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Abstract

Purpose To investigate the association and agreement between magnetic resonance dynamic susceptibility contrast perfusion-
weighted imaging (DSC-PWI) and computed tomography perfusion (CTP) in determining vascularity and permeability of
primary and secondary brain tumors.

Material and methods DSC-PWI and CTP studies from 97 patients with high-grade glioma, low-grade glioma and solitary
brain metastasis were retrospectively reviewed. Normalized cerebral blood flow (nCBF), cerebral blood volume (nCBV),
capillary transfer constant (nK2) and permeability surface area product (nPS) values were obtained. Variables among groups
were compared, and correlation and agreement between DSC-PWI and CTP were tested.

Results All DSC-PWI and CTP parameters were higher in high-grade than in low-grade gliomas (p <0.01 and p <0.001).
Metastases had greater DSC-PWI nCBYV (p <0.05), nCTP-CBF (p <0.05), nCTP-CBV (p <0.01) and nCTP-PS (p <0.0001)
than low-grade gliomas and more elevated nCTP-PS (p <0.01) than high-grade gliomas. The correlation was strong
between DSC-PWI nCBF and CTP nCBF (r=0.79; p <0.00001) and between DSC-PWI nCBV and CTP nCBV (r=0.83;
p <0.00001), weaker between DSC-PWI nK2 and CTP nPS (r=0.29; p <0.01). Bland—Altman plots indicated that the
agreement was strong between DSC-PWI nCBF and CTP nCBF, good between DSC-PWI nCBV and CTP nCBYV and poorer
between DSC-PWI nK2 and CTP nPS.

Conclusion DSC-PWI and CTP CBF and CBV maps were comparable and interchangeable in the assessment of tumor vascu-
larity, unlike DSC-PWI K2 and CTP PS maps that were more discordant in the analysis of tumor permeability. CTP could be
an alternative method to quantify tumor neoangiogenesis when MRI is not available or when the patient does not tolerate it.
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Introduction

Perfusion imaging allows the identification of biological
properties of brain tumors that are otherwise non depictable
on conventional imaging. Concerning magnetic resonance
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ferent methods, dynamic susceptibility contrast (DSC) and
dynamic contrast enhanced (DCE), which are both based
on gadolinium injection [1, 2]. However, DSC has been the
most extensively PWI technique applied in the assessment
of brain tumors due to its ability in quantifying the tumor

vascular supply [3]. DSC-PWI may identify glioma grade
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differentiate post-treatment changes from tumor progression
and recurrence [1, 4]. Therefore, DSC-PWI has been dem-
onstrated to increase the reliance of neuroradiologists and
physicians in the management of brain tumors in 40% and
56% of cases, modifying the treatment in 8.5% of patients
[5]. In addition, although with lower accuracy than DCE-
PWI [6], DSC-PWTI is able to evaluate vessel permeability
calculating capillary transfer constant (K2) parameter by a
leakage-correction algorithm [7]. On the other hand, brain
tumor hemodynamics can also be measured with perfusion-
computed tomography (CTP) that has been reported to be a
useful tool for differential diagnosis and prediction of tumor
grading, prognosis, and treatment response [8—12]. Fur-
thermore, CTP can study vascular permeability, preferably
with a two-phase acquisition protocol that allows to obtain
permeability surface area product (PS) parameter [2, 10].
Another advantage of CTP is the linear relationship between
the iodine contrast concentration and CT attenuation that
provides a direct measurement of perfusion parameters [2].
For these reasons, CTP has been proposed as an alternative
technique for the assessment of brain tumor vascularity and
permeability in patients with contraindication to MRI [10].

Nevertheless, a few data are currently available on the
agreement between CTP and PWI parameters that are dif-
ficult to compare since, despite both PWI and CTP tracking
the contrast delivery to tissues during and after the arrival of
the contrast bolus, these two techniques have several differ-
ences in acquisition and computation models [1, 2]. In fact,
only three studies have previously been published testing the
correspondence between PWI and CTP parameters in brain
tumors. Of these, only one described the correlation between
DSC-PWI and CTP cerebral blood volume (CBV) in patients
with high-grade glioma [13], whereas the others estimated
the relationships between DCE-PWI and CTP permeability
values in patients with brain metastasis and glioblastoma
[14, 15]. Based on these observations, the present study aims
to assess the correlation and agreement of pharmacokinetic
parameters derived from DSC-PWI and CTP in patients with
both primary and secondary brain tumors.

