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Abstract

The probability of a mammographic Breast Imaging Reporting and Data System (BI-RADS) 3 lesion being cancer is
considered to be less than 2%. Therefore, the work-up of a mammographic BI-RADS 3 lesion should be biopsy or
follow-up mammography after 6 months. However, most patients referred for biopsy have benign disease. Although
the negative predictive value (NPV) of magnetic resonance imaging (MRI) is highest of all imaging techniques, it is
not yet common practice to use breast MRI as a problem-solving modality to exclude patients for further diagnostic
work-up. Therefore, in this meta-analysis the usefulness of breast MRI as a problem-solving modality in mammo-
graphic BI-RADS 3 lesions is investigated. After a systematic search only 5 out of 61 studies met the inclusion criteria.
The NPV in 2 of those studies was reported to be 100%. It was concluded that MRI can be used as an adjunctive tool
to mammographic BI-RADS 3 findings to exclude patients for further diagnostic work-up. The other 3 studies assessed
the accuracy of MRI in mammographic BI-RADS 3 microcalcifications. These studies reported an NPV of MRI
between 76% and 97%. Therefore, MRI cannot be implemented as a diagnostic tool to evaluate mammographic
microcalcifications at this time. The first solid data indicate that breast MRI might be useful as a problem-solving
modality to exclude patients with non-calcified mammographic BI-RADS 3 lesions for further diagnostic work-up.
However, further research is needed to verify these results.
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Introduction

Mammography is the primary imaging modality for
the early detection of breast cancer. Despite advances
in mammographic techniques (digital), mammography
still has its limitations with regard to both sensitivity
(65.6�85.5%) and specificity (87.7�94.3%)[1,2]. Mammo-
grams are coded using the ordered categories of the
American College of Radiology (ACR) Breast Imaging
Reporting and Data System (BI-RADS) lexicon: category
1, negative; 2, benign finding; 3, probably benign; 4,
suspicious finding; 5, highly suggestive of malignancy[3].
The diagnostic work-up of breast lesions depends on the
BI-RADS classification of the breast lesions. The guide-
line for non-invasive diagnostic tests for breast abnorm-
alities of the Agency for Health Care Research and
Quality in the United States (AHRQ) states that breast
lesions classified as BI-RADS 1 and 2 require no further
work-up or follow-up other than routinely called for[4].

The chance of a BI-RADS 4 lesion being malignant varies
from 2% to 95%, whereas this chance is over 95% for a BI-
RADS 5 lesion[4]. Therefore, the work-up for these cate-
gories demand a biopsy procedure. This biopsy proce-
dure cannot be replaced by breast magnetic resonance
imaging (MRI), because histology is obligatory in these
cases[4]. The most difficult mammographic lesions are
the lesions that are classified as BI-RADS 3. The proba-
bility of a BI-RADS 3 lesion being cancer is considered to
be less than 2%. For the work-up of a BI-RADS 3 lesion,
biopsy or follow-up mammography after 6 months is
advised[4]. In practice, the decision on the work-up of
BI-RADS 3 lesions depends on the possibilities for
biopsy procedures, the wishes of the patient and the pref-
erence of the radiologist. Most patients who are referred
for a biopsy have benign disease because of the low pre-
dictive value of both physical examination and mammo-
graphy[5,6]. The value of breast MRI in BI-RADS
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3 lesions is not yet clear[4]. Breast MRI is emerging as a
clinically useful additional diagnostic tool[4,7] and has an
excellent sensitivity and negative predictive value (NPV),
which usually exceeds 90%[8�10]. However, the overall
specificity of breast MRI varies between 67% and
72%[8�10]. The diagnostic accuracy of breast MRI
varies with the expertise of the radiologist and the partic-
ular patient population studied. It is important that breast
MRI is used for those groups of patients for whom there
is evidence of acceptable diagnostic accuracy. Breast
MRI as a first-line imaging modality is performed by
screening women at increased risk for breast
cancer[7,11�14]. As a second-line modality, breast MRI
can be used for the following indications: inconclusive
findings in conventional imaging, preoperative staging,
axillary node malignancy and unknown site of primary
tumor, the evaluation of therapy response in the neoad-
juvant chemotherapy setting[7,11�14], imaging of the
breast after conservative therapy, prosthesis imaging[7,13],
nipple discharge[7,14] and MR-guided biopsy and lesion
localization[13]. Although the NPV of MRI in breast
cancer is the highest of all imaging techniques[8,15,16]

and in most cases a negative breast MRI excludes malig-
nancy[17�19], it is not yet common practice to use breast
MRI as a problem-solving modality in excluding patients
for further diagnostic work-up.

