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Abstract

Purpose: To compare the role of MR for assessment of extent of disease in women newly 

diagnosed with breast cancer imaged with digital mammography (DM) alone versus digital breast 

tomosynthesis (DBT).

Methods: Retrospective review was conducted of 401 consecutive breast MR exams (10/1/2013–

7/31/2015) from women who underwent preoperative MR for newly diagnosed breast cancer by 

either DM or DBT, leaving 388 exams (201 DM and 187 DBT). MR detection of additional, 

otherwise occult, disease was stratified by modality, breast density, and background parenchymal 

enhancement. A true-positive finding was defined as malignancy in the ipsilateral-breast >2 cm 

away from the index-lesion or in the contralateral breast.

Results: 50 additional malignancies were detected in 388 exams (12.9%), 37 ipsilateral and 13 

contralateral. There was no difference in the MR detection of additional disease in women imaged 

by either DM versus DBT (p = 0.53). In patients with DM, there was no significant difference 

in the rate of MR additional cancer detection in dense versus non-dense breasts (p = 0.790). 
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However, in patients with DBT, MR detected significantly more additional sites of malignancy in 

dense compared to non-dense breasts (p = 0.017). There was no difference in false-positive MR 

exams (p = 0.470) for DM versus DBT. For both DM and DBT cohorts, higher MR background 

parenchymal enhancement was associated with higher false-positive (p = 0.040) but no significant 

difference in true-positive exams.

Conclusions: Among patients with DBT imaging at cancer diagnosis, women with dense 

breasts appear to benefit more from preoperative MR than non-dense women. In women imaged 

only with DM, MR finds additional malignancy across all breast densities.
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1. Introduction

The detection of breast cancer has evolved considerably in the past decade with the 

introduction of digital breast tomosynthesis (DBT) and an increased use of breast MR. The 

addition of the quasi 3-dimensional technique of DBT improves not only cancer detection 

by increasing lesion conspicuity but also specificity compared to imaging with digital 

mammography (DM) alone [[2–7]]. Despite improvements achieved with DBT imaging, 

once a breast cancer is diagnosed, accurate preoperative assessment of tumor extent 

and assessment of the contralateral breast for synchronous cancer remains challenging. 

Additional ipsilateral disease is especially important if the patient is considering breast 

conservation and identifying contralateral disease allows concomitant treatment. Detection 

of additional disease may also identify different tumor subtypes, which could change 

therapy decisions.

In addition to finding more cancers, DBT better defines disease extent than imaging 

with DM alone [8,9]. Fontaine et al., recently showed improved diagnostic accuracy for 

additional ipsilateral and contralateral breast cancer when using combination of DM with 

DBT compared to DM alone in women with non-dense breasts [9]. Mariscotti et al., 

demonstrated that the combination of DM and ultrasound with DBT performed as part of 

mammographic imaging in patients newly diagnosed with breast cancer yielded a sensitivity 

of 97.7% in the preoperative assessment of disease extent, which was not significantly 

improved by the addition of MR [8]. Routine use of MR to determine disease extent 

remains controversial since it may prompt more extensive surgical interventions, specifically 

mastectomies, with no impact on long term outcomes such as survival [10–12]. As DBT 

imaging increases, the benefit, if any, of preoperative breast MR in newly diagnosed cancer 

diagnosis is an area of clinical equipoise.

Kim et al., compared the diagnostic performance of DBT with breast MR in assessing 

extent of disease in newly diagnosed cancer patients and concluded that DBT provided 

lower diagnostic performance than MR as an adjunctive to DM [13]. The outcomes of MR 

in determining the extent of disease after cancer detected with either DBT or DM alone 

has been previously evaluated in screen detected cancers [14]. MR detected additional, 

mammographically occult cancer in both the DBT and DM populations; however, there were 
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fewer additional sites of malignancy detected with MR in patients who had cancers detected 

after routine screening evaluation with DBT compared to those screened with DM alone.

