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Abstract
Objectives To investigate outcomes and retrospectively evaluate characteristics of additional lesions initially assessed as BI-
RADS category 3, 4, and 5 at preoperative MRI to determine appropriate follow-up management.
Methods We retrospectively reviewed 429 lesions other than primary cancer initially assessed as BI-RADS category 3, 4, and
5 at preoperative MRI in 391 patients with breast cancer fromMarch 2012 to December 2013. We investigated their malignancy
rate and outcome according to BI-RADS category assessments. We also analyzed clinical and imaging characteristics of each
lesion. Pathological results and imaging follow-up of at least 2 years were used as reference standards.
Results Of 429 lesions in 391 patients (mean 48.1 years ± 9.4), the malignancy rate of BI-RADS 3, 4, and 5 lesions was 1.4%
(3/213), 17.8% (38/214), and 50% (1/2), respectively. Of BI-RADS 3 lesions or BI-RADS 4 or 5 lesions that were followed up
after benign-concordant biopsy (n = 114), two contralateral masses (2/306, 0.7%) were diagnosed as malignancy at 13.3 and
33.2 months after initial detection, within a median follow-up of 63.3 months. None of the NME or foci or lesions followed up
after benign-concordant biopsy had a delayed diagnosis ofmalignancy. Of the 391 patients, 97.4% (381/391) received at least one
type of adjuvant therapy.
Conclusion The incidence of delayed cancer diagnosis among additionally detected lesions other than primary cancer is very low
and short-term follow-up is unnecessary. Contralateral masses which were not confirmed by biopsy may need annual follow-up.
Key Points
• 1.4% (3/213) of BI-RADS 3 lesions were malignant including 2 delayed diagnoses after 13.2 months and 33.2 months, and
17.8% (38/214) of BI-RADS 4 lesions and 50% (1/2) of BI-RADS 5 lesions were malignant.

• The incidence of delayed diagnosis from additional MRI-detected lesions was very low (0.7%, 2/306) during follow-up, which
were all T1N0 contralateral cancer.

• Annual follow-up might be adequate for preoperative MRI-detected BI-RADS 3 lesions and BI-RADS 4 lesions followed up
after benign-concordant biopsy.
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Abbreviations
CAD Computer-aided diagnosis
CNB Core needle biopsy

MRI Magnetic resonance imaging
NME Nonmass enhancement
US Ultrasound

Introduction

Breast magnetic resonance imaging (MRI) has consistently
been the most sensitive modality for depicting breast cancer
and has been widely used for preoperative planning in breast
cancer patients [1, 2]. In a range of 1.6–17% of patients, ad-
ditional malignant lesions are found at preoperative MRI
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which had been occult on initial mammography and ultra-
sound (US) [3–5]. Although breastMRI has shown acceptable
specificity compared with other imaging modalities, approxi-
mately one out of three additionally detected lesions will result
in false-positive findings, suggesting the need for additional
preoperative interventions such as biopsy [6–13].
Furthermore, BI-RADS 3 lesions are frequently encountered
at preoperative MRI, which may require short-term follow-up
[14, 15].

Whereas large-scale studies have suggested that annual
follow-up might be sufficient in US-detected BI-RADS 3
lesions or US lesions considered to be concordant benign
after biopsy [16, 17], there is limited data for lesions de-
tected at preoperative MRI. For BI-RADS 3 lesions iden-
tified at MRI, the assessment of which remains intuitive for
inexperienced radiologists [18], initial short-term and fur-
ther follow-up is recommended at 6, 12, and 24 months as
is for BI-RADS 3 lesions identified at mammography or
US [18, 19]. However, the appropriate follow-up interval
for additional lesions detected at preoperative MRI is still
controversial. Although patients with newly diagnosed
breast cancer have an elevated lifetime risk of malignancy,
follow-up management approaches may differ from other
high-risk screening populations as most of these patients
receive adjuvant therapy including antihormonal therapy,
chemotherapy, and radiation therapy [20, 21]. In addition,
although MR imaging features associated with malignancy
are well established, there is relatively limited data regard-
ing additional lesions detected on preoperative MRI
[22–24].

Therefore, the purpose of this study was to investigate out-
comes and retrospectively evaluate characteristics of addition-
al lesions initially assessed as BI-RADS category 3, 4, and 5 at
preoperative MRI to determine appropriate follow-up
management.

