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Abstract
Objectives To compare dynamic contrast-enhanced MRI (DCE-MRI) data obtained using different prebolus T1 values in glioma
grading and molecular profiling.
Methods We retrospectively reviewed 83 cases of gliomas: 46 lower-grade gliomas (LGG; grades II and III) and 37 high-grade
gliomas (HGG; grade IV). DCE-MRI maps of plasma volume fraction (Vp), extravascular-extracellular volume fraction (Ve),
and tracer transfer constant from plasma to tissue (Ktrans) were obtained using a fixed T1 value of 1400 ms and a measured T1
obtained with variable flip angle (VFA). Tumour segmentations were performed and first-order histogram parameters were
extracted from volumes of interest (VOIs) after co-registration with the perfusion maps. The two methods were compared using
Wilcoxon matched-pairs signed-rank test and Bland-Altman analysis. Diagnostic accuracy was obtained and compared using
ROC curve analysis and DeLong’s test.
Results Perfusion parameters obtained with the fixed T1 value were significantly higher than those obtained with the VFA. As
regards diagnostic accuracy, there were no significant differences between the two methods both for glioma grading and
molecular classification, except for few parameters of both methods.
Conclusions DCE-MRI data obtained with different prebolus T1 are not comparable and the definition of a prebolus T1 by T1
mapping is not mandatory since it does not improve the diagnostic accuracy of DCE-MRI.
Key Points
• DCE-MRI data obtained with different prebolus T1 are significantly different, thus not comparable.
• The definition of a prebolus T1 by T1 mapping is not mandatory since it does not improve the diagnostic accuracy of DCE-MRI
for glioma grading.

• The use of a fixed T1 value represents a valid alternative to T1 mapping for DCE-MRI analysis.
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Abbreviations
HGG High-grade gliomas
IDH Isocitrate dehydrogenase
Ktrans Tracer transfer constant from plasma to tissue
LGG Lower-grade gliomas
Ve Extravascular-extracellular volume fraction
VFA Variable flip angle
Vp Plasma volume fraction

Introduction

Dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) has proven to be a useful diagnostic tool in the
study of brain tumours and in particular in glioma grading
since it allows the characterisation of the microvascular envi-
ronment of both normal and tumoural tissues [1–8]. It relies on
the acquisition of T1-weighted images before, during, and
after the passage of a bolus of contrast agent (CA). This gen-
erates a signal-time curve that is converted in a CA
concentration-time curve in order to calculate quantitative per-
fusion metrics from a pharmacokinetic model. To do so, it is
necessary to measure the T1 signal before the administration
of the CA (prebolus T1) in order to obtain a map of pre-
contrast T1 values across all the acquired volume (T1 map-
ping). This measurement will then be used to convert the
signal intensity units (SI) in the DCE-MRI data into unit of
CA concentration.

There are concerns regarding the variability and reproduc-
ibility of DCE-MRI data, mainly due to the lack of
standardisation of the technique that results in the publication
of different acquisition and processing protocols [9–11]. Some
of the variables that can affect the reproducibility of DCE-
MRI are the vascular input function selection, the software
used for data analysis, and the prebolus T1 estimation method
[8–12]. Nevertheless, different research groups have indepen-
dently achieved relatively high diagnostic accuracy in differ-
ent clinical tasks, including glioma grading, follow-up, and
differential diagnosis [1–6].

One of the differences among the studies is the meth-
od chosen to measure the prebolus T1 that can be done
using inversion recovery (IR), saturation recovery (SR),
or variable flip angle (VFA) sequences [8, 13–16]. The
most accurate method is the IR approach, but it is time-
consuming and not feasible in clinical practice. VFA
sequences overcome this limitation acquiring two or
more spoiled gradient echo measurements with constant
repetition time (TR) and echo time (TE), and different
flip angles [17]. This made the VFA the most widely
used approach since it requires shorter acquisition time
favouring its clinical use [8].

However, VFA can potentially introduce variability
and errors in perfusion measurements, mainly because

of motion artefacts and B1 field inhomogeneity [8].
Even though the possibility to correct for B1 inhomo-
geneity exists, it is time-consuming and does not
achieve complete correction, making it hardly feasible
in clinical practice [8].

