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Abstract Dynamic contrast-enhanced breast magnetic

resonance (MR) is a promising emerging technique for

evaluating breast lesions. A quantitative systematic review

was performed to estimate the accuracy of breast MR in the

diagnosis of high-risk breast lesions and breast cancer. A

comprehensive search of the Cochrane Library, MED-

LINE, CANCERLIT, LILACS, and EMBASE databases

was performed from January 1985 to August 2010. The

medical subjects heading (MeSH) and text words for the

terms ‘‘breast neoplasm’’, ‘‘breast lesions’’, ‘‘breast

cancer’’ and ‘‘magnetic resonance’’ were combined with

the MeSH term diagnosis (‘‘sensitivity and specificity’’).

Studies that compared breast MR with paraffin-embedded

sections parameters for the diagnosis of breast lesions

(benign, high-risk borderline, and breast cancer) were

included. Sixty-nine studies were analyzed, which included

9,298 women with 9,884 breast lesions. Interrater overall

agreement between breast MR and paraffin section diag-

nosis was 79% (j = 0.55), indicating moderate agreement.

Pooled sensitivity and specificity were 90% [95% CI

88–92%] and 75% [95% CI 70–79%], respectively. The

pooled likelihood positive ratio was 3.64 (95% CI 3.0–4.2)

and the negative ratio was 0.12 (95% CI 0.09–0.15). For

breast cancer or high-risk lesions versus benign lesions, the

AUC was 0.91 for breast MR and the point Q* was 0.84. In

summary, breast MR is a useful pre-operative test for

predicting the diagnosis of breast lesions.
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Introduction

Dynamic contrast-enhanced breast magnetic resonance

(MR) is a promising emerging technique for evaluating

breast lesions [1]. Several investigations have demon-

strated the potential higher sensitivity of breast MR

imaging relative to mammography or other conventional

imaging techniques [1–3]. In breast MR, diagnosis is based

on the dynamic contrast-enhancement, e.g. the increase in

signal intensity, the speed and pattern of enhancement, and

the degree of regularity of the border of the lesion [1–3].
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Levels of suspicion are reported according to the Breast

Imaging Reporting and Data System (BI-RADS) lexicon,

with morphology rated on a scale of 0–5 (0, needs addi-

tional imaging evaluation; 1, normal enhancement; 2,

benign enhancement; 3, probably benign, recommend

short-term follow up; 4, suspicious; 5, highly suggestive of

malignancy) [4].

Lesions of uncertain malignant potential include atypi-

cal ductal hyperplasia (ADH), atypical lobular hyperplasia

(ALH), atypical columnar cell hyperplasia (ACH), lobular

carcinoma in situ (LCIS), lobular neoplasia (LN), papillary

lesions (PL), radial sclerosing lesions (RSL), fibroepithelial

lesions, mucocele-like lesions, and columnar cell lesions

[5]. According to some studies, atypical epithelial hyper-

plasia (ADH, ALH), LCIS, PL, multiple micropapillomas

(MMP), and radial scars are considered high-risk breast

lesions that predispose toward the future development of

non-invasive or invasive breast cancer [6–9]. Dynamic

contrast-enhanced breast MR is emerging as a powerful

tool for detecting high-grade ductal carcinoma in situ. It

has major capabilities for the diagnosis, detection and

monitoring of malignancy. Its benefits include being non-

invasive and three-dimensional, allowing visualization of

the extent of disease and its angiogenic properties, visu-

alization of lesion heterogeneity, detection of changes in

angiogenic properties before morphological alterations,

and the potential to predict the overall response either

before the start of therapy or early during treatment.

The purpose of this systematic review and meta-analysis

was to assess the accuracy of breast MR in patients with

suspicious breast lesions.

Materials and methods

Search strategy

A comprehensive search of the PubMed, Cancerlit, Lilacs,

Scopus, and Embase databases for relevant publications

from January 1985 to August 2010 was conducted. Dat-

abases were searched using the following terms, both as

text words and, as appropriate, Medical Subjects Heading

(MeSH) or equivalent subject heading/thesaurus terms:

‘‘breast neoplasms’’, ‘‘breast lesions’’, ‘‘breast cancer’’,

‘‘breast tumor’’ ‘‘mammary neoplasms’’, ‘‘mammary can-

cer’’, ‘‘mammary tumor’’, and ‘‘magnetic resonance’’ were

combined with the MeSH term diagnosis (sensitivity,

specificity, false positive, false negative, predictive value,

reference value, ROC, likelihood ratio, accuracy, diagno-

sis, measurement and analysis). This sensitive filter was

created by combining three filters for the identification of

diagnostic studies via the Boolean operator ‘‘OR’’ and

‘‘AND’’. The search was limited to human studies but had

no language restrictions. In addition, the Cochrane Central

Register of Controlled Trials was searched up to July 2010.

Reference lists of all retrieved primary diagnostic studies

were checked for additional relevant diagnostic studies.

Additionally, we checked references of relevant reviews,

meta-analyses, guidelines, and commentaries identified in

PubMed and Embase. The authors who published the

studies were not contacted. The complete search strategy is

available on request.

Screening of abstract for eligibility

Abstracts/titles identified from the search were screened by

six reviewers (M.I.R, M.I.E., F.R.S., E.P.W., M.E., and

D.D.R.). Disagreements about study inclusion or exclusion

were initially solved by consensus, and when this was not

possible, they were arbitrarily resolved by one reviewer

(L.R.M.).

Study selection

We included primary diagnostic studies with prospective or

retrospective cohort and cross-sectional designs that eval-

uated clinically suspected breast lesions (target conditions)

by breast MR (index test) according to the American

College of Radiology practice guidelines [3].

