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Abstract: Objective: Differentiating glioblastoma (GBM) and solitary metastasis is not always pos-
sible  using  conventional  magnetic  resonance  imaging  (MRI)  techniques.  In  conventional  brain
MRI, GBM and brain metastases are lesions with mostly similar imaging findings. In this study,
we investigated whether apparent diffusion coefficient (ADC) ratios, ADC gradients, and mini-
mum ADC values in the peritumoral edema tissue can be used to discriminate between these two tu-
mors.

Methods:  This retrospective study was approved by the local  institutional  review board with a
waiver of written informed consent. Prior to surgical and medical treatment, conventional brain
MRI and diffusion-weighted MRI (b = 0 and b = 1000) images were taken from 43 patients (12
GBM and 31 solitary metastasis cases). Quantitative ADC measurements were performed on the
peritumoral tissue from the nearest segment to the tumor (ADC1), the middle segment (ADC2), and

the most distant segment (ADC3). The ratios of these three values were determined proportionally

to calculate the peritumoral ADC ratios. In addition, these three values were subtracted from each
other to obtain the peritumoral ADC gradients. Lastly, the minimum peritumoral and tumoral ADC
values, and the quantitative ADC values from the normal-appearing ipsilateral white matter, con-
tralateral white matter, and ADC values from cerebrospinal fluid (CSF) were recorded.

Results: For the differentiation of GBM and solitary metastasis, ADC3 / ADC1 was the most power-

ful parameter with a sensitivity of 91.7% and specificity of 87.1% at the cut-off value of 1.105 (p <
0.001), followed by ADC3 / ADC2 with a cut-off value of 1.025 (p = 0.001), sensitivity of 91.7%,

and specificity of 74.2%. The cut-off, sensitivity and specificity of ADC2 / ADC1 were 1.055 (p =

0.002), 83.3%, and 67.7%, respectively. For ADC3 – ADC1, the cut-off value, sensitivity, and speci-

ficity were calculated as 150 (p < 0.001), 91.7%, and 83.9%, respectively. ADC3 – ADC2 had a cut-

off value of 55 (p = 0.001), sensitivity of 91.7%, and specificity of 77.4, whereas ADC2 – ADC1

had a cut-off value of 75 (p = 0.003), sensitivity of 91.7%, and specificity of 61.3%. Among the re-
maining parameters, only the ADC3 value successfully differentiated between GBM and metastasis

(GBM 1802.50 ± 189.74 vs. metastasis 1634.52 ± 212.65, p = 0.022).

Conclusion: The integration of the evaluation of peritumoral ADC ratio and ADC gradient into
conventional MR imaging may provide valuable information for differentiating GBM from solitary
metastatic lesions.

Keywords: Glioblastoma, brain metastasis, apparent diffusion coefficient (ADC), peritumoral edema, GBM, diffusion MRI.

1. INTRODUCTION
The  most  common  malignant  lesions  of  the  brain  in

adulthood  are  glioblastoma  (GBM)  and  metastasis  [1].  In
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conventional  brain  magnetic  resonance  imaging  (MRI),
glioblastoma and metastases are lesions with mostly similar
signal  intensities,  and  they  have  similar  contrast  enhance-
ment patterns [2]. Therefore, it is not always clinically and
radiologically possible to distinguish between these two com-
mon lesions, and in many cases, the diagnosis can only be
made after the histopathological examination [3]. Clinically,
it is easy to diagnose metastasis if the patient has a known
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primary malignancy and multiple lesions are present in the
brain. However, in many cases of a single contrast-enhanced
lesion in the brain,  the histopathological  examination may
be necessary even if the patient has a history of a malignant
tumor  [2,  3].  Since  the  treatment  process  of  these  two  le-
sions is completely different, it is important that these two le-
sions are differentiated using non-invasive methods.

Brain metastases and GBM may create a large peritumo-
ral vasogenic edema zone on MRI. The term vasogenic ede-
ma is traditionally used to refer to the area of pathologically
high T2 signal intensity in the white matter surrounding the
tumoral  lesion.  However,  the  pathological  white  matter
around the contrast-enhanced area in the center is defined as
‘peritumoral edema’. The increased permeability of end-cap-
illary membranes due to the deterioration of the blood-brain
barrier and the subsequent accumulation of fluid in this area
has  a  role  in  the  pathogenesis  of  peritumoral  edema  [4].
Studies in the pathology literature have shown that the peritu-
moral edema area around metastatic tumors generally con-
sists of pure vasogenic edema and has no infiltrative tumoral
structure  [5].  In  GBM-like  high-grade  infiltrative  lesions,
there are tumoral foci showing invasion along the white mat-
ter pathways within the peritumoral edema [6].  Therefore,
demonstrating this difference between GBM and solitary me-
tastasis  in  peritumoral  edema  using  imaging  methods  can
contribute to the non-invasive differentiation of both lesions.

