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Abstract

Objectives To intraindividually compare the signal-enhancing effect of 0.5 M gadoterate meglumine and 1.0 M gadobutrol in

dynamic contrast-enhanced magnetic resonance (DCE-MR) imaging of the prostate.

Methods Fifty patients who underwent two 3-T MR examinations of the prostate were included in this IRB-approved retrospective

uncontrolled, unrandomized study. All received two scans (mean time interval, 20.5 months) including T1-weighted DCE-MR

imaging, one with 0.5 M gadoterate meglumine and one with 1.0 M gadobutrol. Equimolar doses of gadolinium (0.1 mmol/kg body

weight) were administered with identical injection speed (2 mL/s), resulting in differing gadolinium delivery rate. An identical

region of interest (ROI,,) within a BPH-node was identified on both scans. The area under the time-enhancement curve of each

RO, from 0 to 180 s post contrast arrival and pharmacokinetic parameters were calculated. Relative enhancement and signal-to-

noise (SNR) and contrast-to-noise (CNR) ratios in the delayed phase at about 180 s were compared between both agents.

Results There was a significantly larger area under the time-enhancement curve (5.53 vs 4.97 p=0.0007) and higher

relative enhancement of BPH nodules (2.23 vs 1.96 p<0.0001) with gadobutrol compared with gadoterate

meglumine. There were no significant differences in SNR (44.55 vs 37.63 p=0.12), CNR (31.22 vs 26.39 p=

0.18), and pharmacokinetic parameters Ktrans (0.31 vs 0.32 p=0.86), Ve (1.36 vs 0.98 p=0.13), and Kep (0.34 vs

0.36 p=0.12).

Conclusions At equimolar doses, increased gadolinium delivery over time using gadobutrol provides higher relative enhance-

ment parameters in BPH nodules compared with gadoterate meglumine, but does not translate into improved SNR or CNR.

Key Points

* At equal injection rate and equimolar total dose, gadobutrol compared with gadoterate meglumine provides a significantly
greater relative enhancement in DCE-MR imaging of BPH over the first 180 s.

e There are no significant differences in SNRs, CNRs, and pharmacokinetic parameters between the two GBCAs.
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Abbreviations

AUCcnn Area under the RE-t curve from contrast
agent arrival time to 180 s after arrival

BPH Benign prostatic hyperplasia

. CNR Contrast-to-noise ratio
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Ktrans Volume transfer constant reflecting the efflux
rate of gadolinium contrast from blood
plasma into the interstitial space

MR Magnetic resonance

RE Relative enhancement

RE-t Relative enhancement over time

ROIL, Region of interest corresponding to a
BPH nodule in the transition zone

SNR Signal-to-noise ratio

10 Time point closest to 180 s after first
DCE-MR acquisition

TE Echo time

TR Repetition time

Ve Extravascular extracellular space
corresponding to the interstitial space

Introduction

Gadolinium-based contrast agents (GBCA) containing macro-
cyclic gadolinium complexes such as gadoterate meglumine
or gadobutrol are commonly used in magnetic resonance
(MR) imaging. Due to higher kinetic stability of macrocyclic
agents and improved clearance, linear compounds have been
phased out in many countries [1].

Gadobutrol is manufactured at double the gadolinium con-
centration of gadoterate meglumine (1 M vs 0.5 M). T1 molar
relaxivity of gadobutrol (5 L/mmol s), although showing
slight inter-study variability, is generally higher compared
with gadoterate meglumine (3.5 L/mmol s) at 3 T in bovine
plasma [2]. Given these differences in physiochemical prop-
erties, there has been an interest in comparing the two GBCAs
in multiphasic and dynamic contrast-enhanced MR (DCE-
MR) imaging. This involves repeated acquisition of the target
anatomy before, during, and after intravenous administration
of'a GBCA. In addition, for DCE-MR imaging, pharmacoki-
netic parameters such as tissue capillary permeability
(Ktrans), extracellular volume ratio (Ve), and flux rate con-
stant (Kep) can then be extracted using pharmacokinetic
models, such as the Tofts model [3, 4].