We hypothesized that addition of MR to both DBT and DM would improve evaluation 

of the disease extent in patients with known malignancy. The purpose of this study was 

to compare the role of preoperative MR in women newly diagnosed with screen-detected 

or symptomatically presenting cancers imaged with either DBT or DM alone. In addition, 

imaging outcomes were assessed by mammographic breast density and MR background 

parenchymal enhancement (BPE).

2. Subjects and methods

2.1. Study design and patient characteristics

This study was approved by the institutional review board, and the requirement for informed 

consent was waived. This was a retrospective analysis of consecutive breast MRs for newly 

diagnosed breast cancer from 10/1/2013 to 7/31/2015, including patients with biopsy-proven 

breast cancer detected on either screening or diagnostic mammography (DM or combination 

of DM and DBT) with mammography performed within 12-weeks prior to breast MR. At 

the time of the study, our University had two screening locations – one used only DM (DM 

group) and the other used only combination of DM and DBT (DBT group). There was 

no difference in the patient populations seeking care at the two centers. All patients were 

imaged with DBT if they presented to the latter center regardless of ability to pay for the 

additional testing. Patients were excluded if they had neoadjuvant chemotherapy prior to 

surgery.

The medical records of each patient were reviewed to determine the initial date and 

mode of cancer presentation, tumor subtype, grade, hormone receptor status and staging. 

The mammographic modality (DM vs. DBT), indication (screening vs. diagnostic), breast 

density (in accordance with Breast Imaging-Reporting and Data System (BI-RADS) Atlas 

4th edition categories [15]), and mammographic finding (calcification, mass, asymmetry/

focal asymmetry, or architectural distortion) were extracted from mammography reports. 

MR reports were reviewed and the global assessment of BPE (BPE- categorized as minimal, 

mild, moderate or marked [15]) and any suspicious additional lesions were recorded. 

Pathology records were reviewed for final tissue diagnosis of the additional MR detected 

lesions. Patients with additional lesions (BI-RADS 4 or 5) detected on MR were reviewed 

by two fellowship-trained breast imagers, EC with 27 years and EM with 95 years of 

experience and radiologic-pathologic concordance was determined by matching the lesions 

on MR with the pathology reports. Distance of any suspicious lesion from the index 

cancer in each case was also recorded. Additional malignant lesions were considered as 

true-positives if they were in the ipsilateral breast and separated from the index lesion by at 

least 2 cm of intervening normal-appearing tissue or, in the contralateral, uninvolved breast. 

Studies were excluded if final pathologic disposition of an additional BI-RADS 4 or 5 lesion 

was unclear.
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2.2. MR and mammographic imaging

Full-field DM examinations were performed on a DM system (GE Healthcare, Chalfont 

St-Giles, UK). All DBT imaging was performed using Selenia Dimensions (Hologic, 

Bedford, MA) and these exams were interpreted with additional acquired DM images. 

Dynamic contrast–enhanced MR examinations were performed using a 1.5-T scanner 

(Siemens Espree) using a dedicated surface breast coil array (matrix size, 256 × 256; 

slice thickness, 2–3.5 mm; flip angle, 20°) with the patient placed in the prone position. 

Bilateral, fat-suppressed, T2-weighted and slab interleaved, 3D, fat-suppressed, spoiled 

gradient echo sequences were acquired. Sequential post-contrast MR series were acquired 

for approximately 6 min after contrast injection (Omniscan; GE Healthcare) per standard 

clinical protocol at our institution at the time.

MR and mammographic findings were considered discordant if there were additional 

suspicious lesions on MR not identified on preoperative mammographic (DM or DBT) 

imaging or, if suspicious lesions were detected on mammographic imaging and subsequently 

characterized as negative or benign on MR.

MR detected BI-RADS category 4 or 5 lesions that were pathologically proven additional 

sites of malignancy (ductal carcinoma in-situ (DCIS) or invasive disease) were considered 

as true-positives. The MR findings of additional lesions were considered false-positives if 

subsequent biopsy yielded a benign finding or a high-risk lesion. MR performance was 

stratified by mammographic modality (DM versus DBT), mammographic breast density, and 

BPE.