Currently,  there  is  no  non-invasive  imaging  method
other than histopathology that has proven to be sufficiently
reliable to distinguish GBM and solitary metastasis, and the
research  on  advanced  MR  methods,  such  as  diffu-
sion-weighted  imaging  (DWI),  diffusion  tensor  imaging
(DTI), MR perfusion and MR spectroscopy (MRS) contin-
ues [7-11]. DWI is an MRI technique that detects the ran-
dom Brownian  motions  of  water  molecules.  Molecules  of
free water are in continuous random motion. However, the
movement of the water molecules within the cellular envi-
ronment is restricted by different intracellular and extracellu-
lar  membranes  and  compartments.  The  diffusion  signal  in
the examined tissue can be quantified by generating appar-
ent diffusion coefficient (ADC) maps.

Compared to the other advanced MR techniques,  DWI
has become increasingly easier to apply and access in rou-
tine radiology practice; thus, the question of whether GBM-
solitary  metastasis  can  be  differentiated  using  DWI  has
gained more importance. Intratumoral ADC measurements
have not been very successful in distinguishing between th-
ese  two  tumors  and  have  produced  inconsistent  results
[12-14]. Therefore, it seems more useful to focus on deter-
mining tumor invasion in the peritumoral edema area.

In a study on the role of minimum ADC value in the dis-
crimination of GBM-solitary metastases using peritumoral
edema [13], two tumors were successfully delineated based
on their  statistically significant differences.  However,  in a
more recently published study [7], although Grade IV glial
tumors  and  solitary  metastases  were  differentiated,  it  was
not  possible  to  distinguish solitary  metastases  from Grade
III glial tumors [7, 12]. The suggestion from Lemercier et al.

[15] that peritumoral ADC gradient can be used to discrimi-
nate between the two tumors is relatively new, and there are
no other studies in the literature.

For the first time, the current study evaluated the success
of proportioning ADC measurements taken from the closest,
middle,  and  furthest  segments  in  the  peritumoral  edema
zone (peritumoral ADC ratios) in differentiating GBM and
solitary  metastases.  Furthermore,  as  evaluated  in  other
studies, the success of peritumoral ADC gradient and peritu-
moral and tumoral ADV values in discriminating between th-
ese two tumors was assessed.

2. METHODS
The study was approved by the local ethics committee.

Due to the retrospective nature of the study, the ethics com-
mittee did not find it necessary to obtain written informed
consent from the patients.

2.1. Patient Selection
All routine contrast-enhanced brain MR images scanned

on  the  3  Tesla  MR  device  (Discovery  MR750w,  General
Electric Healthcare, Milwaukee, WI) from May 1, 2013, to
May 1, 2016, were retrospectively screened from the imag-
ing archive of the radiology department of our faculty, and
the  patients  that  had  been  histopathologically  diagnosed
with GBM or solitary brain metastases were included in the
study. From the screening process based on the above-men-
tioned criteria,  a  total  of  53 patients  were  found,  15 diag-
nosed  with  GBM  and  38  with  solitary  brain  metastases.
However, three patients with GBM and seven patients with
solitary metastases were excluded due to the peritumoral ede-
ma around the lesions not being sufficient to conduct a quan-
titative analysis. Therefore, the study was conducted with 43
cases with a histopathological diagnosis. Thirty-one patients
(72.1%) had been diagnosed with solitary brain metastases,
and 12 (27.9%) with GBM. The primary diagnoses for me-
tastatic brain tumors were as follows: lung carcinoma (n =
23), colon carcinoma (n = 2), parotid carcinoma (n = 1), ma-
lign melanoma (n = 1), laryngeal carcinoma (n = 1), thyroid
carcinoma (n = 1), renal cell carcinoma (n = 1), and primary
unknown cancer (n = 1). Of the two patients with lung carci-
noma, the lesions were located in the cerebellum, while the
remaining 29 patients with solitary metastasis had lesions in
the cerebral hemisphere. For all the patients with GBM, the
lesions were located in the cerebral hemisphere.

2.2. MRI Protocol and Image Evaluation
All the MR images were obtained using a standard head

coil  on  a  3  Tesla  MR  imaging  instrument  (Discovery
MR750w,  General  Electric  Healthcare,  Milwaukee,  WI).
The MRI protocol of our center for patients with a pre-diag-
nosis of mass lesions is as follows: axial T1-weighted image
(TR /  TE,  1857  /  36;  number  of  signals  acquired,  1;  slice
thickness,  4.5  mm;  intersection  gap,  1  mm;  matrix,  256  x
224 FOV, 22 x 22 cm), axial T2-weighted image (TR / TE,
5341 / 98; number of signals acquired, 1; slice thickness, 4.5
mm; intersection gap, 1 mm; matrix, 256 x 256; FOV, 22 x
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22 cm), coronal FLAIR (TR / TE, 8000 / 90; inversion time,
2300 ms; number of signals acquired, 1; slice thickness, 4.5
mm; intersection gap, 1 mm; matrix, 256 x 192; FOV, 22 x
22 cm), axial DWI (b = 0 and b = 1000), axial ADC map,
and  axial  and  sagittal  contrast-enhanced  T1-weighted  im-
ages. DWI was performed in the transverse plane using a sin-
gle-shot SE echo-planar sequence with the following parame-
ters: TR / TE, 8300 / 110; FOV, 22 x 22 cm; slice thickness,
4.5 mm; matrix, 256 x 224; number of signals acquired, 1;
intersection gap, 1 mm; diffusion gradient encoding in three
orthogonal  directions  at  b  values  of  0,  1000  s/mm2.  The
ADC maps were calculated automatically by computer from
isotropic  DWI  according  to  the  equation:  ADC=-ln
(SIb=1000/SIb=0)/b  [16].

