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Comparison of Gadobenate Dimeglumine-Enhanced
Breast MRI and Gadopentetate Dimeglumine-
Enhanced Breast MRI With Mammography and
Ultrasound for the Detection of Breast Cancer
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Purpose: To compare gadobenate dimeglumine-
enhanced magnetic resonance imaging (MRI) with gado-
pentetate dimeglumine-enhanced MRI, mammography,
and ultrasound for breast cancer detection across differ-
ent malignant lesion types and across different densities
of breast tissue.

Materials and Methods: In all, 153 women with Breast
Imaging Reporting and Data System (BI-RADS) 3–5 find-
ings on mammography and/or ultrasound underwent
identical breast MRI exams at 1.5T with gadobenate
dimeglumine and gadopentetate dimeglumine. Images
were evaluated by three independent blinded radiologists.
Mammography, ultrasound, and combined mammog-
raphy and/or ultrasound findings were available for 108,
109, and 131 women. Imaging findings were matched
with histology data by a fourth, independent, blinded

radiologist. Malignant lesion detection rates and diagnos-
tic performance were compared.

Results: In all, 120, 120, and 140 confirmed malignant
lesions were present in patients undergoing MRIþmammog-
raphy, MRIþultrasound, and MRIþmammography and/or
ultrasound, respectively. Significantly greater cancer detec-
tion rates were noted by all three readers for comparisons of
gadobenate dimeglumine-enhanced MRI with mammog-
raphy (D15.8–17.5%; P < 0.0001), ultrasound (D18.3–
20.0%; P < 0.0001), and mammography and/or ultrasound
(D8.6–10.7%; P � 0.0105) but not for comparisons of gado-
pentetate dimeglumine-enhanced MRI with conventional
techniques (P > 0.05). The false-positive detection rates
were lower on gadobenate dimeglumine-enhanced MRI
than on conventional imaging (4.0–5.5% vs. 11.1% at mam-
mography; 6.3–8.4% vs. 15.5% at ultrasound). Significantly
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improved cancer detection on MRI was noted in heterogene-
ously dense breast (91.2–97.3% on gadobenate
dimeglumine-enhanced MRI vs. 77.2–84.9% on gadopente-
tate dimeglumine-enhanced MRI vs. 71.9-84.9% with con-
ventional techniques) and for invasive cancers (93.2–96.2%
for invasive ductal carcinoma [IDC] on gadobenate
dimeglumine-enhanced MRI vs. 79.7–88.5% on gadopente-
tate dimeglumine-enhanced MRI vs. 77.0–84.4% with con-
ventional techniques). Overall diagnostic performance for
the detection of cancer was superior on gadobenate
dimeglumine-enhanced MRI than on conventional imaging
or gadopentetate dimeglumine-enhanced MRI.

Conclusion: Gadobenate dimeglumine-enhanced MRI
significantly improves cancer detection compared to gado-
pentetate dimeglumine-enhanced MRI, mammography,
and ultrasound in a selected group of patients undergoing
breast MRI for preoperative staging or because of incon-
clusive findings at conventional imaging.

Key Words: breast cancer; gadobenate dimeglumine-
enhanced MRI; mammography; ultrasound
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SELECTION OF THE APPROPRIATE MANAGEMENT
OPTION for patients with confirmed breast cancer
depends on accurate determination of the full extent
of disease (1–3). Of the techniques available, magnetic
resonance imaging (MRI) is considered superior to
conventional imaging techniques for cancer detection
(4–11). This has led to the increased use of breast
MRI in patient management. However, there is con-
cern about the relatively low specificity, particularly
in preoperative staging of the breast, which can lead
to unnecessary biopsies or even mastectomy (12).
There is a pressing need to improve diagnostic per-
formance through improved image resolution and bet-
ter lesion delineation.

Recently, a large-scale, prospective, multicenter,
intraindividual clinical trial (DETECT (13)) confirmed
the results of two prior single-center studies (14,15) in
showing superiority for MRI enhanced with gadoben-
ate dimeglumine (MultiHance; Bracco Imaging SpA,
Milan, Italy) as compared with MRI enhanced with
gadopentetate dimeglumine (Magnevist; Bayer Health-
care, Berlin, Germany) for the detection breast cancer.

The present analysis compares gadobenate
dimeglumine-enhanced MRI with gadopentetate
dimeglumine-enhanced MRI, mammography, and
ultrasound for breast cancer detection across different
malignant lesion types and across different densities
of breast tissue.