Material and methods
Patients

Ninety-seven patients (56 males and 41 females; mean
age+SD=061.1+13.2 years) with suspected solitary intra-
axial brain tumor at admission CT and/or MRI were included
in the study and underwent brain DSC-PWI and CTP. DSC-
PWI and CTP studies from all patients were retrospectively
reviewed. CTP was acquired within 5 days after DSC-PWI,
always prior to surgery and to any steroid or chemother-
apy or radiation treatment. All patients underwent surgical

biopsy or tumor removal within 7 days after CTP examina-
tion. Histologic analyses were based on the World Health
Organization (WHO) classification and were obtained after
total surgical resection of the tumor in 36 patients, partial
surgical resection in 39 patients and stereotaxic biopsy in
22 patients. Fifty-eight patients were diagnosed with WHO
grade IV glioma (glioblastoma IDH-wildtype), 15 patients
with grade III glioma (5 anaplastic astrocytoma IDH-mutant,
2 anaplastic ependymoma, 8 anaplastic oligodendroglioma
IDH-mutant and 1p/19qg-codeleted), 12 patients with low-
grade glioma (4 diffuse astrocytoma IDH-mutant, 1 oligoas-
trocytoma, 7 oligodendroglioma IDH-mutant and 1p/19q-
codeleted) and 12 patients with metastatic brain lesions (9
with primitive pulmonary tumor, 1 renal tumor, 1 breast
cancer and 1 colon cancer). Patients were then grouped
according to histological diagnosis in high-grade gliomas
(WHO 1V and III grade), low-grade gliomas (WHO II and
I) and isolated metastases (all patients with secondary brain
lesion). Karnofsky performance status at entry ranged from
50 to 100%. Our institutional review board approved this
prospective study.

Imaging protocol

MRI were acquired with a 1.5 T Achieva scanner (Philips
Medical Systems, Best, the Netherlands). MRI protocol
included the following sequences: axial T1-weighted spin-
echo (SE), axial T2-weighted SE, coronal FLAIR, and dif-
fusion-weighted imaging (DWI). PWI was performed with
DSC technique with echo planar imaging (EPI) Fast Field
(Gradient)-Echo sequence of 25 adjacent slices with thick-
ness of 5 mm and 0 gap, 40 dynamics, 90 X 128 matrix, time
to repetition (TR) 1877 ms, time to echo (TE) 40 ms, NSA
1, flip angle 75°, turbo factor 47 and EPI factor 47. The
sequence was obtained during intravenous administration of
a 0.1-mmol/kg bolus of Gadoteridol (Prohance, Bracco) at
a 4.0 ml/s rate, with 16 s delay followed by 20 ml saline at
the same rate, using a power injector. Total acquisition time
was 1 min and 24 s. Postcontrast axial T1-weighted images
were acquired after the acquisition of DSC-PWI sequence.
All CTP studies were performed using a multidetector-row
CT scanner (CT HiSpeed ZX/i; GE Healthcare, Milwaukee,
Wisconsin) equipped for CT perfusion imaging (CT Perfu-
sion; GE Medical System, Milwaukee, Wis). CTP consisted
in a two-phase protocol (80 kV, 140 mA, 0.5 rotation time,
5 mm slice thickness with 8 cm head coverage) located at the
tumor level and including the largest volume of neoplastic
tissue. The two-phase acquisition consisted of a first phase
every 2.8 s for 60 s and an additional second phase every
15 s for 90 s. The acquisition started 5 s after the automatic
injection of a bolus of 40 mL of nonionic contrast agent
(Iomeron 300 mg/mL, Bracco Imaging SpA) followed by a
saline flush of 40 mL at the rate of 4 mL/s. The total scan
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duration was 150 s. All CTP source images were recon-
structed with the standard filter and DFOV of 25 cm.