For this reason, the use of a fixed T1 value has been pro-
posed as a valid alternative to T1 mapping in glioma studies
[8, 18, 19]. Nevertheless, the majority of the published studies
performed the T1 mapping [1, 2, 5] rather than applying a
fixed T1 value [3, 4, 6] and only a few compared the two
methods on the same dataset, mainly on simulated or follow-
up data [8, 18, 19].

To the best of our knowledge, the only study that compared
the VFA and the fixed T1 value approach in glioma grading
enrolled a relatively small cohort of patients, mainly com-
posed by glioblastoma [8].
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Fig. 1 Workflow showing the study design. DCE-MRI, dynamic
contrast-enhanced MRI; Vp, plasma volume; Ktrans, volume transfer
constant; Ve, volume of the extravascular-extracellular space
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Therefore, this study aimed to compare the diagnostic ac-
curacy of DCE-MRI in defining glioma grade and molecular
profile using metrics obtained with VFA T1 mapping and a
fixed T1 value on a cohort of patients representative of all
glioma grades.

Material and methods

Aworkflow of the study design is shown in Fig. 1.

Patients

This retrospective study involved 83 patients (mean age
52 years; range 20–80 years; 48 men, 35 women) with
histologically confirmed gliomas: 46 lower-grade gliomas
(LGG) and 37 high-grade gliomas (HGG); the LGG group
included 23 WHO grade II and 23 WHO grade III glio-
mas; the HGG group included 37 WHO grade IV glio-
blastomas (GBMs).

Patients were selected among a cohort who performed pre-
operative MRI between June 2012 and June 2015 in five cen-
tres [1]. The local research ethics committees of all centres
approved the study, and all patients provided signed informed
consent before MR imaging. Exclusion criteria were the pres-
ence of a severe renal failure assessed by serum creatinine and
a known allergy to gadolinium-based contrast agent. In each
centre, an experienced neuropathologist provided the histo-
pathologic diagnosis according to the WHO 2016 classifica-
tion [20].

In 70 of the total cohort of patients (41 LGG and 29
HGG), an integrated molecular analysis was provided, in-
cluding immunohistochemistry and DNA sequencing to
detect isocitrate dehydrogenase (IDH) mutations and fluo-
rescence in situ hybridisation to detect 1p/19q codeletion.
In these patients, 39% (16 of 41) of the lower-grade II and
III gliomas were IDH mutant (IDH-mut) and 1p/19q
codeleted, 32% (13 of 41) were IDH-mut without 1p/19q
codeletion, and 29% (12 of 41) were IDH wild-type (IDH-
wt). Of the 29 GBMs with molecular characterisation, 28
were IDH-wt (97%).

Table 1 Imaging parameters of MRI acquisition protocol

Acquisition
order

Sequence TR (ms) TE
(ms)

TI
(ms)

Flip angle No. of
dynamics

Reconstruction
matrix

FOV Thickness
(mm)