MATERIALS AND METHODS

Patients

The DETECT study (13) was performed at 17 sites in
Europe and China between July 2007 and May 2009
and evaluated 162 women with an abnormality at
mammography or ultrasound that was considered cat-
egory 3, 4, or 5 for suspicion of malignancy according
to the American College of Radiology (ACR) Breast

Imaging Reporting and Data System (BI-RADS) classifi-
cation (16). Patients with congestive heart failure
(NYHA classification IV) or a known allergy to either
contrast agent were ineligible. Patients were also ineli-
gible if they had received or were scheduled to receive
another contrast medium within 24 hours before or
after either of the examinations, any other investiga-
tional compound and/or medical device within 30 days
before until 24 hours after administration of the second
agent, or were scheduled to undergo any intervention
between the two examinations. Finally, patients were
ineligible if they were pregnant or lactating or had any
medical condition or other circumstance (eg, metallic
vascular stent, pacemaker, severe claustrophobia) that
would decrease the chances of obtaining an adequate
examination or which would preclude proximity to a
strong magnetic field. Institutional Review Board and
regulatory approval was granted from each site and all
patients provided written consent.

Overall, 153 women (mean age: 52.6 6 12.3 years)
underwent both MRI exams and had on-site final
diagnosis (truth standard) data (ie, patient profiles,
original mammography and/or ultrasound, and histo-
pathology/surgical reports) available. These 153
women included 123 (80.4%) women who had techni-
cally adequate initial mammography results available
and 129 (84.3%) women who had technically
adequate initial ultrasound results available.

MRI

The 153 evaluable women underwent MRI at 1.5T
using commercially available scanners (Siemens
Sonata [n ¼ 19], Avanto [n ¼ 15], Symphony [n ¼ 15],
Siemens Medical Solutions, Erlangen, Germany; Phi-
lips Achieva [n ¼ 27], Intera [n ¼ 28]; Philips Medical
Systems, Best, The Netherlands; GE Signa Excite [n ¼
41], Genesis Signa [n ¼ 8]; GE Medical Systems, Mil-
waukee, WI) equipped with power gradients of at least
30 mT/m. All examinations were performed with the
subject in the prone position using a dedicated double
breast coil.

Patients were randomized to receive either gadoben-
ate dimeglumine or gadopentetate dimeglumine for
the first MRI examination and then the other agent for
the second examination after an interval of >48 hours
but <7 days to ensure full comparability between
examinations. The contrast agent dose (0.1 mmol/kg
[0.2 mL/kg] body weight followed by a 20-mL saline
flush), injection rate, and mode of injection were iden-
tical for both examinations in each patient. Overall,
149 women received contrast agent intravenously by
power injector (2 mL/sec in 130 women, 1.8 mL/sec
in two women, 1.5 mL/sec in 17 women) while four
women received contrast agent as a manual bolus (1–
2 mL/sec for �10 sec ensuring that the same rate
was used for both examinations).

The two MRI examinations in each patient were
identical in terms of orientation, sequence parame-
ters, and spatial resolution. A standardized protocol
comprising a T2-weighted sequence and a 3D T1-
weighted gradient-echo (T1wGRE) sequence before
contrast agent injection and a series of at least five
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T1wGRE sequences at intervals of �2 min after con-
trast injection (beginning at the start of injection; t ¼
0 min) was used for both examinations in all patients.
The pre- and postinjection T1wGRE sequences in
each patient were acquired with identical imaging
parameters (TR: 4.11–15 msec, TE: 1.35–4.76 msec,
flip angle: 10–30

�
, 1 or 2 excitations, slice thickness:

1.0–2.5 mm with no interslice gap, matrix: >192 �
256, in-plane spatial resolution: �1.5 mm2). A rectan-
gular field-of-view of �36 cm covered the whole breast
in all cases. The acquisition time was �120 seconds
for each temporal frame. Fat-suppressed sequences
(VIBRANT; GE Healthcare) were used in 32 patients.
The unenhanced T2-weighted sequence was acquired
with TR: 3000–10,000 msec, TE: 50–140 msec, 1 to 3
excitations, slice thickness: 2.4–3 mm with no inter-
slice gap, matrix: >256 � 256, spatial resolution: >1
� 1 � 2.5 mm, and acquisition time: �240 seconds.