In previous interindividual comparative studies, gadobutrol
has been shown to provide greater enhancement compared
with gadoterate meglumine and gadopentetate dimeglumine
in MR imaging of brain, breast, and prostate malignancies
[5-7]. An intraindividual comparison would reduce interindi-
vidual variability and increase statistical power. At our insti-
tution, both gadobutrol and gadoterate meglumine are routine-
ly used in DCE-MR imaging of the prostate with no prefer-
ence or specific selection criteria for either GBCA. We there-
fore performed a retrospective intraindividual head-to-head
comparison of gadobutrol and gadoterate meglumine in
DCE-MR imaging of the prostate.

Materials and methods
Study design and patient cohort

Approval was obtained from our institution’s ethical review
board, for access to patient’s existing imaging studies and
electronic medical records. Informed consent was waived as
there was no direct patient contact, no impact on patient care,
and imaging and medical records were de-identified for anal-
ysis. A search of our institution’s Picture Archiving and
Communication System (PACS) database was performed for
the period of August 2011 to September 2017. Patient demo-
graphics, MR imaging protocol, dose of administered GBCA,
time interval between scans, diagnosis of prostate cancer, and
treatment related to prostate cancer or benign prostatic hyper-
plasia (BPH) were noted. Patients were included if (a) they
had two MR scans of the prostate performed with both
GBCAs, gadoterate meglumine and gadobutrol, at equimolar
dose adjusted to body weight (0.1 mmol/kg body weight) and
(b) both scans showed BPH with similar morphology,
allowing exact spatial matching. If a patient had more than
two scans, the scans performed within the closest time interval
from one another were analysed. Patients were excluded if (a)
there was biopsy-proven prostatic malignancy, (b) prior
prostate-related treatment (radiotherapy, immunotherapy, hor-
monal therapy, BPH treatment) or extensive post-biopsy
changes involving transition zone (arbitrarily defined as
haemorrhage involving more than half of the transitional zone
rendering assessment of BPH nodules difficult), (¢) scanning
parameters differed between the two DCE-MR imaging scans
(excluding differences in temporal resolution and number of
time points), (d) doses of the two GBCAs were not equimolar,
or (e) if no BPH nodule could be identified on both scans.
From a patient list generated from the PACS database, all
potential scans were reviewed in consensus, consecutively,
for suitability by two radiologists (with 4 and 10 years of
experience in urogenital imaging, respectively). If there was
a discrepancy between the two radiologists, with regard to the
inclusion and exclusion criteria for a patient, that patient was
excluded. In this fashion, suitable patients who met the inclu-
sion criteria were selected consecutively, by “going down the
list” (convenience sampling), until the desired cohort size was
achieved.

A minimum cohort size of 19 patients (38 paired scans)
was determined by power calculation, further described in
the “Statistical analysis” subsection. A final cohort of 50 pa-
tients (100 paired scans) was selected (Fig. 1). All 50 patients
underwent the first MR scans for raised serum prostate-
specific antigen (PSA) defined as >4 ng/mL by our institu-
tion’s laboratory reference values. Twenty-one patients had a
negative transrectal ultrasound-guided systematic prostate bi-
opsy prior to the first scan, while the other 29 patients were
biopsy-naive at the time of the first MR scan. Clinical
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Number of patients with at least two DCE-MR scans of the prostate,

one with gadoterate meglumine and one with gadobutrol: 111

20 excluded for:

- biopsy-proven prostate cancer

- differing scan parameters between the two scans

- non-equimolar doses of the two GBCAs between the two scans
- prior prostate-related treatment for BPH

- no identifiable BPH nodule on both scans

Number of suitable patients: 91

l Convenience sampling

Number of included patients: 50

Fig. 1 Patient selection process. Retrospective non-randomised
intraindividual study of men undergoing at least two DCE-MR scans of
the prostate, one performed with gadoterate meglumine and one per-
formed with gadobutrol

indications for the second scans were persistently rising serum
PSA (48 patients), new palpable prostatic nodule on digital
rectal examination (1 patient), and follow-up of subcentimetre
PI-RADS 4 peripheral zone lesion with a negative targeted
biopsy after the first scan (1 patient). In 47 patients, the scans
with gadoterate meglumine were performed before the scans
with gadobutrol. The mean volume of gadoterate meglumine
administered was 16.8 mL (13 to 30 mL) and the mean vol-
ume of gadobutrol administered was 8.4 mL (6.3 to 13 mL),
maintaining equimolar gadolinium dose of 0.1 mmol/kg body
weight for all scans. The mean patient age at the time of the
scans performed with gadoterate meglumine was 62.8 years
(43 to 82 years) and the mean patient age at the time of the
scans performed with gadobutrol was 64.4 years (45 to
83 years). The mean interval between the two scans was
20.5 months (1 to 50 months).