Acquisition
time

Philips

1 Axial T2W Turbo SE 3000 80 – 90° – 512 × 512 230 × 230 5 1 min 54 s

2 Axial 3D-FLAIR Turbo SE 10,000 110 2750 90° – 256 × 256 230 × 230 2.5 8 min 20 s

3 Axial 3D spoiled gradient
echo T1W

7.2 3.5 – 8° – 256 × 256 256 × 256 2.5 1 min 22 s

4 Axial spoiled gradient echo
variable flip angle (VFA)

3.9 1.9 – 5°–10°–15° – 112 × 112 230 × 230 2.5 2 min 3 s

5 Axial Dynamic Contrast
Enhanced 3D spoiled
gradient echo T1W (DCE)

3.9 1.8 – 15° 70 112 × 112 230 × 230 2.5 6 min 10 s

6 Axial Dynamic Susceptibility
Contrast FFE-EPI T2*W
(DSC)

1500 40 – 75° 80 112 × 112 230 × 230 5 2 min 4 s

7 Post-contrast axial 3D spoiled
gradient echo T1W

7.2 3.5 – 8° – 512 × 512 256 × 256 2.5 1 min 22 s

Siemens

1 Axial T2W Turbo SE 5000 79 – 90° – 512 × 512 230 × 230 5 1 min 50 s

2 Axial 3D-FLAIR Turbo SE 5500 502 1800 90° – 256 × 256 230 × 230 1 7 min 42 s

3 Axial 3D spoiled gradient
echo T1W

1800 2.7 – 9° – 256 × 256 256 × 256 2.5 5 min 47 s

4 Axial spoiled gradient echo
variable flip angle (VFA)

3.9 1.9 – 5°–10°–15° – 112 × 112 230 × 230 2.5 2 min 3 s

5 Axial Dynamic Contrast
Enhanced 3D spoiled
gradient echo T1W (DCE)

3.9 1.8 – 15° 70 112 × 112 230 × 230 2.5 6 min

6 Axial Dynamic Susceptibility
Contrast FFE-EPI T2*W
(DSC)

1500 31 – 75° 80 112 × 112 230 × 230 5 2 min 8 s

7 Post-contrast axial 3D spoiled
gradient echo T1W

1800 2.7 – 9° – 256 × 256 256 × 256 2.5 5 min 47 s
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MR imaging protocol

MR imaging was performed applying a standardised ac-
quisition protocol in five centres (Table 1). All centres
had a 3.0-T MR system (Philips Healthcare and Siemens
Healthcare). DCE-MRI was performed with a dynamic
gradient echo T1-weighted sequence using the following
parameters: TR 3.9 ms, TE 1.8 ms, flip angle 15°, matrix
112 × 112, field of view (FOV) 230 × 230 mm, section
thickness 2.5 mm, in-plane acquisition voxel size 2.05 ×
2.05 mm. Seventy dynamic scans were performed with a
temporal resolution of 5.1 s. The total acquisition time for
DCE-MRI was 6 min and 10 s. DCE-MRI was preceded
by a VFA axial sequence for T1 mapping (see the
‘Prebolus T1 estimation’ section).

A fixed dose of 10 ml of gadobutrol (Gadovist, 1 mmol/ml;
Bayer) was administered, split into two boluses of 5 ml. The
first bolus of 5 ml was injected 50 s after the start of the DCE-
MRI sequence using a power injector (Spectris Solaris MR
injector, MedRad) at a rate of 2 ml/s, immediately followed by
a 20 ml saline flush at the same injection rate. A second bolus
was administered for dynamic susceptibility contrast MRI se-
quences, also included in the acquisition protocol but not con-
sidered in this study.

Prebolus T1 estimation

Prebolus T1 was defined using both T1 mapping and a fixed
T1 value. T1mapping was performed using VFA axial spoiled
gradient echo sequences with the following parameters: TR
3.9 ms, TE 1.9 ms, flip angle 5–10–15°, number of signal
averages 2, acquisition matrix 112 × 112, FOV 230 × 230,
section thickness 2.5 mm, in-plane acquisition voxel size
2.05 × 2.05 mm, acquisition time 2 min 3 s.

For the analysis without the VFA, the fixed T1 value was
set to 1400 ms.

Perfusion analysis

Perfusion MR analysis was performed using Olea Sphere (v.
3.0, Olea Medical Solutions). Pre-processing steps included
automatic motion correction by a rigid-body registration, au-
tomatic spatial smoothing, and background segmentation. The
vascular input function (VIF) was automatically measured
using a tool implemented in the software [21]. Parametric
maps of volume transfer constant (Ktrans), plasma volume
(Vp), and volume of the extravascular-extracellular space
(Ve) were calculated using the two-compartment extended
Tofts model [22] and applying the two prebolus T1 estimation

Fig. 2 Examples of
segmentations. Volumes of
interest were obtained segmenting
FLAIR hyperintensity or the
enhancing part of the tumour. The
figure shows segmentations
obtained for a WHO grade II
diffuse astrocytoma (a, b) and a
WHO grade IV glioblastoma (c,
d)
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methods. DCE-derived parametric maps were then
coregistered to the anatomic datasets using rigid
transformation.

Image analysis

Segmentations were performed on post-contrast T1-
weighted images for enhancing tumours and on FLAIR
images for non-enhancing tumours, avoiding cystic or
necrotic regions. All segmentations were performed
semi-automatically with a tool implemented in the soft-
ware used for perfusion analysis by a resident with
5 years of experience under the supervision of the se-
nior author with more than 20 years of experience
(N.A.) and stored as volumes of interest (VOIs)
(Fig. 2). This segmentation approach examines

neighbouring voxels of an initial seed point/voxel se-
lected by the user and determines whether the voxel
neighbours should be added to the region. This process
is iterated as long as the user does not stop it or some
algorithm fixed conditions have not been reached. Thus,
the user can control this process and decide when to
stop the growth of the segmentation.