The images of the 12 patients diagnosed with GBM and
31 with solitary brain metastasis were randomized and retro-
spectively evaluated. The evaluation of the images was un-
dertaken by an observer with four years’ radiological experi-
ence who was blind to the histopathological diagnosis of the
lesions.  The T2-weighted images,  FLAIR,  ADC map,  T1-
weighted  images,  and  contrast-enhanced  T1-weighted  im-
ages were evaluated. Peritumoral edema was considered as
the  region  outside  the  enhancing  part  of  the  lesion  with  a
high  signal  on  the  T2-weighted  images.  We  straightened
three  regions  of  interest  (ROIs)  in  the  peritumoral  edema,
where edema was most prominent. ADC was quantitatively
measured  from  the  peritumoral  edema  tissue  three  times,
from the closest to the furthest to the tumor (the nearest, mid-
dle,  and  most  distant),  closest  measurement  encoded  as
ADC1, furthest measurement encoded ADC3, and ADC2 was
measured right in the middle of this straight line.  Further-
more, in all measurements, ROIs that were of uniform size
(approximately 10 mm2) and spherical in shape were used.
ROIs  were  carefully  positioned  to  prevent  contamination
from neighboring  tissues.  Then,  the  ratios  of  these  values
over  each  other  (peritumoral  ADC  ratios:  ADC3  /  ADC1,
ADC3 / ADC2, ADC2 / ADC1) were obtained. Based on the
differences between the ADC values, peritumoral ADC gra-
dients  were  calculated  (ADC3  –  ADC1,  ADC3  –  ADC2,
ADC2 – ADC1). In addition, for each patient, the quantita-
tive ADC values were calculated from the normal white mat-
ter of the ipsilateral hemisphere (ADCI), contralateral hemi-
sphere (ADCC), and lateral ventricle (ADCCSF).  ADC mea-
surements were performed several times on the lowest sig-
nal areas of the tumoral tissue visualized in the ADC map,
and the lowest  signal  was recorded as  the minimum ADC
value of the tumor (ADCTMIN). Similarly, several ADC mea-
surements were undertaken on the peritumoral tissue at the
lowest signal areas visualized in the ADC map, and the low-
est signal was recorded as the minimum ADC value of the
peritumoral area (ADCPMIN). Then, the ADCPMIN / ADCC ratio
was calculated by dividing ADCPMIN by ADCC, and ADCTMIN

/ ADCC was obtained by dividing ADCTMIN by ADCC. Dur-
ing the measurement of ADCs, areas with cystic, necrotic,
and hemorrhagic signals were avoided. All ADC measure-
ments were performed on a Hewlett Packard Z800 worksta-
tion using the dedicated software, AW VolumeShare 5.

2.3. Statistical Analysis

All  digital  ADC  data  was  converted  to  10-6  and  pro-
cessed. A total of 43 cases with the histopathological diagno-
sis were grouped according to tumor type. Thirty-one of the
cases (72.1%) were diagnosed with solitary brain metastasis,
and  the  remaining  12  cases  (27.9%)  were  diagnosed  with
GBM.

The Shapiro-Wilk test was used to evaluate the normal
distribution of numerical data. Numerical data such as age,
ADC values showed a parametric distribution (p>0.05). Nor-
mally distributed data were expressed as a mean ± standard
deviation (SD). The independent-samples t-test was used to
compare numerical data regarding age and ADC with gen-
der between the GBM and solitary brain metastasis groups.

For  the  evaluation  of  the  ADC ratios  and  ADC gradi-
ents, a receiver operating characteristic (ROC) analysis was
undertaken to determine the cut-off value of the statistically
significant results obtained from the data on ADC3 / ADC1,
ADC3  /  ADC2,  ADC2  /  ADC1,  ADC3  –  ADC1,  ADC3  –
ADC2, and ADC2 – ADC1. In the ROC curve analysis, in ad-
dition to the significance of  the test  and the cut-off  value,
the area under the curve (AUC), the Youden’s index, sensi-
tivity, and specificity were calculated. Pearson's Chi-square
test was used to evaluate the significance of differences cre-
ated by gender between the GBM and solitary brain metasta-
sis. SPSS v. 21.0 (IBM Corporation, New York, USA) was
used for statistical analysis, with p ≤ 0.05 being accepted as
statistically significant.