DCE-MR imaging technique

All scans included in the analysis were performed at 3 T
(Magnetom Skyra, Siemens Healthineers). A combination of
a 6-element phased-array body matrix surface coil (Siemens
Healthineers) placed ventrally over the pelvic region and a 24-
element spine matrix coil (Siemens Healthineers) integrated
into the scan table was used. All scans were performed on one
MR scanner using identical coils. No major software upgrades
or hardware upgrades were identified from February 2013
(earliest included scan) until September 2017 (latest included
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scan), ensuring identical MR imaging conditions as best as
possible of all evaluated scans.

DCE-MR imaging of the whole prostate was performed
with the following scan parameters: T1-weighted 3-dimen-
sional time-resolved angiography (3D-TWIST) sequence in
the axial oblique plane, slice thickness 3 mm, field of view
260 mm with spatial coverage from prostatic apex to seminal
vesicles, flip angle 12°, repetition time (TR) 4.83 ms, echo
time (TE) 1.87 ms, matrix size 192 % 133, parallel imaging
factor (GRAPPA) of 2 in the phase-encoding direction, receiv-
er bandwidth 260 Hz/pixel, temporal resolution of 3.9 s to 6 s
(depending on the number of slices acquired per volume), and
50 to 70 time points. The view-sharing technique was set to
acquire 51% of the central k-space (acquired at every time
point) and a 20% sampling density of the peripheral k-space.
After 5 pre-contrast acquisitions, 0.1 mmol/kg body weight of
GBCA, either gadoterate meglumine (Dotarem, Guerbet) or
gadobutrol (Gadovist, Bayer Schering) was administered in-
travenously via a 22-G cannula in an antecubital vein at a rate
of 2 mL/s, followed by a normal saline bolus chaser of 20 mL
at 2 mL/s, both using an automated power injector (Medrad
Spectris Solaris, Bayer). In addition, the pre-contrast dataset
was subtracted section by section from all datasets at each
subsequent time point after contrast administration using eval-
uation software (Syngo, Siemens), to obtain a set of subtracted
images.

The remaining MR sequences not subject to investigation
in this analysis included small field-of-view axial and coronal
oblique T2-weighted fast spin-echo sequences, axial oblique
diffusion-weighted imaging (acquired b-values 0, 50, 500,
1000 s/mm?; calculated h-value 1400 s/mm?) as well as large
field-of-view true axial T1-weighted spin-echo sequence of
the whole pelvis.

Image analysis and quantitative assessment
Lesion identification

For both MR examinations of each patient, an arbitrary time
point in the delayed phase that corresponds closest to 180 s
after the first time point acquisition was selected (go). In our
study, we define the delayed phase as that part of the time-
enhancement curve after the initial rapid rise in relative en-
hancement. In conjunction with the T2-weighted sequences, a
BPH nodule was identified in the transition zone on the DCE-
MR images at 1z, on both scans of each patient. A circular
region of interest (ROI,) marker was positioned manually at
the largest diameter of the BPH nodule on one image slice on
the DCE-MR imaging sequence. The ROI;, from one scan
was copied onto the second scan of the same patient, ensuring
identical size. Small adjustments were made for minor differ-
ences in angulation and positions between the two scans to
ensure that the morphologically identical BPH nodules on
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both scans were encompassed by the ROI,,. Care was taken
not to include areas of susceptibility or T1-hyperintensity
within the ROI,. The same 2 radiologists who identified the
patient cohort retrospectively read the scans and identified the
ROI,, in consensus.