Patients

Studies that included women with mammographic and

sonographic abnormalities (BI-RADS 3–5) and physical

examination findings were inconclusive [3]. We excluded

studies with patients who (a) were known carriers of a

BRCA 1 or BRCA 2 mutation, (b) had a first-degree family

member known to carry a BRCA 1 or BRCA 2 mutation

but did not know their own status, (c) had a personal or

family history highly suggestive of BRCA 1 or BRCA 2

mutation, (d) had a 15–20% lifetime risk for breast cancer

on the basis of a personal history of breast or ovarian

cancer, (e) biopsy proven lobular neoplasia or ADH, and/or

had (f) radiation therapy to the chest before the age of

30 years and at least 8 years previously.

Index test

The diagnostic test was performed only with high-field

strength using a commercially available 0.5 or 3 T system

with a dedicated surface breast coil. Breast MR was per-

formed using a phase array coil and T1-weighting for the

transverse plane and T2-weighting for the transverse and

sagittal planes. The increase of signal intensity of the solid

components was evaluated on dynamic contrast-enhance-

ment of breast MR images when available. In the absence
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of dynamic contrast-enhancement, the uptake of the con-

trast medium from solid tissues was evaluated and com-

pared to pre- and post-contrast breast MR images. The

following signs were judged as indicators of malignancy in

the dynamic criteria: (a) fast wash-in, (b) plateau phe-

nomenon, (c) wash-out phenomenon, (d) blooming sign,

(e) inhomogeneous enhancement, and (f) centripetal

enhancement. In the morphological criteria, the indicators

of malignancy were as follows: (a) unsharp borders of

lesion on T1-weighted images, (b) iso-or hypointensity on

T1-weighted images, (c) adjacent vessel sign (AVS),

(d) cutaneous thickening, (e) iso- or hypointensity on T2-

weighted images, (f) perifocal, diffuse, unilateral, or

bilateral edema, (g) connection of the lesion to the M.

pectoralis, and (h) lymph nodes larger than 1 cm. The

results of the index test were compared to the results of a

reference standard.

Reference standard

The diagnostic reference test was the result of the histo-

logical analysis of standard paraffin-embedded sections

after surgery. The breast MR diagnosis was considered

correct if it did not differ from that derived from the par-

affin section. For inclusion in this systematic review, the

final histological diagnoses of the breast lesions had to

include at least two of the following diagnosis as reference

standards: benign, high-risk, or malignant breast lesion. We

excluded studies presenting exclusively benign, high-risk

lesions, or breast cancer as the reference standard. Breast

lesions were grouped into high-risk lesions and breast

cancer and compared with benign breast lesions. We

grouped high-risk breast lesions with malignant lesions

because they are considered to predispose the individual to

the future development of non-invasive or invasive breast

cancer [6–8]. Thus, the primary outcome analyzed was the

accuracy of breast lesion diagnoses (high-risk lesions or

breast cancer vs. benign lesions) by breast MR. A sec-

ondary outcome was the distribution of histological types

of breast lesions according to paraffin section diagnosis

(benign, high-risk, and breast cancer).

Data collection and quality assessment

We extracted data on studies, patients, and test character-

istics by using a standardized form. Two reviewers (F.R.S.,

C.S.D.) independently abstracted data regarding the prev-

alence of benign, high-risk, and malignant breast lesions.

They also calculated the sensitivities, specificities, positive

and negative likelihood ratios, and positive and negative

post-test probabilities from the primary studies of breast

MR diagnoses. Studies that lacked the data needed to

construct 292 contingency tables were excluded. The

assessment of non-English articles was performed inde-

pendently (D.D.R.) following translation (when necessary).

Any disagreement was resolved by consensus for studies

published in all languages. Final inclusion or exclusion was

made with reference to a selection criteria checklist. Dis-

agreements about study inclusion or exclusion were ini-

tially solved by consensus, and when this was not possible,

they were arbitrarily resolved by one reviewer (L.R.M.).

The agreement statistics among reviewers were computed.

Methodological quality assessment of diagnostic accu-

racy studies was performed according to QUADAS crite-

ria, as modified for use by the Cochrane Collaboration

(items that related to reporting quality were removed) [10,

11]. The modification version consists of 11 items on study

characteristics with the potential to introduce bias. Items

were scored as positive (no bias), negative (potential bias),

or insufficient information [10, 11]. This involved scruti-

nizing the studies’ designs, such as the methods of data

collection, the relevant features of the patient population/

selection, a description of the breast MR test and the his-

tological reference standard, and the presence of verifica-

tion biases [10–14].

Data synthesis and statistical analysis

To evaluate the agreement between assessments of meth-

odological quality, as well as between the results of breast

MR and paraffin-embedded section analyses, the observed

percentage of agreement and the j coefficient for interrater

reliability were calculated [13]. For each study, 292 con-

tingency tables were constructed in which all biopsies were

classified as benign lesions, high-risk breast lesions, or breast

cancer. We calculated the true-positive rate (TPR; sensitiv-

ity), specificity, false-positive rate (FPR; 1—specificity) and

likelihood ratios (LH). When 292 tables had 0 cells, cor-

rection of calculations were made, and when a study con-

tained two cells with the value 0, it was excluded from the

analysis [14]. Bivariate analysis was used to calculate pooled

estimates of sensitivity, specificity, and likelihood ratios

(LRs) along with 95% confidence intervals (CIs) for the

summary estimates [15, 16]. The bivariate model preserves

the 2-dimensional nature of diagnostic data by analyzing the

logit transformed sensitivity and specificity of each study in a

single model, and takes into account both within-study and

between-study variability [15–20]. The model produces the

following results: a random-effects estimate of the mean

sensitivity and specificity with corresponding 95% CIs, the

amount of between-study variation for sensitivity and

specificity separately, and the strength and shape of the

correlation between sensitivity and specificity. Pooled esti-

mates were calculated only for studies showing sufficient

clinical and statistical homogeneity (I2 or Q test commonly

used in meta-analysis). I2 or Q test is not recommended for
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assessing statistical homogeneity in diagnostic reviews

