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Abstract
Background The high concentration of gadolinium in gadobutrol, which is widely used in Japan, helps visualize signal 
enhancement of neoplastic lesions, however, there was concern that high T1 relaxivity could decrease the contrast between 
the lesion and the background mammary gland. We evaluate the effect of gadobutrol on background parenchymal enhance-
ment (BPE) and differential diagnosis between benign and malignant lesions in dynamic MRI of the breast.
Methods Ninety-nine patients were enrolled prospectively. Measurements of the following signal intensities (SIs) were 
obtained: breast tissue on a pre-contrast image  (SIpre) and an early-phase image  (SIearly); and the SIs of breast cancer on a 
pre-contrast image  (SIpre-cancer) and an early-phase image  (SIearly-cancer). We calculated the BPE ratio, i.e.,  (SIearly −  SIpre)/
SIpre and the cancer/BPE ratio, i.e.,  (SIearly-cancer −  SIpre-cancer)/(SIearly on the affected side −  SIpre on the affected side). These 
quantitative assessments were compared with the data from the recently published multicenter study (reference study without 
use of gadobutrol). In addition, two radiologists reinterpreted each of the MR images, and a third radiologist set the ROIs in 
the lesions and performed kinetic analysis as a Reader 3.
Results While there was no significant difference in the SI of breast cancer in the premenopausal patients between the two 
studies, that in postmenopausal patients was significantly higher in the present study than in the reference study (p = 0.002). 
Although there was no significant difference in the cancer/BPE ratio in the postmenopausal patients between the two studies, 
the cancer/BPE ratio in the premenopausal patients was significantly higher in the reference study than in the present study 
(p = 0.028). For differentiation between benign and malignant masses, the mass margin was found to be the most important 
term (p < 0.001). According to the data of Reader 3, visual washout was observed in all 18 patients in whom the interpreta-
tion was changed from “plateau” to “washout”.
Conclusions Gadobutrol may decrease the contrast between breast cancer and background parenchyma in premenopausal 
patients, and it may have a characteristic that “washout” does not easily occur, leading to “plateau” in patients with breast 
cancer.
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Introduction

Gadobutrol is a macrocyclic gadolinium-based contrast 
agent (GBCA) formulated as a 1 mol/L solution, i.e., it 
contains twice the concentration of gadolinium as other 
currently licensed extracellular GBCAs [1]. The high para-
magnetic effect of gadobutrol provides a higher relaxivity, 

associated with the image quality, as compared to other mac-
rocyclic GBCAs [2, 3]. As a macrocyclic agent, the chemical 
structure of gadobutrol is more stable as compared to the 
chemical structures of linear GBCAs, which are associated 
with an increased risk of nephrogenic systemic fibrosis in 
patients with severely impaired renal function [4].

In the breast MRI field, it was expected that the higher 
concentration of gadolinium in gadobutrol as compared to 
that in other existing MRI contrast media would be useful 
to visualize the signal enhancement of neoplastic lesions. 
On the other hand, there was also the concern that the high 
T1 relaxivity may, conversely, cause a high signal intensity 
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of the background mammary gland, thereby decreasing the 
contrast between the lesion and the background mammary 
gland. Furthermore, studies using gadobutrol and gadoter-
ate meglumine (Gd-DOTA) in the same patients with breast 
tumors reported that the use of gadobutrol was associated 
with a reduced proportion of breast cancer patients show-
ing a “washout” time-intensity curve (TIC) pattern [5, 6]; 
this could prove to be a pitfall in the ability of MRI using 
gadobutrol in the diagnosis of breast cancer.

We conducted this study to address the following two 
questions.

1. Does the background parenchymal enhancement (BPE) 
on MRI with gadobutrol affect the visualization of breast 
cancer lesions? In regard to contrast-enhanced breast 
MRI, it has long been recognized that parenchymal 
enhancement is associated with the menstrual cycle, 
because the breast tissue structure is influenced by the 
cyclic hormonal changes occurring with the menstrual 
cycle [7, 8]. After a while, the Breast Imaging Reporting 
and Data System (BI-RADS) MRI lexicon, 5th edition 
[9], defined parenchymal enhancement on contrast-
enhanced breast MRI as BPE. A recent multicenter 
study reported on the correlation between BPE and the 
menstrual cycle in the Japanese population [10]. There-
fore, we planned to compare the data from this previous 
study [10] and our present study.