MR Image Evaluation

All MR images were evaluated independently by three
experienced (5–10 years in breast MRI) radiologists
(CMZ, MFP, LM) who were unaffiliated with the study
centers and fully blinded to the contrast agent used
in each examination, to all patient clinical and radio-
logical information, and to all interpretations by on-
site investigators. Images were presented for review
on a multimonitor imaging workstation (TeraRecon
AquariusNet server v. 4.4.1.4; San Mateo, CA). All
routine image processing functions (eg, window/level,
zoom, pan) were available.

Detected lesions were classified as malignant or
benign on the basis of lesion morphology using the
BI-RADS MRI classification for suspicion of malig-
nancy (16) and by assessing postcontrast signal
intensity–time curves obtained at regions of interest
positioned on lesion areas with the strongest and fast-
est enhancement (13). The signal intensity–time
curves were classified according to shape, from type I
to type III as described elsewhere (17,18). Lesions
scored as BI-RADS 3, 4, or 5 were considered suspi-
cious and were included in the analysis. For the pur-
poses of this analysis lobular carcinoma in situ (LCIS)
was considered a benign lesion.

All identified mass lesions were numbered and the
location recorded on image screenshots by breast
region (10 regions per patient: right/left superior lat-
eral, superior medial, inferior medial, inferior lateral,
central/subareolar) for subsequent matching with on-
site truth standard data. The size (�5 mm, 6–10 mm,
11–20 mm, >20 mm), shape (round, oval, lobular,
irregular), and margins (smooth/well-defined, lobu-
lated, irregular/ill-defined, spiculated) of identified
lesions were recorded to aid lesion matching.

Conventional Imaging

All patients included in this analysis underwent x-ray
mammography, breast ultrasound, or both within 30
days before the first breast MRI examination. Mini-
mally, at least two orthogonal views of the breast were

obtained for each imaging study in order to diagnose
and locate a lesion.

Mammography

Conventional x-ray mammograms were acquired
using equipment from established manufacturers. Of
the 123 women with mammograms, 68 underwent
digital mammography while 55 underwent conven-
tional film mammography. In all cases a mediolateral
oblique view and a craniocaudal view were obtained
according to the standard clinical practice in place at
the investigating center.

Ultrasound

Breast ultrasound was performed in 129 women
using ultrasound equipment from established manu-
facturers at transducer frequencies of between 7.5
and 17.5 MHz (typically between 10 and 15 MHz). The
ultrasound approaches employed varied with the
investigating center according to the standard clinical
practice in place but typically included cross-sectional
fundamental and harmonic techniques, power Dopp-
ler and color Doppler techniques, and 3D radial scan-
ning techniques.

Assessment of X-ray Mammography and Breast
Ultrasound Images

X-ray mammography and ultrasound procedures were
performed and reviewed by on-site investigators (FJG,
HCMvdB, AP, KS, JTH, PP, HBG, FP, FD, WJP, LM,
FS, PB; each with �10 years in diagnostic breast
imaging) according to the standard clinical practice at
each individual site. Lesions identified at mammog-
raphy and ultrasound were numbered and labeled by
the on-site investigator who performed the examina-
tion using identical breast maps to those used subse-
quently by the off-site blinded readers of MR images.
Assessment of lesion nature based on mammogram
and ultrasound images was carried out as performed
routinely using the BI-RADS mammography and
ultrasound final assessment categories (16).

Breast Density

Determination of breast tissue density was performed
for all patients who underwent mammography. Tissue
density was classified using the BI-RADS classifica-
tion scheme (16) as 1) almost entirely fatty (<25%
glandular); 2) containing scattered fibroglandular den-
sities (25–50% glandular); 3) heterogeneously dense
(51–75% glandular); or 4) extremely dense (>75%
glandular).

Lesion Matching

After all image sets had been evaluated, a lesion
matching session was performed. This evaluation was
performed by an independent, reviewer (SC; 20 years
of experience in breast imaging) who was not involved
in either the on-site conduct of the study or the off-
site assessment of MR images.

Gadobenate Dimeglumine-Enhanced Breast MRI 3



Lesion matching was performed to match any
lesions seen on the breast maps produced by the on-
site investigators with lesions detected independently
by the three off-site readers of MR images. Only lesion
maps were viewed during this session (ie, no ultra-
sound, mammographic, or breast MR images were
displayed at any time). The information provided for
each lesion included only location (breast segment)
and size. Lesion matching was performed for each off-
site blinded reader separately; matching between off-
site reviewers was not performed.