Materials and methods

Study population

Our institutional review board approved this retrospective
study, and the requirement for informed consent was
waived. Between March 2012 and December 2013, 1252
consecutive breast MR examinations were performed for
preoperative evaluation in patients with newly diagnosed
breast cancer. We reviewed the reports of each MR exam-
ination and found a total of 725 lesions, other than the
primary cancer, in 658 patients which had been initially
assigned to BI-RADS category 3, 4, or 5. In patients with
more than one assessment in a single breast, we included
the first lesion noted in the impression section of the radi-
ology report or located at a different quadrant from the

proven malignancy. Specific exclusion criteria are present-
ed in Fig. 1 and Appendix E1 (online). Finally, a total of
429 lesions additionally detected at preoperative MRI in
391 breast cancer patients (mean age 48.1 years, range
25–78 years) were included in our study, which consisted
of 174 (40.6%) initial BI-RADS 3 lesions, 253 (59.0%)
initial BI-RADS 4 lesions, and 2 (0.5%) initial BI-RADS
5 lesions, based on the initial BI-RADS category assess-
ment assigned at the time of MRI interpretation. Among
them, 39 lesions initially classified as BI-RADS 4 were
later downgraded to BI-RADS 3 prior to surgery, after re-
review of MRI and targeted US features. Therefore, the
final BI-RADS categories of our study population were
213 BI-RADS 3 lesions, 214 BI-RADS 4 lesions, and 2
BI-RADS 5 lesions (Fig. 1). Clinical information about
family history, BRCA mutation, and adjuvant treatment
are shown in Table 1.

MRI interpretation and initial management

The MRI technique is described in Appendix E2. MRI was
initially prospectively interpreted by one of four faculty radi-
ologists with 7–12 years of experience in breast MRI. A
computer-aided diagnosis (CAD) program (CADstream ver-
sion 5.2; Merge Healthcare, Inc.) was available for breast in-
terpretation and was freely used at the discretion of the
interpreting radiologist. Although no formal criteria existed
during the study period regarding which lesion types should
be assigned BI-RADS 3, category 3 was commonly assigned
to isolated or prominent foci among multiple bilateral foci
without washout, masses without suspicious MRI features,
or focal/regional nonmass enhancement (NME) with internal
homogeneous enhancement. Targeted US was not routinely
performed for BI-RADS 3 lesions, but biopsy or excision
was occasionally performed at the request of the physician.
Lesions with suspicious MRI features were assessed as BI-
RADS 4 or 5. When any suspicious findings were newly
identified at preoperative MRI examinations, targeted US
was performed for further evaluation and to decide the guid-
ance modality for biopsy. US-guided biopsy, surgical excision
under US-guided needle localization, or MR-guided biopsy
was recommended at the discretion of the radiologist who
performed the targeted US. In addition, all preoperative cases
were reviewed at a weekly conference between radiologists
and surgeons, for which a faculty breast radiologist re-
reviewed MRI and targeted US features and recommended
imaging follow-up if lesions were reassessed as BI-RADS 3.

All MRI examinations were later retrospectively re-
analyzed by two breast imaging dedicated radiologists
(V.Y.P and J.H.L). Each radiologist independently
reviewed the MRI examinations and evaluated each lesion
in terms of lesion type including foci, mass (shape, mar-
gin, and internal enhancement), NME (distribution and
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internal enhancement), and T2 signal intensity according
to the BI-RADS lexicon. Discordant findings were
reviewed again in consensus. Each lesion was re-
analyzed using two CAD programs (CADstream version
5.2; Merge Healthcare, Inc. and Myrian®; Intrasense) to
obtain kinetic features for initial (slow, medium, fast) and
delayed phases (persistent, plateau, washout).

Follow-up protocol

Follow-up was recommended for lesions considered imaging
pathology–concordant after image-guided biopsy or BI-
RADS 3 lesions identified at preoperative MRI. If a lesion
had been initially classified as BI-RADS 4 but was
downgraded to BI-RADS 3 after re-review of imaging fea-
tures prior to surgery, imaging follow-up was also recom-
mended. When the lesion was determined to have a mammo-
graphic or US correlate, follow-up was performed with mam-
mography or US. If the lesion was stable for 2 years, it was
downgraded to BI-RADS 2. During the study period, patients
routinely underwent breast imaging follow-up with breast US
every 6 months and with mammography every 12 months for
5 years following definitive breast cancer surgery. Short-term
MRI follow-up was performed in lesions requiring MR imag-
ing evaluation or at the request of the clinician or patient.
Since 2013, breast MRI has been increasingly implemented
in the routine post-treatment surveillance protocol at our insti-
tution, and patients undergo surveillance breast MRI imaging
instead of US at approximately 2 and 5 years after surgery.