Parameters recorded

The following parameters were subsequently recorded for
each ROI,:

1. Enhancement curve type. Relative enhancement-time
(RE-t) curves were generated based on the 3D-TWIST
sequence using evaluation software (Tissue 4-D software
analysis, Syngo, Siemens). The curves were classified
into type I (progressive increase in enhancement), type
IT (plateau), and type III (wash-out with a gradual
decrease in enhancement after a peak) [8]. The curve type
was identified visually.

2. Areaunder the RE-t curve from the time of GBCA arrival
to 180 s after arrival (AUCyy,). This predetermined time
interval accommodated differences in temporal resolution,
GBCA arrival time, and acquisition time between DCE-
MR imaging scans. AUC,,, was used as a measure of total
relative enhancement across all included time points.

3. Pharmacokinetic parameters (Ktrans, Ve, Kep). Evaluation
software (Tissue 4-D software analysis, Syngo, Siemens)
was used to derive Ktrans and Ve. This was based on the
simplified one-compartment Toft’s model from which Kep
was then calculated using the formula Kep = Ktrans/Ve [9].

4. Relative enhancement (RE) of the ROI,, at #59. RE = (S,
= 810)/She (Se, average signal intensity of the ROL,, at #1gp;
SL,., average signal intensity of the ROI,, in the 2nd pre-
contrast acquisition).

5. Signal-to-noise ratio (SNR) and contrast-to-noise ratio
(CNR). Image noise was assessed using the difference
method, given the application of parallel imaging and
use of multi-array surface coils [10]. Applying this meth-
od (where image noise N =standard deviation across
baseline image frames), the image slices containing the
same ROI,, at the 2nd and 3rd pre-contrast acquisitions
were identified. The subtracted image, reflecting the sig-
nal difference in the ROI, between these two time points,
was obtained using subtraction software (Syngo,
Siemens). The same circular ROI,, was then copied onto
this subtracted image for each scan. The same circular
marker was also copied onto one of the obturator internus
muscles of the same image slice containing the ROI,, at
t1g0- Image noise was defined as the standard deviation of
the signal in the ROI,, on the subtracted image (SDj;se)-
SNR = (8. = $1c)/SDjoise and CNR = (S — 81)/SDhpoise
(Sm, average signal intensity of the obturator internus
muscle at #;go).

Statistical analysis

The sample size was estimated using a 2-sample, 2-sided
equality test (o« =0.05, 3 =0.8) and assuming a 12% increase
in average peak relative enhancement produced by gadobutrol
in normal peripheral zone based on the interindividual pro-
spective study of Durmus et al [7]. Therefore, at least 19
subjects (38 paired scans) were needed. The RE-t curves were
fitted using nonlinear, nonparametric models [11].
AUC,,, for each ROI,, was derived from the fitted curves.
Curve fitting and derivation of AUC,,, were performed
using MATLAB version R2013a (Mathworks). Curve
types identified for the two GBCAs (parameter 1) were
presented as frequency and compared using the chi-
squared test. To compare the two GBCAs for parameters
2 to 5, a two-sided Wilcoxon signed-rank test was
performed.

Findings were presented as means with 95% confidence
intervals. The significance level for all comparisons was set
at 5%. Statistical analysis was performed using SPSS
Statistics for Windows, version 21.0 (IBM Corp.).

Results

There was no significant difference in enhancement curve
types between the two GBCAs (p =0.19) (Table 1).

As specifically assessed in BPH nodules in our study, gad-
obutrol produced higher total relative enhancement compared
with gadoterate meglumine with a significantly larger mean
AUCcp (5.53 vs 4.97, p=0.0007) (Fig. 2). In the delayed
phase (at a selected time point closest to 180 s after the first
acquisition of DCE-MR imaging), there was significantly
higher RE with gadobutrol compared with gadoterate
meglumine (2.23 vs 1.96, p < 0.05) (Table 2).

There were no significant differences between the two
GBCAs in terms of SNR and CNR (p=0.12 and p=0.18,
respectively) as well as the pharmacokinetic parameters
Ktrans (p =0.86), Ve (p=0.13), and Kep (p =0.12) (Table 2).