The VOIs were then coregistered with the perfusion
maps obtained with the two prebolus T1 maps (both that
from the VFA sequence and that from the assumed map)
to make the type of prebolus T1 measurement the only
variable between the two datasets. For each patient and
each perfusion map, first-order histogram parameters were
extracted from the coregistered VOIs, including the mean,
median, interquartile range, and 5th, 10th, 25th, 75th,
90th, and 95th percentile values.

Table 2 Median values of
perfusion parameters and results
of Wilcoxon matched-pairs
signed-rank test. LGG, lower-
grade gliomas; HGG, high-grade
gliomas; VFA, variable flip angle;
Vp, plasma volume; Ktrans,
volume transfer constant; Ve,
volume of the extravascular-
extracellular space; IQR,
interquartile range

Parameter LGG (WHO II and III; n = 46) HGG (WHO IV; n = 37)

Fixed T1 VFA p value Fixed T1 VFA p value

Vp (%)

Mean 3.944 0.789 < 0.0001 9.784 1.700 < 0.0001

Median 2.781 0.590 < 0.0001 8.850 1.520 < 0.0001

IQR 2.719 0.501 < 0.0001 6.095 1.107 < 0.0001

5th percentile 0.562 0.099 < 0.0001 1.887 0.526 < 0.0001

10th percentile 1.015 0.165 < 0.0001 3.325 0.719 < 0.0001

25th percentile 1.765 0.319 < 0.0001 5.724 1.067 < 0.0001

75th percentile 4.545 0.921 < 0.0001 11.860 2.165 < 0.0001

90th percentile 7.761 1.389 < 0.0001 15.380 2.947 < 0.0001

95th percentile 11.01 2.023 < 0.0001 18.910 3.419 < 0.0001

Ktrans (min−1)

Mean 0.006 0.002 < 0.0001 0.094 0.021 < 0.0001

Median 0.001 0.001 0.0005 0.087 0.019 < 0.0001

IQR 0.005 0.002 0.0008 0.091 0.015 < 0.0001

5th percentile 0.000 0.000 0.0192 0.001 0.000 0.0039

10th percentile 0.000 0.000 0.0060 0.006 0.002 0.0007

25th percentile 0.000 0.000 0.0132 0.034 0.007 < 0.0001

75th percentile 0.005 0.002 0.0005 0.138 0.028 < 0.0001

90th percentile 0.013 0.006 < 0.0001 0.202 0.036 < 0.0001

95th percentile 0.022 0.009 < 0.0001 0.238 0.043 < 0.0001

Ve (%)

Mean 1.833 0.629 < 0.0001 27.03 6.713 < 0.0001

Median 0.211 0.059 0.0048 25.08 5.666 < 0.0001

IQR 1.035 0.443 0.0015 24.30 5.854 < 0.0001

5th percentile 0 0 0.0449 0.096 0.027 0.0063

10th percentile 0 0 0.5571 0.400 0.097 0.0012

25th percentile 0.010 0.005 0.5312 7.470 2.301 0.0003

75th percentile 1.064 0.452 0.0024 37.65 9.783 < 0.0001

90th percentile 3.863 1.192 0.0002 48.87 14.15 < 0.0001

95th percentile 6.259 2.203 0.0002 61.83 16.82 < 0.0001
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Statistical analysis

Statistical analysis was performed using Graph Pad Prism (Graph
Pad),MATLAB (TheMathWorks Inc.), andMedCalc (MedCalc).

To assess the distribution of the perfusion parameters
measured inside the VOIs, test for normality was per-
formed on the histogram parameters using the
D’Agostino and Pearson test.

Fig. 3 Boxplots show values of Ktrans, Ve, and Vp for lower-grade
gliomas and high-grade gliomas obtained with the fixed T1 method
(FX, blank) and the variable flip angle method (VFA, dotted). Median
values of each histogram parameter were compared with the Wilcoxon

matched-pairs signed-rank test. Ktrans values are scaled of a factor 1000
for better visualisation. Vp, plasma volume; Ktrans, volume transfer
constant; Ve, volume of the extravascular-extracellular space

Eur Radiol (2019) 29:3467–34793472



The perfusion parameters obtained using the T1 mapping
and the fixed T1 value were compared using the Wilcoxon
matched-pairs signed-rank test and Bland-Altman analysis.
For these tests, LGG and HGG were analysed independently
in order to avoid confounding factor due to the different scales
of the perfusion parameters of the two gliomas groups.