because it does not take into account the association between

sensitivity and specificity [21]. Statistical homogeneity was

defined as overlapping 95% CIs of both sensitivity and

specificity and differences in point estimates among the

studies of less than 20%. When assessing heterogeneity, we

always simultaneously considered sensitivity and specificity

[22, 23]. A summary receiver operating characteristic curve

(SROC) was generated using data from all thresholds [16, 18,

19, 24]. It can change according to the threshold and to the

ROC curve used to define an abnormal examination,

resulting in the expected trade-off between sensitivity and

specificity. The SROC is an excellent graphical summary,

but for comparison purposes, we calculated a further statis-

tic, Q* [16]. Q* is the point on the SROC where sensitivity

and specificity are equal. Like area under the curve, the ROC

curve and the Q* point indicate how closely a test approaches

the desirable performance of 100% sensitivity and specificity

[16]. The higher the Q* value, the better the diagnostic test

performance [16]. Sensitivity analyses were performed to

assess the exclusion of the effect of verification bias by

calculating pooled estimates of diagnostic performance,

excluding studies before the year of 2000. The statistical

analysis was performed with the softwares Meta-DiSc�

(Clinical Biostatistics Unit, Ramón y Cajal Hospital,

Madrid, Spain) (version 1.4) [25], RevMan 5.0.21 (The

Nordic Cochrane Centre, Copenhagen, Denmark) [26], and

STATA version 11 [27].

Results

Study identification and eligibility

The process of study selection is summarized in Fig. 1. We

identified 5,054 citations from electronic searches in Pub-

Med, and 2,017 additional citations from EMBASE. After

initial evaluation, 355 full articles were retrieved, 69 of

which were finally considered eligible for the review [8, 28–

95]. A complete list of the excluded studies is available from

the authors. Sixty-nine primary studies, including 9,298

women with 9,884 breast lesions, met the criteria for

inclusion and were analyzed (Table 1) [8, 28–95]. Interrater

overall agreement for study eligibility and methodological

quality was 88% (j = 0.67), indicating good agreement.

Disagreement between reviewers related to inclusion or

exclusion criteria occurred during analysis of the 69 studies.

This disagreement was resolved by consensus.

Descriptions of studies

Details of the participants, text standard, and index test are

summarized in Table 1. The mean age of participants was

reported in 59 studies [8, 28, 30, 32, 34–36, 38, 39, 41, 43,

45, 46, 49–72, 75–89, 91–94]. Forty-three studies were

prospective and consecutive with a small population, but

included sufficient experimental details, proper diagnostic

tests and diagnostic reference standards [8, 28–34, 37–45,

51, 52, 55–59, 62, 63, 65, 70, 73, 75–77, 79, 82–84, 86–

95]. The results of quality assessment are presented in Fig.

2 according to QUADAS [10]. On average, the reviewers

disagreed on 3 of 11 items (range, 0–6). All disagreements

were resolved by consensus. The most common source of

bias was results that were difficult to interpret. Patient

withdrawals were explained in only 10% of studies, and we

were unable to determine if interpretation was done in a

blinded manner in 90% of the studies included.

Breast cancer was found in 5,751 cases (58%) and 4,133

(42%) cases were benign lesions. Table 2 shows the results

of contingency tables (TP, FP, FN, and TN) from each

study considered in the systematic review.

Diagnostic performance and summary of results

Interrater overall agreement between breast MR and par-

affin sections was 79% (j = 0.55), indicating moderate

agreement (Table 2). Pooled sensitivity and specificity was

calculated according to bivariate analysis because of

homogeneity (patients, breast lesions), and the results had

values less than 20% (Table 3). Pooled sensitivity was 90%

(95% CI 88–92%) and specificity was 75% (95% CI

70–79%). The pooled positive likelihood ratio was 3.64

(95% CI 3.0–4.2) and the negative likelihood ratio was

0.12 (95% CI 0.09–0.15). For breast cancer or high-risk

lesions versus benign lesions, the area under the curve

(AUC) was 0.91 for breast MR, and the point Q* (summary

point) was 0.84 (Fig. 3) (Q* is the point on the SROC

where sensitivity and specificity are equal). The AUC and

point Q* for the ROC curve were estimated by trapezoidal

rule (STATA�; version 11) [27].

Fig. 1 Study selection process
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Table 1 Characteristics of primary diagnostic studies on diagnosing breast lesions

First author Design and settings N Mean age

(range)

Number total

of lesions

Breast cancer

prevalence (%)

MRI technique

(T)

Abdolmaleki et al. [28] Cross-sectional prospective, USA 120 49 (15–79) 120 94 (78.3) 1.5

Alamo and Fisher [29] Cross-sectional prospective, Germany 40 NA* 40 23 (57.5) 1.5

Bagni et al. [30] Cross-sectional prospective, Italy 45 51 (32–84) 45 38 (84.4) 1.5

Bazzocchi et al. [31] Cross-sectional, prospective, multicenter, Italy 112 NA 112 80 (71.4) 1.0–1.5

Berge et al. [32] Cross-sectional prospective, USA 120 48.7 (26–81) 258 177 (68.6) 1.5

Blohmer et al. [33] Cross-sectional prospective, Germany 68 NA 68 41 (60.3) 1.5

Blumke et al. [34] Cross-sectional prospective, Multicenter, USA 821 53 (±11.6) 821 404 (49.2) 1.5

Boetes [35] Cross-sectional, Netherland 83 51 (24–79) 87 65 (74.7) 1.5

Boetes et al. [36] Cross-sectional, Netherland 204 52 (23–83) 208 145 (69.7) 1.5

Boné et al. [37] Cross-sectional prospective, Sweden 231 NA 250 144 (57.6) 1.5

Boné et al. [38] Cross-sectional prospective Sweden 220 52 (23–83) 238 155 (65.1) 1.5

Buadu et al. [39] Cross-sectional prospective, Japan 71 51 (30–78) 71 59 (83.1) 1.5