2. How does use of gadobutrol affect the differential diag-
nosis between benign and malignant breast lesions? 
We constructed a diagnostic tree for mass lesions using 
BI-RADS categories, to investigate the effect of kinetic 
analyses on the diagnostic tree. In particular, we inves-
tigated whether the use of gadobutrol decreases the pro-
portion of breast cancer patients showing “washout” and 
its effects on the diagnostic ability of the MRI.

Materials and methods

Patients

We conducted a prospective multicenter study in Japan, 
with the participation of 5 hospitals. One of the institu-
tions participated in the previous multicenter study [10]. 
The study was conducted with the approval of the Ethical 
Review Board on Clinical Studies at each of the participat-
ing institutions. Written informed consent for participation 
was obtained from all the participating patients. The inclu-
sion criteria were: (1) female patients who had undergone 
dynamic contrast-enhanced breast MRI for closer exami-
nation of a breast lesion; (2) age 20–69 years; (3) patients 
for whom information about the menstrual cycle could 
be obtained by interview. The exclusion criteria were: (1) 

history of anaphylactoid or anaphylactic reaction to any 
contrast media; (2) impaired renal function (e.g., estimated 
glomerular filtration rate (eGFR) < 30 mL/min./1.73  m2); (3) 
pregnant or breastfeeding women; (4) patients with a previ-
ous history of treatment for breast cancer; (5) patients under-
going drug therapy for breast cancer; (6) patients judged for 
any reason as being ineligible for participation in this study 
by the investigator.

Between May 2017 and July 2018, 99 patients (age 
range 30–69 years, mean 53 years) from the 5 centers were 
enrolled. The patients included 55 postmenopausal patients 
and 44 premenopausal patients (Table 1). Five patients 
were examined in the menstrual phase (days 1–4), 10 in 
the proliferative phase (days 5–14), and 12 in the secretory 
phase (days 15–30) of the menstrual cycle; the remaining 
17 patients had irregular menstrual cycles. Patients with 
regular menstrual cycles were defined as those in whom the 
self-reported menstrual cycles were regular, with a cycle 
length of ≤ 30 days, and the interval from the first day of 
the last menstrual period to the date of MRI examination 
was ≤ 30 days.

MRI protocols

MRI examinations were performed with a 1.5 or 3 T sys-
tem. Axial- or coronal-view 3D fast gradient echo (GRE) 
T1-weighted images with fat suppression of the whole 
breasts of either side were acquired with the patients lying 
in the prone position. No restrictions were set in regard to 
the repetition time (TR), echo time (TE), or flip angle (FA). 
The prescribed slice thickness was 1–2 mm.

Gadobutrol  (Gadovist®, Bayer-Healthcare, Germany) was 
administered at the dose of 0.1 mmol/kg body weight of 
gadolinium. Dynamic MR images were acquired before and 
three times after bolus injection of the contrast medium, 
followed by a 20-mL saline flush using an automatic injec-
tor. The injection rates for both contrast medium and saline 
were 1 mL/s. Both breasts were examined in the first-, sec-
ond-, and third-phase dynamic imaging, at 1, 2, and 5 min, 
respectively, after gadobutrol injection. The scanning timing 
of dynamic MRI was the same as the reference study [10].

Image analysis

Evaluation 1: quantitative assessment

1. BPE ratio on the unaffected side and affected side
  BPE generally means non-specific enhancements 

such as spotty, patchy, regional and diffuse, but strictly 
speaking, it is difficult to distinguish it from the high 
signal intensity (SI) of the background mammary gland. 
Therefore, BPE was defined in this study as s high SI of 
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the background mammary gland including non-specific 
enhancements, similar to the reference study [10].

  Regions of interest (ROIs) were manually set by one 
radiologist at each facility for the unaffected side and 

the affected side. One slice distant from the lesion was 
selected and ROIs of the same size were set for each of 
the both breasts as to include the fibroglandular breast 
tissue. Visible cystic areas, fatty tissue, and nodular 
enhancing areas were avoided. The size of ROI was not 
specified. The SIs of the breast tissue were measured in 
the pre-contrast image  (SIpre) and early-phase images 
obtained after the contrast injection (early post-contrast 
images, or  SIearly). We then calculated the BPE ratio for 
each patient, as follows:  (SIearly −  SIpre)/SIpre.