The diagnostic accuracy of the two methods in defining
glioma grade and molecular profile was obtained with ROC
curve analysis and comparedwith DeLong’s test for correlated
ROC curves.

For all tests, values of p < 0.05 were considered sta-
tistically significant.

Results

The test for normality resulted in a non-normal distribution of
the perfusion parameters extracted from the VOIs; hence, non-
parametric tests were applied for further analyses.

The results of the Wilcoxon matched-pairs signed-rank test
are summarised in Table 2 and Fig. 3. We found statistically
significant differences for all perfusion metrics and all the
histogram parameters except for the 10th and 25th percentile
measurements of Ve in the LGG group. We found statistically
significant differences for all comparisons in the HGG group.

Bland-Altman analyses revealed positive biases between
the fixed T1 and the T1 mapping groups for all measures
except for the 5th and 10th percentiles of Ve in the LGG group
(Fig. 4 and Electronic Supplementary Material 1–6).

Results of ROC curve analysis are summarised in Tables 3
and 4.

In distinguishing lower-grade gliomas from GBM accord-
ing to the WHO 2016 classification, the area under the curve
(AUC) ranged from 0.690 to 0.918 (Table 3); a significantly
higher accuracy for the median value of the Vp obtained with
the fixed T1 value was found (0.870 vs. 0.778, p = 0.0434,
DeLong’s test) (Table 3).

In separating WHO grade II from grade III gliomas, the
AUC ranged from 0.520 to 0.762 (Table 3); a significant-
ly higher accuracy for the 5th and 10th values of the Ve
obtained with VFA was obtained (0.543 vs. 0.674, p =
0.0240; 0.569 vs. 679, p = 0.0156 respect ively)
(Table 3). As for distinction of WHO grade III from grade
IV gliomas, the AUC ranged from 0.618 to 0.868
(Table 3); a significantly higher accuracy for the 90th
and 95th percentile values of the Ktrans obtained with the
fixed T1 value was found (0.854 vs. 0.761, p = 0.0469;
0.845 vs. 0.732, p = 0.0401 respectively) (Table 3).

Finally, in differentiatingWHO grade II from grade III + IV
gliomas, the AUC ranged from 0.632 to 0.893 (Table 3); a
significantly higher accuracy for the 10th and 25th percentile
values of the Ve obtained with the VFAwas found (0.693 vs.
0.781, p = 0.0065; 0.736 vs. 0.839, p = 0.0160 respectively)
(Table 3).

Regarding molecular profiling, in separating IDH-wt from
IDH-mut tumours, the AUC ranged from 0.503 to 0.625
(Table 4); a significantly higher accuracy for the 5th percentile
value of the Ve obtained with the fixed T1 value was found
(0.625 vs. 0.506, p = 0.0267) (Table 4). In distinguishing IDH-

Fig. 4 Example of graphs obtained with the Bland-Altman analisys in
lower-grade gliomas and high-grade gliomas. Each dot represents a
patient; on the x-axis the average and on the y-axis the differences of the
measurement obtained with the two prebolus T1 methods. The dotted line

represents the bias. Vp, plasma volume; Ktrans, volume transfer constant; Ve,
volume of the extravascular-extracellular space; VFA, variable flip angle;
FXT1, fixed T1 value; LGG, lower-grade gliomas; HGG, high-grade
gliomas. For other graphs, see Electronic Supplementary Material 1–6
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mut gliomas with and without 1p19q codeletion, the AUC
ranged from 0.500 to 0.654 (Table 4) with no statistically
significant differences among parameters.

Discussion

In this study, we show that DCE-MRI perfusion parameters
obtained with different prebolus T1 measurements are sig-
nificantly different and that the use of T1 mapping obtain-
ed with the VFA method does not improve the diagnostic

accuracy of DCE-MRI when compared with the use of a
fixed T1 value.

The histogram parameters compared with the Wilcoxon
test are significantly different for all the perfusion metrics,
except for the 10th and 25th percentiles of Ve in the LGG
group, which is not unexpected since these metrics are
usually close to zero (or zero) in LGG (Table. 2; Figs. 3,
5, and 6).