3. RESULTS
Table 1 presents the demographic data obtained from the

cases included in the study. There was no significant differ-
ence between the two groups in terms of ADC1 and ADC2

values (p = 0.162 and p = 0.533, respectively). However, the
difference in the mean ADC3 values was statistically signifi-
cant between the groups (p = 0.022). (Fig. 1) shows GBM
exhibits a positive gradient of ADC values between regions
closest (ADC1) and furthest (ADC3) from enhancing tumor,
but metastasis does not show this kind of correlation. Statisti-
cally  significant  difference  was  found between the  groups
concerning the peritumoral ADC ratios; i.e., ADC3 / ADC1,
ADC3 / ADC2, and ADC2 / ADC1 (p < 0.001, p = 0.001, p =
0.008). Similarly, there was a statistically significant differ-
ence  between  the  groups  in  terms  of  the  mean  values  of
ADC3 – ADC1, ADC3 – ADC2, and ADC2 – ADC1 that were
used to calculate the peritumoral ADC gradient (p < 0.001, p
= 0.001, and p = 0.001, respectively) (Table 2, (Figs. 2 and
3). There was no significant difference between the groups
in the ADC1 and ADC2 parameters and ADCPMIN / ADCC and
ADCTMIN / ADCC ratios (Table 2). The parameters of ADC3 /
ADC1, ADC3 / ADC2 and ADC2 / ADC1 also provided statis-
tically significant results in the ROC analysis (p < 0.001, p =
0.001, and p = 0.002, respectively). The ADC3 / ADC1 ratio
was the strongest diagnostic parameter compared to the re-
maining  parameters,  with  the  AUC  being  calculated  as
0.898. When the cut-off value was taken as 1.105,  the sensi-
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Table 1. Demographics for glioblastoma and solitary metastatic lesions.

Variable - Metastasis Glioblastoma Total
- n (%) 31 (72.1) 12 (27.9) 43 (100)

Age (year)* Mean ± SD 61.1 ± 9.80 58.75 ± 9.54 60.44 ± 9.67

Gender** (Men) n (%) 27 (62.8) 6 (14) 33 (76.7)
*p=0,481; Independent Sample T Test **p=0,01; Pearson’s Chi Square Test

Fig. (1). Line graph shows ADC values for different ROIs (ADC1, ADC2 and ADC3) in peritumoral edema in GBM and solitary metastasis
groups. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

Table 2. Peritumoral and tumoral ADC values (x 10-6 mm2/s), ADC ratios and ADC gradient values (x 10-6 mm2/s) for glioblastoma
and solitary metastatic lesions.

MRI Findings Glioblastoma
(n=12)

Metastasis
(n=31) p

ADC1 1501.67 ± 230.57 1588.39 ± 155.99 0.162

ADC2 1683.33 ± 215.55 1639.68 ± 199.62 0.533

ADC3 1802.50 ± 189.74 1634.52 ± 212.65 0.022*

ADC3 / ADC1 1.21 ± 0.13 1.02 ± 0.07 < 0.001*

ADC3 / ADC2 1.07 ± 0.07 0.99 ± 0.06 0.001*

ADC2 / ADC1 1.12 ± 0.10 1.03 ± 0.05 0.008*

ADC3 – ADC1 300.83 ± 167.79 46.13 ± 121.51 < 0.001*

ADC3 – ADC2 119.17 ± 98.67 -5.16 ± 102.30 0.001*

ADC2 – ADC1 181.67 ± 132.86 51.29 ± 87.40 0.001*

ADCTMIN 817.25 ± 224.86 785.90 ± 177.61 0.633

ADCPMIN 1495.00 ± 219.86 1559.35 ± 171.91 0.315

ADCI 776.50 ± 38.01 787.68 ± 64.63 0.489

ADCC 760.00 ± 26.74 786.94 ± 70.20 0.076
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MRI Findings Glioblastoma
(n=12)

Metastasis
(n=31) p

ADCCSF 3335.83 ± 188.32 3268.39 ± 158.52 0.242

ADCPMIN / ADCC 1.97 ± 0.29 2.00 ± 0.31 0.747

ADCTMIN / ADCC 1.07 ± 0.27 1.01 ± 0.25 0.478
Values are presented as mean ± SD. ADC1 = ROI closest to the tumor, ADC2 = ROI in the middle of edema, ADC3 = ROI furthermost from the tumor, ADCTMIN = minimal ADC val-
ue in tumoral lesion. ADCPMIN = minimal ADC value in peritumoral edema. ADCI = mean ADC value in ipsilateral normal white matter, ADCC = mean ADC value in contralateral
normal white matter. ADCCSF = mean ADC value in the cerebrospinal fluid.

Fig. (2). A 64-year-old male patient with a GBM diagnosis. A. Contrast-enhanced T1-weighted image, B. DWI (b = 1000), C. T2-weighted
image, D. ADC image showing a large (55.3 mm in dimension) lesion in the left frontal lobe, causing a pronounced peritumoral edema. Note
the marked heterogeneous signal in the peritumoral edema zone on T2-weighted image and ADC map. In the ADC map, using ROI 1, 2 and
3, ADC1, ADC2 and ADC3 were calculated as 1620 x 10-6, 1830 x 10-6, and 1900 x 10-6, respectively.

Fig. (3). A 52-year-old man with a diagnosis of colon carcinoma and solitary brain metastasis. A. Contrast-enhanced T1-weighted image, B.
DWI (b = 1000), C. T2-weighted image, D. ADC image showing a mass lesion measuring 21.7 mm in diameter, located in the left occipital
lobe, which caused a significant peritumoral edema. In the ADC map, using ROI 1, 2, and 3, ADC1, ADC2 and ADC3 were calculated as
1590 x 10-6, 1640 x 10-6, and 1650 x 10-6, respectively.
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Table 3. ROC analysis for peritumoral ADC ratios and ADC gradient values.

