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Purpose: The purpose of this study is to determine whether breast MRI can provide a sufficient NPV to
safely rule out malignancy in mammographic BIRADS 3 lesions.
Materials and methods: In a 3-year consecutive mammographic examination study 176 out of 4391
patients had a lesion classified as BIRADS 3. 76 out of 176 patients underwent breast MRI as diagnos-
tic work-up. Lesions which MRI classified as BIRADS 1 or 2 were considered negative for malignancy.
Sensitivity, specificity, PPV and NPV were calculated.
Results: In 27 out of 76 (35.5%) patients MRI showed no enhancement and was classified as BIRADS 1. In
25 (32.9%) patients MRI showed focal or mass enhancement classified as BIRADS 2. In these 52 (68.4%)
patients no malignancy was found during at least 2 years study follow-up. The other 24 (31.6%) patients

had a lesion classified as BIRADS ≥3. Thirteen of these 24 lesions were malignant by pathology. MRI had a
sensitivity of 100% (95% CI: 75–100%), specificity of 82.5% (95% CI: 71–91%), PPV of 54.2% (95% CI: 33–74%)
and NPV of 100% (95% CI: 93–100%).
Conclusion: Breast MRI should be used in a diagnostic strategy for the work-up of noncalcified BIRADS
3 lesions. Malignancy is ruled out with a very high level of confidence in the majority of patients (68%),

ve dia
herewith avoiding invasi

. Introduction

Diagnostic mammography is commonly used to identify possi-
le breast cancers in women and is the primary imaging modality
or the early detection of breast cancer. However, mammography
as its limitations with regard to both sensitivity (65.6–85.5%) and
pecificity (87.7–94.3%), which are depended on age and breast
ensity [1,2]. Mammograms are coded using the ordered cate-
ories of the Amercian College of Radiology (ACR) Breast Imaging
eporting A Data System (BIRADS) lexicon: category 1: negative;
: benign finding; 3: probably benign; 4: suspicious finding; 5:
ighly suggestive of malignancy [3]. The diagnostic work-up of
reast lesions depends on the BIRADS classification of the breast

esions. The guideline for non-invasive diagnostic tests for breast
bnormalities of the Agency for Health Care Research and Quality
n the United States (AHRQ) and the guideline of the National Breast

ancer Consultation in The Netherlands (NABON) state that breast

esions classified as BIRADS 1 and 2 require no further diagnostic
ork-up or follow-up other than routinely required. The work-up
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gnostic procedures.
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for a BIRADS 4 or BIRADS 5 lesion demands a biopsy procedure,
because the chance of malignancy for a BIRADS 4 lesion varies from
2% to 95% and for a BIRADS 5 lesion higher than 95% [4,5]. The prob-
ability of a BIRADS 3 lesion to be malignant is considered to be less
than 2%. Therefore, the work-up of a BIRADS 3 lesion can be a biopsy
or follow-up mammography after 6 months. In practice, the work-
up of BIRADS 3 lesions is decided on the possibilities for biopsy
procedures, but also on the wish of the patient and the preference
of the clinician. Because of the low predictive value of both phys-
ical examination and mammography, a large majority of patients
referred for biopsy have a benign lesion [6,7].

Breast Magnetic Resonance Imaging (MRI) is emerging as a
clinically useful additional diagnostic tool [5,8], but according to
AHRQ the additional value of breast MRI in BIRADS 3 lesion is
not yet clear [4,5]. There are sparse data available to support the
use of breast MRI as problem solving modality in mammographic
BIRADS 3 lesions [9,10] and therefore it has not been implemented
in common practice. However, breast MRI has the highest over-
all sensitivity, which usually exceeds 90% [11–13], of all imaging
techniques. In selected populations a negative breast MRI shows a
sufficient high negative predictive value (NPV: 91.7–100%) to safely

exclude malignancy [9,10,14,15].

The purpose of this study is to determine whether breast MRI
can be used as a problem solving modality for mammographic
BIRADS 3 lesions by providing a sufficient negative predictive value
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http://www.sciencedirect.com/science/journal/0720048X
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Table 1
Mammographic BIRADS classification (2005–2008).