Statistical Analysis

Comparison of MRI findings with findings from conven-
tional imaging was performed in terms of the detection
of individual histologically confirmed malignant lesions
(cancer detection rate: number of malignant lesions at
diagnostic imaging/number of malignant lesions con-
firmed at histology) and by breast region in terms of
diagnostic performance (sensitivity, specificity, accu-
racy, and 95% confidence intervals [CI]; and positive
and negative predictive values [PPV, NPV]) for the diag-
nosis of breast cancer. The former analysis was per-
formed for all histologically confirmed malignant
lesions combined and separately by individual lesion
type. Comparison of the cancer detection rate was also
performed across different categories of breast tissue
density. For the latter analysis a breast region with at
least one confirmed malignant lesion was considered
true positive (TP) while a region without a malignant
lesion (no lesion or a confirmed benign lesion) was true
negative (TN). Technically inadequate images were con-
sidered false negative (FN) if the region was confirmed
as malignant or false positive (FP) if the region was nor-
mal or benign. Differences in sensitivity, specificity,
and accuracy were compared using McNemar’s test.
Differences in PPV and NPV were compared using the
Wald test derived from generalized estimating equa-
tions (GEE) with exchangeable working correlation
structure. All statistical tests were 2-sided at the P <
0.05 level of significance and were performed using
SAS v. 8.2 (Cary, NC).

RESULTS

Malignant Lesion Detection

Overall, 108/123 women (52.7 6 12.7 years) who
underwent MRIþmammography, 109/129 women
(52.8 6 13.2 years) who underwent MRIþultrasound,
and 131/153 women (52.6 6 12.6 years) who under-
went MRIþmammography and/or ultrasound had his-
tological confirmation of malignant disease. A total of
120 histologically confirmed malignant lesions (78
invasive ductal carcinomas [IDC] in 63 patients, 24
invasive lobular carcinomas [ILC] in 17 patients, 7
“other” invasive carcinomas [two tubular, two scir-
rous, one cribriform, one mixed, and one unknown] in
five patients, 11 ductal carcinoma in situ [DCIS] in
nine patients) were present in the 108 patients who
underwent breast MRI and mammography. Likewise,
120 histologically confirmed malignant lesions (74

IDC in 57 patients, 27 ILC in 19 patients, 7 “other”
invasive carcinomas in 5 patients, 12 DCIS in 9
patients) were present in the 109 patients who under-
went breast MRI and ultrasound. Finally, 140 histo-
logically confirmed malignant lesions (90 IDC in 73
patients, 29 ILC in 21 patients, 7 “other” invasive car-
cinomas in 5 patients, 14 DCIS in 11 patients) were
present in the 131 patients that underwent breast
MRI and mammography and/or ultrasound.

The malignant lesion detection rates on MRI enhanced
with gadobenate dimeglumine and gadopentetate dime-
glumine relative to mammography, ultrasound, and mam-
mographyþultrasound, as well as comparisons between
the two MRI examinations, are presented in Fig. 1. Highly
significant superiority for MRI enhanced with gadobenate
dimeglumine was reported by each reader for compari-
sons with mammography (D15.8–17.5%; P � 0.0001; Fig.
1a, ultrasound (D18.3–20.0%; P � 0.0001; Fig. 1b), and
mammography and/or ultrasound (D8.6–10.7%; P �
0.0105; Fig. 1c). Conversely, no reader reported significant
superiority for gadopentetate dimeglumine-enhanced MRI
compared to mammography, ultrasound, or mammog-
raphy and/or ultrasound. Notably, the cancer detection
rate on gadopentetate dimeglumine-enhanced MRI was
nonsignificantly inferior to that of mammography and/or
ultrasound for two readers and equivalent for the third.
Findings for comparisons between the two MRI examina-
tions in each patient population reflect findings reported
previously (13).

More FN and FP lesions were reported after gado-
pentetate dimeglumine than after gadobenate dime-
glumine by all readers for all three patient
populations (Table 1). Although the FP detection rates
on MRI were typically lower than those reported for
conventional techniques, two of three readers reported
a higher FP detection rate for gadopentetate
dimeglumine-enhanced MRI than for combined mam-
mography and/or ultrasound.

Lesion Type

Gadobenate dimeglumine-enhanced MRI was superior
to gadopentetate dimeglumine-enhanced MRI, mam-
mography, ultrasound, and combined mammography
and/or ultrasound for detection of both invasive and
noninvasive malignant lesions (Table 2). Significantly
superior detection rates with gadobenate dimeglumine
were noted for all IDC and most ILC comparisons. For
other lesion types the relatively small numbers of lesions
precluded demonstration of statistical significance.