Table 1 Distribution of curve types between gadoterate meglumine and
gadobutrol, assessed visually in consensus by two radiologists. The curves
were classified into type I (progressive increase in enhancement), type 11
(plateau), and type III (gradual decrease in enhancement after a peak).
There was no significant difference in curve types between the two
GBCAs

Curve type Gadobutrol Gadoterate meglumine p value
I 6 (12%) 2 (4%) 0.19

I 37 (74%) 36 (72%)

I 7 (14%) 12 (24%)
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Fig. 2 Comparison of the area under the RE-t curve from 0 to 180 s post
contrast arrival (AUC,,;,) between all scans performed with gadoterate
meglumine and with gadobutrol. The box plot indicates higher total rel-
ative enhancement with gadobutrol compared with gadoterate

Figures 3 and 4 show the marking of the ROI,,, the RE-t
curves, and calculation of AUC,,;, for the MR examinations
performed with gadoterate meglumine (Fig. 3) and gadobutrol
(Fig. 4) in the same patient. The scans were performed
14 months apart, and the first scan was performed with
gadoterate meglumine.

Discussion

T1 molar relaxivity of GBCAs is an important factor in
contrast-enhanced MR imaging, which is commonly T1-
weighted. Our study showed that gadobutrol produces greater
overall enhancement compared with gadoterate meglumine in
DCE-MR imaging of the prostate, as evaluated in benign BPH
tissue. This could be due to a higher T1 molar relaxivity or
higher gadolinium delivery rate (given the same contrast injec-
tion rate for all scans in our study), or a combination of both.
Compared with other GBCAs approved for clinical use, gad-
obutrol has higher T1 molar relaxivity and is manufactured at
twice molar concentration (I M vs 0.5 M) [12]. This would
theoretically generate a higher signal in tissues at the same
gadolinium dose. The higher T2 molar relaxivity of gadobutrol

Table 2 Mean values and 95% CI of parameters assessed to compare
the two GBCAs. AUC,.,, and relative enhancement at ;g in the ROI,,
were significantly higher for scans performed with gadobutrol compared
with gadoterate meglumine, when administered at the same injection rate

meglumine. Minimum and maximum AUC,,, are shown. The middle
50% is indicated as median with mean indicated as “+”. The whiskers
extending to 25th and 75th percentiles

at 3 T could also influence the overall enhancement on DCE-
MR imaging particularly in the first pass through the vascular
system, although this is rarely observed at doses utilised in
routine clinical practice [13].

Studies of conventional contrast-enhanced MR imaging of
the brain, heart, and liver generally found gadobutrol to pro-
vide superior enhancement and signal compared with GBCAs
with lower T1 molar relaxivities [14—17]. Studies of MR an-
giography have shown that, although gadobutrol may provide
better signal-/contrast-to-noise ratio compared with gadoterate
meglumine, reader rating of image quality, vessel visualisa-
tion, and preference were often variable [18-22]. In multi-
phasic MR mammography, gadobutrol has been shown to
provide better enhancement or improved lesion delineation
compared with gadoterate meglumine [6, 23, 24]. In the
DETECT trial comparing two linear GBCAs gadobenate
dimeglumine and gadopentetate dimeglumine for the detec-
tion of breast malignancy, gadobenate showed better diagnos-
tic performance which investigators attributed to higher T1
molar relaxivity [25]. There is little published data comparing
gadoterate meglumine and gadobutrol in DCE-MR imaging
of the prostate. Durmus et al compared gadobutrol and
gadopentetate dimeglumine (a GBCA with almost the same

of 2 mL/s. There were no significant differences in the SNR and CNR as
well as the pharmacokinetic parameters, between the two GBCAs when
administered at the same injection rate

Gadobutrol Gadoterate meglumine p value
AUCpp 5.53 (95% CI15.15,5.91) 4.97 (95% C14.67,5.27) 0.0007*
RE 2.23 (95% C12.09, 2.37) 1.96 (95% C1 1.84, 2.08) <0.0001*
SNR 44.55 (95% C1 38.38, 50.72) 37.63 (95% CI 33.61, 41.65) 0.12
CNR 31.22 (95% CI 26.54, 35.90) 26.39 (95% C123.04, 29.74) 0.18
Ktrans (min ") 0.31 (95% C10.27, 0.35) 0.32 (95% C10.28, 0.36) 0.86
Ve 1.36 (95% C11.27, 1.45) 0.98 (95% C10.88, 1.08) 0.13
Kep (min ") 0.34 (95% C10.27, 0.41) 0.36 (95% C10.32, 0.40) 0.12