Image post-processing and analysis

DSC-PWI was analyzed with a dedicated software pack-
age (Olea SPHERE®, Olea Medical®, La Ciotat, France).
Parametric maps of cerebral blood flow (CBF) and CBV
were then obtained using the standard truncated singular
value decomposition algorithm (sSVD) for deconvolution
[16] and an automatic method to obtain the arterial input
function (AIF). The same method was applied to calculate
the permeability K2 maps [7]. K2 is the capillary trans-
fer constant describing the movement of contrast from
extravascular space back into vessels. In order to avoid the
underestimation of CBV due to contrast leakage through
the damaged blood brain barrier in tumors, a mathematical
correction of leakage was applied to CBV maps. There-
fore, the corrected CBV map derived from K2 permeability
maps were obtained. Perfusion parametric maps were co-
registered to postcontrast axial T1-weighted images. CT
perfusion maps of CBF, CBV and PS were computed using
a commercially available delay-insensitive deconvolution
software (CT Perfusion 4D, GE Healthcare, Milwaukee,
Wisconsin). Arterial and venous time-attenuation curves
were measured positioning 2 X 2 voxels (in-slice) Regions
of Interest (ROIs), respectively, on the basilar artery, inter-
nal carotid artery, on anterior cerebral artery and on the
posterior superior sagittal sinus. CTP CBF, CBV and PS
maps were calculated by deconvolving the arterial time-
attenuation curve with the tissue time-attenuation curve
with a two-compartmental model. Average CTP maps
were created by averaging the cine (dynamic) CTP source
images over the duration of the first pass of contrast. Large
blood vessels were automatically excluded from calcula-
tion by the software [17, 18]. As shown in Fig. 1, two
different regions of interest (ROI) larger than 1 cm? were
manually drawn on contrast-enhanced T1-weighted images
and on average CTP images that were co-registered with
DSC-PWI and CTP parametric maps, respectively. Aver-
age CTP images were chosen due to their optimal contrast
resolution of tumor borders. The first ROI was drawn on
every section in which the enhancing or non-enhancing
tumor solid tissue was visible, avoiding necrotic and cystic
areas, and carefully selecting the matching CT and MR
slices. The second ROI, mirroring the tumor region, was
delineated on the apparently normal brain tissue on the
contralateral hemisphere. Regional CBF, CBV and K2 and
PS absolute levels were measured in both tumor and appar-
ently normal tissue. Normalized values both for DSC-PWI
(PWI nCBF; PWI nCBV; and PWI nK2) and CTP (CTP
nCBF; CTP nCBV; and CTP nPS) were then obtained by
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dividing tumor and contralateral absolute levels. CBF,
CBYV, K2 and PS values were expressed in mL/100 g/min,
mL/100 g, s and mL/100 g/min, respectively.

Statistical analysis

Data were checked for normality using the Kolmogo-
rov—Smirnov test. As normality of data distribution was
rejected in several variables, statistical analysis was per-
formed by a nonparametric statistical approach. Continuous
variables were compared using the Kruskal-Wallis test fol-
lowed the Mann—Whitney U test with Bonferroni correction
for multiple comparisons. Correlation between the continu-
ous variables was assessed by the Spearman’s correlation
test. The agreement between DSC-PWI and CTP variables
was evaluated by the Bland—Altman test. A value of p <0.05
was accepted as statistically significant. Statistical analysis
was performed with GraphPad Prism.

Results

A total of 97 subjects were included in the study of whom 73
had high-grade gliomas, 12 had low-grade gliomas and 12
had solitary brain metastases. Cohort demographic, clinical
and radiological features are listed in Table 1. As indicated
in Fig. 2, a statistical difference was found for DSC-PWI
nCBF (p <0.001), DSC-PWI nCBYV levels, DSC-PWI nK2,
CTP nCBF, CTP nCBV (p <0.01) and CTP nPS (p <0.001)
among high-grade gliomas, low-grade gliomas and metas-
tases. In particular, high-grade gliomas had significantly
higher values for DSC-PWI nCBF, DSC-PWI nCBV
(p<0.001) and DSC-PWI nK2 (p <0.01) than low-grade gli-
omas (Fig. 2, panel A), whereas DSC-PWI nCBYV levels were
statistically more elevated in metastases than in low-grade
gliomas (p <0.05). On the other hand, while high-grade glio-
mas had significantly greater CTP nCBF (p <0.01), CTP
nCBV (p<0.001) and CTP nPS (p <0.01) levels than in low-
grade glioma, metastases had more increased CTP nCBF
(p<0.05), CTP nCBV (p <0.01) and CTP nPS (»p <0.0001)
values than low-grade gliomas and more prominent CTP nPS
levels than high-grade gliomas (Fig. 2, panel B). A strong
positive correlation was detected between DSC-PWI nCBF
and CTP nCBF, as well as between DSC-PWI nCBV and
CTP nCBV values (p <0.00001), whereas less pronounced
(»<0.01) was the association between DSC-PWI nK2 and
CTP nPS levels (Fig. 3). As shown by bias and 95% limits of
agreement values of Bland—Altman plots (Fig. 4), the agree-
ment was strong between DSC-PWI nCBF and CTP nCBF,
good between DSC-PWI nCBV and CTP nCBYV and poorer
between DSC-PWI nK2 and CTP nPS levels.
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Fig. 1 Tumor lesion segmenta-
tion on magnetic resonance
dynamic susceptibility contrast
perfusion-weighted imaging
(PWI) and computed tomog-
raphy perfusion (CTP) in a
43-year-old patient with low-
grade glioma (Diffuse Astrocy-
toma IDH-mutant) located in
left insular lobe (Panel A) and
in a 61-year-old patient with
high-grade glioma (Glioblas-
toma IDH-wildtype) placed in
left temporal lobe (Panel B)