Peritumoral ADC Ratios and Gradient Values AUC* p Youden’s Index Cut-off Value Sensitivity
(%)

Specificity
(%)

ADC3 / ADC1 0.898 < 0.001 0.788 1.105 91.7 87.1

ADC3 / ADC2 0.825 0.001 0.659 1.025 91.7 74.2

ADC2 / ADC1 0.810 0.002 0.511 1.055 83.3 67.7

ADC3 – ADC1 0.884 < 0.001 0.755 150 91.7 83.9

ADC3 – ADC2 0.841 0.001 0.691 55 91.7 77.4

ADC2 – ADC1 0.793 0.003 0.53 75 91.7 61.3
*AUC-Area under curve.

Fig. (4). ROC curves. A. For ADC ratios, B. For ADC gradients. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article).

tivity was 91.7%, and the specificity was 87.1%. The AUC
value was calculated as 0.825 for ADC3 / ADC2 and 0.810
for ADC2 / ADC1. When the cut-off value for ADC3 / ADC2

was  taken  as  1.025,  the  sensitivity  and  specificity  were
91.7% and 74.2%, respectively. Lastly, for ADC2 / ADC1, us-
ing the cut-off value of 1.055, the sensitivity and specificity
were calculated as 83.3% and 67.7%, respectively (Table 3,
Fig. 4a).

The parameters of ADC3 – ADC1, ADC3 – ADC2, ADC2

–  ADC1,  which  had  significant  differences  between  the
groups,  were  also  statistically  significant  according  to  the
ROC analysis (p < 0.001, p = 0.001, and p = 0.003, respec-
tively). Among the parameters examined, ADC3 – ADC1 pre-
sented as the second most powerful potential diagnostic tool
with an AUC of 0.884. When the cut-off value was taken as
150 x 10-6 mm2/s, the sensitivity was 91.7%, and the specific-
ity was 83.9%. The AUC value was calculated as 0.841 for
ADC3 – ADC2 and 0.793 for ADC2 – ADC1. Taking the cut-
off value as 55 x 10-6 mm2/s for ADC3 – ADC2, the sensitivi-

ty,  and specificity were obtained as 91.7% and 77.4%, re-
spectively. Lastly, at the cut-off value of 75 x 10-6 mm2/s for
ADC2 – ADC1, the sensitivity, and specificity were 91.7%
and 61.3%, respectively (Table 3, Fig. 4b).

4. DISCUSSION
In the current study, the ADC3 / ADC1 ratio was found to

be the most powerful parameter in differentiating between
GBM and metastasis. To the best of our knowledge, this is
the first study to evaluate the ratio of ADC values measured
from the  nearest  and  furthest  segments  in  the  peritumoral
edema  tissue.  The  gradients  of  ADC3  –  ADC1,  ADC3  –
ADC2,  and  ADC2  –  ADC1  were  found  to  be  significantly
higher  in  the  GBM  group  than  in  the  solitary  metastasis
group,  which  is  similar  to  the  results  of  a  previous  study
[15].  In  patients  with  GBM,  the  cause  of  the  findings  de-
scribed above was considered as the presence of tumoral cell
groups that histopathologically show invasion in the peritu-
moral edema tissue, particularly closest to the contrast-en-
hanced tumor tissue, and the decrease of malignant cells in-
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filtrating into the peritumoral edema further from the tumor.
The significantly higher ADC gradients in the GBM group
support  the  findings  reported  by  histopathological  studies
[6].

According  to  the  findings  obtained  from  the  current
study, undertaking a quantitative ADC analysis in peritumo-
ral edema can provide important clues for the differentiation
of GBM and solitary metastasis. In particular, the measure-
ment of the ADC3 / ADC1 ratio presented as the strongest di-
agnostic tool with a sensitivity of 91.7% and a specificity of
87.1%  in  the  discrimination  of  the  two  groups  of  tumors.
The findings also indicated that in the delineation of the two
tumor  groups,  the  ADC  ratios,  and  ADC  gradients  were
stronger parameters than morphometric analyses and signal
intensity measurements on T2-weighted images [17, 18] and
had  similar  sensitivity  and  specificity  to  analyses  using
MRS,  DTI,  and  MR  perfusion  [19-22].  This  means  that
more successful diagnoses can be achieved with a more prac-
tical method.

It is known that the ADC values may vary according to
the MR parameters, systems, or software used [23]. This rais-
es doubts about the universal reproducibility of ADC gradi-
ents  obtained  by  subtracting  intratumoral  or  peritumoral
ADC values  or  the  values  measured  from the  peritumoral
area. In this case, it may be necessary to calculate different
cut-off points for each MR system and software. However, it
is  considered  that  the  peritumoral  ADC  ratios  (ADC3  /
ADC1, ADC3 / ADC2, and ADC2 / ADC1) that were first in-
troduced in this study may be more universal and repeatable
in differentiating GBM and metastasis.