Data and statistical analysis

We collected clinical data on family history of breast cancer,
type of surgery, neoadjuvant chemotherapy, radiation therapy,
adjuvant chemotherapy, and antihormonal therapy from elec-
tronic medical records. We reviewed all available images, his-
topathology results, and the interval between lesion detection
and delayed cancer diagnosis. Rates of malignancy for each

Fig. 1 Flow diagram of included lesions

Table 1 Clinical characteristics of the 391 women and BI-RADS cate-
gories of the additionally detected 429 lesions

Characteristics Values

Age (years)* 48.1 ± 9.4

Risk factor

Family history of breast cancer 76/391 (17.7%)

BRCA mutation 5/41 (12.2%)

Adjuvant therapy

Antihormonal therapy 332/391 (84.9%)

Anti-HER2 therapy 53/391 (13.5%)

Chemotherapy 243/391 (62.1%)

Radiation therapy 347/391 (80.9%)

None 10/391 (2.6%)

BI-RADS†

Category 3 213/429 (49.6%)

Category 4 214/429 (49.9%)

Category 5 2/429 (0.5%)

*Data are means ± standard deviations
†Number of lesions
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final BI-RADS category were calculated. A malignancy was
defined as a lesion that yielded invasive carcinoma or ductal
carcinoma in situ at needle biopsy or surgery. Benignity was
based on histological confirmation by biopsy or surgery or
imaging follow-up of at least 24 months.

Interobserver agreements for retrospective evaluation of
MRI imaging features were evaluated by Cohen’s kappa statis-
tics. A kappa statistic of 0.2 or less indicated slight agreement;
0.21–0.40, fair agreement; 0.41–0.60, moderate agreement;
0.61–0.80, substantial agreement; and 0.81–0.99, perfect agree-
ment. Further analysis on the association between lesion char-
acteristics and malignancy risk was done in consensus between
the two radiologists, using the chi-square test or Fisher’s exact
test with logistic regression analysis. Odds ratios with 95%
confidence interval were estimated by univariable and multi-
variable logistic regression. Initial phase enhancement charac-
teristics (fast or medium/slow), delayed phase enhancement
characteristics (washout or plateau/persistent), and shape of
the mass lesions (oval/round or irregular) were dichotomized
for statistical analysis. Internal enhancement patterns were an-
alyzed according to the BI-RADS lexicon. For variables that
showed complete separation between benign and malignancy,
we used Firth’s method to correct the biased estimation [25].
Statistical analyses were performed using the SPSS version 23
(IBM Corp.) and R (version 3.5.2; R Foundation for Statistical
Computing). A p value of less than 0.05 was considered to
indicate a significant difference.

Results

The malignancy rates of additionally detected BI-RADS cat-
egory 3, 4, and 5 were 1.4% (3/213), 17.8% (38/214), and
50% (1/2), respectively. The malignancy rate was 12.2%
(16/131) and 8.7% (26/298) for ipsilateral and contralateral
lesions, respectively. The outcomes of the additional lesions
are summarized according to BI-RADS category in Fig. 2.

The 42 malignant lesions included 4 foci (4/154, 2.6%), 32
masses (32/218, 14.7%), and 6 NME (6/57, 10.5%). Of 387
benign lesions, 114 (29.4%) were confirmed by biopsy (US-
guided core needle biopsy (CNB), n = 113; MRI-guided biop-
sy, n = 1), 83 (21.4%) were confirmed by surgery, and 190
(49.1%) were stable or disappeared during a median follow-
up of 63.3 months (range, 24.0–81.8 months). Of the benign
lesions, 83% (321/387) were followed up by MRI at least
once. Of BI-RADS 3 lesions and BI-RADS 4 or 5 lesions
followed up after benign-concordant biopsy, two contralateral
masses (2/306, 0.7%) were diagnosed as malignancy at 13.3
and 33.2 months after initial detection, within a median
follow-up of 63.3 months.

