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Abstract Women with unilateral breast carcinoma reveal

an increased risk of suffering from malignancies in the

contralateral breast. There is a controversy about the exis-

tence of bilateral phenotypic similarities. The aim of this

investigation was to compare histologic findings, magnetic

resonance imaging (MRI) parameters, and tumor localiza-

tions of synchronous bilateral carcinomas. MRI revealed in

42 of 875 women (4.8%) with primary index carcinomas a

contralateral malignancy. Twenty-two of the 42 contralat-

eral carcinomas could only be detected by MRI, not by

clinical examination, X-ray mammography, or ultrasonog-

raphy. In 875 patients, MRI therefore identified 22 (2.5%)

otherwise occult contralateral cancers. To evaluate bilateral

MRI similarities, multiple dynamic and morphologic

parameters were evaluated. Of 42 bilateral cancer pairs,

histologic tumor type was identical in 54.8% (correlation

analysis, P \ 0.05). Estrogen receptor status was simulta-

neously positive or negative in 86.2% (P \ 0.01), proges-

terone receptor status in 79.3% (P \ 0.05), expression of

human epidermal growth factor receptor 2 in 76.2%

(P \ 0.05). In 75.8%, initial signal increase, and in 63.6%,

postinitial curve types were bilaterally congruent on MRI

(P \ 0.05). Detected masses showed bilaterally similar

T2-signal intensity in 81.8% (P \ 0.001). Similar shape

and margin of tumor masses and occurrence of non-mass-

like enhancement were also frequently observed in both

breasts (P \ 0.05). The main tumor quadrant was the same

in 61.9%, the main localization (retromamillar, central, or

dorsal) in 66.7% (P \ 0.01). Contralateral carcinomas fre-

quently present similar histologic findings, tumor localiza-

tions and MRI characteristics reflecting analogies of tumor

neoangiogenesis, histopathologic components, and infiltra-

tion in the surrounding stroma. Bilateral synchronous

carcinomas may represent on each site distinct, but similar

biologic entities, due to analogous influences of tumor

developments.
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Introduction

Women with unilateral breast cancer have an increased

risk of developing carcinomas in the contralateral breast

[1, 2]. This risk is stated to be 2–6 times higher than that

for the development of an initial breast malignancy in a

woman who has never suffered from breast cancer [3, 4];

the probability is between 0.5 and 1% per year with a

cumulative incidence of 15% [2, 3, 5]. In contrast to the

risk for recurrence, which decreases after 5–10 disease-

free years, the risk for the development of contralateral

carcinomas is constantly elevated [5]. In conclusion, the

most common second malignant tumor for patients with

unilateral breast cancer is a carcinoma in the contralateral

breast [2, 3, 5].
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The contralateral cancer may be either synchronous, i.e.,

developing simultaneously, or metachronous, meaning that

the tumor manifestation occurs later than the primary one

[3, 4, 6]. It remains unclear how many of the metachronous

carcinomas were not diagnosed at an earlier stage and

therefore not characterized as a synchronously developing

cancer manifestation. If the contralateral malignancy is

detected delayed after the initial treatment, the patient has

to undergo a prolonged and cost-intensive second therapy

rather than the single treatment course for both breasts,

which would have been administered if the contralateral

tumor had been synchronously diagnosed [7, 8]. Thus, an

early detection of a possible contralateral breast carcinoma,

as best in the stage of a synchronous onset, would provide a

major benefit.

Magnetic resonance imaging (MRI) has become a well-

established method in the diagnosis and staging of invasive

breast carcinomas [9, 10]. MRI achieves the highest sen-

sitivity of all imaging modalities in breast cancer detection

reaching 99% [9–16]. MRI has been proven to represent an

accurate method in the pre-therapeutic cancer staging for

determining the exact tumor size as well as depicting

multifocality and multicentricity [12–16]. Recent studies

have reported that MRI has also the potential to visualize in

X-ray mammography and ultrasonography occult contra-

lateral malignant tumors in women with primary breast

cancer; the published detection rates for otherwise missed

contralateral carcinomas reached up to 24% [13, 17–21].

There is a controversy if synchronously developing

breast carcinomas represent similar biologic characteristics

or if they display two completely different sporadic tumor

events [1, 6, 22]. Regarding imaging values, similar bilat-

eral tumor phenotypes may lead to analogous MRI

appearances and therefore to a more intensely specified

characterization of frequently found contralateral lesions in

patients with newly diagnosed breast cancer [6, 17, 18, 23].

The purpose of this study was to analyze possible similar-

ities between synchronous bilateral carcinomas. Histologic

findings, including hormone receptor status, tumor locali-

zation as well as multiple dynamic and morphologic MRI

characteristics were evaluated between 42 primary index

cancers and their corresponding contralateral carcinomas.

Materials and methods

Patients and reference standards

With a nearly duration of 12 years, the observation period

of our investigation was extended. The study design con-

sidered the guidelines of the Declaration of Helsinki. The

study design was approved by the ethics committee at our

university, and all evaluated patients gave their consent for

the scientific use of their clinical and radiological data. All

evaluated MRI examinations were acquired at our radio-

logical institute from 22 December 1994 to 16 October

2006 using standardized conditions.