In  previous  studies,  the  measurement  of  ADCTMIN  was
not found to be useful in distinguishing between GBM and
solitary metastasis [12-14]. However, Server et al. reported
that the ADCTMIN value and the ADCTMIN / ADCC ratio were
statistically  significant  in  discriminating  brain  metastases
from high-grade gliomas [24]. In the current study, no signif-
icant  difference  was  observed  between  GBM  and  solitary
metastasis in terms of the ADCTMIN values and the ADCTMIN /
ADCC ratio. These results can be attributed to the frequent
prevalence  of  intratumoral  heterogeneity,  hemorrhage  and
necrosis in GBM and solitary metastases, and the T2* effect
and susceptibility artifacts due to these changes.

Lee et al. reported that the minimum ADC values mea-
sured from the peritumoral edema tissue were useful in dis-
criminating between GBM and solitary metastasis, and the
peritumoral ADC values were significantly lower in patients
with GBM than in solitary metastases due to infiltrative peri-
tumoral edema [13]. However, Server et al. suggested that
the ADCPMIN values were not useful in such differentiation
[24]. In the current study, the ADCPMIN values were not signi-
ficantly different in the two tumor groups.

In this study, the ADC value measured from the most dis-
tant  segment  of  the  peritumoral  area  (ADC3)  successfully
distinguished between GBM and solitary metastasis, while
the  measurements  taken  from the  nearest  and  middle  seg-
ments of the peritumoral area (ADC1 and ADC2, respective-

ly) did not support such differentiation. This demonstrates
that the peritumoral area should be evaluated in a three-di-
mensional plane rather than a two-dimensional one. In fact,
GBM invasion follows white matter tracts and vascular struc-
tures around the tumor [25], and this can also explain why
the orthogonal planes examined in this study did not corre-
spond to the invasion pathways.

In a study by Lee et al., the ADCPMIN / ADCC parameter
was found to be significantly lower in GBM than in solitary
metastasis,  indicating that  this  parameter  could be used to
discriminate between these two lesions and to determine the
site of biopsy before a stereotactic biopsy [13]. In the cur-
rent  study,  there  was  no  significant  difference  between
GBM and solitary metastasis for the ADCTMIN / ADCC and
ADCPMIN / ADCC parameters.

Conventional MR imaging has an important place in the
preoperative evaluation of brain tumors and monitoring re-
sponse to treatment due to its excellent soft-tissue resolution
and superb delineation of anatomical boundaries. However,
with conventional MR imaging, it is often not possible to ob-
tain information about the size of the tumor, the true size of
the  lesion,  and  the  histopathological  type  and  grade  [26].
Therefore, studies on advanced MR imaging methods, such
as DWI, MRS, MR perfusion, and DTI, continue to distin-
guish  lesions,  particularly  GBM  and  brain  metastasis  that
are commonly seen [20, 27-29].

The retrospective design, relatively small number of sam-
ples, and the operator-dependent and manual measurement
of ROI may be considered as the limitations of this study.
Furthermore, the axial sections of ADC measurements may
not have always been exactly parallel to the orientation of
the peritumoral edema tissue. Also, lesions with histopatho-
logically  diagnosed  as  GBM  or  metastasis  may  not  form
prominent peritumoral edema, especially in the early stages
of the disease. In these kinds of cases, ADC measurement
techniques can be challenging or even impossible.

CONCLUSION
Quantitative ADC measurement in peritumoral edema is

a  helpful  parameter  for  differentiating  between  GBM  and
solitary brain metastasis. Peritumoral ADC ratios and peritu-
moral ADC gradients were significantly higher in patients
with GBM than in those with solitary metastasis; therefore,
these parameters were useful for the differentiation of these
two groups of tumors. However, there is a need for further
studies of prospective nature with larger case series and mul-
tiple observers.

MAIN POINTS
-Differentiation of GBM and solitary brain metastasis of-

ten becomes problematic with conventional MRI.

-There is an inverse correlation between cellularity and
ADC measurement in tissues.

-Peritumoral ADC ratios and ADC gradients can be used
to distinguish between GBM and solitary metastasis.



Peritumoral ADC Evaluation for Differentiation of GBM and Brain Metastasis Current Medical Imaging, 2021, Vol. 17, No. 10   1207

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

This study was approved by the Scientific Research Ethi-
cal Committee of the Faculty of Medicine, Osmangazi Uni-
versity, Turkey, (approval number: 2016-239).

HUMAN AND ANIMAL RIGHTS
No animals were used in this study. All data collection

were in accordance with the ethical standards of the commit-
tee responsible for human experimentation (institutional and
national), and with the Helsinki Declaration of 1975, as re-
vised in 2013 (http://ethics.iit.edu/ecodes/node/3931).

CONSENT FOR PUBLICATION
Due to the retrospective nature of the study, the ethics

committee  did  not  find  it  necessary  to  obtain  written  in-
formed consent from the patients.

AVAILABILITY OF DATA AND MATERIALS
The authors confirm that the data supporting the findings

of this study are available within the article.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declare none.

