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Background.  –  Differentiation  between  glioblastoma  and  brain  metastasis  may  be challenging  in  conven-
tional  contrast-enhanced  MRI.
Purpose.  – To  investigate  if perfusion-weighted  MRI  is able  to differentiate  glioblastoma  from  metastasis
and,  as a second  aim was  to see  if  it was  possible  in  the  latter  group,  to predict  the  primary  site of
neoplasm.
Material  and methods.  –  Hundred  and  fourteen  patients  with  newly  discovered  tumor  lesion  (76
metastases  and 38  glioblastomas)  underwent  conventional  contrast-enhanced  MRI  including  dynamic
susceptibility  contrast  perfusion  sequence.  The  calculated  relative  cerebral  blood  volumes  were  analyzed
in  the  solid  tumor  area,  peritumoral  area,  area  adjacent  to peritumoral  area,  and  normal  appearing  white
matter in  contralateral  semioval  center.  The  Student  t-test was  used  to  detect  statistically  significant  dif-
ferences  in  relative  cerebral  blood  volume  between  glioblastomas  and  metastases  in the aforementioned
areas.  Furthermore,  the metastasis  group  was  divided  in four  sub groups  (lung-,  breast-,  melanoma-,  and
gastrointestinal  origin)  and  using  one-way  ANOVA  test.  P-values  < 0.05  were  considered  significant.
Results.  –  Relative  cerebral  blood  volume  (rCBV)  in the  peritumoral  edema  was  significantly  higher  in
glioblastomas  than  in  metastases  (mean  3.2  ±  1.4 and  mean  0.9  ±  0.7),  respectively,  (P  <  0.0001).  No  sig-
nificant  differences  in  the  solid  tumor  area  or the area  adjacent  to  edema  were  found,  (P  =  0.28  and  0.21
respectively).  There  were  no significant  differences  among  metastases  in  the  four  groups.

Conclusion.  – It is  possible  to differentiate  glioblastomas  from  metastases  by measuring  the  CBV  in the
peritumoral  edema.
It is not  possible  to  differentiate  between  brain  metastases  from  different  primaries  (lung-,  breast-,
melanoma  or gastrointestinal)  using  CBV-measurements  in the  solid  tumor  area,  peritumoral  edema

a.
or  area  adjacent  to  edem

ntroduction
Glioblastoma (GB) and cerebral metastases are the most com-
on brain tumors in adults. Conventional contrast-enhanced
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magnetic resonance imaging (CE-MRI) is often non-conclusive
due to similarities in imaging characteristics and contrast-
enhancement pattern between these entities, especially in solitary
lesions in patients with no known prior malignancy. In one study
of 181 individuals, almost 55 % had no known prior malignancy at

the time of detection of Metastases [1].

In lesions with a peripheral ring enhancement, it is often impos-
sible to differentiate between GB and Met  from the morphologic
images only. GBs may  present with multifocal areas of enhance-
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ent, thus simulate multiple Met. Cerebellar tumor-like lesions in
n adult population are often interpreted as metastases. Cerebellar
Bs are uncommon and seem to show different radiological fea-

ures compared to supratentorial GB [2] Differentiation between
rimary and metastatic brain lesions is important for correct initial
reatment due to differences in therapeutic strategy [3]. Advanced

RI-techniques such as dynamic susceptibility contrast MRI  (DSC-
RI) may  give further dynamic and physiological information in

rain tumor behavior. DSC-MRI is a method that evaluates cere-
ral blood volume (CBV) in brain tissue and is thought to reflect
umor vascularity [4]. Earlier studies have shown good relationship
etween grade of neovascularization and level of relative cerebral
lood volume (rCBV) [4–7].