Cecil et al. [40] Cross-sectional prospective, USA 38 NA 38 23 (60.5) 1.5

Choi et al. [41] Cross-sectional prospective, Korea 89 48 (32–72) 99 65 (65.7) 1.5

Cilotti [42] Cross-sectional prospective, Italy 55 NA 55 30 (54.5) 1.5

Daldrup et al. [43] Cross-sectional prospective, multicenter, Europe 63 52 (25–83) 63 37 (58.7) 1.5

Daniel et al. [44] Cross-sectional prospective, USA 52 NA 57 23 (40.3) 1.5

Dietzel et al. [45] Cross-sectional prospective, Korea 1012 55 (16–91) 1084 648 (59.8) 1.5

Fischer et al. [46] Cross-sectional, Germany 463 54.3 (21–89) 548 405 (73.9) 1.5

Fischer et al. [47] Cross-sectional, Germany 793 NA 793 514 (64.8) 1.5

Fobben et al. [48] Cross-sectional, USA 89 NA 91 21 (23.0) 1.5

Gatzemeier et al. [49] Cross-sectional, prospective, Germany 112 58.5 (33–91) 112 91 (81.2) 1.5

Gibss et al. [50] Cross-sectional retrospective, England 43 49 (23–74) 49 32 (65.3) 1.5

Gilles et al. [51] Cross-sectional, prospective, France 172 53 (30–81) 172 86 (50.0) 1.5

Goto et al. [52] Cross-sectional, Prospective, Japan 190 50 (25–80) 204 144 (70.6) 1.5

Harms et al. [53] Cross-sectional, USA 74 56 (32–87) 74 47 (63.5) 1.5

Heiberg [54] Cross-sectional, USA 56 48 (25–83) 83 23 (27.7) 1.5

Heinisch et al. [55] Cross-sectional, prospective, Austria 36 48 (25–77) 40 25 (62.5) 1.0

Helbich et al. [56] Cross-sectional, prospective, USA 66 47 (19–85) 75 26 (34.6) 1.5

Hickman et al. [57] Cross-sectional, England 24 57 (36–79) 25 4 (16.0) 1.5

Huang et al. [58] Cross-sectional, prospective, USA 50 50 (34–71) 50 18 (36.0) 1.5

Hulka et al. [59] Cross-sectional, Prospective, USA 63 47 (13–70) 71 24 (33.8) 1.5

Ikeda et al. [60] Cross-sectional, retrospective, Japan 61 48 (22–77) 64 41 (64.0) 1.5

Jacobs et al. [61] Cross-sectional, retrospective, USA 36 45 (18–80) 36 18 (50.0) 1.5

Kelcz et al. [62] Cross-sectional, prospective, Israel 57 52 (31–80) 68 31 (45.6) 1.5

Khouli et al. [63] Cross-sectional, prospective, Egypt 91 50 (24–73) 101 78 (77.2) 1.5–3

Kinkel et al. [64] Cross-sectional, retrospective, Switzerland 57 52 (29–74) 57 34 (59.6) 1.5

Kuhl et al. [65] Cross-sectional, prospective, Germany 230 45 (21–75) 204 101 (49.5) 1.5

Liu et al. [66] Cross-sectional, Switzerland 90 54 (19–87) 119 69 (57.9) 1.5

Lucht et al. [67] Cross-sectional, Germany 264 48 (27–79) 264 162 (61.4) 1.5

Morris et al. [68] Cross-sectional, retrospective, USA 101 51 (28–79) 101 40 (39.6) 1.5

Moy et al. [69] Cross-sectional, retrospective, USA 115 54 (30–72) 115 15 (13.0) 1.5

Nakahara et al. [70] Cross-sectional, prospective, Japan 40 49 (27–76) 40 20 (50.0) 0.5

Nakano et al. [71] Cross-sectional, Japan 88 47 (31–72) 88 65 (73.9) 1.5

Newel et al. [72] Cross-sectional, retrospective, Japan 116 53 (31–88) 116 88 (75.9) 1.5

Nunes et al. [73] Cross-sectional, prospective, USA 454 NA 454 192 (42.3) 1.5

Obdeijn et al. [74] Cross-sectional, Netherland 54 NA 54 33 (61.1) 1.5
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Sensitivity analysis

The robustness of the results was tested by repeating the

analysis and excluding studies that were published before

the year 2000. We found 42 studies meeting this exclusion

Table 1 continued

First author Design and settings N Mean age

(range)

Number total

of lesions

Breast cancer

prevalence (%)

MRI technique

(T)

Orel et al. [75] Cross-sectional, prospective, USA 175 56 (35–88) 175 63 (36.0) 1.5

Palmedo et al. [76] Cross-sectional, prospective, Germany 56 58 (22–81) 56 27 (48.2) 1.5

Partridge et al. [77] Cohort prospective, USA 91 49 (22–76) 116 29 (25.0) 1.5

Pediconi et al. [78] Cross-sectional, retrospective, Italy 98 47.6 (16–46) 98 56 (57.2) 1.5

Reinkainen et al. [79] Cross-sectional, prospective, Finland 40 49 (23–81) 40 25 (62.5) 1.5

Sardanelli et al. [80] Cross-sectional, retrospective 67 54 (27–77) 67 50 (74.6) 1.5

Schedel et al. [81] Cross-sectional, Germany 90 52 (21–78) 90 67 (74.4) 1.5

Schimitz et al. [82] Cross-sectional, prospective USA 54 51.5 56 25 (44.6) 3

Sherif et al. [83] Cross-sectional, prospective Egypt 62 55 (23–79) 79 55 (69.6) 1.5

Siegmann et al. [84] Cross-sectional, prospective Germany 57 52.4 (22–76) 57 37 (64.9) 1.5

Sinha et al. [85] Cross-sectional, retrospective, USA 53 50 43 20 (46.5) 1.5

Sivarajan et al. [86] Cross-sectional, prospective, Malaysia 41 47 (21–72) 43 14 (32.5) 1.5