Breast Density

The superiority of gadobenate dimeglumine-enhanced
MRI was independent of the density of breast tissue
(Table 3). Each of the three blinded readers detected
more histologically confirmed malignant lesions in each
of the four breast density categories apart from in
extremely dense breasts in which only six malignant
lesions were present. Significant superiority for
gadobenate dimeglumine-enhanced MRI versus gado-
pentetate dimeglumine-enhanced MRI and all compar-
ator techniques was demonstrated in heterogeneously
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dense breast tissue in which sufficient numbers of
lesions permitted statistical testing. In less dense
breasts (0–50% glandular) gadobenate dimeglumine-
enhanced MRI detected all malignant lesions present.
Conversely, gadopentetate dimeglumine-enhanced MRI
detected fewer malignant lesions than mammography
in almost entirely fat breasts and was only marginally
superior to mammography in slightly denser breasts

(25–50% glandular). Examples of malignant lesion
detection in breasts with tissue parenchyma of different
density are shown in Figs. 2, 3 and 4.

Lesions Detected Only on MRI

Overall, readers 1, 2, and 3 detected 15, 14 and 15
additional histologically confirmed malignant lesions

Figure 1. Cancer detection rate on
gadobenate dimeglumine-enhanced MRI
versus gadopentetate dimeglumine-
enhanced MRI relative to mammography
(a), ultrasound (b), and combined mam-
mography and/or ultrasound (c).

Table 1

Numbers of False Negative and False Positive Lesions and Comparison of False Positive Detection Rates (FPR)

Reader 1 Reader 2 Reader 3

Comparator

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Conventional

technique

Mammography

(n ¼ 120)

FN lesions 7 23 5 21 5 17 26

FP lesions 6 9 7 13 5 18 15

FPR 4.8%

(6/126)

7.0%

(9/129)

5.5%

(7/127)

9.8%

(13/133)

4.0%

(5/125)

13.0%

(18/138)

11.1%

(15/135)

Ultrasound

(n ¼ 120)

FN lesions 10 27 9 26 8 21 32

FP lesions 8 13 10 16 11 21 22

FPR 6.3%

(8/128)

9.8%

(13/133)

7.7%

(10/130)

11.8%

(16/136)

8.4%

(11/131)

14.9%

(21/141)

15.5%

(22/142)

Mammography þ
Ultrasound

(n ¼ 140)

FN lesions 11 28 9 27 8 23 23

FP lesions 8 13 11 17 11 24 15

FPR 5.4%

(8/148)

8.5%

(13/153)

7.3%

(11/151)

10.8%

(17/157)

7.3%

(11/151)

14.6%

(24/164)

9.7%

(15/155)
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on gadobenate dimeglumine-enhanced MRI that were
not seen on mammography and/or ultrasound but
only 13, 13 and 14 additional malignant lesions on
gadopentetate dimeglumine-enhanced MRI that were

not seen on mammography and/or ultrasound (Table
4). Further, gadobenate dimeglumine-enhanced MRI
was more reliable at correctly characterizing addi-
tional detected lesions as malignant or benign (Table

Figure 2. A 49-year-old woman undergoing breast MRI for preoperative staging. Breast tissue density: BI-RADS 3 (heteroge-
neously dense tissue). A single histologically proven IDC Grade III (29 mm; ER/PgR pos; HER2 neg) in the left breast (solid
arrow) is visible on mammography as an irregular, spiculated, high-density mass (a). On ultrasound the lesion is seen as an
irregular, indistinct, heterogenous, hypoechoic mass (b). MRI enhanced with gadobenate dimeglumine clearly depicts not
only the main lesion but also a smaller satellite nodule (arrow) on both the subtracted image (c) and the maximum intensity
projection (MIP) reconstruction (d). Conversely, on MRI enhanced with gadopentetate dimeglumine the smaller satellite nod-
ule (arrow) is barely visible on the subtracted image (e) and only faintly visible on the MIP reconstruction (f). The greater
lesion conspicuity and more extensive disease seen with gadobenate dimeglumine can be considered of importance for inter-
ventional planning.