*Significantly different parameters between gadoterate meglumine and gadobutrol
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Time [min]

Fig.3 Example in a selected patient illustrating marking of the RO, in a
DCE-MR imaging scan obtained with 16-mL gadoterate meglumine.
This was a 73-year-old gentleman who presented with a raised serum
PSA of 5.1 ng/mL. Systematic transrectal ultrasound biopsy was negative
for malignancy. DCE-MR imaging was performed with a T1-weighted
3D-TWIST sequence. Fifty time points were acquired with a temporal

T1 molar relaxivity as gadoterate meglumine) in DCE-MR
imaging for the detection of prostate cancer and demonstrated
significantly higher peak relative enhancement of prostate
cancer using gadobutrol [7]. In that study, the comparison
was interindividual. Our study, designed for intraindividual
comparison, could complement findings from that study.
While it would have been optimal to analyse peak enhance-
ment for our study, we were unable to determine a peak en-
hancement for most lesions, which showed type I or II en-
hancement curves, not unexpected in BPH [26, 27]. Instead,
we analysed the area under the RE-t curves, a method extrap-
olated from drug concentration-time curve analysis in phar-
macological drug studies [28]. Our results show that gadobu-
trol produces a significantly higher total relative enhancement
compared with gadoterate meglumine as evidenced by a sig-
nificantly larger area under the RE-t curve over 180 s post
contrast arrival. Furthermore, we analysed the relative en-
hancement in the delayed phase beyond the initial wash-in
slope of the RE-t curve, which also showed higher relative

180s post contrast arrival

Contrast arrival

2

> -
4
/

Time (min)

resolution of 4.9 s and total acquisition time of 4 min and 2 s. A BPH
nodule was identified in the transitional zone in the anterior part of the left
midgland. a In the arterial phase, the BPH nodule showed early enhance-
ment. b At g9, the ROI, was marked for analysis. ¢ The RE-t curve was
generated. d Curve fitting was performed and AUC,,, was derived

enhancement with gadobutrol compared with gadoterate
meglumine. In our study, both gadoterate meglumine and gad-
obutrol were administered at the same rate of 2 mL/s, resulting
in a higher rate of gadolinium delivery with gadobutrol (given
its higher concentration). This has been shown to affect the
first pass gadolinium concentration and bolus peak, influenc-
ing the initial “wash-in” slope of the time-enhancement curve
and peak enhancement [29]. This could potentially confound
our results. However, we attempted to mitigate this limitation
at least partially, by assessing the RE-t curve over 180 s post
contrast arrival and relative enhancement at a later time point
in the delayed phase beyond the initial “wash-in” slope of the
time-enhancement curve.

We did not demonstrate significant differences in SNR and
CNR between the two GBCAs. This might be attributed to
variations in SD, ;.. between the two examinations due to
external factors such as magnetic field inhomogeneity, image
processing, and patient motion while scan parameters were
almost identical for the two examinations [30]. Studies
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Rel. Enhancement
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2]
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Fig. 4 Marking of the ROI, in a DCE-MR imaging scan obtained with
7.2-mL gadobutrol for the same patient as in Fig. 3, performed 14 months
later. This was a 73-year-old gentleman who presented with a raised
serum PSA of 5.1 ng/mL. Systematic transrectal ultrasound biopsy was
negative for malignancy. This second scan was performed due to rising
serum PSA. DCE-MR imaging was performed with a T1-weighted 3D-
TWIST sequence. DCE-MR imaging was performed with the same num-
ber of time points (50), temporal resolution (4.9 s), and total acquisition