Stomper et al. [87] Cross-sectional, prospective USA 49 54 (26–82) 51 25 (49.0) 1.5

Tilling et al. [88] Cross-sectional, prospective Germany 40 52 (39–70) 40 22 (55.0) 1.5

Trecate et al. [89] Cross-sectional, prospective, Italy 28 33–65 28 15 (53.6) 1.5–3

Turkat et al. [90] Cross-sectional, prospective, 35 NA 39 15 (38.5) 1.5

Vassiou et al. [91] Cross-sectional, prospective, Greece 69 54 (39–68) 78 53 (67.9) 1.5

Wiberg et al. [92] Cross-sectional, prospective, Sweden 93 54 (33–81) 114 82 (71.9) 1.5

Wurdinger et al. [93] Cross-sectional, prospective, Germany 424 54 (16–86) 488 234 (47.9) 1.5

Yabuuchi et al. [94] Cross-sectional, prospective, Japan 22 55 (33–82) 22 15 (68.1) 1.5

Yuen et al. [8] Cross-sectional, prospective, Japan 70 48 70 57 (81.4) 1.5

Zhu et al. [95] Cross-sectional, prospective, Japan 55 NA 52 26 (50.0) 1.5

Total 9298 10493

All patients were submitted to breast MR with 0.5 or 3 T system (index test) and biopsy for histology (reference standard)

Fig. 2 Quality assessment by QUADAS [10]

Fig. 3 Summary ROC curve with summary Q* point
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criterion and performed the same bivariate calculus using

the revised group of studies. Pooled sensitivity was 90%

(95% CI 85–92%) and specificity was 73% (95% CI,

67–79%). The pooled positive likelihood was 3.4 (95% CI

2.7–4.2) and the negative likelihood was 0.14 (95% CI

0.10–0.19). The pooling of sensitivity, specificity, and

likelihood ratios from the 42 studies published before the

year 2000 did not alter the accuracy rate for breast MR

diagnoses of benign breast lesions, high-risk breast lesions,

or breast cancer. Therefore, the 69 studies were included in

the sensitivity analysis [8, 28–95].

Discussion

The results of this meta-analysis show that breast MR is an

accurate, non-invasive test for identifying breast cancer

with high sensitivity and specificity (90 and 75%, respec-

tively), both with a very restricted confidence interval.

Breast MR has been shown to be the best imaging modality

for determining the extent of index lesions in the breast

before surgery [75]. Breast MR may reveal unsuspected

multifocal, multicentric, or contralateral breast carcinoma

and may result in therapy changes [46]. Therefore, breast

Table 2 Contingency table

Study True

positive

False

positive

False

negative

True

negative

Abdolmaleki et al. [28] 82 12 12 14

Alamo and Fisher [29] 23 4 0 13

Bagni et al. [30] 35 4 3 3

Bazzocchi et al. [31] 75 12 5 20

Berg et al. [32] 167 60 10 21

Blohmer et al. [33] 37 10 4 17

Blumke et al. [34] 356 136 48 281

Boetes et al. [35] 62 3 3 19

Boetes et al. [36] 139 0 6 63

Bone et al. [37] 144 26 11 69

Bone et al. [38] 134 26 11 67

Buado et al. [39] 58 5 1 7

Cecil et al. [40] 19 2 4 13

Choi et al. [41] 61 5 4 29

Cilotti et al. [42] 19 11 22 25

Daldrup et al. [43] 27 7 10 19

Daniel et al. [44] 21 2 2 32

Dietzel et al. [45] 306 54 342 382

Fischer et al. [46] 375 50 30 93

Fischer et al. [47] 324 41 190 238

Fobben et al. [48] 18 12 3 58

Gatzemeier et al. [49] 88 17 3 4

Gibss et al. [50] 27 10 5 7

Gilles et al. [51] 81 45 5 41

Goto et al. [52] 124 38 20 22

Harms et al. [53] 44 17 3 10

Heiberg et al. [54] 23 16 0 44

Heinisch et al. [55] 23 4 2 11

Helbich et al. [56] 25 9 1 40

Hickman et al. [57] 4 1 0 20

Huang et al. [58] 18 12 0 20

Hulka et al. [59] 20 10 4 37

Ikeda et al. [60] 34 6 7 17

Jacobs et al. [61] 16 4 2 14

Kelcz et al. [62] 27 6 4 31

Khouli et al. [63] 68 8 10 15

Kinkel et al. [64] 33 1 1 22

Kuhl et al. [65] 92 42 9 61

Liu et al. [66] 64 13 5 37

Lucht et al. [67] 136 19 26 83

Morris et al. [68] 35 31 5 30

Moy et al. [69] 15 8 0 92

Nakahara et al. [70] 18 1 2 19

Nakano et al. [71] 63 7 2 16

Newel et al. [72] 78 8 10 20

Nunes et al. [73] 184 52 8 210

Obdeijn et al. [74] 30 7 3 14

Table 2 continued

Study True

positive

False

positive

False

negative

True

negative

Orel et al. [75] 57 10 6 102

Palmedo et al. [76] 25 23 2 6

Partridge et al. [77] 27 40 2 47

Pediconi et al. [78] 54 2 2 40

Reinkainen et al. [79] 23 2 2 13

Sardanelli et al. [80] 44 3 6 14

Schedel et al. [81] 33 8 34 15

Schimitz et al. [82] 25 8 0 23

Sherif et al. [83] 28 0 27 24

Siegmann et al. [84] 36 9 1 11

Sinha et al. [85] 19 1 1 22

Sivarajan et al. [86] 12 5 2 24

Stomper et al. [87] 23 9 2 17

Tilling et al. [88] 18 8 4 10

Trecate et al. [89] 15 5 0 8

Turkat et al. [90] 15 3 0 21

Vassiou et al. [91] 52 14 1 11

Wiberg et al. [92] 77 17 5 15

Wurdinger et al. [93] 207 80 27 174

Yabuuchi et al. [94] 13 1 2 6

Yuen et al. [8] 42 0 15 13
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Table 3 Diagnostic performance of magnetic resonance mammary test