Therefore, in this meta-analysis, the usefulness of
breast MRI as a problem-solving modality in patients
with mammographic BI-RADS 3 lesions is investigated.

Materials and methods

Search strategy

A computerized search was performed to identify rele-
vant studies in Medline and Embase up to 2010. The
following strategy was followed in Medline: �Magnetic
Resonance Imaging� [Mesh term] OR �Magnetic
Resonance Imaging� [Text Word] OR �MRI� [Text
Word] OR �MR imaging� [Text Word] AND �probably
benign lesions� [Text Word] OR �microcalcifications�
[Text Word] OR �inconclusive findings� [Text Word]
AND mammography [Mesh term] OR mammography
[Text Word] AND �Sensitivity and Specificity� [Mesh
term] OR �specificity OR sensitivity� [Text Word]. In
Embase the same strategy was used. All languages were
considered.

Eligibility criteria and study selection

Medline and Embase were searched for studies that used
breast MRI as a problem-solving modality in mammo-
graphic BI-RADS 3 lesions. Studies were included if
the following inclusion criteria were met: (1) all patients
underwent a mammography and breast MRI; (2) the
study population had mammographic BI-RADS 3 lesions
or mammographic BI-RADS 3 microcalcifications;
(3) accuracy, sensitivity, specificity, positive predictive

value (PPV) and/or NPV was/were measured; (4) studies
with original data that were published in peer-reviewed
journals. The selected relevant studies were based on
title, abstract and full paper. All selected studies were
published in the English language.

The complete search yielded 61 studies, of which
9 were duplicates. Forty-one out of the 52 studies were
excluded based on the title. From the 11 remaining stu-
dies the abstract or full paper was reviewed. Four studies
were excluded because no BI-RADS classification was
used and 2 studies were reviews. Only 5 studies[20�24]

met the inclusion criteria.

Results

In the 5 selected studies, 376 breast lesions were
reported, of which 213 were microcalcifications, 110
were asymmetric mammographic findings, 36 were non-
calcified regular-shaped lesions, 12 were architectural
distortion and 5 were scar lesions. In 2 studies[22,23],
mammographic BI-RADS 3 lesions were included;
one[22] only included category 3 lesions, the other[23]

also included BI-RADS 0 and 4 lesions. In the other 3
studies[21,24], mammographic BI-RADS 3 microcalcifica-
tions were included but microcalcifications that were
classified as BI-RADS 4 and 5 were also included
(Table 1).

Mammographic BI-RADS 3 lesions

In one study[22], the role of MRI in the evaluation of
mammographic BI-RADS 3 lesions was investigated.
MRI was performed on 56 lesions described as BI-
RADS 3 by mammography in 43 patients. The 56 mam-
mographic BI-RADS 3 lesions were distributed into
non-calcified regular-shaped lesions (64.3%), focal asym-
metric densities (21.4%), generalized microcalcifications
(12.6%) and a cluster of tiny calcifications (1.7%). The
sensitivity, specificity, accuracy, PPV and NPV of MRI in
the determination of malignancy in these mammographic
BI-RADS 3 lesions were calculated as 100%, 96.4%,
96.4%, 33.3% and 100%, respectively. Gokalp et al.[22]

concluded that MRI may be helpful in the evaluation
of focal asymmetric densities as MRI confirmed that 9
of the 12 mammographic focal asymmetric densities were
breast tissue and the other 3 were masses.