Average

Average

Discussion

The purpose of the current study was to analyze the level
of correlation and agreement of perfusion parameters
derived from DSC-PWI and CTP for verifying whether
these two techniques are comparable and interchangeable
in the assessment of tumor vascularity and permeability
in primary and secondary brain malignancies. DSC-PWI
and CTP showed similar results when nCBV, nCBF and
permeability in high-grade and low-grade gliomas were
compared given that all these parameters were higher in
high-grade than in low-grade gliomas. These findings
are concordant with data coming from previous studies.
A recent meta-analysis found that DSC-PWI CBV had
92% sensitivity and 81% specificity in discriminating
between high-grade and low-grade gliomas [19] and DSC-
PWI CBF was demonstrated to enhance with increasing

glioma grade [20-22]. In addition, DSC-PWI-derived
leakage coefficient K2 was reported to be significantly
greater in high-grade than in low-grade gliomas [21, 23].
Finally, increased intralesional levels of CBF, CBV and
PS values in high-grade than in low-grade gliomas were
observed in prior CTP studies obtained with one-phase
[8] or two-phase [24] acquisition protocol. Collectively,
these findings confirm that an increase in CBF, CBV and
permeability is related to neoangiogenesis, with increased
micro-vessel density and capillary permeability, that char-
acterizes high-grade gliomas [1, 2, 9, 10]. Conversely,
DSC-PWI and CTP provided the discordant results when
metastases were compared with high-grade and low-grade
gliomas. In fact, while nCBF and nCBYV values derived
from DSC-PWI and CTP were equivalent in metastases
and high-grade gliomas, and DSC-PWI and CTP nCBV
levels were higher in metastases than in low-grade gliomas,
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Table 1 Demographic, clinical and radiological characteristics in 97 patients with brain tumors

High grade (n="73)

Low grade (n=12)

Metastases (n=12)

34/39
62.8+12.8

Sex: female/male
Age, years (mean +SD)
WHO grade (%)
I /
I 15/73 (20.5%)
v 58/73 (79.5%)
Karnofsky performance status 80, 70-90, 76.3 +14.6, 40-100
(median, IQR, mean + SD, range)
PWI nCBF: mL/100 g/min (median,
IQR, mean + SD, range)

PWI nCBV: mL/100 g (median,
IQR, mean + SD, range)

PWI nK2: mL/100 g/min (median,
IQR, mean + SD, range)

CTP nCBF: mL/100 g/min (median,
IQR, mean + SD, range)

CTP nCBV: mL/100 g (median,
IQR, mean + SD, range)

CTP nPS: mL/100 g/min (median,
IQR, mean + SD, range)