Gadobenate Dimeglumine-Enhanced Breast MRI 7



4). Thus, across the three blinded readers, gadoben-
ate dimeglumine was associated with fewer FN deter-
minations of histologically proven malignant lesions

and considerably fewer FP determinations of histologi-
cally proven benign lesions. Histologically confirmed
malignant lesions occult to mammography and/or

Figure 3. A 72-year-old woman undergoing breast MRI for preoperative staging. Breast tissue density: BI-RADS 1 (almost
entirely fatty). A single histologically proven IDC Grade II (11–20 mm; ER/PgR neg; HER2 neg) in the right breast (solid arrow)
is readily visible on mammography (a), ultrasound (b), and MRI enhanced with gadobenate dimeglumine (c) and gadopente-
tate dimeglumine (d). Conversely, a single ILC Grade II (>20 mm; ER/PgR neg; HER2 neg) in the left breast (open arrow) is
poorly visible on mammography, was not seen on ultrasound, and is only poorly visible on gadopentetate dimeglumine-
enhanced MRI (e). However, the lesion is clearly visible on gadobenate dimeglumine-enhanced MRI (f). All three readers
strongly preferred gadobenate dimeglumine for all evaluations.

8 Gilbert et al.



Figure 4. An 87-year-old woman undergoing breast MRI because of an indeterminate lesion on mammography and ultra-
sound. Breast tissue density: BI-RADS 2 (scattered islands of fibroglandular tissue). Mammography (a) reveals a small ill-
defined lesion of low density (arrow) in the upper outer quadrant of the left breast. On ultrasound two lesions of irregular
shape were identified (not shown). Subtracted MR images after gadobenate dimeglumine (b) and gadopentetate dimeglumine
(c) reveal both lesions, although lesion conspicuity, enhancement, and definition are substantially better after gadobenate
dimeglumine. The smaller lesion seen immediately lateral to the main lesion is considerably more conspicuous on the
gadobenate dimeglumine-enhanced image and both lesions appear larger. Histopathology confirmed two IDC grade II lesions
of 18 mm and 9 mm (ER/PgR pos; HER2 neg).

Table 4

Histologically Confirmed Lesions Detected by MRI But Missed at Conventional Imaging

Additional histologically confirmed lesions detected on MRI only

Reader 1 Reader 2 Reader 3

Comparator Lesion type

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Gadobenate

dimeglumine

Gadopentetate

dimeglumine

Mammography Malignant Total 22 18 21 17 23 19

TP/FN 20/2 15/3 21/0 16/1 23/0 18/1

Benign Total 16 14 15 18 17 15

TN/FP 14/2 10/4 12/3 11/7 16/1 9/6

Ultrasound Malignant Total 26 24 24 23 27 26

TP/FN 23/3 22/2 24/0 21/2 26/1 25/1

Benign Total 11 11 9 11 13 10

TN/FP 9/2 8/3 5/4 4/7 10/3 4/6

Mammography þ
Ultrasound

Malignant Total 15 13 14 13 15 14

TP/FN 14/1 12/1 14/0 12/1 15/0 13/1

Benign Total 10 10 8 10 11 8

TN/FP 9/1 8/2 5/3 4/6 10/1 4/4

Gadobenate Dimeglumine-Enhanced Breast MRI 9



ultrasound which were seen on gadobenate
dimeglumine-enhanced MRI but not gadopentetate
dimeglumine-enhanced MRI included primarily small
(2.5–13 mm) IDC and ILC. Conversely, no additional
IDCs were seen on gadopentetate dimeglumine-
enhanced MRI that were not also seen on gadobenate
dimeglumine-enhanced MRI.

Diagnostic Performance

The diagnostic performance of breast MRI compared to
mammography, ultrasound, and combined mammog-
raphy and/or ultrasound is presented in Tables 5, 6,
and 7, respectively. Significant (P � 0.0011) superiority
for gadobenate dimeglumine-enhanced MRI versus
mammography was noted by all three readers for sensi-
tivity in diagnosing malignant disease, by one reader
for specificity in diagnosing malignant disease (P ¼
0.0253), and by all three readers for accuracy in diag-
nosing malignant disease (P � 0.0046) (Table 5). Con-
versely, significant superiority for gadopentetate
dimeglumine-enhanced MRI versus mammography
was not noted by any reader for any parameter. Indeed,
significantly lower specificity and accuracy on gado-
pentetate dimeglumine-enhanced MRI relative to mam-
mography was noted by two blinded readers (P �
0.016) and one blinded reader (P < 0.0001), respec-
tively. Similar findings were noted for comparisons in
patients who also underwent ultrasound (Table 6) and
when considering the entire population of patients who
underwent mammography and/or ultrasound (Table
7). Findings for comparisons between the two MRI
examinations in each patient population reflect find-
ings reported previously (13).