Metastases are secondary implanted tumor cells which are
elieved to initially attach to vascular basement membrane in
re-existing vessels [8] and grow along those vessels by “hijack-

ng” existing vasculature, a mechanism called co-option [9]. Brain
etastases do not exhibit diffuse infiltrative growth pattern like
Bs. The peritumoral edema is thus thought to be purely vasogenic

n metastases [10].
In contrary, neovascularization in GB is predominantly based on

ngiogenic sprouting from pre-existing capillaries [11]. The peritu-
oral edema in GB is a combination of infiltrative tumor cells and

asogenic edema. Newly formed vessels in GBs exhibit uneven dis-
ribution with serpentine course and arterio-venous fistulas. They
re also structurally abnormal [12]. Elevated CBV as a result of neo-
ascularization and leaky vessel walls in the surrounding edema
hus favor GB diagnosis [7,13–15], Fig. 1.

Peritumoral edema and contrast enhancement of brain tumors
re both thought to be due to a breakdown of the blood-brain
arrier (BBB). However, the exact mechanism by which these two
henomena occur is not completely understood [16].

Earlier studies are primarily focused in differentiating GB from
etastases or low- vs high grade gliomas [3,5,6,13,15,17,18–20]

nd are thus not focused in comparison between metastases from
ifferent primary locations.

The aim of this study was to investigate if measurement of CBV
n contrast enhancing tumor area, the peritumoral edema, and tis-
ue in the proximity of the peritumoral edema, called the area
djacent to edema, could help in the early imaging stage to dif-
erentiate GB from metastases. The second aim was  to investigate
f CBV values, with the same premises, was possible differentiate
etween different metastases P, depending on the origin of primary
alignancy.

aterial and methods

atients

This prospective study was approved by our local ethical
ommittee (#2010/199). Patients who underwent computerized
omography (CT) that showed lesion(s) with characteristics com-
atible with glioblastoma (GB) or cerebral metastases were

ncluded for further investigation with MRI. All patients signed
nformed consent prior to the MRI  study. Patients with a history
f prior neurosurgery, chemotherapy or radiation therapy were
xcluded from further analysis related to this study. Patients with

 final diagnose of GB or cerebral metastases were finally included.
he patients were included during a 6 year period (2010–2015).
xtended MRI  examination including DSC-MRI were performed in
14 patients, 38 with GB (4 multifocal) and 76 with metastases. All

ut two patients (multiple metastases from known lung- and breast
ancer) underwent partial or total surgical resection with accom-
anying histopathological diagnosis. The latter was  considered as

 reference.
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Examination protocols

The study was performed on a 3T whole-body scanner (Magne-
tom TRIO, Siemens AG, Erlangen, Germany). Thirteen patients, from
the metastasis group were examined on a 3T whole-body-scanner
(Magnetom Skyra, Siemens AG, Erlangen, Germany). The proto-
col included, beside conventional MR  imaging, the DSC-sequence:
(gradient echo (GRE) EPI, TR 1400 ms,  TE 32 ms,  slice thickness
5 mm with 1.5 mm gap). After 10 sec delay, gadolinium contrast
(Dotarem

®
279.3 mg/mL) was  administered at a rate of 5 mL/s and

a total dose of 0.1 mmol/kg body weight. Fifty complete cycles
with 19 slices each were acquired. Conventional MR  imaging con-
sisted of sagittal T1W, axial T2W, axial FLAIR, axial DWI,  axial
T1W ± gadolinium (gad) and, coronal T1W coronal post gad.

Data post processing

The DSC-MRI data were processed with advanced MRI  perfu-
sion software (Nordic ICE ver 2.3.12, 2011, Nordic Imaging Lab AS,
Bergen, Norway). The post processing algorithm included correc-
tion of contrast media leakage during the first passage. The method
to calculate leakage corrected rCBV uses a non-enhancing whole
brain region to estimate and remove T1- or T2* based leakage
effects. [21,22]. Anterior cerebral artery (ACA) was used for arterial
input function (AIF). Regions of interest (ROIs) were carefully placed
in the solid tumor area, the peritumoral edema, the area adjacent
to edema, and in the normal appearing white matter (NAWM)  in
contralateral semioval center, respectively. To ensure correct posi-
tioning of the ROIs, we used enhanced T1-weighted and T2 FLAIR
images to define borders between contrast-enhanced tumor area,
peritumoral edema, and normal appearing parenchyma. The high-
est CBV values were chosen by placing multiple ROIs in the selected
areas, Fig. 2. The contrast-enhanced T1- weighted images were also
reviewed to avoid areas with large vessels, hemorrhage, cyst, and
necrosis. ROIs with the highest CBV values were chosen in the three
areas mentioned above. Finally, the rCBV ratio was calculated by
dividing the three CBV values each with the CBV value of NAWM.