Study Sensitivity (95% CI) Specificity (95% CI) Likelihood positive (95% CI) Likelihood negative (95% CI)

Abdolmaleki et al. [28] 0.87 (0.79–0.93) 0.54 (0.33–0.73) 1.89 (1.24–2.88) 0.24 (0.13–0.45)

Alamo and Fisher [29] 1.00 (0.85–1.00) 0.76 (0.50–0.93) 3.92 (1.76–8.74) 0.03 (0.002–0.44)

Bagni et al. [30] 0.92 (0.79–0.98) 0.43 (0.10–0.82) 1.61 (0.84–3.08) 0.18 (0.05–0.73)

Bazzocchi et al. [31] 0.94 (0.86–0.98) 0.63 (0.44–0.79) 2.50 (1.59–4.92) 0.10 (0.04–0.24)

Berg et al. [32] 0.94 (0.90–0.97) 0.26 (0.17–0.37) 1.27 (1.11–1.46) 0.22(0.11–0.44)

Blohmer et al. [33] 0.90 (0.77–0.97) 0.63 (0.42–0.81) 2.44 (1.48–4.03) 0.16 (0.06–0.41)

Blumke et al. [34] 0.88 (0.85–0.91) 0.67 (0.63–0.72) 2.70 (2.34–3.12) 0.18 (0.13–0.23)

Boetes et al. [35] 0.95 (0.87–0.99) 0.86 (0.65–0.97) 6.99 (2.44–20.05) 0.05 (0.02–0.16)

Boetes et al. [36] 0.96 (0.91–0.98) 1.00 (0.94–1.00) 122.30 (7.73–1934.6) 0.05 (0.02–0.10)

Bone et al. [37] 0.93 (0.88–0.96) 0.73 (0.63–0.81) 3.40 (2.44–4.72) 0.10 (0.06–0.18)

Bone et al. [38] 0.92 (0.87–0.96) 0.72 (0.62–0.81) 3.31 (2.38–4.60) 0.11 (0.06–0.19)

Buado et al. [39] 0.98 (0.91–1.00) 0.58 (0.28–0.85) 2.36 (1.21–4.61) 0.03 (0.004–0.22)

Cecil et al. [40] 0.83 (0.61–0.95) 0.87 (0.60–0.98) 6.20 (1.68–22.82) 0.20 (0.08–0.50)

Choi et al. [41] 0.94 (0.85–0.98) 0.85 (0.69–0.95) 6.38 (2.83–14.37) 0.07 (0.03–0.19)

Cilotti et al. [42] 0.46 (0.31–0.63) 0.69 (0.52–0.84) 1.51 (0.84–2.74) 0.77 (0.54–1.11)

Daldrup et al. [43] 0.73 (0.56–0.86) 0.73 (0.52–0.88) 2.71 (1.40–5.26) 0.37 (0.21–0.67)

Daniel et al. [44] 0.91 (0.72–0.99) 0.94 (0.80–0.99) 15.52 (4.02–59.90) 0.09 (0.03–0.35)

Dietzel et al. [45] 0.47 (0.43–0.51) 0.88 (0.84–0.91) 3.81 (2.93–4.96) 0.60 (0.56–0.65)

Fischer et al. [46] 0.93 (0.90–0.95) 0.65 (0.57–0.73) 2.65 (2.11–3.32) 0.11 (0.08–0.160)

Fischer et al. [47] 0.63 (0.59–0.67) 0.85 (0.81–0.89) 4.29 (3.21–5.64) 0.43 (0.83–0.49)

Fobben et al. [48] 0.86 (0.64–0.97) 0.83 (0.72–0.91) 5.00 (2.90–8.61) 0.17 (0.06–0.49)

Gatzemeier et al. [49] 0.97 (0.91–0.99) 0.19 (0.05–0.42) 1.20 (0.97–1.48) 0.17 (0.04–0.72)

Gibss et al. [50] 0.84 (0.67–0.95) 0.41 (0.18–0.67) 1.43 (0.94–2.19) 0.38 (0.14–1.02)

Gilles et al. [51] 0.94 (0.87–0.98) 0.48 (0.37–0.59) 1.80 (1.46–2.22) 0.12 (0.05–0.29)

Goto et al. [52] 0.86 (0.79–0.91) 0.37 (0.25–0.50) 1.36 (1.11–1.67) 0.38 (0.22–0.64)

Harms et al. [53] 0.94 (0.82–0.99) 0.37 (0.19–0.58) 1.49 (1.10–2.00) 0.17 (0.05–0.57)

Heiberg et al. [54] 1.00 (0.85–1.00) 0.73 (0.60–0.84) 3.62 (2.39–5.49) 0.03 (0.002–0.45)

Heinisch[55] 0.92 (0.74–0.99) 0.73 (0.45–0.92) 3.45 (1.48–8.05) 0.11 (0.03–0.43)

Helbich et al. [56] 0.96 (0.80–1.00) 0.82 (0.68–0.91) 5.24 (2.89–9.49) 0.05 (0.01– 0.32)

Hickman et al. [57] 1.00 (0.40–1.00) 0.95 (0.76–1.00) 13.20 (2.74–63.59) 0.11 (0.01–1.49)

Huang et al. [58] 1.00 (0.81–1.00) 0.63 (0.44–0.79) 2.37 (1.65–4.00) 0.04 (0.003–0.66)

Hulka et al. [59] 0.83 (0.63–0.95) 0.79 (0.64–0.89) 3.92 (2.20–6.98) 0.21 (0.09–0.52)

Ikeda et al. [60] 0.83 (0.68–0.93) 0.74 (0.52–0.90) 3.18 (1.58–6.41) 0.23 (0.11–0.47)