2. SI of the breast cancer and the cancer/BPE ratio
  The same radiologist at each facility measured the 

SIs of the breast cancer in the pre-contrast images 
 (SIpre-cancer) and early-phase post-contrast images 
 (SIearly-cancer). We then calculated the SI of the breast 
cancer [(SIearly-cancer −  SIpre-cancer)/SIpre-cancer] and the 
cancer/BPE ratio [(SIearly-cancer −  SIpre-cancer)/(SIearly on 
the affected side—SIpre on the affected side)] for each 
patient.

The above four quantitative parameters were compared 
with those reported from the reference study [10] conducted 
in Japanese people. This comparative study was conducted 
with the approval of the Ethical Review Board on Clini-
cal Studies at the representative institution for the reference 
study [10].

Evaluation 2: inter‑observer variability for the 5th‑edition 
BI‑RADS MRI descriptors

Two radiologists with 18 and 25 years of experience in 
breast MRI reinterpreted each of the MR images using 
the 5th-edition BI-RADS MRI lexicon [9]. The two read-
ers were from different institutions and were blinded to the 
original breast MRI interpretations as well as to each other’s 
interpretations.

The readers independently evaluated the BPE level (mini-
mal, mild, moderate, and marked), and delayed-phase kinetic 
patterns (“persistent,” “plateau,” “washout”) for each lesion. 
When they were reinterpreting the MR images, Reader 1 
and Reader 2 were not presented with the TIC created in 
advance. In addition, no other special rules were set for the 
kinetic assessment.

For masses, the shape (round, oval, and irregular), mar-
gin (circumscribed, spiculated, and irregular), and internal 
enhancement characteristics (homogeneous, heterogene-
ous, rim enhancement, and dark internal septations) were 
recorded. For non-mass enhancement (NME), the distribu-
tion (focal, linear, segmental, regional, multiple regions, and 
diffuse) and internal enhancement patterns (homogeneous, 
heterogeneous, clumped, and clustered ring) were recorded.

The readers then provided a final BI-RADS category 
assessment (scale 1–5; 1 = negative; 2 = benign findings; 

Table 1  Overview of the results of the present study and the refer-
ence study [10]

*Regular menstrual cycle

This study Reference study

No. of centers 5 24
Total cases/malignant cases 99/76 943/682
Age (total cases)
 Mean (min–max) 53 (30–69) 52 (23–69)

Age (malignant cases)
 Mean (min–max) 54 (31–69) 54 (28–69)

Menopausal status (total cases)
 Postmenopausal 55 (56%) 491 (52%)
 Premenopausal 44 (44%) 452 (48%)

Menopausal status (malignant cases)
 Postmenopausal 46 (61%) 387 (57%)
 Premenopausal 30 (39%) 295 (43%)

Menstrual cycle * (total cases)
 Menstrual phase 5 (19%) 37 (13%)
 Proliferative phase 10 (37%) 118 (40%)
 Secretory phase 12 (44%) 138 (47%)

Menstrual cycle * (malignant cases)
 Menstrual phase 5 (25%) 27 (14%)
 Proliferative phase 6 (30%) 71 (38%)
 Secretory phase 9 (45%) 89 (48%)

Pathology
 Benign 23 (23%) 252 (27%)
 Invasive ductal carcinoma 58 (59%) 508 (54%)
 Ductal carcinoma in situ 10 (10%) 91 (10%)
 Invasive lobular carcinoma 2 (2%) 23 (2%)
 Lobular carcinoma in situ 0 (0%) 2 (0.2%)
 Mucinous carcinoma 3 (3%) 9 (1%)
 Others 3 (3%) 58 (6%)

Contrast material
 Gadobutrol 99 (100%) 0 (0%)
 Meglumine gadopentetate 0 (0%) 564 (60%)
 Gadodiamide hydrate 0 (0%) 184 (20%)
 Meglumine gadoterate 0 (0%) 136 (14%)
 Gadoteridol 0 (0%) 59 (6%)
 Dose (mL/kg) 0.1 0.2
 Injection rate (mL/s) 1 1.9

MRI protocols
 1.5 T 19 (19%) 574 (61%)
 3 T 80 (81%) 369 (39%)
 TR; mean (min–max) 4.9 (3.2–7.9) 4.7 (3.3–11)
 TE; mean (min–max) 2.0 (1.2–3.7) 2.1 (1.2–5.5)
 FA; mean (min–max) 12 (10–15) 11 (6–20)
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3 = probably benign; 4 = suspicious for malignancy; and 
5 = highly suspicious for malignancy). For the purposes of 
our analysis, BI-RADS categories 1–3 were classified as 
benign lesions and categories 4/5 as malignant lesions.