comparing gadoterate meglumine and gadobutrol in terms of
SNR and CNR yield variable results. Kim et al found a sig-
nificantly higher SNR and CNR in small hepatomas with gad-
obutrol [31]. In lower limb MR angiography studies, Haneder
et al [18] demonstrated a higher SNR and CNR with gadobu-
trol compared with gadoterate meglumine whereas Szucs-
Farkas et al [19] did not find significant differences in SNR
or CNR between the two GBCAs. There were no significant
differences in SNR or CNR between the two GBCAs in the
evaluation of brain tumours or osteomyelitis [5, 15, 32]. Thus,
it can be concluded that the higher relative enhancement pro-
duced by gadobutrol does not necessarily translate into a
higher SNR or CNR, and indirectly, overall better image qual-
ity. This might have implications for lesion detection in clin-
ical practice. For example, one study comparing gadobutrol
and gadopentetate dimeglumine in MR mammography for the
detection of breast cancer in 400 women showed that, while
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Relative enhancement

180s post contrast arrival

"

,,
.

Time (min)

time (4 min and 2 s). a In the arterial phase, the same BPH nodule as seen
on the scan performed with gadoterate meglumine in Fig. 3, again show-
ing early enhancement. b At 7,5, the ROI,, was marked for analysis. This
was copied from the scan performed with gadoterate meglumine ensuring
identical size. ¢ Evaluation software was used to generate the RE-t curve.
d Curve fitting was performed, and AUC,,,;, was derived as shown

there was significantly higher relative enhancement with gad-
obutrol, there was no significant difference in the number of
malignant lesions detected [33]. It could also be possible that
better delineation of lesion morphology in breast lesions, rath-
er than increased enhancement, contributed to improved de-
tection of malignant breast lesions [25].

Pharmacokinetic parameters (Ktrans, Ve, Kep) did not dif-
fer significantly between the two GBCAs. Therefore, the
choice of either GBCA should not affect the pharmacokinetic
maps generated by commercially available software.

This study has some limitations. With the significant time
interval between the two MR examinations in each patient and
the fact that most examinations with gadobutrol were per-
formed after the examinations with gadoterate meglumine,
the increased enhancement with gadobutrol might be influ-
enced by other factors such as progression of BPH or changes
in patient weight over time. The addition of a control region of
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interest could reduce these confounding factors; however,
identifying a completely normal prostate tissue on MR is chal-
lenging in the presence of BPH. Therefore, no control tissue
was investigated. Also, given the same injection rate of both
GBCA:s, the increased enhancement with gadobutrol could be
influenced by higher gadolinium delivery rate (given its higher
concentration) rather than its higher T1 molar relaxivity, a fac-
tor we could not eliminate completely in our study.

We compared the enhancement of BPH nodules, which is
arguably of little clinical relevance. Moreover, the distribution
of negatively charged gadoterate meglumine and electrically
neutral gadobutrol could be affected by negatively charged mu-
copolysaccharides in BPH tissue [34, 35]. However, it has been
shown histologically that BPH tissue and prostate malignancy
both contain mucins of similar negative charges [36—38], which
would influence the distribution of the two GBCAs in a similar
fashion. Furthermore, the overlap in enhancement patterns of
BPH and prostate cancer is well established [39—41]. Therefore,
our results might be applicable to prostate cancer.

Further, based on the Prostate Imaging Reporting and Data
System (PI-RADS) version 2, there is less emphasis on the
time-enhancement curve in DCE-MR imaging for detection of
prostate cancer [42]. Superior enhancement of gadobutrol
demonstrated in BPH might not translate into increased sen-
sitivity for the detection of prostate malignancy, without tak-
ing into account corresponding T2-weighted and diffusion-
weighted imaging. This is different from MR mammography,
where enhancement plays a central role in breast cancer de-
tection [43, 44].

Further studies prospectively comparing the two GBCAs to
determine if the increased enhancement with gadobutrol im-
proves detection of prostate cancer in clinical practice may be
considered.

Conclusion

In this retrospective, non-randomised intraindividual study
comparing gadoterate meglumine and gadobutrol with respect
to their signal-enhancing properties in DCE-MR imaging of
the prostate when administered at equimolar doses at the same
injection rate, the higher gadolinium delivery of gadobutrol
produces higher relative enhancement in DCE-MR imaging of
the prostate compared with that of gadoterate meglumine, as
assessed in BPH nodules. However, this advantage did not
translate into better SNR or CNR.
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