REFERENCES

Omuro A, DeAngelis LM. Glioblastoma and other malignant glio-[1]
mas: a clinical review. JAMA 2013; 310(17): 1842-50.
http://dx.doi.org/10.1001/jama.2013.280319 PMID: 24193082
Tang YM, Ngai S, Stuckey S. The solitary enhancing cerebral le-[2]
sion: can FLAIR aid the differentiation between glioma and metas-
tasis? AJNR Am J Neuroradiol 2006; 27(3): 609-11.
PMID: 16552003
Lee EJ, Ahn KJ, Lee EK, Lee YS, Kim DB. Potential role of ad-[3]
vanced MRI techniques for the peritumoural region in differentiat-
ing glioblastoma multiforme and solitary metastatic lesions. Clin
Radiol 2013; 68(12): e689-97.
http://dx.doi.org/10.1016/j.crad.2013.06.021 PMID: 23969153
Andersen C, Jensen FT. Differences in blood-tumour-barrier leak-[4]
age of human intracranial tumours: quantitative monitoring of va-
sogenic oedema and its response to glucocorticoid treatment. Acta
Neurochir (Wien) 1998; 140(9): 919-24.
http://dx.doi.org/10.1007/s007010050194 PMID: 9842429
Pekmezci M, Perry A. Neuropathology of brain metastases. Surg[5]
Neurol Int 2013; 4(Suppl. 4): S245-55.
http://dx.doi.org/10.4103/2152-7806.111302 PMID: 23717796
Claes A, Idema AJ, Wesseling P. Diffuse glioma growth: a gueril-[6]
la war. Acta Neuropathol 2007; 114(5): 443-58.
http://dx.doi.org/10.1007/s00401-007-0293-7 PMID: 17805551
Caravan I, Ciortea CA, Contis A, Lebovici A. Diagnostic value of[7]
apparent  diffusion  coefficient  in  differentiating  between  high-
grade  gliomas  and  brain  metastases.  Acta  Radiol  2018;  59(5):
599-605.
http://dx.doi.org/10.1177/0284185117727787 PMID: 28835111

Lin L, Xue Y, Duan Q, et al. The role of cerebral blood flow gradi-[8]
ent in peritumoral edema for differentiation of glioblastomas from
solitary metastatic lesions. Oncotarget 2016; 7(42): 69051-9.
http://dx.doi.org/10.18632/oncotarget.12053 PMID: 27655705
Lu S, Gao Q, Yu J,  et al.  Utility of dynamic contrast-enhanced[9]
magnetic resonance imaging for differentiating glioblastoma, pri-
mary central nervous system lymphoma and brain metastatic tu-
mor. Eur J Radiol 2016; 85(10): 1722-7.
http://dx.doi.org/10.1016/j.ejrad.2016.07.005 PMID: 27666608
Papageorgiou TS, Chourmouzi D, Drevelengas A, Kouskouras K,[10]
Siountas A. Diffusion Tensor Imaging in brain tumors: A study on
gliomas and metastases. Phys Med 2015; 31(7): 767-73.
http://dx.doi.org/10.1016/j.ejmp.2015.03.010 PMID: 25866320
Sunwoo L, Yun TJ, You SH, et al. Differentiation of glioblastoma[11]
from brain metastasis: Qualitative and quantitative analysis using
arterial  spin  labeling  MR  imaging.  PLoS  One  2016;  11(11):
e0166662.
http://dx.doi.org/10.1371/journal.pone.0166662 PMID: 27861605
Bulakbasi N, Kocaoglu M, Ors F, Tayfun C, Uçöz T. Combina-[12]
tion of single-voxel proton MR spectroscopy and apparent diffu-
sion coefficient calculation in the evaluation of common brain tu-
mors. AJNR Am J Neuroradiol 2003; 24(2): 225-33.
PMID: 12591638
Lee EJ, terBrugge K, Mikulis D, et al. Diagnostic value of peritu-[13]
moral minimum apparent diffusion coefficient for differentiation
of glioblastoma multiforme from solitary metastatic lesions. AJR
Am J Roentgenol 2011; 196(1): 71-6.
http://dx.doi.org/10.2214/AJR.10.4752 PMID: 21178049
Yamasaki F, Kurisu K, Satoh K, et al. Apparent diffusion coeffi-[14]
cient  of  human  brain  tumors  at  MR  imaging.  Radiology  2005;
235(3): 985-91.
http://dx.doi.org/10.1148/radiol.2353031338 PMID: 15833979
Lemercier P, Paz Maya S, Patrie JT, Flors L, Leiva-Salinas C. Gra-[15]
dient of apparent diffusion coefficient values in peritumoral ede-
ma helps in differentiation of glioblastoma from solitary metastat-
ic lesions. AJR Am J Roentgenol 2014; 203(1): 163-9.
http://dx.doi.org/10.2214/AJR.13.11186 PMID: 24951211
Schaefer PW, Grant PE, Gonzalez RG. Diffusion-weighted MR[16]
imaging of the brain. Radiology 2000; 217(2): 331-45.
http://dx.doi.org/10.1148/radiology.217.2.r00nv24331  PMID:
11058626
Chen XZ, Yin XM, Ai L, Chen Q, Li SW, Dai JP. Differentiation[17]
between brain  glioblastoma multiforme and solitary  metastasis:
qualitative and quantitative analysis based on routine MR imag-
ing. AJNR Am J Neuroradiol 2012; 33(10): 1907-12.
http://dx.doi.org/10.3174/ajnr.A3106 PMID: 22743640
Maurer MH, Synowitz M, Badakshi H, et al. Glioblastoma multi-[18]
forme versus solitary supratentorial brain metastasis: differentia-
tion based on morphology and magnetic resonance signal charac-
teristics.  RoFo  Fortschr  Geb  Rontgenstr  Nuklearmed  2013;
185(3):  235-40.
PMID: 23196836
Halshtok Neiman O, Sadetzki S, Chetrit  A, Raskin S, Yaniv G,[19]
Hoffmann C. Perfusion-weighted imaging of peritumoral edema
can aid in the differential diagnosis of glioblastoma mulltiforme
versus brain metastasis. Isr Med Assoc J 2013; 15(2): 103-5.
PMID: 23516772
Min ZG, Niu C, Rana N, Ji HM, Zhang M. Differentiation of pure[20]
vasogenic edema and tumor-infiltrated edema in patients with peri-
tumoral edema by analyzing the relationship of axial and radial dif-
fusivities  on  3.0T  MRI.  Clin  Neurol  Neurosurg  2013;  115(8):
1366-70.
http://dx.doi.org/10.1016/j.clineuro.2012.12.031 PMID: 23351840
Server A, Orheim TE, Graff BA, Josefsen R, Kumar T, Nakstad[21]
PH. Diagnostic examination performance by using microvascular
leakage, cerebral blood volume, and blood flow derived from 3-T
dynamic susceptibility-weighted contrast-enhanced perfusion MR
imaging  in  the  differentiation  of  glioblastoma  multiforme  and
brain metastasis. Neuroradiology 2011; 53(5): 319-30.
http://dx.doi.org/10.1007/s00234-010-0740-3 PMID: 20625709
Tsougos I, Svolos P, Kousi E, et al. Differentiation of glioblasto-[22]
ma multiforme from metastatic brain tumor using proton magnetic
resonance spectroscopy, diffusion and perfusion metrics at  3 T.