Evaluation 3: verification of the usefulness of the TIC 
for interpreting a mass lesion

In addition to the above two radiologists, a third radiologist 
(M.T) with 26 years’ experience in breast radiology who 
was not involved in the patient enrollment set the ROIs in 
the lesions and performed kinetic analysis as Reader 3. ROIs 
were set for the masses, but not for NME. This is because 
it is difficult to set the ROI and reproducibility is not guar-
anteed. A ROI larger than 3 pixels was placed on the most 
suspicious region of the enhancement within a mass lesion. 
Suspicious regions were defined as areas that exhibit a wash-
out in the delayed-phase or a rapid rise in the early phase and 
were usually located at the margin of the tumor.

As for the TIC pattern, the enhancement in the initial 
phase was determined by comparing the enhancement inten-
sity in the first post-contrast image with the intensity in the 
pre-contrast image. An intensity increase of < 50% is classi-
fied as slow, 50–100% is classified as medium, and > 100% 
enhancement is classified as fast. For the delayed-phase, 
“persistent” is SI increase ≥ 10% of the initial enhancement; 
“washout” is SI decrease ≥ 10% of the initial enhancement; 
and “plateau” is between “persistent” and “washout”.

A diagnostic tree for mass lesions based on the evaluation 
2 was constructed and the usefulness of including the quan-
titative TIC analysis on the diagnostic capability of the diag-
nostic tree was evaluated. Furthermore, we subclassified the 
term “plateau” into “plateau-persistent” and “plateau-wash-
out” (Fig. 1). “plateau-persistent” means SI increase < 10% 
and “plateau-washout” means SI decrease < 10%. “Non-
washout” includes SI increase = 0% + “plateau-persis-
tent” + persistent, and “Washout” includes “plateau-wash-
out” + washout. We evaluated whether inclusion of these 

TIC patterns in the revised assessment of the delayed-phase 
images affected the diagnostic capability of the diagnostic 
tree or not.

Statistical analyses

Results of comparative studies of the quantitative assess-
ment (BPE ratio, SI of breast cancer and the cancer/BPE 
ratio) were compared using the Mann–Whitney U test. 
Inter-observer variability for each BI-RADS MRI descrip-
tor of mass and non-mass lesions was calculated by deter-
mining the kappa coefficient, and for the BPE level, kinetic 
parameters, and final category assessment was calculated by 
determining the weighted kappa coefficient. A kappa statis-
tic of less than 0.4 was defined as poor agreement, that of 
0.40–0.59 as moderate agreement, that of 0.60–0.79 as good 
agreement, and that of 0.80 or higher as excellent agreement.

Using conditional inference trees as the algorithm for 
decision tree learning, we attempted to build classifica-
tion trees that distinguished between benign and malignant 
lesions based on the BI-RADS MRI descriptors. p values 
of < 0.05 were considered as being indicative of significance. 
The statistical analyses were performed using SPSS Statis-
tics ver. 26 (IBM, Chicago, IL), R version 3. 6. 3 (http://
www.r-proje ct.org) and the ctree function (package partykit 
version 1.2-7).

Results

Table 1 shows an overview of the results of the present 
study and the reference study [10]. Gadobutrol was used as 
the contrast medium in all the patients in the present study, 
while some other contrast medium had been used in all the 
patients in the reference study. The mean age of breast can-
cer patients, menopausal status, menstrual cycle and rate of 
benign and malignant lesions were relatively similar in both 
studies. However, the present study had a higher proportion 

Fig. 1  A revised assessment of 
the delayed-phase images of 
TIC patterns. We subclassified 
the term “plateau” into “pla-
teau-persistent” and “plateau-
washout”. “plateau-persistent” 
means SI increase < 10% 
and “plateau-washout” 
means SI decrease < 10%. 
“Non-washout” includes SI 
increase = 0% + “plateau-
persistent” + persistent, and 
“Washout” includes “plateau-
washout” + washout

http://www.r-project.org
http://www.r-project.org
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of 3 T scanners compared to the reference study (81% vs. 
39%).