BIRADS category Number of mammography
examination

0 need additional imaging evaluation 7 (0.2)
1 negative 89 (2.0)
2 benign finding 3884 (88.4)
3 probably benign 188 (4.3)
4 suspicious abnormality 112 (2.6)
5 highly suggestive of malignancy 111 (2.5)

Total 4391 (100)
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>98%) for early work-up and there by safely rule out malignancy
nd to decrease the percentages of invasive procedures.

. Materials and methods

.1. Patient population

Patients, referred with clinical suspicious for breast cancer, were
ncluded consecutively from January 2005 until January 2008 at
he University Medical Center Groningen (UMCG). 4391 patients
nderwent a mammographic examination and diagnostic work-up
t the department of radiology.

Over this period in 188 patients mammograms were classified as
IRADS 3 (Table 1). Twelve women were excluded: 10 patients did
ot have a work-up in the UMCG and 2 patients died of cardiovascu-

ar disease before study follow-up was done. Seventy-six out of 176
atients with a mean age of 52 years (range 30–73 years) under-
ent a breast MRI as diagnostic work-up of the BIRADS 3 lesion.

he final diagnosis was confirmed by pathology or a clinical and
iagnostic follow-up of at least 2 years. The remaining 100 patients
nderwent different work-up strategies (biopsy procedure, surgi-
al intervention, follow-up mammogram or ultrasound) (Fig. 1).
his study was approved by the Medical Ethical Committee of the

niversity of Groningen.

4391 patients underwent mammography 

188 patients with mammographic BIRADS 3 lesion 

176 patients  

12 patients excluded: 
-  10 patients did not have a work-up in          
        UMCG 
-  2  patients died of cardiovasculair disease  
       before study follow-up was made 

76 patients with 76 lesions underwent MRI  

100 patients underwent different work-up: 
- biopsy procedure 
- follow-up mammogram or ultrasound 
- surgical intervention 

Fig. 1. Flow chart of patient inclusion and with reasons for exclusion.
f Radiology 81 (2012) 209–213

2.2. Mammography

Mammography was obtained on a mammomat Novation system
with a Selenium detector (Siemens Medical Solutions, Erlangen,
Germany). In all cases, at least standard mammography was
performed in craniocaudal and mediolateral oblique views. The
radiologist coded the mammograms by using the ordered cate-
gories of the ACR BIRADS lexicon (3). All imaging examinations
were assessed by 3 breast radiologists, with at least 10–20 years
experience in breast imaging.

2.3. MRI

MR scans were obtained on a 1.5 Tesla whole body MR scan-
ner (Avanto; Siemens Medical Solutions, Erlangen, Germany) using
a dedicated bilateral breast coil with the patient in prone posi-
tion. In cases of premenopausal women, the MRI was performed
in the second week of the menstrual cycle. The standard MRI pro-
tocol included a T2 Turbo Spin Echo (TR/TE 4500/102 ms, FOV
340 mm and slice thickness 4 mm) in the transversal plane. A
T1 weighted three-dimensional (3D) fast low-angle shot (FLASH)
sequence (TR/TE/FA 7.5 ms/4 ms/25◦, FOV 320 mm and slice
thickness 1.50 mm, totally 1.08 min) in the coronal plane was
made before and 6 times after Gd intravenous contrast agent
(0.2 mmol/kg Dotarem) administration. The contrast-enhanced
dynamic sequence was performed approximately 30 s after injec-
tion and was followed by 5 additional consecutive sequences. The
total duration of the dynamic study was approximately 8 min. Sub-
tracted images were obtained by subtracting pre-contrast images
from the post-contrast images using the machines commercially
available software. The protocol also included a T1-3D FLASH water
excitation (TR/TE/FA 11 ms/3.93 ms/25◦, FOV 350 mm, slice thick-
ness 0.90 mm) in the transversal plane. MRI scans were coded using
the ordered categories of the ACR BIRADS lexicon [3]. All imaging
examinations were assessed by 2 breast radiologists, with at least
10 years experience in breast imaging.

