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Abstract
Background: The incidence of synchronous bilateral breast cancer is increasing each year. The applicability of contrast-enhanced magnetic resonance imaging (MRI) 
in the detection of multiple breast lesions has been reported in many studies. However, there have been no reports concerning the usefulness of preoperative MRI 
to evaluate synchronous bilateral breast cancer in Japan. We reviewed patients with synchronous bilateral breast cancer to investigate the applicability of contrast-
enhanced MRI in detecting contralateral breast cancer that was not visible by MMG or ultrasound. 

Methods: Synchronous bilateral breast cancer was found in 47 (3.2%) of the 1465 breast cancer patients who underwent surgery in our hospital between April 2006 
and December 2012. Of those 47 patients, we enrolled 28 patients whose second lesions were non-palpable. The sensitivities of MMG, ultrasonography, and contrast-
enhanced MRI were compared for their ability to detect the malignancy of the second lesion. We also assessed the pathological characteristics of those lesions that 
were only visible by contrast-enhanced MRI.

Results: In 28 patients whose second lesions were non-palpable,7% was DCIS in first lesions, and 39% was DCIS in second lesions. The median size of the invasive 
cancer was 2.3 cm (range, 0.5-9.5 cm) within the first lesions. The median size of the invasive cancer was 1.0 cm (range, 0.4-5.0 cm) within the second lesions.

Of the 28 malignant lesions, 13 (46%) were positive by MMG, 18 (64%) were positive by ultrasonography, and 28 (100%) were positive by contrast-enhanced MRI. 
In six of the 28 patients (21%), the malignant lesions were found by contrast-enhanced MRI but not by MMG nor by ultrasonography. 

Conclusion: Contrast-enhanced MRI has the highest sensitivity and is therefore the most useful modality in identifying non-palpable breast abnormalities. It is 
especially useful in the detection of small contralateral lesions and lesions immediately under the nipple of the contralateral breast.
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Introduction
The incidence of synchronous bilateral breast cancer has been 

reported to be between 0.7% and 3.2% [1-3], which has increased each 
year in Japan. Specifically, the incidence was 3.5% in 2004, 4.2% in 2007, 
and 5% in 2010, according to The Japanese Breast Cancer Society’s 
Investigative Report on Registration of Breast Cancer Patients in Japan. 
Contrast-enhanced magnetic resonance imaging (MRI) has been 
demonstrated to be helpful for breast oncologists to accurately predict 
the extent of malignant lesions [4-6]. It has been reported that contrast-
enhanced magnetic resonance imaging (MRI) has high diagnostic 
ability for mass lesions with sensitivity and specificity of 99% and 
89%, respectively[7]. Compared to other countries, contrast-enhanced 
MRI tends to be used more frequently in Japan to ensure the safety of 
breast-conserving surgery. Therefore, it is possible that the widespread 
use of contrast-enhanced MRI in Japan has resulted in the increased 
incidence of synchronous bilateral breast cancer. However, there have 
been no reports concerning the usefulness of preoperative MRI to 
evaluate synchronous bilateral breast cancer in Japan. We reviewed 
data of patients with synchronous bilateral  breast  cancer to evaluate 
the usefulness of contrast-enhanced MRI in detecting contralateral 
breast cancer that was not visible by MMG nor by ultrasound. We 
then analyzed the pathological characteristics of tumors that were only 
visible by contrast-enhanced MRI.

Material and method
Patients

Synchronous bilateral breast cancer was found in 47 (3.2%) of the 
1465 breast cancer patients who underwent surgery in our hospital 
between April 2006 and December 2012. Of those 47 patients, 28 
patients with non-palpable second lesions who underwent MMG, 
ultrasonography, and contrast-enhanced MRI before surgery were 
enrolled. In our study, the tumor that was first diagnosed is designated 
as the first lesion and its contralateral tumor is designated as the second 
lesion. MMG and ultrasonographic images used in the study were all 
obtained prior to performing contrast-enhanced MRI imaging. Patients 
ranged between 42 and 75 years of age (median, 66 years).



Kosaka Y (2017) The usefulness of preoperative MRI in synchronous bilateral breast cancer

 Volume 2(1): 2-4Radiol Diagn Imaging, 2017          doi: 10.15761/RDI.1000122

Methods

MRIs were performed on the patients in the prone position.

Bilateral breast images were captured 2-3 times on a gadolinium-
enhanced dynamic  MRI machine (GE Medical Systems, Milwaukee, 
Wis) with a dedicated bilateral breast coil.

Tumor stage, subtypes, and histopathological findings were 
compared between the first and the second lesions. The findings by 
mammography, ultrasonography, and contrast-enhanced MRI were 
then examined to see if they correctly identified the second lesions. 
The sensitivities of these modalities in detecting malignancies in the 
contralateral breast were also determined. The second lesions that 
were visible only by contrast-enhanced MRI were further reviewed for 
pathological characteristics, and we examined why MMG and US could 
not diagnose them. Furthermore, we investigated the occurrence of 
multiple lesions and family history in 28 cases. A case with two or more 
masses was defined as multiple lesions. Family history is defined as 
cases where breast cancer patients are present in first-degree relatives.