2.3. Statistical analysis

Differences between the groups were compared using two-sample t-test for continuous 

variables and Chi-square test for categorical variables. A p-value of less than 0.05 was 

considered statistically significant and 95% confidence intervals were reported where 

applicable. Breast density and BPE were dichotomized for analysis; breast density was 

divided into non-dense (category 1 or 2) and dense (category 3 or 4) and BPE was divided 

into low BPE (minimal or mild) and high BPE (moderate or marked). The positive predictive 

values (PPVs) of MR plus DM and MR plus DBT for detection of breast cancers were 

calculated on a per-lesion basis.

3. Results

3.1. Patients’ characteristics

A total of 401 consecutive MR exams performed for preoperative assessment inpatients 

with biopsy proven primary breast cancer were reviewed. Thirteen patients were excluded 

as they underwent total mastectomy without localization of possible additional disease and 

therefore, the final pathologic disposition of the lesions was unknown. The final cohort was 

388 patients with a mean age of 55.4 years (range, 24–87 years). The majority of patients (n 

= 291, 75%) had invasive ductal cancer (IDC), 33 (8.5%) had invasive lobular cancer (ILC) 

and, 64 (16.5%) had DCIS.
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Mammographic imaging at the time of cancer diagnosis was DM in 201 (52%) patients and 

DBT in 187 (48%) patients. There were no significant differences in breast density, T-stage, 

N-stage, histological grade, and hormone receptor status between women with DM versus 

DBT (Table 1).

The mammographic findings prompting biopsy yielding malignancy were classified as the 

following: 41 (10.5%) asymmetries; 231 (59.5%) masses, 31 (8%) architectural distortions, 

and 85 (22%) calcifications, demonstrating no significant difference when comparing DM 

vs. DBT group (Table 1). Cancer was unifocal in 327 cases (84.3%) and multifocal in 61 

(15.7%).

3.2. Characteristics of occult malignant lesions detected at MR

In 303 patients (78.1%), MR did not find any additional lesions. In the 81 patients (20.8%) 

with additional MR lesions, biopsy yielded malignancy in 50 cases (12.9%) (true-positive) 

and 31 patients (8%) had benign biopsy results (false-positives). Four patients (1%) had 

additional mammographic findings (asymmetry in 2 and focal asymmetry in 2 cases without 

any calcifications or sonographic correlate) on conventional imaging (DM or DBT) that 

were subsequently characterized as benign on MR.

In 81 patients with additional MR findings, 128 additional lesions were identified by MR, 

including 50 malignant lesions (in 50 patients), 10 high-risk lesions (in 10 patients), and 68 

benign lesions (in 34 patients; 50% fibrocystic changes). Twelve patients had both additional 

malignant and benign lesions and 1 case had both benign and high-risk additional lesions. 

Of the 50 additional malignant lesions detected by MR, 37 were ipsilateral (74%) and 13 

were contralateral (26%%) cancers, including 22 invasive cancer (44%) and 28 (56%) DCIS. 

Table 2 summarizes the characterizations of the additional malignancies detected on MRI.

3.3. Performance of MR based on the mammographic modality

There was no significant difference in discordant MR findings (p = 0.33), cancer detection 

(p = 0.53), or false-positive exams (p = 0.47) in women who underwent DM versus DBT 

(Table 3). The performance of MR to detect additional disease was similar in patients 

initially imaged with DM alone versus DBT with comparable PPVs (62.9%; 95% CI 44.9–

78.0% and 60.9%; 95% CI 45.4–74.5%), respectively. Figs. 1–4 show a true-positive and 

false-positive case from each imaging modality.