Bland-Altman analysis confirmed this finding and shows
that perfusion parameters obtained with the fixed T1 method
are consistently higher than those obtained with the T1 map-
ping, as the biases are always positive (Fig. 4 and Electronic

Table 4 Diagnostic accuracy in molecular profiling: ROC curve
analysis and comparison. IDH, isocitrate dehydrogenase; AUC, area
under the curve; VFA, variable flip angle; Vp, plasma volume; Ktrans,

volume transfer constant; Ve, volume of the extravascular-extracellular
space; IQR, interquartile range

Parameter IDH-wt (n = 12) vs. IDH-mut (n = 29)
(AUC)

AUC comparison
DeLong’s test
(p values)

IDH-mut and 1p19q codeleted (n = 16) vs.
IDH-mut and 1p19q not-codeleted (n = 13)
(AUC)

AUC comparison
DeLong’s test
(p values)

Fixed T1 VFA Fixed T1 VFA

Vp

Mean .575 .566 .9471 .563 .582 .8928

Median .609 .596 .9130 .500 .548 .7936

IQR .543 .568 .8385 .563 .611 .7190

5th percentile .591 .593 .9683 .517 .510 .9731

10th percentile .603 .606 .9750 .510 .534 .8023

25th percentile .588 .583 .9686 .500 .548 .8022

75th percentile .609 .595 .9060 .529 .553 .8655

90th percentile .543 .566 .8599 .563 .582 .8947

95th percentile .503 .540 .7799 .558 .577 .8916

Ktrans

Mean .580 .546 .7192 .563 .500 .7369

Median .592 .569 .8105 .567 .577 .9609

IQR .569 .572 .9757 .543 .524 .9214

5th percentile .514 .557 .8282 .625 .591 .8077

10th percentile .509 .534 .8911 .548 .596 .7242

25th percentile .534 .546 .9112 .500 .649 .2602

75th percentile .578 .580 .9759 .543 .548 .9804

90th percentile .546 .546 1.000 .524 .519 .9800

95th percentile .546 .540 .9506 .553 .505 .7389

Ve

Mean .586 .552 .7454 .529 .587 .7624

Median .543 .557 .8896 .577 .524 .7874

IQR .555 .572 .8713 .558 .538 .9243

5th percentile .625 .506 .0267 .500 .567 .3751

10th percentile .568 .543 .4740 .587 .567 .8037

25th percentile .599 .569 .7296 .654 .567 .4121

75th percentile .563 .576 .9055 .558 .538 .9238

90th percentile .523 .537 .8924 .538 .606 .7346

95th percentile .503 .509 .9565 .505 .591 .6607
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Supplementary Material 1–6). Moreover, the difference be-
tween the twomethods seems to increase for increasing values
of the perfusion metrics. These findings are consistent in both
LGG and HGG groups, except for the 5th and 10th percentiles
of Ve in the LGG group, and in line with already published
data [8].

These findings have at least two significant conse-
quences on the application of perfusion analysis in clini-
cal practice and research. First, perfusion data obtained
from cohorts of patients using a different prebolus T1
measurement should not be considered together. If the
T1 mapping method has been selected but is not acquired
in a subject, that subject should be excluded from the
study since the perfusion data obtained applying a fixed
T1 value would be on a different scale compared with the
rest of the cohort. Secondly, all published data (i.e. cutoff
value used to discriminate between lower- and high-grade
gliomas) are specific to the prebolus T1 measurement ap-
plied and cannot be extended to a cohort of patients for
which a different method has been used.

Concerning the diagnostic accuracy for glioma grading and
molecular profiling, we found that the two methods are sub-
stantially equivalent since all comparisons show no significant

differences in ROC curve values except for few histogram
parameters (Tables 3 and 4, Electronic Supplementary
Material 7). The observed differences favoured the two
prebolus estimation methods equally and without showing a
clear trend, suggesting that the observed results may be due to
random effects rather than to substantial differences between
the two methods.

As regards molecular profiling, 97% of the GBMs in our
cohort of patients were IDH-wt. In order to address any con-
founding factor due to this class imbalance, we performed two
separate analyses: one including only grade II and grade III
gliomas and one including also GBMs. We believe that the
higher accuracy found in the latter analysis reflects the ability
of DCE-MRI to discriminate lower-grade gliomas from
GBMs rather than IDH-wt from IDH-mut gliomas and may
be a consequence of the class imbalance (Table 4 and
Electronic Supplementary Material 7). However, the two
prebolus estimation methods performed equally in both cases.