2.2,1.6-2.8,2.2+£0.9, 0.5-4.4

2.3,1.8-3.0,2.4+0.9,0.64.8

2.8,1.5-6.4,43+3.8,0.5-14.5

2.1,1.8-2.6,2.2+1.0, 0.4-6.3

2.2,1.9-2.8,2.3+0.9,0.5-6.5

517 2/10
46.5+10.9 649+7.1
12/12 (100%) /

/
/

90, 77.5-90, 85.0+10.0, 70-100

1.1,1.0-1.5,1.3+0.3, 0.8-1.8

1.2,1.0-1.6,1.3+0.4,0.9-2.1

1.3,1.1-1.6, 1.4+0.5,0.7-2.2

1.1, 1.0-1.5, 1.3+0.6, 0.5-2.6

1.1,0.9-1.5,1.3+0.6,0.6-2.8

6.1,3.5-8.7,6.4+3.7,0.9-20.1 1.1,1.0-1.8,1.6+1.2,0.8-4.7

/
/
80, 70-82.5, 78.0+£9.0, 60-90

1.7,1.3-22,2.3+2.0,0.5-8.2

19,1.6-2.2,23+1.8,0.6-7.4

42,1.7-9.0,5.6+5.1,04-17.3

1.8,14-24,2.6+2.7,0.9-11.0

2.4,19-25,3.5+45,13-17.6

10.6,9.5-16.4,23.2+36.9,3.9-138.1

High Grade=high-grade gliomas; Low grade=1low-grade gliomas; SD =standard deviation, WHO=World Health Organization; PWI=mag-
netic resonance dynamic susceptibility contrast perfusion-weighed imaging; IQR =interquartile range; nCBF=normalized cerebral blood flow;
nCBV =normalized cerebral blood volume; nK2 =normalized capillary transfer constant; CTP=CT perfusion; nPS =normalized permeability

surface area product

nCBF values were greater in metastases than in low-grade
gliomas when assessed by CTP but comparable between
these two groups when assessed by PWI. More important,
CTP nPS values were more elevated in metastases than in
high-grade and low-grade gliomas, but DSC-PWI K2 lev-
els were not. Conflicting findings were obtained in previ-
ous publications in which DSC-PWI and CTP parameters
were used in the differential diagnosis between metastases
and gliomas. No difference were observed for CBF and
CBV values among metastases, high-grade and low-grade
gliomas in former works performed with DSC-PWI [25]
and one-phase CTP [8, 26]. Nevertheless, other studies
performed with DSC-PWI [28] and one-phase CTP [27]
showed more elevated CBF and CBYV levels in high-grade
gliomas than in metastases. In addition, some investiga-
tors did not demonstrate any difference in permeability
between metastases and high-grade gliomas with DCE-
PWI volume transfer constant (K"*") [29] and one-phase
CTP PS [8, 26, 27], whereas others reported higher DCE-
PWI K™ Jevels in high-grade gliomas than in metastases
[30]. Only one study, performed with CTP K" obtained
with a one-phase acquisition protocol, was consistent with
our data showing greater permeability values in metastases
than in high-grade gliomas [31]. A conceivable explana-
tion for these discrepancies among various studies is the
remarkable difference in models and in post-processing
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methods utilized for calculating tumor vascular permeabil-
ity and in patient selection among the various studies. In
any case, the higher CTP nPS values we found in metasta-
ses compared to high-grade gliomas may be related to the
well-known heterogeneity of tumor brain microenviron-
ment that is different between primary tumors and metas-
tases and likely promotes distinct level of blood—brain
barrier (BBB) leakage [32, 33]. Convergent and divergent
results for nCBF and nCBYV and for normalized permeabil-
ity, respectively, obtained with DSC-PWI and CTP in our
examination of continuous variables were reflected by the
analysis of correlation and agreement between DSC-PWI
and CTP parameters. The demonstration of a strong posi-
tive correlation between nCBF and nCBYV values derived
from DSC-PWI and CTP was in agreement with a previ-
ous study [13] in which, however, CTP was acquired with
a one-phase protocol and only patients with high-grade
glioma were examined. On the contrary, the weaker direct
association detected between DSC-PWI nK2 and CTP nPS
levels did not confirm prior observations where DCE-PWI
K™ were compared with two-phase CTP K™" values
[14] and DCE-PWI K™" were correlated with one-phase
CTP nPS value [15]. On the other hand, the high agree-
ment we found between nCBF and nCBYV values only par-
tially corresponded to the results of the previous study
of De Simone and colleagues [13] showing lower nCBV
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Fig.2 Panel A Scatter plots showing magnetic resonance dynamic
susceptibility contrast perfusion-weighted imaging (PWI) normal-
ized cerebral blood flow (nCBF), normalized cerebral blood volume
(nCBV) and normalized capillary transfer constant (nK2) values in
patients with high-grade gliomas (High grade), low-grade gliomas
(Low grade) and metastases. The horizontal line marks the median.
Panel B Box plots illustrating computed tomography perfusion (CTP)