Another study[23] evaluated the usefulness of breast
MRI in cases of inconclusive mammographic or sono-
graphic findings. In this study, not only mammographic
BI-RADS 3 lesions (n¼ 15) were included but also BI-
RADS 4 lesions (n¼ 22) and mammographic BI-RADS
0 lesions (n¼ 78). In total, 115 breast MRI scans were
used as an adjunctive tool and the findings were corre-
lated with pathology. The equivocal mammographic find-
ings for which MRI was performed were asymmetry
without associated microcalcifications (85.2%), architec-
tural distortion (10.4%) and change in the appearance of
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the site of a previous benign biopsy finding (4.3%). MRI
had a sensitivity of 100%, NPV of 100% and compared
with mammography had significantly higher specificity
(91.7% versus 80.7%, p¼ 0.029), PPV (40% vs 8.7%,
p¼ 0.032), and overall accuracy (92.2% vs 78.3%,
p¼ 0.00052). Moy et al.[23] concluded that breast MRI
can be a useful adjunctive tool when equivocal findings at
conventional mammography are asymmetry or architec-
tural distortion.

Mammographic BI-RADS 3
microcalcifications

Three published studies[20,21,24] evaluated the role of
MRI in patients with mammographic BI-RADS 3 micro-
calcifications. Akita et al.[20] also included mammo-
graphic BI-RADS 4 microcalcifications and Cilotti
et al.[21] and Uetmatsu et al.[24] included mammographic
BI-RADS 4 and 5 microcalcifications.

In the study of Akita et al.[20] the clinical value
of additional breast MRI in patients with

microcalcifications on mammography and negative ultra-
sound findings was evaluated. Fifty patients with mam-
mographic microcalcifications (9 BI-RADS category 3
and 41 BI-RADS category 4) were included. These
patients underwent MRI before stereotactic vacuum-
assisted biopsy. Mammography had a sensitivity of
100%, a specificity of 24% and an accuracy of 44%,
whereas mammography plus MRI had a sensitivity of
85%, a specificity of 100% and an accuracy of 96%.
They concluded that breast MRI significantly improved
the rate of diagnosis of malignancy in breast lesions that
were detected as mammographic BI-RADS 3 or 4 micro-
calcifications compared with mammography alone[20].

In the study of Uematsu et al.[24], breast MRI was
performed in 100 microcalcifications detected at screen-
ing mammography in 96 patients. These patients also
underwent a stereotactic vacuum-assisted biopsy as gold
standard. PPVs and NPVs were calculated on the basis of
a BI-RADS category and the absence or presence of con-
trast uptake in the area of microcalcifications. NPV of

Table 1 Study characteristics

Study (first author, year of publication)

Moy 2009[23] Gokalp 2006[22] Akita 2009[20] Cilotti 2007[21] Uetmatsu 2007[24]

No. of patients 115 43 53 55 96
Study design R, c P, c NR NR P, c
No. of lesions 115 56 50 55 100
Mammographic findings
Asymmetry 98 12
Architectural distortion 12
Scar lesion 5
Non-calcified regular-shaped lesions 36
Generalized calcifications 7
A cluster of tiny calcifications 1
Microcalcifications 50 55 100
Mammographic BI-RADS
0 78
1
2
3 15 56 9 23 55
4 22 41 25 27
5 7 18
Gold standard Pathology Pathology,

follow-up
6 months

Pathology Pathology Pathology

Mammographya

Sensitivity (%) NR NR 100 77 NR
Specificity (%) 80.7 NR 24 59 NR
PPV (%) 8.7 NR NR 63 67
NPV (%) NR NR NR 74 93
Accuracy (%) 78.3 NR 44 67.2 NR
MRIa

Sensitivity (%) 100 100 85b 73 NR
Specificity (%) 91.7 96.4 100b 76 NR
PPV (%) 40 33.3 NR 73 86
NPV (%) 100 100 NR 76 97
Accuracy (%) 92.2 96.4 96b 74.5 NR

c, consecutive; NR, not reported; P, prospective; R, retrospective.
aIn the analysis of Moy et al.[23], Cilotti et al.[21] and Uematsu et al.[24] BI-RADS 3 lesions were considered as benign and BI-RADS 4 and 5 as
malignant.
bMGþMRI.
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BI-RADS mammography 3 was 93% versus 97% NPV of
MRI (p¼ 0.167). The PPV of contrast uptake of MRI
was 86%, which is significantly higher than the 67%
PPV of BI-RADS mammography 4 and 5 (p¼ 0.033).
Uematsu et al.[24] concluded that the imperfect PPVs
and NPVs of MRI in the evaluation of microcalcifica-
tions detected at screening cannot replace stereotactic
vacuum-assisted biopsy.