Statistical analysis

For statistical analysis, initially the patients were grouped
according to prior tumor type: GB or metastasis. Statistical analy-
sis using SPSS (version 19). Mean and standard deviation (SD) were
analyzed with Student t-test to determine if there were statistically
significant differences of rCBV parameters between GB and metas-
tasis groups in the analyzed areas. The metastasis group was then
divided in four subgroups according to the site of primary tumor
(lung, breast, melanoma, and gastrointestinal) and analyzed with
one-way ANOVA to determine differences of significance in rCBV.
P-values of < 0.05 were considered statistically significant.

Results

Patient demographics and final diagnoses are summarized in
Table 1. Lesion localizations are presented in Table 2.

Imaging findings

In the GB group 9 (24%) were solid, 12 (31%) were ring enhanc-
ing, and 17 (45%) showed inhomogeneous contrast enhancement
with central necrosis. In the metastasis group 34 (45%) were solid,

26 (34%) were cystic, and 16 (21%) were partially cystic. The term
ring enhancing is used when the tumor shows a pure cystic center
with a peripheral contrast-enhancing rim. In the metastases group,
44 out of 76 (58%) lesions were solitary.
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Fig. 1. Upper row from left, T1w + gad, T2 FLAIR and colored rCBV shows a cystic tumor with high rCBV in the peritumoral area consistent with GB. Lower row from left,
T1w+  gad, T2 FLAIR and colored rCBV also shows a cystic tumor but with low rCBV in the peritumoral area consistent with a metastasis.

Fig. 2. Application of multiple ROI:s in the peritumoral edema to depict the highest rCBV-value. T1w + gad and T2w images are used in combination to avoid solid tumor
area  and include the peritumoral edema. From left to right, T1w + gad, T2w and colored rCBV images.

Table 1
Patient material.

Type n Age(range) Age (mean) Age (median) Multifocal (GB) Multiple metastases Male/female %

GB 38 34–86 64 66 4 55/45
Metastasis (all) 76 31–91 64 67 32 40/60
Metastasis (lung) 32 49–82 67 69 15 42/58
Metastasis (melanoma) 12 43–77 63 64 5 73/27
Metastasis(breast) 12 31–73 56 55 5 0/100
Metastasis (GI) 10 48–77 64 64 3 40/60
Metastasis (other)a 10 40–91 67 70 4 40/60

GI: gastrointestinal.
a Includes metastases from kidney, cervix uteri, testis, ovary, prostate, and unknown primary.
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Table 2
Location of GB and solitary Met  from four major primary sites.

Location GB (n = 38) Solitary Met  all (n = 44) Solitary Met  lung (n = 17) Solitary Met  breast (n = 7) Solitary Met  melanoma (n = 7) Solitary Met  GI (n = 7)

Cerebrum 95% 33 (75%) 12 (70%) 4 (57%) 7 (100%) 4 (57%)
Cerebellum 5% 9 (20%) 4 (24%) 3 (43%) 0 (0%) 2 (29%)
Brainstem 0% 2 (5%) 1 (6%) 0 (0%) 0 (0%) 1 (14%)

GB: glioblastoma, Met: metastasis, GI: gastrointestinal.
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Fig. 4. ROC curve: Met  vs GB, rCBV in the peritumoral edema.

Table 3
Previous studies and results regarding rCBV values in peritumoral area of GB and
Met.