3.4. Performance of MR based on the breast density

Performance of MR was further stratified by mammographic breast density in the entire 

cohort (Table 3) and separately for DM and DBT (Table 4). The performance of MR to 

detect additional disease was similar in dense and non-dense breasts, however, there were 

significantly higher discordant MR findings in patients with dense breasts (p = 0.004) with a 

trend toward significance for true-positive exams (p = 0.06; Table 3). In patients imaged with 

DBT, those with non-dense breasts had significantly fewer additional cancers detected by 

MR (7% vs 18%, p = 0.017) and also had less false-positive findings (p = 0.014). However, 

in patients imaged with DM, there was no significant difference in the MR detection of 
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additional cancer (p = 0.79) or false positive rates (p = 0.94) when comparing patients based 

on breast density.

3.5. Performance of MR based on BPE

Background parenchymal enhancement on MR was significantly higher in patients with 

mammographically dense breasts (p = 0.001). Overall, higher BPE was associated with 

higher discordant MR findings and higher false-positive rates (p = 0.02 and 0.04, 

respectively) but no significant difference in true-positive exams (p = 0.25). When stratifying 

MR detection rates in patients with high BPE by DM versus DBT imaging, there was a trend 

toward higher true-positive MR findings in patients that had DM compared to DBT (21% vs. 

10%), however the difference was not significant (p = 0.160; Table 5).

4. Discussion

This study compared the role of preoperative breast MR to assess the extent of disease in 

women newly diagnosed with breast cancer, imaged with DM versus DBT at diagnosis. MR 

detected additional foci of cancer, regardless of the imaging modality used at diagnosis.

It is well known that increased breast density is associated with both a decrease in 

mammographic sensitivity as well as an increase in the risk of developing breast cancer. 

Approximately 43% of women aged 40 to 74 years in the United States have dense 

breasts [16] and a growing body of evidence suggests that some of them may benefit from 

supplemental screening. However, after a breast cancer is diagnosed, there are no specific 

guidelines for recommending staging MR based on breast density alone. In our study, we 

found a trend of increasing detection by MR of additional sites of malignancies in patients 

with dense breasts compared to those with non-dense breasts, irrespective of initial imaging 

modality – DM versus DBT.

Digital breast tomosynthesis has higher cancer detection in both dense and non-dense 

breasts [6], however, little data is available comparing the performance of DBT to MR 

in assessing the extent of cancer based on breast density. Prior studies have demonstrated 

that MR is more sensitive and less specific for malignancy than conventional mammography 

[21], matching our dataset. To optimize the use of breast MR in pre-surgical planning, it 

is necessary to identify a subset of patients who will benefit most from this exam. Girardi 

et al. suggested that MR can detect synchronous lesions in both dense and fatty breasts 

without statistically significant differences [23]. In our study, women with lower breast 

density and available DBT imaging had fewer additional sites of malignancy detected on 

MR compared to women with dense breasts (7% versus 18%, respectively, p = 0.017). 

However, in women imaged with DM, MR found additional malignancy across all breast 

densities. These findings suggest that in women imaged with DBT, MR may have less value 

for determining extent of disease in women with non-dense breasts. These data complement 

a recent prospective study comparing diagnostic accuracy of mammography (DM vs. DM/

DBT) in 166 women with breast cancer showing that the added diagnostic value of DBT 

was limited to the group of women with lower breast density [9]. Despite increased detection 

of breast cancer on DBT, this modality is still an x-ray-based, anatomic imaging technique 

and studies have reported fewer improvements in cancer detection with DBT in extremely 
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dense breast tissue compared to other density subgroups [17]. Rafferty et al., demonstrated 

that DBT did not improve the breast cancer detection rate in extremely dense breasts, when 

compared to DM alone screening [17]. Fat–fibroglandular tissue interface is required in 

order to identify small masses and architectural distortions on DBT slabs, otherwise the 

overlapping tissue can still obscure such subtle findings in dense breasts []. This may explain 

why, in our cohort, MR still found a significant number of additional cancers in women with 

dense breasts, even if imaged with DBT.