Cilotti et al.[21] concluded that the PPV and NPV of
MRI in the characterization of microcalcifications are
not high. In their study, 55 patients with mammographic
calcifications classified as BI-RADS categories 3, 4 or 5
underwent MRI and stereotactic vacuum-assisted biopsy.
The sensitivity, specificity, PPV, NPV and diagnostic
accuracy were 73%, 76%, 73%, 76% and 74.5%, respec-
tively. Their conclusion is that MRI cannot be considered
a diagnostic tool for evaluating microcalcifications[21]�.

Discussion

The AHRQ guideline states that the work-up for mammo-
graphic BI-RADS 3 lesions should be biopsy or follow-up
imaging after 6 months. There is not yet a role for breast
MRI, because ultrasonography- or mammography-guided
core or vacuum biopsy can obtain histological proof of
a BI-RADS 3 lesion. A variety of minimally invasive pro-
cedures are widely available, relatively safe, inexpensive
and provide a diagnosis without surgical intervention.
Furthermore, breast MRI has its limitations, which
include higher costs, longer examination time, and
lower availability compared with mammography and
ultrasound[7,11]. If breast MRI is to be an effective addi-
tion to the work-up of a mammographic BI-RADS 3
lesion, the NPV of breast MRI must be sufficiently
high to definitively rule out further work-up with
biopsy. Although there were only 5 studies that investi-
gated the usefulness of MRI as a problem-solving mod-
ality in mammographic BI-RADS 3 lesions, the NPV was
100% in non-calcified mammographic BI-RADS 3 lesions
and 76�97% in mammographic BI-RADS 3 microcalcifi-
cations. On the other hand, Kuhl[7] indicated that the
evidence for the effectiveness of breast MRI is relatively
weak in helping to solve mammographic problems,
because in a multicenter trial of Bluemke et al.[8] the
NPV was not high enough to exclude malignancy with
sufficient confidence in the case of an equivocal or sus-
picious lesion seen at conventional imaging. The diagnos-
tic accuracy of MRI was studied in 821 patients with a
suspicious mammographic BI-RADS 4 or 5 lesion (85%)
or a suspicious clinical finding with a negative or benign
conventional work-up (15%) before biopsy[8]. MRI had
an NPV of 85% with cancer missed in 48 of 329 negative
MRI examinations. This NPV is not sufficiently high to
avoid biopsy in suspicious mammographic BI-RADS 4 or
5 lesions[8]. This widely referenced multicenter study was
performed in 14 hospitals from 1998 to 2001 and there-
fore used now outdated MR equipment. Furthermore, the

study of Bluemke et al.[8] included patients with micro-
calcifications of the breast, which have a negative influ-
ence on the NPV. In this meta-analysis, 3 studies[20,21,24]

assessed the role of MRI in mammographic BI-RADS 3
microcalcifications. These studies also included BI-RADS
4 and 5 microcalcifications. An NPV between 76% and
97% was reported[21,24] in concordance with Bluemke�s
results[8]. Therefore, MRI cannot be implemented as a
problem-solving modality in mammographic microcalcifi-
cations at this time. Mammography and stereotactic
biopsy remain the only techniques for characterizing
microcalcifications[21,24].

According to Kuhl et al.[7] MRI can be useful as an
additional tool in patients with calcifications; it can be
helpful in demonstrating or excluding underlying invasive
cancer, because MRI has a high NPV for invasive cancer.
An important application of MRI in patients with asso-
ciated with suspicious microcalcifications could be to
evaluate disease extension[7].

However, the studies that comply with the inclusion
criteria of the meta-analysis, i.e. non-calcified mammo-
graphic BI-RADS 3 lesions[22,23], reported an NPV of
100% and concluded that MRI can be a useful tool in
mammographic BI-RADS 3 lesions, especially when
mammographic findings are asymmetry or architectural
distortion[22,23].

Although there are sparse data, the first solid data
indicate that breast MRI might be useful as a problem-
solving modality to exclude patients with non-calcified
mammographic BI-RADS 3 lesions from further diagnos-
tic work-up. However, further research is needed to verify
these results.
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