2.4. Image and data analysis

Demography and indication for mammography were obtained
from the patient records. In each case the category of findings
for which the breast MRI was recommended was analyzed. The
mammographic BIRADS 3 findings were noncalcified solid masses,
asymmetric densities and microcalcifications [16].

The MR images were classified as normal if no enhancement
was seen in the expected location of the mammographic find-
ing (BIRADS 1) or only homogeneous or stippled enhancement
was found in the breast, representing normal enhancing breast
parenchyma or fibrocystic changes (BIRADS 2). The lesions which
were detected on the MRI and corresponded with the area to the
mammographic finding were classified as focus, mass enhance-
ment or non-mass enhancement. From the enhancing lesion the
location, lesion type, shape, border, distribution, internal enhance-
ment and kinetic curves according to the BIRADS lexicon were
assessed and the lesions were classified as BIRADS 3, 4 or 5 [3].

2.5. Statistical methods

Lesions which MRI classified as BIRADS 1 or 2 were con-
sidered negative for malignancy. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) were
calculated on the basis of final pathology reports or long-term clin-

ical and diagnostic follow-up findings of at least 2 years. The 95%
confidence intervals (CI) were calculated using the binomial distri-
bution. Receiver operating characteristics (ROC) analysis was used
to quantify the diagnostic accuracy of MRI for the assessment of
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Table 2
Mammographic BIRADS 3 findings.

Mammographic BIRADS 3 findings Number

Noncalcified solid mass 56 (73.7)
Asymmetric density 12 (15.8)
Microcalcifications 8 (10.5)

Total 76 (100)

Note. Values in parentheses are percentage.

Table 3
Mammographic BIRADS 3 findings and MRI findings.

Mammographic
BIRADS 3 findings

MRI findings

No abnormal
enhancement

Foci Mass
enhancement

Non-mass
enhancement

Noncalcified solid
mass (n = 56)

19 22 14 1

Asymmetric
density (n = 12)

3 4 5 0

Microcalcifications
(n = 8)

5 0 3 0

Total 27 (35.5) 26 (34.2) 22 (29.0) 1 (1.3)
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Fig. 2. ROC curve for the accuracy of breast MRI to rule out malignancy in mammo-

Thirteen (17.1%) out of the 76 mammographic BIRADS 3 lesions

T
M

ote. Values in parentheses are percentage.

ammographic BIRADS 3 lesions. Data were analyzed in STATA SE
ersion 11.0 (STATA, College Station, TX) and SPSS (SPSS 16.0 for
indows, SPSS Inc.).

. Results

.1. Mammographic and MRI findings

The 76 mammographic BIRADS 3 findings were assessed as a
oncalcified solid mass (n = 56, 73.7%), asymmetric density (n = 12,
5.8%) or microcalcifications (n = 8, 10.5%) (Table 2).

In 37 (66.1%) out of 56 mammographic noncalcified solid masses
RI showed an enhancement. These 37 enhancements were foci

n 22 (59.5%) patients, mass enhancement in 14 (37.8%) patients
nd non-mass enhancement in 1 (2.7%) patient. Nineteen (33.9%)
ammographic noncalcified solid masses showed no abnormal

nhancement on MRI.
In 9 (75%) out of 12 mammographic asymmetric densities were

ssessed by MRI as foci in 4 (33.3%) patients and as mass enhance-
ent in 5 (41.7%) patients. Three (25.0%) patients had no abnormal

nhancement on MRI.
In 5 (62.5%) out of 8 mammographic microcalcifications there

as no abnormal enhancement seen on the MRI. Three (37.5%)
atients with microcalcifications had a mass enhancement on the

RI (Table 3).

able 4
RI BIRADS classification and pathologic proven breast cancer.

MRI BIRADS category

1 (n = 27) 2 (n = 25)

Number of breast cancers − + −
MRI findings

No abnormal enhancement (n = 27) 27 0
Foci (n = 26) 21
Mass enhancement (n = 22) 4
Non-mass enhancement (n = 1)

Total 27 0 25
graphic BIRADS 3 lesions.