Although it has been shown that BPE is influenced by hormonal changes and breast cancer 

risk increases with higher BPE [25,26], there are controversial reports in regards to the 

correlation of BPE and mammographic breast density. Our results show significantly higher 

BPE in patients with dense breasts. In addition, higher BPE was associated with a higher 

rate of false-positive MR findings but was not associated with a decrease in cancer detection, 

as found in prior studies [27,28].

Our study has several limitations. While we did include consecutive cases, this was 

retrospective at a single, academic center and selection bias may have existed. Another 

limitation is that some patients were excluded when pathology did not report the entire 

mastectomy specimen and lesions identified as suspicious on MR could not be localized 

for evaluation. Finally, in 4 cases, there were subtle mammographic asymmetries/focal 

asymmetries with no sonographic correlate and no enhancement on MR that were assumed 

to represent benign parenchyma without biopsy. We also performed subgroup analyses of 

our data to evaluate role of density and BPE and in some subgroups, the comparisons 

may be affected due to a relatively small size. For this reason, the conclusions are based 

predominantly on analyses of all lesions in all patients and there is a need for further 

prospective studies to evaluate the findings.

In conclusion, among patients with DBT imaging at cancer diagnosis, women with dense 

breasts appear to benefit more from preoperative MR than non-dense women. In women 

imaged only with DM, MR finds additional malignancy in both dense and non-dense 

breasts.
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Fig. 1. 
True-positive MR finding not seen on DM imaging: (A) DM showed irregular mass with 

indistinct margins in the retroareolar left breast (red arrow) in 64-year-old woman with 

pathology revealing invasive ductal carcinoma, (B) MR showed additional mass (yellow 

arrow) more than 2 cm anterior to the index cancer not appreciated on DM or physical 

exam, histopathology confirms that the additional focus is malignant. There was also DCIS 

involving the nipple-areolar complex.
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Fig. 2. 
True-positive MR finding not seen on DBT imaging: An 80-year-old woman presented with 

a palpable lump in the left breast. (A) DBT demonstrates a 2.6 cm, irregular mass with 

biopsy yielding invasive ductal carcinoma (red arrow). (B) MR shows the biopsy proven 

cancer and additional 1.5 cm enhancing mass in the axillary tail of the contralateral, right 

breast (yellow arrow). Biopsy confirms invasive mammary carcinoma in the right breast.
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Fig. 3. 
False-positive MR finding after DM-alone imaging: (A) DM shows an obscured mass in the 

lower-outer right breast (red arrow), in 51-year-old woman with biopsy yielding invasive 

ductal carcinoma, (B) MR showed an additional enhancing mass (yellow arrow), posterior to 

the index cancer; biopsy yields benign fibrocystic changes.
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Fig. 4. 
False-positive MR finding after DBT imaging: (A) DBT shows an asymmetry with 

architectural distortion in the right breast (red arrow) in 58-year-old woman. Biopsy yields 

invasive ductal carcinoma. (B) On MR, additional finding was a mass detected in the 

posterior (yellow arrow) and inferior right breast; biopsy yields a sclerosed fibroadenoma, 

benign results.
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Table 1

Patients’ characteristics comparing patients with DM detected cancer with those with DBT detected cancers.

DM cohort (n = 201) DBT cohort (n = 187) P-Value

Age (mean) 55.26 55.55 0.817

Mammographic findings 0.321

 Asymmetry 24 (12%) 17 (9%)

 Mass 125 (62.1%) 106 (57%)

 Architectural distortion 14 (7%) 17 (9%)

 Calcifications 38 (18.9%) 47 (25%)

Tumor subtype 0.070

 DCIS 27 (13.4%) 37 (19.7%)

 IDC 152 (75.6%) 139 (74.3%)

 ILC 22 (10.9%) 11 (5.8%)

Tumor grade 0.835

 I 38 (18.9%) 38 (20.3%)

 II 92 (45.7%) 80 (42.7%)

 III 71 (35.3%) 69 (36.9%)

T-stage 0.065

 T1 125 (62.2%) 140 (74.8%)

 T2 61 (30.3%) 38 (20.3%)