Similar findings were reported for PPV and NPV for all
populations. When one or more blinded readers reported
a significant difference relative to the comparator tech-
nique, in all cases this reflected significantly superior
PPV or NPV in the case of gadobenate dimeglumine-
enhanced MRI, but significantly lower PPV or NPV in the
case of gadopentetate dimeglumine-enhanced MRI.

DISCUSSION

Recently, the intraindividual comparative study
“DETECT” (13) confirmed earlier studies (14,15) in
showing that the detection of malignant breast lesions
and the overall diagnostic performance of breast MRI
is strongly influenced by the choice of MR contrast
agent used for the imaging procedure. The results of
the present analysis show that gadobenate
dimeglumine-enhanced breast MRI is not only supe-
rior to gadopentetate dimeglumine-enhanced MRI in
terms of breast cancer detection and diagnostic per-
formance but is superior also to conventional mam-
mography and ultrasound in terms of sensitivity,
specificity, and overall accuracy. Moreover, values for
PPV and NPV were in all cases higher than corre-
sponding values for gadopentetate dimeglumine-
enhanced MRI and conventional imaging techniques.
In the case of PPV this indicates that the likelihood of
a breast harboring malignant disease is greater if a
gadobenate dimeglumine-enhanced MRI examination

yields a positive result than if a comparative examina-
tion yields a positive result. Conversely, in the case of
NPV the higher value indicates that the risk of over-
looking malignant disease is markedly lower on
gadobenate dimeglumine-enhanced MRI than on
gadopentetate dimeglumine-enhanced MRI or on con-
ventional imaging.

Of particular interest is that the cancer detection
rate on gadopentetate dimeglumine-enhanced MRI
was only slightly greater than that on mammography
and ultrasound when these techniques were consid-
ered separately and was at best only equivalent to
mammography and ultrasound in patients undergoing
one or both of these techniques. There are several
explanations for these findings. First, it should be
borne in mind that patients were included in the
study only if they had an abnormality at mammog-
raphy or ultrasound that was considered BI-RADS
category 3, 4, or 5 for suspicion of malignancy. Thus,
given that the patients in this study were already
known to have a suspicious abnormality on conven-
tional imaging, the minimal difference in sensitivity
for malignant lesion detection and diagnostic perform-
ance on gadopentetate dimeglumine-enhanced MRI
can be ascribed more to the anticipated excellent per-
formance of mammography and ultrasound than to
the poor performance of gadopentetate dimeglumine-
enhanced MRI. Second, MR image assessment was
performed by three independent radiologists who were
unaffiliated with any of the imaging centers and
totally blinded to all patient clinical and radiological
information that might have aided image interpreta-
tion and diagnosis. This artificial reading environment
is very different from that which occurs in clinical
routine and, in the case of MRI of focal liver lesions,
has been shown to result in markedly poorer diagnos-
tic performance than when reading is performed in
the presence of clinical and radiological information
(19). It is likely that the diagnostic performance of
both gadopentetate dimeglumine- and gadobenate
dimeglumine-enhanced MRI would have been
improved had clinical data been available to the read-
ers during image interpretation. Finally, and possibly
less immediately intuitive, the sensitivity of gadopen-
tetate dimeglumine-enhanced MRI will inevitably be
reduced when compared to that achieved with an
alternative, more sensitive technique. In this study
additional, histologically confirmed malignant lesions
were detected by all three blinded readers only on
gadobenate dimeglumine-enhanced MRI. This will
have resulted in lower sensitivities for all other techni-
ques relative to the sensitivities which would have
been obtained had these lesions remained
undetected.

Importantly, the superior diagnostic performance
achieved with gadobenate dimeglumine-enhanced
MRI was noted by each reader for both invasive (IDC,
ILC) and noninvasive (DCIS) carcinomas, and was
consistent across all categories of breast tissue den-
sity. The value of gadobenate dimeglumine-enhanced
MRI for breast cancer detection in women with dense
breast parenchyma has been addressed previously
(20). As noted elsewhere for both breast MRI (13–