Evaluation 1: quantitative assessment

Table 2 shows the results of the four quantitative assess-
ments. There was no significant difference in the BPE ratio 
on either the unaffected side or the affected side between the 
present study and the reference study.

The SI of breast cancer in postmenopausal patients was 
significantly higher in the present study than in the reference 
study (p = 0.002). However, no significant difference in the 
SI of breast cancer in premenopausal patients was found 
between the two studies. A significant difference in the SI 
of breast cancer was found between the two studies in the 
overall subject population (p < 0.001).

The cancer/BPE ratio in premenopausal patients was sig-
nificantly higher in the reference study than in the present 
study (p = 0.028). However, no significant difference in the 
cancer/BPE ratio between the two studies were found in the 
postmenopausal patients or the overall subject population.

Evaluation 2: inter‑observer variability 
for the 5th‑edition BI‑RADS MRI descriptors

Table 3 shows the inter-observer variability between the 
two radiologists in this study. The agreement rate was high-
est for the BPE level (ĸ = 0.74), followed by that for the 

BI-RADS category assessment (scale 1–5) and BI-RADS 
category assessment (1–3 vs. 4/5) (ĸ = 0.69 and ĸ = 0.66, 
respectively). The results of assessment of the mass margin 
also showed good agreement, with ĸ = 0.65. The agreement 
rate was poor for all the other descriptors.

The agreement rate was particularly low for the kinetic 
parameters (ĸ = 0.17), as shown in detail in Table 4. There 
were 10 cases in which Reader 1 judged to be difficult to 
evaluate, and 7 cases in which Reader 2 judged to be difficult 
to evaluate. The analysis was performed in 89 cases exclud-
ing these 10 cases. Of the 10 cases excluded, 8 were benign 
and 2 were malignant. 

Evaluation 3: verification of the usefulness 
of inclusion of the TIC pattern in the diagnostic tree 
for interpretation of mass lesions

The number of cases determined to be a mass by Reader 1, 
Reader 2 and Reader 3 was 64, 77 and 68, respectively. The 
frequency of benign and malignant lesions was 10 and 54 for 
Reader 1, 12 and 65 for Reader 2, and 13 and 55 for Reader 
3, respectively.

Table 2  Quantitative assessments of the present study and the refer-
ence study [10]

Numbers in parentheses are cases
*Regular menstrual cycle
p value: Mann–Whitney U test

Total Postmenopausal Premenopausal *

BPE ratio on the unaffected side (%)
 This study 15.1 (75) 10.3 (45) 16.5 (20)
 Reference study 11.7 (626) 10.4 (352) 18.1 (176)
 p value 0.217 0.674 0.621

BPE ratio on the affected side (%)
 This study 14.1 (76) 9.75 (46) 34.6 (20)
 Reference study 14.4 (629) 11.4 (355) 18.9 (175)
 p value 0.278 0.78 0.128

SI of breast cancer (%)
 This study 156 (76) 158 (46) 156 (20)
 Reference study 120 (671) 117 (380) 122 (185)
 p value < 0.001 0.002 0.189

Cancer/BPE ratio (%)
 This study 889 (76) 1598 (46) 395 (20)
 Reference study 1006 (620) 1194 (350) 694 (173)
 p value 0.626 0.265 0.028

Table 3  Inter-observer agreement on BI-RADS MRI descriptors and 
category assessment

*Weighted kappa coefficient

BI-RADS MRI descriptor Inter-observer kappa
Variability Coefficient

BPE level Good 0.74 *
Mass shape Poor 0.33
Mass margin Good 0.65
Mass internal enhancement character-

istics
Poor 0.38

NME distribution Poor 0.25
NME internal enhancement Poor 0.25
Kinetic analysis (delayed phase) Poor 0.17 *
BI-RADS category assessment (scale 

1–5)
Good 0.69 *

BI-RADS category assessment (1–3 vs. 
4/5)

Good 0.66

Table 4  Inter-observer agreement on kinetic analysis (delayed phase)

Weighted kappa coefficient 0.17

Reader 2 Total

Persistent Plateau Washout

Reader 1 Persistent 5 27 0 32 (36%)
Plateau 1 29 2 32 (36%)
Washout 1 22 2 25 (28%)