 T3 13 (6.4%) 8 (4.3%)

 T4 2 (1%) 1 (0.5%)

N-stage 0.512

 N0 146 (73%) 148 (79.1%)

 N1 38 (18.9%) 26 (13.9%)

 N2 12 (5.9%) 9 (4.8%)

 N3 5 (2.5%) 4 (2.1%)

Estrogen-receptor 0.991

 Positive 156 (77.6%) 137 (73.3%)

 Negative 45 (22.4%) 50 (26.7%)

Progesterone-receptor 0.793

 Positive 139 (69.2%) 127 (67.9%)

 Negative 62 (30.8%) 60 (32.1%)

HER2 0.549

 Positive 47 (23.4%) 39 (20.9%)

 Negative 154 (76.6%) 148 (79.1%)
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Table 2

Characterization of additional malignancy detected on MRI.

Additional malignancies (n = 50)

Tumor subtype

 DCIS 28 (56%)

 IDC 18 (36%)

 ILC 4 (8%)

Tumor side

 Ipsilateral 37 (74%)

 Contralateral 13 (26%)

MRI finding

 Mass 37 (74%)

 Non-mass enhancement 13 (26%)

Histological diagnosis

 MR guided biopsy 23 (46%)

 US guided biopsy 12 (24%)

 Localization for excision 7 (14%)

 Mastectomy 8 (16%)
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Table 3

MR detected additional malignancy based on modality, mammographic breast density and MR breast 

parenchymal enhancement.

Discordant results (%) True positive (%) False positive (%) No additional disease (%)

DM cohort (n = 201) 48 (23%) 28 (14%) 18 (9%) 155 (77%)

DBT cohort (n = 187) 37 (20%)
p = 0.330

22 (12%)
p = 0.530

13 (7%)
p = 0.470

152 (81%)
p = 0.313

Non-dense (n = 195) 31 (16%) 19 (10%) 11(6%) 165 (85%)

Dense (n = 193) 54 (28%)
p = 0.004

31 (16%)
p = 0.062

20 (10%)
p = 0.086

142 (73%)
p = 0.007

Low BPE (n = 275) 52 (19%) 32 (12%) 17 (6%) 226 (88%)

High BPE (n = 113) 33 (30%)
p = 0.020

18 (16%)
p = 0.250

14 (13%)
p = 0.040

81 (72%)
p = 0.020

DM: digital mammography.

DBT: digital breast tomosynthesis.

BPE: background parenchymal enhancement.

No additional disease: defined as a negative result by MR.

The p-values of less than 0.05 are marked as bold.
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Table 4

MR detected additional malignancy stratified by breast mammographic density.

Density Total True positives (%) False positive (%) No add. disease (%)

DM Non-dense 91 12 (13%) 8 (9%) 71 (78%)

Dense 110 16 (14%)
p = 0.790

10 (10%)
p = 0.941

84 (76%)
p = 0.781

DBT Non-dense 104 7 (7%) 3 (3%) 94 (90%)

Dense 83 15 (18%)
p = 0.017

10 (12%)
p = 0.014

58 (70%)
p = 0.001

DM: digital mammography.

DBT: digital breast tomosynthesis.

No additional disease: defined as a negative result by MR including both TN and FN.

The p-values of less than 0.05 are marked as bold.
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Table 5

MR detected additional malignancy stratified by BPE.

Density Total True positives (%) False positive (%) No add. disease (%)

Low DM 143 16 (11%) 12 (8%) 115 (81%)

 BPE DBT 132 16 (12%)
p = 0.810

5 (4%)
p = 0.113

111 (85%)
p = 0.427

High DM 58 12 (21%) 6 (11%) 40 (68%)

 BPE DBT 55 6 (10%)
p = 0.160

8 (14%)
p = 0.498

41(74%)
p = 0.511

DM: digital mammography.

DBT: digital breast tomosynthesis.

BPE: background parenchymal enhancement.

No additional disease: defined as a negative result by MR including both TN and FN.
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