10 Gilbert et al.
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15,21) and other MRI applications (22–29) the
improved diagnostic performance with gadobenate
dimeglumine relative to gadopentetate dimeglumine
can be ascribed to its higher R1 relaxivity (30,31),
which derives from weak, transient interactions of the
Gd-BOPTA contrast-effective molecule with serum
albumin (32,33). Specifically, the Gd-BOPTA contrast-
effective molecule of gadobenate dimeglumine, unlike
the Gd-DTPA contrast-effective molecule of gadopen-
tetate dimeglumine, possesses a hydrophobic benzy-
loxymethyl sidechain which is believed to fit into
specific sites on the albumin molecule leading to a
slowing of the tumbling rate of the gadobenate dime-
glumine complex in blood and thus an increase in its
relaxivity (32,33). Although the interaction with serum
albumin does not influence either the plasma kinetics
of gadobenate dimeglumine (34,35) or its dynamic
behavior in breast MRI (13–15) relative to that seen
with gadopentetate dimeglumine and other conven-
tional gadolinium agents, the increased r1-relaxivity
results in greater SI enhancement on T1-weighted
images which has been shown to be of benefit for the
improved detection and diagnosis of malignant lesions
(13–15), for better predicting malignancy in the case
of histologically borderline lesions diagnosed at core
needle biopsy (36), for improved detection of malig-
nant contralateral lesions in patients with diagnosed
unilateral breast cancer (37), and for improved malig-
nant lesion detection/exclusion and surgical decision-
making in patients with breast cancer detected at
conventional imaging (1). Although increased SI
enhancement and correspondingly improved lesion
conspicuity might also be achieved with a higher than
standard dose (ie, >0.1 mmol/kg bodyweight) of gado-
linium contrast agent (38), the use of higher doses is
currently a matter for concern given the risk of neph-
rogenic systemic fibrosis, particularly in patients with
severely impaired renal function.

In comparison to mammography and breast ultra-
sound, MRI is widely recognized as the most sensitive
and appropriate diagnostic technique for the detection
and diagnosis of breast cancer, particularly in women
with dense breast parenchyma and in women at high
genetic risk of developing breast cancer (4–11,39,40).
Unfortunately, despite the numerous advantages of
breast MRI in these selected patient populations, MRI
is still relatively underused in clinical practice, in part
because of cost and availability issues, and in part
because of insufficient evidence from large-scale out-
come studies (12,40). Moreover, critics suggest that
breast MRI leads to more FP results and more exten-
sive and unnecessary surgery without any improve-
ment in surgical care or prognosis. Although our
patient population comprised women considered
BI-RADS category 3, 4, or 5 for suspicion of malig-
nancy, our results suggest that improved diagnostic
performance on breast MRI may be achieved if MR
contrast agents with high relaxivity are used. How-
ever, it remains to be determined whether the
improved malignant lesion detection rate, correspond-
ingly reduced FP rate, and better overall diagnostic
performance compared to that observed on conven-
tional imaging and on breast MRI with standard relax-

ivity contrast agents translates into improved patient
care and prognosis.

Possible limitations of the study are that not all
patients underwent both mammography and ultra-
sound examinations and that blinded assessment of
mammography and ultrasound images was not per-
formed by the same three radiologists who evaluated
the MR images. On the other hand, all mammography
and ultrasound examinations and their subsequent
evaluation were performed as routinely carried out in
clinical practice by unblinded readers. A further pos-
sible limitation is that the patients included in this
study were already strongly suspected of having
breast cancer (BI-RADS category 3, 4, or 5 for suspi-
cion of malignancy) based on findings from conven-
tional imaging. As a consequence, the patient
population evaluated was not entirely representative
of the population that might ordinarily be referred for
a breast MRI examination. On the other hand, the
patients evaluated in this study included those with
inconclusive findings at conventional imaging and/or
those requiring breast MRI for preoperative staging,
as described by the European Society of Breast Imag-
ing (41). Further work should be directed towards
assessing whether the clear benefit of gadobenate
dimeglumine-enhanced MRI in this study applies to
other patient populations requiring a breast MRI
examination such as women at high risk for breast
cancer that require routine screening MRI (39,40).

In conclusion, our data confirm that gadobenate
dimeglumine-enhanced MRI is effective for breast can-
cer detection and diagnosis in symptomatic women
referred for breast MRI and that this approach offers
advantages over conventional imaging and gadopente-
tate dimeglumine-enhanced MRI in this patient popu-
lation. The three blinded readers in our study each
reported significantly better detection of malignant
breast lesions on gadobenate dimeglumine-enhanced
MRI compared to mammography, ultrasound, and
MRI enhanced with gadopentetate dimeglumine.
Improved diagnostic performance on breast MRI was
noted by all three readers regardless of malignant
lesion type and density of breast tissue.
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