The inclusion criteria were breast MRIs with enhancing

lesions and histologic clarification of these lesions. Only

women from the clinic of gynecology at our university

hospital were included to achieve reliable histologic and

clinical data. The indications for MRI were typical indica-

tions in a clinical routine setting, such as suspect findings in

clinical examination, X-ray mammography, and/or ultraso-

nography, or cancer research in case of unknown primary.

Exclusion criteria were contraindications against MRI

examination, such as pacemaker or claustrophobia. In the

observation period, 1345 women with histologically proven

917 malignant and 586 benign lesions fulfilled the study

criteria (see Fig. 1). The 917 malignant lesions were detected

in 875 women: 833 subjects showed unilateral breast cancer,

and 42 women presented bilateral malignancies. Thus,

contrast-enhanced MRI revealed in 42 of 875 female patients

(4.8%) bilateral synchronous malignant lesions.

The ages of the 42 patients with synchronous bilateral

carcinomas ranged from 33 to 87 years (mean = 62.9

years, standard deviation (sd) = 11.6 years). Ten of the 42

evaluated women (23.8%) had a positive family history

with their mother or at least one sister suffering from

invasive breast carcinoma. None of the 42 evaluated sub-

jects underwent breast biopsy in the past 3 months. No

woman had received chemotherapy, breast conservation,

mastectomy, or radiation therapy prior to MRI. No subject

presented severe motion artefacts or hormone effects,

which hampered the MRI interpretation.

The breast, in which the most suspected cancer was first

detected, either clinically or by X-ray mammography and/or

1345 women with 1503  
histologically verified  

breast lesions  

586 benign  
lesions   

875 women with  
917 malignant  

lesions   

833 women with  
unilateral 

breast carcinoma 

42 women with  
bilateral breast  

carcinomas 

20 of the contralateral  
carcinomas detected in  
X-ray mammography   

and/or ultrasonography  
(2.3%) 

22 of the contralateral  
carcinomas revealed  

only in magnetic   
resonance imaging  

(2.5%) 

Fig. 1 Flow diagram describes patients0 inclusion in the study
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ultrasonography, was designated as showing the primary

index carcinoma [6, 24, 25]. The simultaneously revealed

malignancy in the opposite breast was defined as the con-

tralateral carcinoma [6, 24, 25]. All of the 42 primary index

malignancies could be visualized by X-ray mammography

and ultrasonography alone or by both imaging modalities.

Five of the 42 contralateral carcinomas (11.9%) could only

be detected by X-ray mammography and 9.5% (4 of 42)

only by ultrasonography. Eleven of 42 contralateral carci-

nomas (26.2%) were seen in X-ray mammography and

ultrasonography. MRI detected 22 of 42 (52.4%) neither by

clinical examination nor by X-ray mammography and

ultrasonography detectable malignant tumors. In 875

patients, MRI therefore identified 22 (2.5%) otherwise

occult contralateral carcinomas (Fig. 1). The contralateral

carcinomas, which could be found by other imaging

modalities, had a mean diameter of 20 mm (sd = 12 mm);

the diameter of the carcinomas, which could only be

detected by MRI, was significantly lower: 10 mm

(sd = 4 mm; Student0s t-test; P \ 0.01).

Magnetic resonance imaging

All MRI examinations were acquired with two technically

comparable protocols. The first protocol was used for

evaluated examinations until April 2003. Afterwards, the

second parameters were utilized in a different MR scanner.

All images were obtained by a 1.5-T system using a double

breast coil with the patient in a prone position.

Using the first protocol, the images were acquired by a

1.5-T Gyroscan ACSII-scanner (Philips Healthcare, Best,

The Netherlands). Multi-slice 2D fast-field-echo (FFE)

T1-weighted images were obtained for the dynamic study

with the following parameters: repetition time TR 97 ms;

echo time TE 5.0 ms; matrix 205 9 256; flip angle 80�;

slice thickness 4.0 mm; field of view 350 mm; axial orien-

tation. Axial T2-weighted turbo-spin-echo (TSE) sequences

(TR 4000 ms; TE 300 ms; matrix 193 9 256; flip angle

90�; field of view 350 mm) were performed in identical slice

positions.

Secondly, the images were acquired by a 1.5-T Siemens

system (Symphony; Siemens Medical Solutions, Erlangen,

Germany). For this dynamic study, multi-slice 2D FLASH

(fast low-angle shot) axial T1-weighted sequences were

obtained with the parameters as follows: TR 113 ms; TE

4.6 ms; matrix 384 9 384; flip angle 80�; slice thickness

3.0 mm; field of view 350 mm. Axial T2-weighted TSE

sequences (TR 8900 ms; TE 207 ms; matrix 512 9 512;

flip angle 90�; field of view 350 mm) were also acquired in

identical slice positions.

In both technical protocols, 0.1 mmol/kg body weight

gadopentetate dimeglumine (Magnevist; Bayer Schering

Pharma, Berlin, Germany) was intravenously injected as a

rapid bolus (flow 3 ml/s) followed by 20-ml saline flush

after acquisition of a native T1-weighted sequence. Thirty

seconds after bolus injection dynamic imaging was con-

tinued with the same technical parameters and under

identical tuning conditions at 1-min intervals up to 7 min.