Study GB Met  rCBV GB rCBV Met  Significance

Toh et al n = 19 n = 20 1.62 ± 1.24 0.90 ± 0.35 P = 0.063a

Chiang et al n = 14 n = 12 2.33 ± 1.61 0.84 ± 0.33 P < 0.005
Tsougos et al n = 35 n = 14 1.68 ± 0.59 1.06 ± 0.38 P = 0.02
Hakyemez et al n = 22 n = 26 0.89 ± 0.51 0.33 ± 0.12 P < 0.001
Law et al n = 24 n = 12 1.21 ± 0.87 0.53 ± 0.12 P < 0.005
Fig. 3. Distribution of primary malignancy in the metastasis group.

rimary sites of metastases

In the metastases group, primary malignancy was  unknown at
he time of presentation in 24/76 patients (32%). In patients with
olitary metastases, 16/44 (36%) had no known primary malig-
ancy. After further investigations including histopathological
valuation, the metastases were distributed as follows, summa-
ized in Fig. 3.

olid tumor area

The mean rCBV ratio values in the solid tumor area in GB were
CBV(GB ST) 8.1 ± 3.6 and in metastases rCBV(Met ST) 7.0 ± 5.5. Com-
aring the rCBV ratios in the solid tumor area of GB with those of
etastases showed no statistically significant difference, P = 0.28

eritumoral edema

The mean rCBV ratio values in the peritumoral edema in GB were
CBV(GB PTE) 3.2 ± 1.4 and were significantly higher than those of
etastases rCBV(Met PTE) 0.9 ± 0.71 (P < 0.0001).

rea adjacent to edema

The mean rCBV ratio values in the area adjacent to edema in GB
ere rCBV (GB AAE) 2.3 ± 1.2 and were not statistically different from

hose for metastases rCBV (Met AAE) 2.5 ± 1.7. (P = 0.41).
To define an optimal cut-off value a receiver operating charac-

eristic (ROC) curve was made, Fig. 4. Using a cut-off value in rCBV
met vs GB PTE) of 1.1 yielded a sensitivity (sens), specificity (spec),
egative predictive value (NPV), and positive predictive value (PPV)
f 79%, 100%, 70%, and 100% respectively. Those cut-off values were

hosen as all metastases showed a rCBV ≤ 1.1 in the peritumoral
rea Cut-off value rCBV (met vs GB PTE) was 1.8, yielding a sens, spec,
PV, and PPV of 89%, 82%, 79%, and 91% respectively. Those cut-off
alues were derived from the ROC-curve.
GB = glioblastoma, Met  = metastasis.
a Not statistically significant.

No significant differences were detected among the four groups
of metastases (lung, breast, melanoma, and gastrointestinal tract)
regarding values in solid tumor area, peritumoral edema or area
adjacent to edema (P = 0.97, 0.57, 0.86 respectively).

Discussion

In our study, we found significant differences in rCBV regard-
ing peritumoral edema in metastases versus GB.  No differences
were detected regarding solid tumor area or in area adjacent to
the peritumoral edema. None of the aforementioned areas showed
significant differences in rCBV between metastases with differ-
ent primaries. Fifty-eight percent of the metastases were solitary
when detected and 32 % of the patients in the metastatic group
had no known prior malignancy at the time of presentation.
This implies further the importance of differentiation between
these entities due to different treatment schemes. Furthermore,
there are different treatment schemes regarding solitary versus

multiple metastases. Our results regarding differences in rCBV-
values between glioblastomas and metastases in the peritumoral
edema are consistent with earlier published results [3,14,15,18,23],
Table 3. The novelty in our study is that we  performed a systematic
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omparison between brain metastases, with an aim to predict their
rimary malignancy. The number of individuals in the metastasis
roup in our study (n = 76) are significantly higher compared to
ost previous studies. Toh et al segmented the whole peritumoral

dema instead of using multiple ROIs to depict the highest value.
ince the peritumoral edema in GB is a mix  of infiltrating tumor cells
nd vasogenic edema, it may  have affected their results. Addition-
lly, their study included solely thin rim-enhancing lesions. Earlier
esearch have implied that thin rim-enhancing GB are associated
ith less peritumoral infiltration and higher survival rates [24]. Our