3.2. MRI BIRADS category

In 27 (35.5%) out of 76 patients the breast MRI showed no abnor-
mal enhancement in the area corresponding to the mammographic
finding and was classified as BIRADS 1. In these patients no malig-
nant lesion was seen during at least 2 years study follow-up.

In 26 (34.2%) out of 76 patients the MRI showed foci in the breast
which were classified as BIRADS 2 in 21 (80.8%) patients and as
BIRADS 3 in 4 (15.4%) patients. The study follow-up or pathology
of these patients showed no malignancy. In one (3.8%) patient the
focus was classified as BIRADS 4. This patient had a surgical excision
which showed normal fibroglandular tissue with pathology.

Twenty-two (28.9%) patients had a mass enhancement on the
MRI. The mass enhancements were classified as BIRADS 2 in 4
(18.2%) patients, as BIRADS 3 in 8 (36.4%) patients, as BIRADS 4 in 5
(22.7%) patients and as BIRADS 5 in 5 (22.7%) patients. The 4 BIRADS
2 lesions and 6 out of the 8 BIRADS 3 lesions showed no malignancy
by study follow-up or pathology. The other masses were malignant
by pathology.

In only 1 (1.3%) patient a non-mass enhancement was detected
on the MRI. This non-mass enhancement was classified as BIRADS
4 and pathology confirmed malignancy (Table 4).

The breast MRI had a sensitivity of 100% (95% CI: 75–100%),
specificity of 82.5% (95% CI: 71–91%), PPV of 54.2% (95% CI: 33–74%)
and NPV of 100% (95% CI: 93–100%). ROC analysis revealed an area
under the curve (AUC) of 0.91 ± 0.03 (95% CI: 0.85–0.98) for breast
MRI in the differentiation between benign and malignant mammo-
graphic BIRADS 3 lesions (Fig. 2).
were malignant.

3 (n = 12) 4 (n = 7) 5 (n = 5)

+ − + − + − +

0 4 0 1 0
0 6 2 0 5 0 5

0 1

0 10 2 1 6 0 5
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.3. Pathology

In 24 (31.6%) out of 76 patients the final diagnosis was based
pon pathology findings of the specimen. Eighteen (75.0%) patients
nderwent a biopsy procedure and 6 (25.0%) patients a surgi-
al intervention after the MRI scan. Ten (41.7%) out of these 24
atients had invasive ductal carcinoma, 2 (8.2%) patients had an

nvasive lobular carcinoma and 1 (4.2%) patient had a metaplastic
arcinoma. Normal fibroglandular tissue was found in 10 (41.7%)
atients and a lipoma was found in 1 (4.2%) patient.

Fifty-two (68.4%) out of 76 patients had a study follow-up of at
east 2 years. In these patients no malignant tumor was detected.

. Discussion

According to the guideline of AHRQ and NABON the diagnostic
ork-up of mammographic BIRADS 3 lesions should be a biopsy or
follow-up mammography after 6 months [4,5]. In our study, we

stablished that there is a role for breast MRI in mammographic
IRADS 3 lesions, because a non-invasive imaging modality with
igh NPV can lower the percentage of invasive procedures. The
ccuracy of the MRI in our study is excellent (AUC 0.91) and the
PV is near to 100% (95% CI: 93–100%). Therefore, further diagnos-

ic work-up is not needed in patients with a breast MRI classified as
IRADS 1 or 2. In our study this is 68.4% (52/76) of the patient group.
o our knowledge there is only one other report published which
eals with the role of MRI in the evaluation of probably benign

esions (BIRADS 3) in mammography [9]. In this publication a NPV
f 100% was reported [9]. Furthermore, other single-center studies,
hich characterize breast lesions independent on BIRADS classifi-

ation with MRI, have shown that the NPVs of breast MRI have been
s high as 97% [10,14,15].

