data between the pre-

bevacizumab and post-bevacizumab MRI.

Correlation between volumetric data and PFS

We performed correlation analyses on the PFS and the

volumetric data acquired from the pre-bevacizumab and

post-bevacizumab MRI. Figure 2 shows the results of

correlation analyses. In brief, we found statistically sig-

nificant negative correlations between the PFS and the

LADC for the post-bevacizumab MRI (P = 0.026, r = -

0.413) and between the PFS and the changes in the HT2

between the pre- and post- bevacizumab MRI (P = 0.043,

r = -0.378). However, we could not find a significant

correlation between the PFS and the other volumetric data.

Comparison of PFS according to clinical

and volumetric data

A Kaplan–Meier survival analysis with a Logrank signifi-

cance test was performed according to the patient gender,

pathologic grade and type of surgery. We also performed a

survival analysis for two MRI data including LADC for the

post-bevacizumab MRI and the change in the HT2, which

were dichotomized into two groups. The results are

summarized in Table 1 and Fig. 3. We found significant

differences in the PFS, when dichotomized the patient group

by LADC for the post-bevacizumab MRI (cutoff

value = 2.5 cm3) and by the change in HT2 between the pre-

and post-bevacizumab MRI (cutoff value = 50 %). How-

ever, other factors, including gender, pathologic grade and

surgery type did not show significant difference in PFS. The

median PFS was significantly longer in the patients with

LADC of \2.5 cm3 (n = 14) compared with those patients

with an LADC of C2.5 cm3 (n = 15) (135 and 91 days,

respectively, P = 0.002). There was a significantly longer

median PFS in the patient group with the interval change of

the HT2 of B50 % between pre- and post-bevacizumab MRI

(n = 14) compared with the other group (n = 15) (129 and

85 days, respectively, P = 0.011).

Multiple regression analysis for PFS to find out most

significant factor

Finally, a stepwise multiple linear regression analysis was

performed using the PFS and the volumetric data showing

significant correlation with PFS including the post-bev-

acizumab LADC and interval change of the HT2. According

to the result, the interval change of the HT2 was eliminated

from the regression equation, and only the post-bev-

acizumab LADC was determined as a significant predictor

of the PFS (P = 0.026).

Figure 4 shows the representative MRIs of a poor and a

good responder to the bevacizumab and irinotecan treat-

ment, respectively.

Discussion

In the present study, we observed a significant decrease in the

HT2 after the initial bevacizumab dose, while both the LADC

and LADC/HT2 showed significant increases. Furthermore,

Fig. 1 The box and whiskers plots for the volumetric data in pre-

bevacizumab and post-bevacizumab MRIs. The whiskers indicate the

range of data, and the boxes represent the distance between the first
and third quartiles, with the median value marked as a line in the box.

The asterisks represent outliers. The volume of T2 hyperintense

lesion (HT2) showed a significant decrease (199.91 vs. 97.03 cm3,

P \ 0.001) (a). The volume of the foci with a lower ADC value than

the cortex (LADC) showed a significant increase (1.565 vs. 3.576 cm3,

P \ 0.001) (b). The proportion of the LADC in the total HT2 (HT2/

LADC) showed a significant increase (0.96 vs. 6.37 %, P \ 0.001) (c)
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we found significant negative correlations between the PFS

and the LADC for the post-bevacizumab MRI (P = 0.026,

r = -0.413), and between the PFS and the change in the HT2

between the pre- and post-bevacizumab MRI (P = 0.043,

r = -0.378). In addition, the patients with an LADC of

\2.5 cm3 on the post-bevacizumab MRI or an interval

change of B50 % in the HT2 showed longer PFS than the

other patients. Among the volumetric values, the LADC for

the post-bevacizumab MRI was the strongest predictor of the

PFS in rHGG patients treated with bevacizumab and

irinotecan.

T2 hyperintense lesions in rHGG patients indicate a

heterogeneous pathologic nature that includes edema,

ischemic changes, radiation effects and infiltrative tumor

growth [13, 18]. Anti-angiogenic treatment induces a

reduction of cerebral edema by the elimination of VEGF

and the restoration of the blood–brain barrier [2]. The

decrease of the HT2 observed in our study can be explained

by this ‘‘vascular-normalizing effect’’ of bevacizumab. In

addition, we believe that a decreased tumor burden after

the treatment also contributed to the shrinkage of the T2

hyperintense lesion. On the other hand, we also observed

significant increases of LADC and LADC/HT2. Persistent

diffusion restriction in rHGG after an anti-angiogenic

treatment has been reported in several studies, but the true

pathologic nature of the diffusion restriction lesion in the

tumor bed after bevacizumab treatment is still unclear.