Native sequences were subtracted from postcontrast

dynamic images.

Image interpretation

All 42 MRI examinations were retrospectively reevaluated

in consensus by two radiologists specialized in breast MRI

([500 breast MRIs) analyzing both breasts of a patient.

The X-ray mammographies of all 42 patients were also

reevaluated in the same manner. For the ultrasonographic

results, the written reports of the examinations were used.

For the analysis of the MRI images, dynamic and mor-

phologic parameters were considered using T1- and T2-

weighted images. Computer software (Syngo; Siemens

Medical Solutions, Erlangen, Germany) was utilized to

assess signal intensity time curves in areas of kinetic

increase based on contrast enhancement. Three ROIs

(regions of interest, 3 9 3 pixels) were placed considering

the most enhancing region. If the lesion presented more than

one mass, three ROIs were located in each mass. The con-

trast enhancement was then determined as the mean signal

increase of all masses. In absence of masses, the signal

characteristic was assessed by placing three ROIs in the

most enhancing region of the non-mass-like enhancement.

The initial signal increase of the lesion was assessed within

the first 90 s after bolus injection considering two categories

[26–28]: (1) \100%; (2) [100%. Postinitial contrast

enhancement was measured up to 7 min after bolus injec-

tion. Three postinitial curve types were defined [26–28]: (1)

continuous increase (increase[10%); (2) plateau phenom-

enon (deviation of the signal curve between ?10% and

-10%); (3) wash-out sign (decrease [10%). For the anal-

ysis of the MRI morphology, the Breast Imaging Reporting

and Data System (BI-RADS) atlas [29] and further mor-

phologic characteristics, in detail described in the literature

[27, 30, 31], were used.

Histopathology

Histologic diagnoses were performed by an experienced

breast pathologist. Carcinomas were categorized by the

World Health Organization (WHO) classification of breast

cancers. Tumor grading was assessed based on the classifi-

cation published by Elston and Ellis [32], resulting in well

(grade 1), moderately (grade 2), or poorly (grade 3) differ-

entiated carcinomas. Estrogen receptor (ER) and proges-

terone receptor (PR) status were determined by

immunohistochemical methods using antibodies to estrogen

Breast Cancer Res Treat (2010) 120:449–459 451
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and progresterone receptors. Carcinomas were defined as

receptor positive if more than 10% of tumor cells exhibited

nuclear staining with the hormone markers used. Expression

of human epidermal growth factor receptor 2 (HER 2) was

evaluated using antibodies to HER 2; the findings were

categorized as positive or negative depending on the pres-

ence or absence of membrane staining.

Statistical analysis

At first, the prevalence of all evaluated criteria was sepa-

rately considered for the carcinomas of the primary index

and the opposite breast. Afterwards, the congruence of

each parameter was calculated in what percentage the

evaluated criterion simultaneously occurred in both breasts.

Because some of the evaluated parameters are typical for

malignancies, it was determined for dichotomous parame-

ters in what percentage each characteristic simultaneously

occurred in both breasts or could not be detected in any of

the bilateral carcinomas. The statistical analysis was per-

formed utilizing SPSS version 17.0 for Windows (SPSS;

Chicago, IL, USA). Correlation analyses were performed

for assessing similarities between characteristics of the

corresponding bilateral carcinomas. The Phi correlation

coefficient was used for 2 9 2 contingency tables and the

Cramer0s V coefficient for larger tables. For determining

significant differences between the bilateral carcinomas,

the Fisher0s exact test examined the association between

two variables in a 2 9 2 contingency table. Evaluating

variables with more than two categories, the Pearson0s chi-

square test was performed for analysing differences. The

Student0s t-test was used to examine significant differences

between means. A P value less than 0.05 (two-sided) was

considered to indicate a statistical significance.

Results

Histologic findings and tumor staging

Nearly all of the 42 primary index carcinomas were his-

tologically proven as invasive cancers (Table 1). Two of 42

primary index carcinomas were histopathologically con-

firmed as ductal carcinomas in situ (DCIS). In comparison,

8 of 42 contralateral tumors were histologically confirmed

as in situ carcinomas: 5 DCIS, 2 LCIS, and 1 carcinoma in

situ with ductal and lobular features. One patient showed

ductal carcinomas in situ at both breasts. Thus, 33 patients

presented invasive carcinomas involving both breasts, and

9 women had a non-invasive malignancy at least in one

breast. The histologic subtype of the bilateral invasive and

non-invasive malignancies (i.e., invasive ductal, lobular,

mucinous, or tubular carcinoma as well as DCIS or LCIS)

was identical in the two breasts in 54.8% (n = 23) of the

42 subjects (Fig. 2); the correlation coefficient Cramer0s V

was 0.436 (P \ 0.05).