Result
Tumor stage

The TNM classification system was used for tumor staging. Table 
1 lists a comparison of tumor stages between the first and the second 
lesions. With regards to the first lesion, two patients (7%) were classified 
as Stage 0, 11 patients (39%) were classified as Stage I, eight patients 
(29%) were classified as Stage IIA, five patients (18%) were classified as 
Stage IIB, one patient (3%) was classified as Stage IIIA, and one patient 
(3%) was classified as Stage IIIB. As for the second lesion, 11 patients 
(39%) were classified as Stage 0, 12 patients (43%) were classified as 
Stage I, three patients (11%) were classified as Stage IIA, one patient 
(3%) was classified as Stage IIB, and one patient (3%) was classified as 
Stage IIIB.

Hormone receptor and HER2 status

Table 2 compares the hormone receptor and HER2 statuses 
between the first and the second lesions. Data regarding the ER status 
indicate that 23 patients (82%) and 5 patients (18%) had ER-positive 
and ER-negative first lesions, respectively. A total of 22 patients (79%) 
and six patients (21%) had ER-positive and ER-negative second lesions, 
respectively. With regards to HER2 status, three patients (11%) had 
HER2-positive and 25 patients (89%) had HER2-negative first lesions. 
No patient had HER2-positive second lesions, and thus all the second 
lesions were HER2-negative.

Histopathological diagnosis

The histopathological diagnoses for the first and second lesions are 
shown in Table 3. Within the first lesions, invasive ductal carcinoma 
(IDCa), ductal carcinoma in situ (DCIS), and mucinous carcinoma 
were found in 24 (86%), 2 (7%), and 2 (7%) patients, respectively. 
The median size of the invasive cancer was 2.3 cm (range, 0.5-9.5 cm) 
within the first lesions. Within the second lesions, IDCa, DCIS, and 
mucinous carcinoma was found in 15 (54%), 11 (39%), and 2 (7%) 
patients, respectively. The median size of the invasive cancer was 1.0 
cm (range, 0.4-5.0 cm) within the second lesions.

Sensitivity for detecting malignancy of the second lesion

Table 4 summarizes the sensitivities of MMG, ultrasonography, 
and contrast-enhanced MRI in detecting the malignancy of the second 
lesion. Contrast-enhanced MRI identified lesions in all of the 28 patients 

while lesions in 13 (46%) and 18 (64%) patients were identified by MMG 
and ultrasound, respectively. In six of the 28 patients (21%), contrast-
enhanced MRI visualized lesions that were undetectable by both 
MMG and ultrasonography. Breast MRI images of the aforementioned 
six patients are shown in Figure 1. The histopathological diagnoses 
and sizes of these tumors are listed in Table 5. Of these six patients, 
5 patients (83%) had IDCa and one (17%) had apocrine  carcinoma 
within the second lesion. No patient had DCIS. The median size of the 
invasive cancer was 2.5 cm.

Frequency of multiple breast lesions and family history status

10 of the 28 patients (36%) had multiple breast lesions. In 9 cases, 
two masses were found in the first lesion, and one case showed three 
masses in the first lesion.

Eight of the 28 patients (29%) had a family history of breast cancer.

Discussion
It has been reported that contrast-enhanced MRI has a high 

diagnostic ability for mass lesions, with a sensitivity and a specificity of 
99% and 89%, respectively[7]. Many studies have also demonstrated the 
high accuracy of contrast-enhanced MRI in determining the extent of 
disease [4-6] as well as its effectiveness in detecting multiple lesions [4, 

 First lesion Second lesion
 n. (%) n. (%)

stage0 2(7) 11(39)
stageⅠ 11(39) 12(43)
stageⅠA 8(29) 3(11)
stageⅠB 5(18) 1(3)
stageⅠA 1(3) 0
stageⅠB 1(3) 1(3)

 28(100) 28(100)

Table 1. Tumor stages of the first and second lesions.

 First lesion Second lesion
 n. (%) n. (%)

ER-positive 23(82) 22(79)
ER-negative 5(18) 6(21)

 28(100) 28(100)
 First lesion Second lesion
 n. (%) n. (%)

HER2-positive 3(11) 0(0)
HER2-negative 25(89) 28(100)

 28(100) 28(100)

Table 2. Hormone receptor and HER2 status of the first and second lesions

 First lesion Second lesion
 n. (%) n. (%)

IDCa 24(86) 15(54)
DCIS 2(7) 11(39)

Mucinous Ca 2(7) 2(7)
 28(100) 28(100)

Table 3. Histopathological diagnoses of the first and second lesions.

 MMG US Contrast-enhanced 
MRI 

  n. (%) n. (%) n. (%)
Positive 13(46) 18(64) 28(100)
Negative 15(54) 10(36) 0(0)

 28(100) 28(100) 28(100)

Table 4. Positive-finding rate (sensitivity) within the second lesions.
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 Histopathological diagnosis Tumor size

Case First lesion Second lesion First lesion 
(cm)

Second lesion 
(cm)

1 IDCa IDCa 2.8 0.8
2 IDCa IDCa 3.0 2.0
3 IDCa IDCa 1.4 0.5
4 IDCa IDCa 3.8 5.0
5 IDCa IDCa 1.5 2.4
6 IDCa IDCa 4.5 2

Table 5. Histopathological diagnoses of the 6 cases detected only by contrast-enhanced MRI

a b
Figure 1. Contrast-enhanced MRI findings of the first and second lesions.