Jacobs et al. [61] 0.89 (0.65–0.99) 0.78 (0.52–0.94) 4.00 (1.66–9.64) 0.14 (0.04–0.54)

Kelcz et al. [62] 0.87 (0.70–0.96) 0.84 (0.68–0.94) 5.37 (2.55–11.31) 0.15 (0.06–0.39)

Khouli et al. [63] 0.87 (0.78–0.94) 0.65 (0.43–0.84) 2.51 (1.42–4.42) 0.20 (0.10–0.38)

Kinkel et al. [64] 0.97 (0.85–1.00) 0.96 (0.78–1.00) 22.32 (3.28–151.93) 0.03 (0.004–0.21)

Kuhl et al. [65] 0.91 (0.84–0.96) 0.59 (0.49–0.69) 2.23 (1.76–2.84) 0.15 (0.08–0.29)

Liu et al. [66] 0.93 (0.84–0.98) 0.74 (0.60–0.85) 3.57 (2.23–5.72) 0.10 (0.04–0.23)

Lucht et al. [67] 0.84 (0.77–0.89) 0.81 (0.72–0.88) 4.51 (2.99–6.80) 0.20 (0.14–0.28)

Morris et al. [68] 0.88 (0.73–0.96) 0.49 (0.36–0.62) 1.72 (1.31–2.26) 0.25 (0.11–0.60)

Moy et al. [69] 1.00 (0.78–1.00) 0.92 (0.85–0.96) 11.51 (6.01–22.04) 0.03 (0.002–0.52)

Nakahara et al. [70] 0.90 (0.68–0.99) 0.95 (0.75–1.00) 18.00 (2.65–122.28) 0.11 (0.03–0.39)

Nakano et al. [71] 0.97 (0.89–1.00) 0.70 (0.47–0.87) 3.18 (1.71–5.92) 0.04 (0.01–0.18)

Newel et al. [72] 0.89 (0.80–0.94) 0.71 (0.51–0.87) 3.10 (1.72–5.60) 0.16 (0.09–0.30)

Nunes et al. [73] 0.96 (0.92–0.98) 0.80 (0.75–0.85) 4.83 (3.78–6.17) 0.05 (0.03–0.10)

Obdeijn et al. [74] 0.91 (0.76–0.98) 0.67 (0.43–0.85) 2.73 (1.48–5.04) 0.14 (0.04–0.42)

Orel et al. [75] 0.90 (0.80–0.96) 0.91 (0.84–0.96) 10.13 (5.58–18.41) 0.11 (0.05–0.22)
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MR is a useful preoperative test for prediction of the

benign or malignant nature of breast lesions.

We identified four systematic reviews evaluating breast

MR in the diagnosis of breast cancer [96–99]. Only one

meta-analysis has used bivariate analysis and hierarchical

summary ROC approach, which included studies that

analyzed patients with suspect lesions in mammography

(BI-RADS 4 or 5) and studies that used an MR system with

a field strength of at least 1.5 T [99]. We consider our

meta-analysis of breast MR in women with suspicious

lesions of the breast to be an update and extension of Peters

et al.’s meta-analysis [99] that retrieved 40 studies. We

identified almost all of these studies as well as 29 more.

When pooling sensitivities and specificities according to a

random-effects model, Peters et al. [99] found sensitivity

and specificity of 90 and 72%, respectively. In comparison,

our covariate analysis with bivariate approach yielded

sensitivities and specificities of 90 and 75% [99]. In the

SROC, we found an AUC of 0.91 for breast MR, and the

point Q* was 0.84 (Q* is the point on the SROC where

sensitivity and specificity are equal). This showed the

discriminatory power of breast MR for suspicious lesions

of the breast.

The potentially limited specificity of breast MR imaging

has been attributed to the fact that, in addition to cancer,

many benign lesions as well as presumably normal breast

tissue may enhance after administration of contrast mate-

rial [51]. Enhancement has been seen in many benign

lesions, including fibroadenomas, proliferative, and non-

proliferative fibrocystic changes and mastitis [51]. Simi-

larly, diagnoses of high-risk breast lesions such as radial

scars, atypical ductal hyperplasia, and lobular carcinoma in

situ may be suggested by breast MR [5]. Therefore, breast

MR may be able to assess the malignant potential of bor-

derline lesions, thus identifying those women for whom a

surgical biopsy can be avoided [5]. Our systematic review

found false-positive results in 10.8% of the lesions, most of

them being fibroadenomas and high-risk breast lesions. The

screening of high-risk women by breast MR has high

sensitivity for detecting breast cancer compared to con-

ventional techniques. Breast MR showed 81% sensitivity,

compared with mammography (40%) and ultrasonography

(43%) [2]. Annual breast MR screening should be offered

to patients with the following characteristics: BRCA1,

BRCA2 and TP53 mutation carriers, women at 50% risk

for BRCA1, BRCA2 or TP53 mutation that runs in their

family, women who have had previous mantle radiotherapy

before age 30, women who have been diagnosed and

treated for breast cancer (5.3%) or developed synchronous

or metachronous contralateral breast cancer. In BRCA

Table 3 continued

Study Sensitivity (95% CI) Specificity (95% CI) Likelihood positive (95% CI) Likelihood negative (95% CI)

Palmedo et al. [76] 0.93 (0.76–0.99) 0.21 (0.08–0.40) 1.17 (0.94–1.45) 0.36 (0.08–1.62)

Partridge et al. [77] 0.93 (0.77–0.99) 0.54 (0.43–0.65) 2.03 (1.58–2.60) 0.13 (0.03–0.49)

Pediconi et al. [78] 0.96 (0.88–1.00) 0.95 (0.84–0.99) 20.25 (5.23–78.38) 0.04 (0.01–0.15)

Reinkainen et al. [79] 0.92 (0.74–0.99) 0.87 (0.6–0.98) 6.90 (1.89–25.20) 0.09 (0.02–0.35)