Table 1 shows the tumor grading of the primary index

and contralateral invasive carcinomas. The primary index

invasive carcinomas presented a higher grade compared

with the contralateral invasive malignancies (Pearson0s chi-

square test; P \ 0.05). In 29 of 42 bilateral carcinomas, ER

and PR status could be evaluated (Table 1). Estrogen

receptor status was simultaneously positive or negative in

the corresponding bilateral carcinomas in 25 of 29 cases

(86.2%; correlation coefficient Phi = 0.533; P \ 0.01),

progesterone receptor status in 79.3% (n = 23) of the cor-

responding synchronous tumors (correlation coefficient

Phi = 0.424; P \ 0.05). In 21 of 42 bilateral carcinomas,

the HER 2 status could furthermore be considered; HER 2

was positive or negative in the corresponding carcinomas in

76.2% (n = 16 of 21; correlation coefficient Phi = 0.447;

P \ 0.05).

Regarding invasive carcinomas, the average diameter

of the 40 invasive primary index tumors was 23 mm

(sd = 12 mm; range 7–63 mm). In comparison, the average

diameter of all 34 contralateral invasive carcinomas was

significantly smaller (Student0s t-test; P \ 0.05; Fig. 3):

14 mm (sd = 7 mm; range 5–33 mm). Fifteen of 40 inva-

sive primary carcinomas (37.5%) presented more than one

mass in the ipsilateral breast. Regarding the contralateral

breast, only 3 of 34 invasive malignancies (8.8%) revealed

Table 1 Histologic characteristics of primary index and contralateral

carcinomas

Primary index

carcinomas

Contralateral

carcinomas

In situ carcinomas

Ductal carcinoma in situ 4.8% (2/42) 11.9% (5/42)

Lobular carcinoma in situ 0% (0/42) 4.8% (2/42)

Ductal and lobular carcinoma in

situ

0% (0/42) 2.4% (1/42)

Invasive carcinomas

Histologic types

Invasive ductal 57.5% (23/40) 50.0% (17/34)

Invasive lobular 32.5% (13/40) 35.3% (12/34)

Invasive mucinous 5.0% (2/40) 2.9% (1/34)

Invasive tubular 5.0% (2/40) 11.8% (4/34)

Tumor grading

G1 (well-differentiated) 10.0% (4/40) 20.6% (7/34)

G2 (moderately differentiated) 55.0% (22/40) 55.9% (19/34)

G3 (poorly differentiated) 35.0% (14/40) 23.5% (8/34)

Receptor status

Positive estrogen receptor 93.1% (27/29) 79.3% (23/29)

Positive progesterone receptor 86.2% (25/29) 72.4% (21/29)

Positive HER 2 receptor 71.4% (15/21) 66.7% (14/21)
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more than one mass in the same breast (Fisher0s exact test;

P \ 0.05).

The tumor infiltration of the pectoralis muscle and the

cutis also differed between the primary index versus the

contralateral carcinomas. Two of 42 primary index carci-

nomas (4.8%) showed an infiltration of the pectoralis

muscle with pathologic enhancement of the muscle; 11 of

42 primary index carcinomas (26.2%) infiltrated the cutis

demonstrating amongst other features skin thickening

(Fig. 3). Whereas, none of the contralateral carcinomas

presented infiltration of the pectoralis muscle or the cutis.

In 7 of 42 primary index cancers (16.7%), the nipple

showed pathologic nodular enhancement and an increased

thickening at the primary index side indicating a nipple

infiltration (Fig. 3). In comparison, only 2 of 42 contra-

lateral carcinomas (4.8%) presented a pathologic nipple.

This difference did not reveal statistical significance

(Fisher0s exact test; P [ 0.05). The lymph node involve-

ment was significantly different: 12 of 42 primary index

carcinomas (28.6%) showed histologically positive ipsi-

lateral axillary lymph node involvement; whereas, the

axillary lymph nodes on the same side were only infiltrated

in 3 of 42 contralateral invasive carcinomas (7.1%).

Masses and non-mass-like enhancement

All of the invasive breast carcinomas, i.e., 40 primary index

carcinomas and 34 contralateral carcinomas, showed masses

in MRI. In contrast, the carcinomas in situ, i.e., 2 primary

index carcinomas and 8 contralateral ones, were classified as

non-mass-like enhancements without existence of a mass.

Furthermore, in invasive carcinomas, a non-mass-like

enhancement indicating extensive intraductal component

(EIC) was detected adjacent to the tumor masses in 14 of 40

primary index carcinomas (35.0%) and in 8 of 34 contra-

lateral carcinomas (23.5%). Thus, regarding invasive and

non-invasive carcinomas together, in 16 of 42 primary index

(38.1%) and in also 16 of 42 contralateral carcinomas

(38.1%), a non-mass-like enhancement was observed, either

solely or adjacent to masses. In 30 of 42 bilateral cancer

pairs (71.4%), both breasts simultaneously presented a non-

mass-like enhancement or did not show any; the correlation

coefficient Phi was 0.394 (P \ 0.05). In detail, 10 of the 42

bilateral carcinomas (23.8%) showed at both sides a non-

mass-like enhancement, and 20 of the 42 bilateral cancer

pairs (47.6%) did not present any, neither at the primary

index nor at the contralateral side.