nCBF, nCBV and normalized permeability surface area product
(nPS) values in patients with high-grade gliomas (High grade), low-
grade gliomas (Low grade) and metastases. The boundaries of the
boxes represent the 25th—75th quartile. The line within the box indi-
cates the median. The vertical lines above and below the box corre-
spond to the highest and lowest values, excluding outliers
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Fig.3 Relationship between computed tomography perfusion (CTP)
normalized cerebral blood flow (nCBF), normalized cerebral blood
volume (nCBV) normalized permeability surface area product (nPS)
values (y-axis) and magnetic resonance dynamic susceptibility con-

levels for DSC-PWI than CTP, likely due to the lack of a
correction for contrast extravasation leading to an under-
estimation of CBV [7, 34]. In addition, the lower agree-
ment we observed DSC-PWI nK2 and CTP nPS values
was in contrast with the two already cited publications

trast perfusion-weighted imaging (PWI) nCBF, nCBV and normal-
ized capillary transfer constant (nK2) values (x-axis), respectively, in
97 patients with brain tumors

demonstrating a good agreement DCE-PWI K" and two-
phase CTP K™ [14] and one-phase CTP nPS levels [15],
respectively. Again, these discrepancies can be explained
by methodological differences in evaluating microvascular
permeability across various studies. In particular, patient
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Fig.4 Bland-Altman plots representing the level of agreement
between magnetic resonance dynamic susceptibility contrast per-
fusion-weighted imaging (PWI) normalized cerebral blood flow
(nCBF), normalized cerebral blood volume (nCBV) and normalized
capillary transfer constant (nK2) values and illustrating computed
tomography perfusion (CTP) nCBF, nCBV and normalized permea-

population evaluated, pharmacokinetic properties of MRI
and CT-specific contrast agents [35] and tracer kinet-
ics models used to calculate permeability and the num-
ber of phases chosen for CTP acquisition were different.
DCE-PWI K™ is considered the parameter of choice for
measuring permeability since it describes accurately the
amount of contrast that leaks from vessels into extravas-
cular interstitial space across the BBB by its relationship
with extraction fraction (E), the quotient of the contrast
that extravasates from intravascular space into extravascu-
lar space, blood flow and PS [2, 10, 36]. Conversely, K2
indicates the volume of contrast that moves from extravas-
cular interstitial space into vessels through the BBB and
may not correlate linearly with the permeability due to a
complex relationship between tissue contrast concentration
and the changes in signal intensity, potentially leading to
inaccurate estimations of microvascular permeability in
highly leaky tumors [7, 37, 38]. For CTP, a two-phase pro-
tocol is recommended due to its ability to take into account
the bidirectional diffusion of contrast agent between the
extravascular and intravascular space with a longer acqui-
sition time compared to a one-phase protocol [2, 10]. The
present study has some limitations. The sample size of the
three patient groups is disproportionate due to the small
number of patients with low-grade gliomas and solitary
metastases. However, this reflects a real-world setting in
which high gliomas are more frequent than low-grade glio-
mas and isolated brain metastases. Additionally, DSC-PWI
K2 maps is not the most robust method for determining
microvascular permeability, but it weakly correlates with
K™ and is consistent in measuring tumor permeability
[6]. Finally, post-processing leakage correction was not
associated with preload dose of contrast agent for obtain-
ing a synergistic effect in the improvement of the accuracy
and precision of CBV computation, as recently proposed

@ Springer

bility surface area product (nPS) values, respectively, 97 patients with
brain tumors. The mean and the difference of results obtained with
the two methods (PWI and CTP) are reported on x-axis and y-axis,
respectively. The solid line corresponds to bias. The dashed lines
indicate the upper and the lower 95% limits of agreement

[3]. Nonetheless, the use of contrast prebolus remains still
controversial since it may impact the estimation of perme-
ability [30].

Conclusion

Taken together, our findings suggest that DSC-PWI and CTP
CBF and CBV maps are comparable and interchangeable in
the evaluation of tumor vascularity, whereas DSC-PWI K2
and CTP PS maps are more discordant in the calculation of
tumor permeability in primary and secondary brain malig-
nancies. Thus, despite dose exposition concerns, CTP could
be an alternative method for reliably quantifying tumor neo-
angiogenesis when MRI is not available. Additionally, CTP
is suitable when MRI cannot be performed due to patient
contraindications or in case the patient does not tolerate it.
Therefore, further studies in a larger and more homogeneous
patient population of the groups are warranted to clarify the
actual role of CTP in brain tumors.
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