Total 7 (8%) 78 (88%) 4 (4%) 89 (100%)



932 Breast Cancer (2021) 28:927–936

1 3



933Breast Cancer (2021) 28:927–936 

1 3

On the basis of the results of image interpretation by 
Reader 1 and Reader 2, a diagnostic tree for the interpreta-
tion of masses was constructed (Fig. 2a, b). For differentia-
tion between benign and malignant masses, the mass margin 
was found to be an important term (p < 0.001), whereas none 
of the other terms or the TIC pattern was found to be useful. 
Furthermore, inclusion of the revised delayed-phase assess-
ment in the diagnostic tree was not found to be useful. The 
sensitivity, specificity, accuracy, positive predictive value 
(PPV) for malignancy, and negative predictive value (NPV) 
for the correct diagnosis were 94% (51/54), 80% (8/10), 
92% (59/64), 96% (51/53), and 73% (8/11), respectively, for 
Reader 1, and 89% (58/65), 67% (8/12), 86% (66/77), 94% 
(58/62), and 53% (8/15), respectively, for Reader 2.

Table 5 shows the detailed results of use of the revised 
assessment of the delayed-phase images. The percentage of 
patients with a plateau pattern varied among the three read-
ers: 39% (25/64), 87% (67/77) and 47% (32/68) for Reader 
1, Reader 2 and Reader 3, respectively. The percentages of 
patients with a “persistent” and “washout” pattern were 27% 
(17/64) and 34% (22/64), respectively, according to Reader 
1, and 8% (6/77) and 5% (4/77), respectively, according to 
Reader 2, while in the revised assessment of the delayed-
phase images, the results were similar between the two read-
ers: 53% (34/64) and 47% (30/64), respectively, for Reader 1 
and 56% (43/77) and 43% (33/77), respectively, for Reader 
2. The percentages of patients showing the “persistent” and 
“washout” patterns according to the revised assessment of 
the delayed-phase images by Reader 3 (57% [39/68] and 43% 
[29/68], respectively) were also similar to those reported by 
Reader 1 and Reader 2. Data from Reader 2 included one 
patient in whom kinetic analysis was not performed, because 
Reader 3 considered that this patient had NME.

According to the data of Reader 3, visual washout was 
observed in all 18 patients (17 with malignant lesions and 
1 with a benign lesion) in whom the interpretation was 
changed from “plateau” to “washout” (revised assessment 
of delayed-phase images) and the ROI were set in these areas 
(Fig. 3).

Discussion

One of the characteristics of this study was that the data from 
this study were compared with those from a multicenter 
study conducted previously to determine the correlation 

between BPE and the menstrual cycle in the Japanese popu-
lation [10]. While gadobutrol was used as the contrast agent 
in all the patients in this study, it was not used as the contrast 
agent in any of the patients in the reference study. No sig-
nificant difference was found in the BPE ratio on either the 
unaffected or the affected side between the present study and 
the reference study. While there was no significant differ-
ence in the SI of breast cancer in the premenopausal patients 
between the two studies, that in postmenopausal patients was 
significantly higher in the present study than in the reference 
study (p = 0.002). There was also a significant difference 
in the SI of breast cancer in the overall subject population 
(p < 0.001). The results are considered to reflect the high T1 
relaxivity, one of the characteristics, of gadobutrol, and were 
similar to those of studies performed using gadobutrol and 
Gd-DOTA in the same patients with breast tumors [5, 6]. 
Although there was no significant difference in the cancer/
BPE ratio in the postmenopausal patients between the two 
studies, the cancer/BPE ratio in the premenopausal patients 
was significantly higher in the reference study than in the 
present study (p = 0.028). In the premenopausal patients, the 
high T1 relaxivity of gadobutrol was suggested as being the 
cause of the high SI of the background mammary gland and 
the consequent decrease in the contrast between the breast 
cancer lesions and the background mammary gland.