Gerstner et al. [24, 25] suggested the persistent diffusion

restriction that occurs after anti-angiogenic therapy indicates

an infiltrating tumor. On the other hand, Rieger et al. [23]

Fig. 2 The scatter plots showing the correlations between the PFS

and the volumetric data. Only the interval change in the volume of the

T2 hyperintense lesion (HT2) after the initial dose of bevacizumab

(Fig. 3c, P = 0.043, r = -0.378) and the volume of the foci with

lower ADC value than the cortex (LADC) for the post-bevacizumab

MRI (Fig. 3e, P = 0.026, r = -0.413) showed a significant negative

correlation with the PFS, while the other volumetric data did not

correlate significantly with the PFS. The solid lines indicate trend
lines while dashed lines indicate the 95 % CI
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suggested that this persistent diffusion restriction may

represent atypical necrosis and chronic hypoxia. Recently,

Mong et al. [19] revealed a pathologically proven atypical

necrosis in a lesion with persistent diffusion restriction in

one patient. In terms of the T2 hyperintense lesions after

treatment with bevacizumab, we believe diffusion restric-

tion might indicate heterogeneous pathologic entities

including residual tumors and treatment-related conditions.

On correlation analysis, only the post-bevacizumab

LADC and the degree of the interval decrease of the HT2

showed significant correlation with the PFS. As mentioned

above, we believe that a decrease of the HT2 is mainly due

to a decrease of the edema. The residual HT2 after an initial

dose of bevacizumab may represent the residual tumor

volume after the elimination of the peritumoral edema.

Therefore, a smaller decrease in the HT2 may mean the pre-

bevacizumab HT2 was mainly composed of a true tumor

volume. Consequently, this larger proportion of infiltrative

tumor may explain the shorter PFS in the patients with less

prominent shrinkage of the HT2. Several studies have note

T2 hyperintense lesions indicates an infiltrative tumor after

anti-angiogenic treatment [2, 26]. In spite of multiple

confounding factors such as edema or gliosis [13], a greater

decrease in the HT2 after an initial bevacizumab dose can

potentially be an early marker for a longer PFS. Although

we cannot exactly explain the pathologic entity of the

lesion with diffusion restriction, we observed a significant

correlation between PFS and post-bevacizumab LADC,

which was also shown to be the only significant factor to

predict the PFS on multiple regression analysis. This result

supports the idea that persistent diffusion restriction is

mainly ascribed to infiltrative tumors [24, 25]. There have

been several studies in line with the present study. Jain

et al. [18] reported progressive decrease in the ADC values

both in enhancing and non-enhancing areas in patients with

disease progression after bevacizumab administration.

Nowosielski et al. [20] performed an ADC histogram

analysis for T2 hyperintense lesions and showed increased

histogram skewness after bevacizumab treatment, which is

Table 1 Comparison of PFS according to clinical and volumetric

data

PFS (days) P valuea

Sex 0.158

Male (n = 20) 116 ± 11

Female (n = 9) 138 ± 13

Pathology 0.205

AA (n = 7) 118 ± 10

GBM (n = 22) 129 ± 28

Surgery 0.685

Biopsy (n = 13) 108 ± 18

Tumor removal (n = 16) 121 ± 9

Volume of foci with nADC \1 (LADC, cm3) for the post-

bevacizumab MRI

0.002

\2.5 cm3 (n = 14) 135 ± 8

C2.5 cm3 (n = 15) 91 ± 21

Interval change in the volume of the hyperintense lesion

(HT2)

0.011

B50 % (n = 14) 129 ± 8

[50 % (n = 15) 85 ± 18

Except where indicated, the data are the median ± standard error

PFS progression free survival, AA anaplastic astrocytoma, GBM
glioblastoma multiforme, nADC normalized apparent diffusion

coefficient
a Logrank test

Fig. 3 The Kaplan–Meier curves for the PFS according to the

volumetric data. The volume of the foci with a lower ADC value than

the cortex (LADC) for the post-Bevacizumab MRI were classified as

\2.5 versus C2.5 cm3 (median PFS = 135 vs. 91 days, P = 0.002)

(a). The changes in the volume of the T2 hyperintense lesion (HT2)

were classified as B50 versus [50 % (median PFS = 129 vs.

85 days, P = 0.011) (b)
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probably due to increased tumor cellularity in a portion,

related to poor PFS. In addition, Ellingson et al. [17]

suggested the functional diffusion map, made by mapping

the changes in the ADC values and potentially reflects

cellularity, as predictive biomarker for the anti-angiogenic

treatment of malignant gliomas. In that study, hypercellular

regions defined by the functional diffusion map were

shown to be predictive of tumor progression. Mong et al. [19]

Fig. 4 a A case of a 58-year-old male with GBM showing a poor

response to bevacizumab. After the initial dose of bevacizumab, the

contrast enhancement and the T2 hyperintense lesion showed

shrinkage. In contrast, the diffusion restriction foci increased in size.