Fig. 2 The MR subtraction images 1 min (a) and 7 min (b) after

bolus injection demonstrates a strong initial signal increase with

wash-out sign of the bilateral masses (continuous arrows). The shape

of both carcinomas is irregular. Both masses are located in the

retromamillar part of the breast. The primary index carcinoma on the

right side additionally shows prominent vessels (discontinuous

arrow). The histopathologic images (hematoxylin–eosin; original

magnification 9100; c, d) reveal characteristics of bilateral low-

differentiated invasive ductal carcinomas. The tumor cells (lines)

show prominent nuclei and many mitotic figures. The carcinoma on

the right (c) additionally demonstrates tumor infiltration of a capillary

(arrow)
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Dynamic parameters

For masses, the initial signal increase and the postinitial

enhancement were similar between the bilateral carcino-

mas (Table 2). In 75.8% (n = 25), the initial signal

increase, and in 66.7% (n = 22), the postinitial curve types

were congruent between the 33 primary index and the 33

corresponding contralateral carcinomas (Table 2; Fig. 2).

Regarding the curve types of the detected non-mass-like

enhancements, 9 of 16 primary index carcinomas presented

continuous signal increase, 3 of 16 a curve type with pla-

teau phenomenon, and 4 of 16 a wash-out curve. In com-

parison, 12 of the 16 non-mass-like enhancements of

the contralateral carcinomas showed a continuous signal

increase, and 2 of 16 a curve with plateau phenomenon and

further 2 of 16 a wash-out sign. Regarding the 10 bilateral

carcinomas presenting a non-mass-like enhancement at

both tumor sides, half of the enhancements (n = 5) had a

congruent signal curve type.

Morphology of the masses

Based on the BI-RADS criteria, the shape and the margin

of the detected masses were in more than half of the cases

similar between the primary index and the corresponding

contralateral tumors (Table 3; Fig. 2). The masses bilater-

ally showed a hyper-, iso-, or hypointense signal intensity

in T2-weighted images in 81.8% (n = 27) of 33 invasive

carcinomas (Fig. 3). Blooming sign was evaluated as a

further morphologic parameter, which was defined as the

phenomenon that 1 min after bolus injection a fast

enhancing lesion presents a sharply configurated border;

the lesion’s rim becomes more and more unsharp up to

7 min after contrast media administration. The blooming

sign occurred with approximately the same prevalence in

the primary index and the contralateral carcinoma (Fisher0s
exact test; P [ 0.05). In 69.7% (n = 23) of 33 invasive

carcinomas, the blooming phenomenon was synchronously

detected in the primary index and the corresponding

bilateral cancer or could not be observed in neither of the

bilateral masses (Table 3). The parameter adjacent vessel

is defined as a prominent enlarged vessel feeding a mass.

More primary index invasive carcinomas presented an

adjacent vessel in comparison with the contralateral

malignant invasive tumors (Fisher0s exact test; P \ 0.05).

Morphology of the non-mass-like enhancements

The majority of the 16 detected non-mass-like enhance-

ments at the primary index breast showed segmental spatial

distribution, in detail 9 of 16. The other spatial distributions

of the non-mass-like enhancements at the primary index

site were: 2 linear/ductal, 3 regional, 1 multiple regions,

and 1 diffuse. The following spatial distributions of the

16 non-mass-like enhancements were detected at the

Fig. 3 The T1-weighted sequence 1 min after bolus injection (a) and

the T2-weighted image (b) demonstrates an advanced primary index

carcinoma on the left breast and a smaller 8 mm contralateral

carcinoma (continuous arrows). Both masses are hypointense in the

T2-weighted image. The primary index carcinoma additionally shows

an infiltration of the cutis and the nipple (discontinuous arrow)

Table 2 Comparison of

dynamic parameters of the

masses in invasive primary

index and invasive contralateral

carcinomas

Numbers in parentheses are

percentages

*P \ 0.05

Primary index

carcinomas

(n = 40)

Contralateral

carcinomas

(n = 34)

Congruence of occurrence

in both breasts

(n = 33)

Correlation

coefficient

Initial signal increase

\100% 10 (25.0) 12 (35.3)
25 (75.8) Phi = 0.419*

[100% 30 (75.0) 22 (64.7)

Postinitial enhancement

Continuous increase 3 (7.5) 3 (8.8)

22 (66.7) Cramer0s V = 0.399*Plateau phenomenon 9 (22.5) 13 (38.2)

Wash-out sign 28 (70.0) 18 (52.9)
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contralateral side: 8 segmental, 2 linear/ductal, and 6

regional. The internal morphology of the non-mass-like

enhancement at the primary index breast was as follows: 6

stippled/punctate, 7 clumped, and 3 dendritic. The 16 non-

mass-like enhancements at the contralateral site presented

the following internal morphologic patterns: 7 stippled/

punctate, 4 clumped, and 5 dendritic. Regarding the 10

bilateral carcinomas presenting a non-mass-like enhance-

ment at both tumor sides, only 4 enhancements bilaterally

showed the same spatial distribution pattern, but 8 had a

congruent internal morphology.