Next, we investigated whether the reduced contrast 
between the breast cancer lesions and the background mam-
mary gland influenced the accuracy of the differential diag-
nosis between benign and malignant lesions by the two radi-
ologists. The agreement rates between the two radiologists 
were very low for all the BI-RADS MRI descriptors of mass 
and non-mass lesions, except the mass margin (ĸ = 0.65). 
Grimm et al. [11] also reported the highest agreement rate 
for the mass margin (ĸ = 0.78) among the BI-RADS MRI 
descriptors of mass and non-mass lesions. However, the 
agreement rate was high for the BI-RADS category assess-
ment (scale 1–5) and BI-RADS category assessment (1–3 
vs. 4/5) (ĸ = 0.69 and ĸ = 0.66, respectively). This is con-
sidered as being because although the MRI descriptor terms 
used vary among individual radiologists, the differential 
diagnosis between benign and malignant lesions is made in 
a comprehensive manner, which eventually led to the good 
agreement rate between Reader 1 and Reader 2, both of 
whom were well-experienced in breast MRI interpretation. 
Furthermore, the mass margin was the most useful for the 
differential diagnosis between benign and malignant masses, 
as shown in the diagnostic tree (Fig. 2), and the high agree-
ment rate for mass margin between Reader 1 and Reader 2 is 
another possible reason for the high agreement rate between 
the two on the final BI-RADS category assessment.

On the other hand, the agreement rate was lowest for 
the kinetic pattern (“persistent,” “plateau,” “washout”) 
(ĸ = 0.17). Grimm et al. [11] also reported a clearly lower 

Fig. 2  Diagnostic trees for the interpretation of masses by Reader 1 
(a) and Reader 2 (b). The mass margin was found to be an important 
term (p < 0.001), whereas none of the other terms or the TIC pattern 
was found to be useful. Initial-phase and revised delayed-phase are 
derived from the quantitative assessment of kinetics by Reader 3 and 
delayed-phase mean visual assessment of kinetics in Evaluation 2

◂
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agreement rate for the kinetic patterns (ĸ = 0.19) than for the 
BI-RADS MRI descriptors of mass and non-mass lesions, 
consistent with the results of the present study. In the pre-
sent study, when they were interpreting the images, Reader 
1 and Reader 2 were not presented with the TIC patterns 
constructed in advance. Namely, Reader 1 and Reader 2 per-
formed the assessment of the kinetic patterns without having 
information on the TIC patterns. Grimm et al. [11] reported 
that the agreement rate was lower for the “plateau” pattern 
(ĸ = 0.07) than for the “persistent” (ĸ = 0.27) or “washout” 
pattern (ĸ = 0.15) in the kinetic analysis (ĸ = 0.19). Namely, 
the definition of “plateau” itself is suggested as being of no 

special significance for the differential diagnosis between 
benign and malignant lesions.

One of the characteristics of this study was that the “pla-
teau” pattern was subclassified into the “plateau-persistent” 
and “plateau-washout” patterns, and additional analysis was 
performed. The percentage of cases judged as showing the 
“washout” pattern differed greatly between Reader 1 and 
Reader 2 [34% (22/64) and 5% (4/77), respectively], while 
in the revised interpretation of the delayed-phase images, 
the percentages were similar between the two readers 
[47% (30/64) and 43% (33/77), respectively]. In addition, 
Reader 3 set the ROI in the areas with visual “washout” in 
the kinetics analysis, and “washout” was observed visually 
in all 18 patients (17 with malignant lesions and 1 with a 
benign lesion) in whom the interpretation was changed by 
Reader 3 from “plateau” to “washout” (revised interpretation 
of delayed-phase images), but these cases were judged as 
showing the “plateau” pattern in the measurement (accord-
ing to the BI-RADS definitions) (Fig. 3). The differences in 
interpretation between Reader 1 and Reader 2 are suggested 
to arise from the fact that cases that could be visually inter-
preted as showing the “washout” pattern could be interpreted 
as “plateau” pattern according to the BI-RADS definitions.

Renz et al. [5], reported that “the higher rate of continu-
ous increases accompanied by fewer washout curves can 
pharmacokinetically be explained that gadobutrol accu-
mulates to a higher extent in the extravascular extracellular 
space of breast carcinomas than gadoteric acid.” However, 
it remains doubtful as to whether breast cancers showing 
a clear “washout” pattern when other contrast media are 
used, i.e., breast cancer with abundant cellular components 
and a small amount of desmoplastic changes and scirrhous 
component [12], could be evaluated as “persistent” when 
gadobutrol is used, due to pooling of the contrast medium 
in the tumor. Rather, it may be a characteristic of gadobutrol 
that “washout” of the contrast medium does not easily occur, 
leading to a “plateau” pattern in many patients with breast 
cancer. If this hypothesis is correct, some patients may be 
visually evaluable as “washout” even if they are classified 
as showing a “plateau” pattern according to the BI-RADS 
definitions.