Tietze et al [8] demonstrated that the prebolus T1 mea-
surement using VFA is a potential source of errors, also
showing that the VFA method is not superior to a fixed
prebolus T1 value in glioma grading in a small cohort of
patients. It must be emphasised that both those and our

Fig. 5 A case of diffuse astrocytoma (WHO grade II). Perfusion maps of
Ktrans, Vp, and Ve were obtained applying a fixed T1 value and the T1
mapping by variable flip angle. Maps obtained with the fixed T1 value

show higher perfusion parameters (perfusion maps are shown to the same
scale). Vp, plasma volume; Ktrans, volume transfer constant; Ve, volume
of the extravascular-extracellular space
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results do not prove the fixed T1 method to be superior to
the VFA, as shown by the non-significant differences in
the AUC of ROC curve analysis for most of the parame-
ters (Tables 3 and 4). However, the VFA method is a
potential source of error and it does not add practical
advantages when compared with a fixed T1 value.
Moreover, the B1 correction may be challenging in rou-
tine clinical practice [8]. Our study confirms Tietze’s find-
ings and provides more robust results as we performed
our analyses on more extensive and comprehensive
dataset inclusive of all glioma grades.

Recently, Nam et al [19] compared the use of a fixed
T1 value and a measured T1 in the differentiation of true
progression versus pseudoprogression in a group of glio-
blastomas treated with concurrent radiation therapy and
temozolomide chemotherapy, concluding that the use of
a fixed T1 value is preferable as it reached higher diag-
nostic accuracy.

Taken all together, our findings and those already pub-
lished show that T1 mapping may not be necessary for glioma
grading, molecular profiling, and follow-up. Nonetheless, fur-
ther studies are needed to verify if this is generalizable to other
clinical applications of DCE-MRI (i.e. differential diagnosis
or definition of response to therapies).

The use of T1 mapping, in addition to being a source of
error, is also a potential obstacle to the standardisation and
broader use of DCE-MRI in clinical practice. The only current
indication is to use two to seven different flip angles, as stated
in the evidence- and consensus-based standard document pub-
lished by the QIBA (Quantitative Imaging Biomarkers
Alliance) [23].

In general, while the advantages of quantification are
clear, it is not clear why an absolute quantification should
be pursued if it is technically challenging, is less repro-
ducible, and does not add substantial advantages in terms
of diagnostic accuracy. In our opinion, future efforts on
the standardisation of DCE-MRI protocol should focus on
the use of a fixed T1 value as a valid alternative to T1
mapping techniques, ideally in a large multi-centric and
multi-purpose study.

This study has some limitations. First, no B1 field hetero-
geneity correction was applied to the VFA data. We did not
include this step in the study design because it is time-
consuming and may not achieve a complete correction [8],
making it hardly feasible in clinical practice.

It is possible that a higher diagnostic accuracy could
have been achieved with the VFA if this correction had
been applied. Nevertheless, the only published paper that

Fig. 6 A case of a glioblastoma (WHO grade IV). Perfusion maps of
Ktrans, Vp, and Ve were obtained applying a fixed T1 value and the T1
mapping by variable flip angle. Maps obtained with the fixed T1 value

show higher perfusion parameters (perfusion maps are shown to the same
scale). Vp, plasma volume; Ktrans, volume transfer constant; Ve, volume
of the extravascular-extracellular space
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compared DCE-MRI accuracy in glioma grading with and
without B1 correction did not find any significative dif-
ference [24]. So while it is clear that performing B1 cor-
rection in simulated data helps to obtain more accurate
measurements [8, 24], its usefulness in clinical data is
yet to be proven.

Second, despite following the only current indication for
DCE-MRI acquisition for TE and TR [23], the relatively low
temporal resolution may have affected Vp measurement. As a
result of short TR, despite the use of spoiling gradients, we
used a relatively small flip angle. This may have led to poten-
tial saturation effects [23].

In conclusion, this study shows that DCE-MRI data obtain-
ed with different prebolus T1 are not comparable and that the
definition of a prebolus T1 by T1 mapping is not mandatory
since it does not improve the diagnostic accuracy of DCE-
MRI when compared with the use of a fixed T1 value.
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