Localization and morphologic signs of the breast

In 64.3% (n = 27) of the 42 evaluated cases, the primary

index carcinoma was located in the left breast, in 15

women (35.7%) in the right breast. In the case of that the

carcinomas presented masses, it was determined in which

quadrant the majority of the masses were situated. In the

absence of masses, the main quadrant was defined where

the mostly extented part of the non-mass-like enhancement

was detected. The main localization was determined in a

similar manner; the breast was divided into three parts:

retromamillar, central, and dorsal. In 26 of 42 subjects

(61.9%), the main tumor quadrant of the primary index

cancer and the corresponding contralateral carcinomas was

the same (Table 4). More than half of the primary index

carcinomas were mainly located in the central breast

region; in the majority of the contralateral carcinomas, the

main localization was also central. The main localization of

the corresponding bilateral carcinomas was congruent in 28

of 42 cases (66.7%; Fig. 2).

More primary index carcinomas presented edema com-

pared with the contralateral tumors (Fisher0s exact test;

Table 3 Comparison of

morphologic parameters of the

masses in invasive primary

index and invasive contralateral

carcinomas

Numbers in parentheses are

percentages

*P \ 0.05; **P \ 0.01;

***P \ 0.001

Primary index

carcinomas

(n = 40)

Contralateral

carcinomas

(n = 34)

Congruence of

occurrence in

both breasts (n = 33)

Correlation

coefficient

Shape

Round/oval 13 (32.5) 18 (53.0)

17 (51.5) Cramer0s V = 0.401*Lobulated 4 (10.0) 3 (8.8)

Irregular 23 (57.5) 13 (38.2)

Margin

Smooth 8 (20.0) 12 (35.3)

20 (60.6) Cramer0s V = 0.422*Irregular 20 (50.0) 16 (47.1)

Spiculated 12 (30.0) 6 (17.6)

Signal intensity in T2-weighted images

Hypointense 31 (77.5) 23 (67.6)

27 (81.8) Cramer0s V = 0.770***Isointense 6 (15.0) 9 (26.5)

Hyperintense 3 (7.5) 2 (5.9)

Blooming sign 23 (57.5) 17 (50.0) 23 (69.7) Phi = 0.465**

Adjacent vessel 31 (77.5) 18 (52.9) 20 (60.6) Phi = 0.238

Table 4 Comparison of

localization and further

morphologic parameters in 42

primary index and contralateral

carcinomas

Numbers in parentheses are

percentages

**P \ 0.01

Primary index

carcinomas

(n = 42)

Contralateral

carcinomas

(n = 42)

Congruence of

occurrence in

both breasts (n = 42)

Correlation

coefficient

Main quadrant of the tumor

Upper outer 21 (50.0) 20 (47.6)

26 (61.9) Cramer0s V = 0.458**
Upper inner 11 (26.2) 10 (23.8)

Lower outer 6 (14.3) 8 (19.1)

Lower inner 4 (9.5) 4 (9.5)

Main localization of the tumor

Retromamillar 12 (28.6) 13 (30.9)

28 (66.7) Cramer0s V = 0.484**Central 23 (54.7) 22 (52.4)

Dorsal 7 (16.7) 7 (16.7)

Edema 20 (47.6) 9 (21.4) 27 (64.3) Phi = 0.315

Prominent vessels 26 (61.9) 10 (23.8) 22 (52.4) Phi = 0.208
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P \ 0.05; Table 4). Twenty of 42 primary index carcino-

mas (47.6%) showed perifocal edema. In 6 of 42 primary

index cancers (14.3%), prepectoral edema was observed;

16.7% (n = 7 of 42) revealed edema in a diffuse locali-

zation, and in 3 (7.1% of 42) primary index carcinomas,

cutaneous/subcutaneous as well as perimamillar edema

was detected. No cutaneous/subcutaneous, perimamillar

and prepectoral edema was observed in the contralateral

site. Eight of 42 contralateral tumors showed perifocal

edema; in 4.8% edema was revealed in a diffuse localiza-

tion. It was furthermore evaluated if the vessels in the

breast were prominent in diameter and/or quantity. More

primary index carcinomas showed prominent vessels in

comparison with the contralateral cancers (Fisher0s exact

test; P \ 0.01; Fig. 2). In 52.4% (n = 22) of 42 subjects,

prominent vessels were simultaneously detected or could

not be revealed in both breasts; the Phi correlation analysis

did not reach statistical significance (Table 4).

Discussion

Pre-therapeutic cancer staging

Contrast-enhanced MRI has proven benefit in the pre-

therapeutic staging of breast carcinomas [9, 10, 16]; it has

the potential to lead to a therapeutic change because of the

detection of additional cancer foci and a more accurate

determination of the tumor extent with an increasing rate of

complete tumor excision [13, 16, 33]. According to pub-

lished results, MRI shows high sensitivity and specificity in

the diagnosis of simultaneously developing contralateral

carcinomas [13, 21, 34]. In an extended multicenter trial,

MRI depicted 3.1% contralateral malignancies in 969

women with a recent diagnosis of unilateral breast cancer

[21]. All of these contralateral synchronous carcinomas

were missed by X-ray mammography and clinical exami-

nation; the sensitivity of MRI in the contralateral breast

was 91%, and the specificity was 88% [21].