tudy included in total 76 patients with metastases, based on the
im to differentiate metastases of different origin. Our and pre-
ious results are consistent with the fact that peritumoral edema
n metastases represents pure vasogenic edema caused by plasma
uid leakage from nearby capillaries [25]. Additionally, it is pro-
osed that decreased perfusion in the peritumoral edema in brain
etastases is due to local compression of the microcirculation by

he edema itself [26].
In agreement with earlier studies we found no differences

etween values in the solid tumor area of GB and metastases
3,14,15,18]. This implies the mechanism of high vascularity with
eaky capillaries that demonstrate blood-brain-barrier breakdown
n both GB and metastases. Interestingly, Toh et al showed statis-
ically significant difference in CBV in the contrast-enhancing rim
etween thin rim-enhancing metastases and GB [23].

In addition to the aforementioned ROI areas, we also evaluated
he area adjacent to the peritumoral area. The reason was to eval-
ate the hypothesis of tumor infiltration in GB beyond the visible
dema in T2-weighted images. There were no statistically signifi-
ant differences in the evaluated area between GB and metastases.

No differences were detected in the corresponding areas in
etastases from the four different primary tumor sites. Gaudino

t al had similar results in 59 patients with brain metastases [27].
his may  be due to a similar mechanism in the pathogenesis of
rain metastases regardless of origin [28]. The three metastasis
roups in our study, beside the lung group (n = 32) were quite
mall (n = 10–12) which may  have affected the result. We used
he DSC technique to study brain perfusion as it is a fast robust
echnique relatively easy to post process and the most widely used
echnique especially in base line studies of brain tumors. Dynamic
ontrast-enhanced perfusion MRI  (DCE-MRI) is more time consum-
ng and requires more demanding post processing techniques. It
s also very sensitive to signal to noise since there are a num-
er of unknown parameters that needs to be fitted using different
odel approaches [29]. However, DCE-MRI may  be a promising

owerful tool in differentiating recurrent tumors from treatment
elated changes [30,31]. An additional aspect of DSC is to analyze
he peak height (PH) and percentage of signal intensity recovery
PSR) of the initial signal curve derived from the first passage of con-
rast. This technique has described significant differences between
B and Met  and is considered to depict differences in vascular
ermeability and neoangiogenesis [32,33]. Another recent study
ombined in a multiparametric fashion, PSR, PH, maximum rCBV
nd apparent diffusion coefficient (ADC) in differentiation of pri-
ary central nervous system lymphoma (PCNSL), metastases and
B where maximum rCBV in the peritumoral edema showed the
trongest impact [34].

Other advanced MRI  techniques, such as diffusion tensor- and
urtosis imaging (DTI, DKI) and MR-spectroscopy (MRS) have been
sed in earlier studies [3,14,27,35,36]. Bauer et al used a multipara-
etric approach that showed statistically significant differences

etween GB and metastases using a combination of CBV, fractional

nisotropy (FA), and mean diffusivity (MD) in the peritumoral area.
he combination yielded better significance than the individual
echniques separately [37]. These results were based on a quite
mall group of 23 individuals (13 GB and 10 metastases). The results

[
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are though promising and needed to be validated in a larger cohort
including MRS  and DKI. In two  recent articles, the use of com-
puterized tomography perfusion (CTP) with promising results in
differentiation of GB versus PCNSL and Met  from different sites
respectively [38,39]. The latter was a pilot study with a limited
number of cases.

In conclusion, it is possible to differentiate glioblastomas from
metastases by measuring

CBV in the peritumoral edema. All metastases showed an rCBV
value in the peritumoral area less or equal to 1.1.

It is not possible to differentiate between brain metastases from
different primaries (lung, breast, melanomas, and gastrointestinal)
by CBV-measurements in the solid tumor area, peritumoral edema
or in the area adjacent to edema.
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