Sardanelli et al. [80] 0.88 (0.76–0.95) 0.82 (0.57–0.96) 4.99 (1.78–14.00) 0.15 (0.07–0.32)

Schedel et al. [81] 0.49 (0.37–0.62) 0.65 (0.43–0.84) 1.42 (0.77–2.60) 0.78 (0.53–1.14)

Schimitz et al. [82] 1.00 (0.86–1.00) 0.74 (0.55–0.88) 3.69 (2.07–6.59) 0.03 (0.002–0.41)

Sherif et al. [83] 0.51 (0.37–0.65) 1.00 (0.86–1.00) 25.45 (1.62–400.44) 0.50 (0.38–0.66)

Siegmann et al. [84] 0.97 (0.86–1.00) 0.55 (0.32–0.77) 2.16 (1.33–3.52) 0.05 (0.01–0.35)

Sinha et al. [85] 0.95 (0,75–1.00) 0.96 (0.78–1.00) 21.85 (3.21–148.97) 0.05 (0.01–0.35)

Sivarajan et al. [86] 0.86 (0.57–0.98) 0.83 (0.64–0.94) 4.97 (2.18–11.35) 0.17 (0.05–0.63)

Stomper et al. [87] 0.92 (0.74–0.99) 0.65 (0.44–0.83) 2.66 (1.55–4.56) 0.12 (0.03–0.48)

Tilling et al. [88] 0.82 (0.60–0.95) 0.56 (0.31–0.79) 1.84 (1.06–3.20) 0.33 (0.12–0.87)

Trecate et al. [89] 1.00 (0.78–1.00) 0.62 (0.32–0.86) 2.47 (1.28–4.76) 0.05 (0.003–0.81)

Turkat et al. [90] 1.00 (0.78–1.00) 0.88 (0.68–0.97) 6.92 (2.61–18.36) 0.04 (0.002–0.56)

Vassiou et al. [91] 0.98 (0.90–1,00) 0.44 (0.24–0.65) 1.75 (1.24–2.49) 0.04 (0.01–0.31)

Wiberg et al. [92] 0.93 (0.86–0.98) 0.47 (0.29–0.65) 1.77 (1.27–2.46) 0.13 (0.05–0.33)

Wurdinger et al. [93] 0.88 (0.84–0.92) 0.68 (0.62–0.74) 2.81 (2.33–3.39) 0.17 (0.12–0.24)

Yabuuchi et al. [94] 0.87 (0.59–0.98) 0.85 (0.42–1.00) 6.07 (0.98–37.65) 0.16 (0.04–0.59)

Yuen et al. [8] 0.74 (0.63–0.84) 1.00 (0.75–1.00) 20.52 (1.34–313.43) 0.28 (0.18–0.43)

Zhu et al. [95] 0.88 (0.70–0.98) 0.92 (0.75–0.99) 11.50 (3.02–43.86) 0.13 (0.04–0.36)

Pooled 0.90 (0.88–0.93) 0.75 (0.70–0.80) 3.64 (3.0–4.42) 0.12 (0.09–0.15)
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mutation carriers, the risk of contralateral disease was

reported to be 29% at 10 years and 40% overall [2].

Current indications for breast MR include the follow-

ing: invasive carcinoma and ductal carcinoma in situ, to

determine the extent of disease and the presence of

multifocality and multicentricity, evaluation of breast

carcinoma prior to surgical treatment, to define the rela-

tionship of the tumor to the fascia and its extension into

the pectoralis major, serratus anterior, and/or intercostals

muscles, evaluation of residual disease in post-lumpec-

tomy patients whose pathology specimens demonstrate

close or positive margins for residual disease, assessment

of response to neoadjuvant chemotherapy and the extent

of residual disease prior to surgical treatment [2]. In

patients who are potential lumpectomy candidates, deter-

mining the extent of disease is important in surgical

planning, as the goal is to completely excise the tumor

with clean margins with as few surgical procedures as

possible [101]. Breast MR has been beneficial in

improving surgical planning when assessing for extent of

disease, and, therefore, may be a valuable tool in this field

of medicine [100].

Strengths and weaknesses of our review

We extracted and reconstructed diagnostic data collected

from cross-sectional, retrospective, and prospective stud-

ies. The methodological quality of included studies was

very high, and the main problems were non-reporting of

blinding status for the index test, difficult-to-interpret

results, and non-explained withdrawals [10]. Bivariate

analysis was used to calculate pooled estimates of sensi-

tivity, specificity, and likelihood ratios (LRs) along with

95% confidence intervals (CIs) for the summary estimates

[15, 16]. The bivariate model preserves the 2-dimensional

nature of diagnostic data and takes into account both

within-study and between-study variability [15–20]. We

adhered to the most recent guidelines for conducting

diagnostic reviews, as described in the Cochrane Diag-

nostic Reviewers’ Handbook [10, 11]. We used an exten-

sive search strategy, but by using a methodological filter,

we may have missed some relevant publications. We did

not use a language restriction. There were quite a few

discrepancies in the phase of abstract selection and the

agreement on some items of QUADAS. All articles were

evaluated by six reviewers independently for methodo-

logical quality, and consensus was reached by discussing

disagreements on individual scores. We defined statistical

homogeneity as overlapping 95% CIs combined with less

than 20% variation between point estimates. The popula-

tion of interest was adults presenting with breast tumors

(benign and malignant) and high-risk lesions.

Recommendations

Diagnostic tests as first-line investigations in primary care

need to be valid, and should be easy to be performed, well

tolerated by patients and sensitive, especially in the setting

of serious diseases. Our systematic review shows that

breast MR has an excellent sensitivity for suspicious breast

lesions and could help doctors to make decisions about

surgical intervention for diagnosis. In future research,

cancer location and stage of disease should be important

factors in analysis, especially as tests that are able to

diagnose early stages of breast cancer become increasingly

used as tools to reduce the burden of the disease.
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