Kuhl [8] on the other hand described that the evidence for the
ffectiveness of breast MRI is relatively weak in helping to solve
ammographic interpretations problems, because in a multicen-

er trial of Bluemke et al. the NPV is not high enough to exclude
alignancy with sufficient confidence in case of an equivocal or

uspicious lesion seen at conventional imaging [11]. The diagnos-
ic accuracy of MRI was studied in 821 patients with a suspicious
BIRADS 4 or 5) mammographic finding (85%) or a suspicious clin-
cal finding with a negative or benign conventional work-up (15%)
rior to biopsy [11]. MRI had a negative predictive value of 85% with
ancer missed in 48 of 329 negative MRI examinations. Therefore,
biopsy of suspicious mammographic findings (BIRADS 4 or 5) or

linical findings based on the absence of a suspicious MRI correlate
annot be avoided [11]. However, this widely referenced multi-
enter study was performed in 14 hospitals from 1998 to 2001
nd therefore used now outdated MR equipment. Furthermore,
luemke et al. [11] included microcalcifications of the breast which
ave negative influence on the NPV. There are 3 studies [17–19]
hich investigated the role of breast MRI in microcalcifications.

he NPV of these studies varies between 76% and 97% which is
n accordance with Bluemke results. In our study only 8 patients

ith mammographic BIRADS 3 microcalcifications underwent MRI.
f the MRI showed no abnormal enhancement no malignant lesion

ere detected by stereotactic biopsy or 2 years study follow-up.
owever, a definitive conclusion cannot be drawn because our
roup of microcalcifications is too small.

For mammographic BIRADS 3 lesions it is difficult to decide
hich work-up strategy (biopsy or follow-up after 6 months) is

uitable and thus depending on the preference of the clinician and

he wish of the patient. Therefore, in this group it can be expected
hat MRI has an additional value.

The majority of mammographic BIRADS 3 findings in our study
ere noncalcified solid masses and asymmetric densities. When

[

[
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these mammographic lesions in our study showed no abnormality
or foci (lesions smaller than 5 mm) on the MRI, malignancy could
be excluded. This was in accordance with the publication of Gokalp
et al. [9] and Moy et al. [10]. In the report Gokalp report 85% of
the 56 mammographic BIRADS 3 lesions were noncalcified shaped
lesions or asymmetric densitities which were correctly classified as
benign [9].

In the study of Moy et al. [10] 115 breasts MRI’s were used
as adjunctive tool and the findings were correlated with pathol-
ogy. The equivocal mammographic findings for which MRI was
performed were asymmetry without associated microcalcifications
(85.2%), architectural distortion (10.4%) and change in the appear-
ance of the site of a previous benign biopsy finding (4.3%). MRI
had a sensitivity of 100%, specificity of 91.7%, NPV of 100%, PPV of
40.0% and overall accuracy of 92.2%. Moy et al. concluded that breast
MRI could be a useful adjunctive tool when equivocal findings at
conventional mammography are asymmetry or architectural dis-
tortion [10].

In our study the chance of malignancy in the mammographic
BIRADS 3 lesions is approximately 17%. This is considerably higher
than is stated in the guideline of AHRQ and NABON (<2%) [4,5].
It is not likely that the high percentage of malignancy is due to
the selection of lesions for MRI. Taken into account the total group
of 176 BIRADS 3 lesions, also 17.6% (n = 31) of 176 breast lesions
were malignant. This result confirms that classifying lesions in the
BIRADS category 3 is difficult with a very high inter- and intraob-
server variability in interpretation of mammographic features [20].
Therefore, breast MRI can be helpful in cases of mammographic
BIRADS 3 lesions. MRI not only has shown to give near to 100%
(95% CI: 93–100%) prediction of benign lesions, which means that
no further invasive diagnostic work-up is needed, it also gives a
better prediction of malignant lesions assessed as BIRADS 3 on
mammogram.

In conclusion, MRI can be used as problem solving modality in
non-calcified BIRADS 3 lesions, because the NPV of MRI is high
enough to rule out malignancy with sufficient confidence. When
the MRI is assessed as BIRADS 1 or 2, no further invasive diagnostic
assessment is needed. Further multicenter research is needed to
verify and implement these results in regular care.
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