The PFS of the patient after bevacizumab treatment was 41 days. b A

case of a 54-year-old female with GBM showing a good response to

bevacizumab. After the initial dose of bevacizumab, the contrast

enhancement and the T2 hyperintense lesion showed shrinkage.

Meanwhile, the diffusion restriction foci did not change significantly.

The PFS of the patient after bevacizumab treatment was 442 days
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123



demonstrated better survival in patients with persistent

diffusion restriction, which was explained by atypical

necrosis. However, HGG shows a heterogeneous micro-

structure, and persistent diffusion restriction would not

be explained by a single histopathologic nature. Con-

sidering the possible presence of atypical necrosis, we

still believe that diffusion restriction is a useful marker

for high cellularity because atypical necrosis after bev-

acizumab treatment is presumed to be the result of the

pre-bevacizumab tumor infiltration.

Significantly longer PFS was observed in patients with

an LADC of \2.5 cm3 on the post-bevacizumab MRI than

others. Although this threshold of 2.5 cm3 derived from the

present study requires further validation, the threshold can

potentially be used in therapeutic decision making in

individual patients. In patients with an LADC greater than

2.5 cm3 on the post-bevacizumab MRI, thorough recon-

sideration for the continuation of bevacizumab treatment

would be required.

The strong point of the present study, compared to

previous studies based on diffusion-weighted imaging is

that it is rather simple and straightforward, and therefore is

more readily applicable in clinical practice. When the foci

with diffusion restriction after bevacizumab treatment are

larger, a shorter PFS would be expected. We included the

patients with pure astrocytoma component, excluding

patients with oligodendroglioma components, which show

much favorable clinical course therefore cause a bias of the

result. In addition, the present study only included patients

who underwent combined treatment with bevacizumab and

irinotecan, preventing the confounding caused by inho-

mogeneous therapeutic options.

Apart from the intrinsic limits of any retrospective

study, several other limitations of our study should be

mentioned. First, we used a variety of MRI scanners with

different field strength (e.g., 1.5 and 3.0 T scanners) from

different manufacturers, with scan parameters that were

slightly different from each other. Not only the difference

of main magnetic field strength but also differences of scan

parameters and processing methodologies of DWIs

can cause some biases on ADC measurement. However,

Chawla et al. [27] have reviewed previous reports and

suggested that ADC is a field-strength-independent

parameter. Furthermore, we normalized the ADC values

using the ADC values of the cerebral cortex to minimize

the potential bias. Second, there were only a small number

of patients who met the inclusion criteria. A multi-center

based study with a larger group of patients may solve this

problem in the future. Third, the post-bevacizumab MRIs

were not obtained regularly and the intervals between the

post-bevacizumab MRI and initial bevacizumab dose ran-

ged from 11 to 73 days (mean time interval 38.8 days;

standard deviation 11.1 days). This variation might be one

of biases, because the effect of bevacizumab on blood–

brain barrier would vary according to cumulative dose and

duration of administration. However, the majority of the

intervals were approximately 40 days (79.3 % of patients

between 30 and 50 days), so we believe that the bias due to

the various follow up intervals did not significantly affect

the results. In addition, we would like to recommend the

4–5 weeks follow-up MRI with DWI for the early response

evaluation to bevacizumab in high grade glioma patients

for the future study. Fourth, the segmentation of ADC

maps was manually performed by visual inspection of both

T2WI and ADC maps, which might result in a bias due to

the poor delineation of T2 hyperintensity in some cases.

However, we could minimize the difference between each

case for the analysis of both T2 hyperintensity and ADC

maps by the meticulous evaluation. Probably, the auto-

matic or semiautomatic segmentation with co-registration

of T2WI and ADC map can be a solution for these limi-

tations, which warranted in the future study. In addition,

the reproducibility of the segmentation method has not

been addressed, which is also need to be validated in the

future study.

In conclusion, post-bevacizumab DWI can serve as an

imaging marker for the early treatment response and can

predict the PFS for patients with rHGG after bevacizumab

treatment. In particular, the volume of the foci with lower

ADC value than the normal cerebral cortex in the tumor bed

of after an initial dose of bevacizumab can be predictive for

PFS after bevacizumab treatment. We believe DWI, which

can be performed in a relatively short exam time and without

contrast media, would become an important imaging tech-

nique in evaluating rHGG after bevacizumab treatment.
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