1208   Current Medical Imaging, 2021, Vol. 17, No. 10 Tepe et al.

Cancer Imaging 2012; 12: 423-36.
http://dx.doi.org/10.1102/1470-7330.2012.0038 PMID: 23108208
Kıvrak AS, Paksoy Y, Erol C, Koplay M, Özbek S, Kara F. Com-[23]
parison of apparent diffusion coefficient values among different
MRI platforms: a multicenter phantom study. Diagn Interv Radiol
2013; 19(6): 433-7.
http://dx.doi.org/10.5152/dir.2013.13034 PMID: 24004973
Server A, Kulle B, Maehlen J, et al. Quantitative apparent diffu-[24]
sion coefficients in the characterization of brain tumors and associ-
ated peritumoral edema. Acta Radiol 2009; 50(6): 682-9.
http://dx.doi.org/10.1080/02841850902933123 PMID: 19449234
Cuddapah VA, Robel S, Watkins S, Sontheimer H. A neurocentric[25]
perspective on glioma invasion. Nat Rev Neurosci 2014; 15(7):
455-65.
http://dx.doi.org/10.1038/nrn3765 PMID: 24946761
Pauleit D, Langen KJ, Floeth F, et al. Can the apparent diffusion[26]
coefficient be used as a noninvasive parameter to distinguish tu-

mor tissue from peritumoral tissue in cerebral gliomas? J Magn
Reson Imaging 2004; 20(5): 758-64.
http://dx.doi.org/10.1002/jmri.20177 PMID: 15503327
Blasel S, Jurcoane A, Franz K, Morawe G, Pellikan S, Hattingen[27]
E. Elevated peritumoural rCBV values as a mean to differentiate
metastases  from  high-grade  gliomas.  Acta  Neurochir  (Wien)
2010;  152(11):  1893-9.
http://dx.doi.org/10.1007/s00701-010-0774-7 PMID: 20799046
Chiang IC, Kuo YT, Lu CY, et al. Distinction between high-grade[28]
gliomas and solitary metastases using peritumoral 3-T magnetic re-
sonance spectroscopy, diffusion, and perfusion imagings. Neurora-
diology 2004; 46(8): 619-27.
http://dx.doi.org/10.1007/s00234-004-1246-7 PMID: 15243726
Wang W, Steward CE, Desmond PM. Diffusion tensor imaging in[29]
glioblastoma multiforme and brain metastases: the role of p, q, L,
and fractional anisotropy. AJNR Am J Neuroradiol 2009; 30(1):
203-8.
http://dx.doi.org/10.3174/ajnr.A1303 PMID: 18842762


	The Potential Role of Peritumoral Apparent Diffusion Coefficient Evaluationin Differentiating Glioblastoma and Solitary Metastatic Lesions of theBrain
	Abstract: Objective:
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. METHODS
	3. RESULTS
	Fig. (1).
	ig. (2).
	Fig. (3).
	Fig. (4).
	4. DISCUSSION
	CONCLUSION
	MAIN POINTS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