Case 1
a: The contrast-enhanced image shows a 23-mm mass suggestive of IDCa.
b: The contrast-enhanced scan displays an 8-mm nodule suggestive of IDCa. Pathology: 
8-mm IDCa.

a b
Case 4
a: 25-mm mass with irregular margin. 
b: Stippled enhancements immediately behind the nipple are distributed in the upper area of 
the breast, suggestive of DCIS. Pathology: 50-mm IDCa.

a b
Case 5
a: 12-mm lobulated mass suggestive of IDCa.
b: 6-mm lobulated mass suggestive of IDCa. Pathology: 24-mm IDCa.

a b
Case 6
a: 33-mm mass suggestive of IDCa or extensive intraductal carcinoma.
b: Stippled enhancement suggestive of DCIS. Pathology: 24-mm apocrine carcinoma. 

a b
Case 2
a: Segmental enhancement suggestive of IDCa.
b: 16-mm mass with irregular margin suggestive of IDC. Pathology: 20-mm IDCa.

a b
Case 3
a: 15-mm mass with irregular margin suggestive of IDCa.
b: 6-mm nodule. Breast cancer could not be excluded. Pathology: 5-mm IDCa.

6, 8-10] and contralateral breast cancer [11-15]. However, few studies 
have compared the utility of contrast-enhanced MRI with that of MMG 
or ultrasonography for detecting synchronous bilateral breast cancer.

In one study, Lehman et al. performed contrast-enhanced MRI 
in 969 patients who were diagnosed with unilateral breast cancer 
by MMG and clinical examination [11]. A biopsy was performed in 
121 patients (12.5%) on the basis of positive contrast-enhanced MRI 
findings in the contralateral breast. The biopsy confirmed malignancy 
in the contralateral breast in 30 patients (3.1%). Thus, the sensitivity, 
specificity, and negative predictive value of contrast-enhanced MRI 
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in identifying contralateral breast cancer were 91%, 88%, and 99%, 
respectively.

Our current study found that contrast-enhanced MRI has the highest 
sensitivity in detecting non-palpable contralateral breast cancers. The 
contralateral lesions in six of the 28 patients (21%) were non-palpable 
and detected only by contrast-enhanced MRI. They were undetectable 
by MMG or by ultrasonography; thus, if contrast-enhanced MRI 
had not been performed in these patients, their contralateral lesions 
would not have been diagnosed. All of the six aforementioned cancers 
were found to be IDCa, with a median tumor size of 2.0 cm (range, 
0.5-5.0 cm). Therefore, it was clinically important that we were able 
to identify these synchronous cancers by contrast-enhanced MRI and 
treat both tumor-bearing breasts simultaneously with a single surgery. 
The lesions of Cases 1 and 3 were ≤8 mm and were not visible by MMG 
or by ultrasound. These abnormalities that were detected by contrast-
enhanced MRI were subsequently confirmed by ultrasonography. 
In Cases 2 and 6, segmental enhancement was seen on MRI images, 
and a clear mass lesion was absent on both mammographic and 
ultrasonographic images; these imaging findings were indicative of 
DCIS. Pathologic examination, however, revealed that these patients 
had IDCa with tumor sizes of 2 cm and 2.4 cm. IDCa was identified in 
Case 4, which involved a 5.0-cm mass immediately under the nipple 
that was difficult to detect by mammography and ultrasonography. 
Our findings therefore suggest that MRI is also effective in identifying 
large, hard-to-palpate IDCa.

Metachronous bilateral breast cancer was found in 42 of the 1465 
breast cancer patients (2.9%) who underwent surgery in our hospital 
between April 2006 and December 2012. The  mean time  interval to 
diagnosis of the second lesion was 12 years (range, 2-32 years). No cases 
of contralateral breast cancer were diagnosed within two years of initial 
diagnosis at our hospital, which may also indicate the applicability of 
contrast-enhanced MRI in detecting contralateral breast cancer.

There has recently been a heightened interest in hereditary breast 
cancer. One of its characteristics is bilateral breast cancer. Although it 
has been noted worldwide that an increasing number of institutions 
offer contralateral prophylactic mastectomy (CPM), guidelines issued 
by the National Comprehensive Cancer Network (NCCN) discourage 
the use of CPM, and provide ambiguous recommendations for its use. Early 
detection of bilateral breast cancer by performing preoperative contrast-
enhanced MRI would enable better surgical decision making compared 
to those made solely by MMG and ultrasonography-driven information.

Conclusion
Contrast-enhanced MRI is a highly sensitive and therefore valuable 

tool for identifying non-palpable breast cancers. It is especially useful 
in the detection of small contralateral lesions and lesions immediately 
under the nipple of the contralateral breast.
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