There were some limitations of this study. First, it is 
scientifically desirable to directly compare images of 
the same patient using different contrast agents at short 
intervals. However, because it is not ethically feasible, 
this study compared data from a previously reported mul-
ticenter study [10] as a feasible option. As a result, the 
proportion of 3 T scanners in this study was higher than 
in the reference study (81% vs. 39%). This fact can affect 
the results of quantitative and statistical analysis of SI. In 
the future, comparative studies using MRI equipment with 
the same magnetic field strength will be required. Second, 
the number of patients was very small: 76 patients with 

Table 5  Kinetic analysis (delayed-phase and revised delayed-phase) 
of mass lesions for three readers

*None: since Reader 3 determined it to be NME, kinetic analysis was 
not performed
Delayed-phase of Reader 1 and 2 means visual assessment of kinetics 
in Evaluation 2, and
Revised delayed-phase of Reader 1 and 2 means quantitative assess-
ment of kinetics by Reader 3
Delayed-phase and revised delayed-phase of Reader 3 means quanti-
tative assessment of kinetics by Reader 3

Benign Malignant Total

Reader 1
 Delayed phase
  Persistent 6 (60%) 11 (20%) 17 (27%)
  Plateau 3 (30%) 22 (41%) 25 (39%)
  Washout 1 (10%) 21 (39%) 22 (34%)

 Revised delayed phase
  Non-washout 7 (70%) 27 (50%) 34 (53%)
  Washout 3 (30%) 27 (50%) 30 (47%)

Total 10 (100%) 54 (100%) 64 (100%)
Reader 2
 Delayed phase
  Persistent 2 (17%) 4 (6%) 6 (8%)
  Plateau 9 (75%) 58 (89%) 67 (87%)
  Washout 1 (8%) 3 (5%) 4 (5%)

 Revised delayed-phase
  Non-Washout 9 (75%) 34 (52%) 43 (56%)
  Washout 3 (25%) 30 (46%) 33 (43%)
  None 0 (0%) 1* (2%) 1 (1%)

Total 12 (100%) 65 (100%) 77 (100%)
Reader 3
 Delayed-phase
  Persistent 8 (62%) 17 (31%) 25 (37%)
  Plateau 3 (23%) 29 (53%) 32 (47%)
  Washout 2 (15%) 9 (16%) 11 (16%)

 Revised delayed-phase
  Non-washout 10 (77%) 29 (53%) 39 (57%)
  Washout 3 (23%) 26 (47%) 29 (43%)

Total 13 (100%) 55 (100%) 68 (100%)
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breast cancer and 20 women with regular menstrual cycles 
in this study. Third, a diagnostic tree for mass lesions was 
constructed on the basis of BI-RADS categories, but the 
number of benign lesions was very small (10 patients 
as assessed by Reader 1 and 12 patients as assessed by 
Reader 2). In the present study, approximately half of the 
benign lesions, which accounted for 11–13% of all cases 
(11/99 or 13/99), were not used in the construction of the 
diagnostic tree. Therefore, the clinical effect of “a pos-
sible lower frequency of “washout” in malignant lesions 
when gadobutrol was used as compared to other contrast 
media” could not be fully elucidated. However, we found 
that if delayed-phase images showed “washout”, many 
patients could be judged as showing “visual washout” even 
if they had been classified as “plateau” according to the 
BI-RADS definitions. This may be useful in examining 
patients showing the “plateau” pattern in future studies.

In conclusion, the high T1 relaxivity of gadobutrol is 
considered to significantly increase the SI of breast cancer 
in postmenopausal patients. In premenopausal patients, 
gadobutrol may increase SI of the background mammary 
gland, thereby decreasing the contrast between breast cancer 
lesions and the background mammary gland. When using 
gadobutrol for breast MRI, it is necessary to make a diag-
nosis in consideration that it affects the TIC used for differ-
ential diagnosis between benign and malignant lesions. In 
addition to the BI-RADS definition, “visual washout” should 
be useful in the diagnosis of breast cancer.
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