In our investigation, comparable results were found:

MRI was able to detect 2.5% in other breast imaging

modalities occult contralateral carcinomas. Compared with

the multicenter trial of Lehman et al. [21], we furthermore

considered besides X-ray mammographic findings ultr-

asonographic results. In the study of Fischer et al. [13],

contralateral carcinomas not visible by ultrasonography or

X-ray mammography were depicted by MRI in 3.2% of the

evaluated patients. However, Slanetz et al. [19] reported

that MRI identified in 4 of 17 (23.5%) patients a contra-

lateral synchronous cancer occult to physical examination,

X-ray mammography, and ultrasonography. Similarly to

published reports [13, 21, 34], we included invasive can-

cers as well as carcinomas in situ. One benefit of our study

design is the standardized MRI protocol and the consis-

tence of histopathologic verifications and clinical data. The

focus of our study was set on the comparison of the

bilateral carcinomas. To our knowledge, this investigation,

which analyzed multiple dynamic and morphologic MRI

parameters as well as the histology and the localization of

the primary index versus the contralateral cancer, is the

first one of it0s kind.

Histopathologic similarities

The found histologic bilateral similarities are in concor-

dance with the results of Hungness et al. [1], who reported

that the histologic types of the bilateral carcinomas were

identical in 56.9% of 51 evaluated patients. In the study of

Liberman et al. [18], the histologic types of the primary

index and the contralateral cancer were the same in 66.7%

of 12 women. However, Pediconi et al. [34] published

different findings: only 2 of 22 analyzed contralateral

malignancies shared the same histologic tumor type as the

primary index cancer. However, the initially included

patients were significantly younger (mean age = 52 years)

than our cohort (mean age = 63 years; Student0s t-test,

P \ 0.05). In 9 of 22 patients with bilateral carcinomas,

DCIS was observed in one site and invasive ductal carci-

noma in the other one; one subject showed invasive lobular

carcinoma in one and LCIS in the contralateral breast [34].

In situ disease is currently considered as a precursor of

invasive breast carcinoma; especially DCIS is likely to

progress to invasive ductal carcinoma if left untreated [35].

In our investigation, 4 patients presented DCIS in the

contralateral breast and invasive ductal carcinoma in the

index one.

There is evidence to suggest that a contralateral breast

malignancy is usually a second primary tumor and not a

metastatic disease because only a few bilateral carcinomas

displays identical of all assessed biologic markers [22, 36].

The presence of an EIC component adjacent to the tumor

masses, which could also be detected in many subjects in

our investigation, furthermore leads to the conclusion that

each of the bilateral carcinomas has generally arisen

independently and represents a distinct pathologic entity [6,

22]. There is a controversy if bilateral carcinomas share

similar biologic tumor characteristics. Although the bio-

logic phenotypes between contralateral carcinomas are in

general not identical, some reports [2, 6] found significant

biologic similarities, such as bilateral receptor status. In

concordance with our findings, especially the ER status is

supposed to display a high bilateral congruence [2, 6].

Kollias et al. [6] proposed that bilateral biologic similari-

ties may result from a common carcinogenic environment,

such as hormonal, environmental, or genetic influences;

however, alterations may occur during the clonal evolution
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of the carcinomas during the tumorogenesis. Biologic

similarities, especially hormonal receptor status, can have a

significant impact on the treatment concept of bilateral

synchronous carcinomas.

Imaging similarities

Possible biologic similarities may be the reason for the

detected congruence of many of the evaluated dynamic and

morphologic MRI characteristics. Analyzing a few MRI

morphologic features, Liberman et al. [18] found the same

imaging features of the primary index and the contralateral

carcinomas in 66.7% of the subjects. Regarding other

breast imaging modalities, imaging congruences between

bilateral carcinomas were also reported. Malignant con-

tralateral calcifications were detected more often by X-ray

mammography in cases, in whom malignant calcifications

were present in the primary index cancer than in those

without calcifications in the primary index carcinoma [37].

Comparable with the biologic results, bilateral tumor

imaging features are in general similar, but not identical.

Combining imaging features, less than half of the lesion

pairs show the same bilateral appearance [24, 37, 38]. Of

58 evaluated bilateral carcinomas, Murphy et al. [38]

detected in 41.4% on X-ray mammography evident lesion

pairs an analogous X-ray mammographic appearance,

considering together density, architectural distortion, spic-

ulation, and calcifications. In the study of Lou et al. [24],

18 of 58 bilateral carcinomas (31.0%) presented at least

four congruent ultrasonographic characteristics. Regarding

the most common ultrasonographic features solely, taller

than wide shape ratio, irregular margins and heterogeneous

internal echo, the bilateral congruence was 60.3, 70.7, and

74.1%, respectively [24].

The similarities in the dynamic curve types of the

bilateral masses may be due to analogous tumor neovas-

cularization, regulated by various cytokines, such as vas-

cular endothelial growth factor [39, 40]. In general,

capillaries induced by tumor angiogenesis show a less

intact basal membrane; Buadu et al. [40] found that the

quantity and distribution of blood microvessels act as a key

role in the fast and strong initial signal increase after

contrast media administration. The wash-out phenomenon

of invasive carcinomas is supposed to be mainly due to

arteriovenous anastomoses and the large number of capil-

laries with a high flow rate, resulting in a rapid transport of

contrast media [26, 41]. Morphologic similarities, such as

shape and margin of the bilateral masses, may be caused by

an analogous tumor infiltration in the surrounding stroma

[27, 42]. This mechanism could also explain the congru-

ence of the blooming sign [43]. The highly significant

congruence of the T2-signal intensities reflect similarities

in the bilateral tumor components, such as desmosplastic or

necrotic reactions [27, 42]. Similarities in imaging

appearances of contralateral carcinomas compared with the

primary index ones can result in a very intensely specified

characterization of frequently detected contralateral lesions

in patients with a recent diagnosis of breast cancer [6, 17,

18, 23].

Regarding tumor localizations, a bilateral congruence

could also be detected, which may be caused by similarities

in the tumorogenesis. Comparable with our results, 31 of

58 (53.4%) X-ray mammographically evident bilateral

carcinomas were localized in the same quadrant, published

by of Murphy et al. [38]. Previously, contralateral breast

biopsies mirroring the location of the primary index cancer

had been practiced [44].

Bilateral differences

The evaluated contralateral carcinomas generally had a

lower histologic tumor grading and stage than the primary

index ones, which is also a consequence of the definition of

the bilateral cancers [6, 24, 25]. The fact that the carcinoma

of one tumor site is significantly more progressed was

described in several investigations [1, 21, 24, 25, 38]. The

higher stage of the primary index carcinomas may the

explanation for the higher prevalence of the morphologic

parameters edema, adjacent and prominent vessels [27, 30,

45].

The smaller diameter of the contralateral carcinomas is

supposed to be one major cause that many of these tumors

could not be detected by X-ray mammography and ultra-

sonography. The histopathology of the 22 occult contra-

lateral malignancies was: 5 carcinomas in situ (3 DCIS, 2

LCIS), 17 invasive cancers (8 lobular, 6 ductal, 2 tubular,

and 1 mucinous). In comparison with X-ray mammography

and ultrasonography, MRI has to been proven to be valu-

able in the detection of invasive lobular carcinomas and

sub-1 cm malignancies [46, 47]. According to Kuhl et al.

[48], MRI has the ability to diagnose by X-ray mammog-

raphy missed DCIS. In our study, the majority of lesions

detected only by MRI occurred predominantly in patients

with dense breasts and distinct fibrocystic mathopathy (BI-

RADS breast density category III in 10 patients and cate-

gory IV in 6 patients). The invasive lesions occurring in a

non-dense breast, which could only be detected by MRI,

were all small ranging from 5 to 7 mm. Equivalent to the

investigation of Lehman et al. [21], all of the contralateral

cancers, which were only detected by MRM, were lymph

node negative in our study.

Limitations

One major limitation of our investigation is the cross-sec-

tional study design at the time of the cancer diagnosis.
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Follow-up findings were not evaluated; the prevalence of

metachronous bilateral carcinomas and possible false

negative MRI findings were therefore not considered. The

emphasis of this investigation was to evaluate similarities

and differences between the primary index and the corre-

sponding contralateral carcinomas. Because the excellent

sensitivity, reaching up to 100%, and high specificity,

achieving up to 94%, of diagnosing contralateral invasive

and non-invasive carcinomas, has been already evaluated

[21, 34], the focus of our investigation was not to reeval-

uate these data. Due to the intention of a thorough analysis,

we included a multitude of different parameters; because of

their large quantity we did not combine the different

parameters.

Another limitation of our study is that two MRI proto-

cols were used, which share a lot of similarities, but there

were some differences, e.g., the field of view and the

matrix. Another limitation is that none of the evaluated

women were proven to be BRCA-positive or to have

another genetically tested predisposition to breast cancer.

23.8% of the women had a positive family history; no

significant differences could be revealed for the results

between patients with or without positive family history.

Because of the lack of genetic tests, it is not possible to

compare our findings with studies evaluating hereditary

breast carcinomas. Further investigations should analyze

more specifically patients with hereditary breast cancer and

should integrate an MRI follow-up.

Conclusions

Breast MRI is able to detect contralateral lymph node

negative carcinomas, which have been missed by X-ray

mammography or ultrasonography. The contralateral car-

cinomas frequently present similar histologic findings,

including tumor type and receptor status, compared with

their corresponding primary index cancers. A congruence

of bilateral tumor localizations could also be detected.

The bilateral malignancies, which are supposed to repre-

sent on each site a distinct biologic entity, significantly

revealed several similar dynamic and morphologic MRI

parameters reflecting analogies of tumor neoangiogenesis,

histopathologic components, and infiltration in the sur-

rounding stroma. Phenotypic similarities in bilateral breast

cancer should have an impact on a single and therefore

cost-effective and for the patient agreeable treatment

concept including anti-hormonal and targeted therapy

adjuvants.
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