Outcome of BI-RADS category 3 lesions

Among the 213 BI-RADS 3 lesions (57 ipsilateral, 156 con-
tralateral lesions), 192 (90.1%) underwent imaging follow-up,
10 (4.5%) underwent US-guided CNB, 4 (1.9%) were con-
firmed by surgery after biopsy, and 7 lesions (3.3%) directly
underwent surgical excision (Fig. 1). These included thirty-
nine (18.3%) nodules initially classified as BI-RADS 4 but
which were downgraded to BI RADS 3 based on re-review
of MRI and US features prior to surgery and underwent fol-
low-up. In one patient with a BI-RADS 3 lesion diagnosed as
an intraductal papilloma by CNB, an incidental 1-mm-size
solid papillary carcinoma was found near the previous biopsy
site at excision.

There were two (1.0%, 2/202) delayed cancer diagnosis
during follow-up, occurring in patients who received
antihormonal therapy and radiation therapy for the ipsilateral
breast. One of them was a 10-mm contralateral mass which
was diagnosed as a node-negative 12-mm invasive ductal car-
cinoma 13.2 months after initial detection (Fig. 3). Another
was a 12-mm contralateral mass initially assessed as BI-
RADS 4 but which was occult at targeted US. After re-
review of MRI features, it was downgraded to BIRADS 3

Fig. 2 Flow diagram of 429 additional lesions and their outcome. Included two delayed diagnosed cancer (asterisk)
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based on its hyperintensity on T2-weighted images, but was
confirmed as a node-negative 14-mm metaplastic carcinoma
33.2 months later.

None of 10 lesions followed up after benign-concordant
biopsy had a delayed diagnosis of cancer, within a median
follow-up of 62.6 months (range, 37.8–78.4 months).

Outcomes of BI-RADS category 4 and 5 lesions

Among the 214 BI-RADS 4 lesions (73 ipsilateral, 141 contralat-
eral lesions), 101 (47.2%) underwent US-guided CNB, 7 (3.3%)
underwent US-guided vacuum-assisted biopsy, 1 lesion (0.5%)
underwent MR-guided biopsy, 65 (30.4%) were confirmed by
surgery after biopsy, and 40 (18.7%) directly underwent surgical
excision.None of 103 lesions followed up after benign-concordant
biopsy had a delayed diagnosis of cancer, within a median follow-
up of 59.6 months (range, 24.0–77.8 months).

Of the two BI-RADS 5 lesions (1 ipsilateral, 1 contralateral
lesion), one malignancy (50.0%) was confirmed by surgery.
The other lesion was downgraded to BI-RADS category 4a at
targeted US and was confirmed as adenosis with apocrine
change by US-guided CNB. It was considered as concordant
benign and disappeared on subsequent follow-up MRI exam-
inations obtained 25.2 and 59.5 months later.

Characteristics associated with malignancy risk

At first, we evaluated interobserver agreement between the
two reviewers for lesion type (focus, mass, or NME), T2
hyperintensity and other imaging features. Kappa statistics

showed perfect agreement except for margin of mass (0.76,
substantial agreement) (Table E1, online).

Age, family history, and relative location of the additional
lesion to the index cancer were not associated with malignancy
risk for all lesion types. Associations between imaging charac-
teristics and malignancy in mass lesions are presented in Table 2.
Washout kinetics, irregular shape, non-circumscribed margin,
and heterogeneous or rim enhancement were associated with
malignancy at univariable analysis (p < 0.05). Benign masses
tended to be hyperintense on T2-weighted images, but with bor-
derline significance (p = 0.07). At multivariable analysis, wash-
out kinetics, irregular shape, non-circumscribed margin, and rim
enhancement were significantly associated with malignancy
(p< 0.05). However, the malignancy rate of additional masses
with no suspicious enhancing features (oval/round shape,
circumscribed, homogeneous enhancement/dark internal
septation, and persistent/plateau kinetics) was 3.9% (3/77).
Among masses with no suspicious enhancing features showing
T2 hyperintensity, the malignancy rate was 2.6% (1/39). For foci
and NME lesions, there were no imaging features significantly
different between benign and malignant lesions, although T2
hyperintensity was associated with the malignancy rate at
univariable logistic regression analysis (p = 0.048) but not by
Fisher’s exact test (p = 0.08) (Table E2 and E3, online).

Discussion

We found that the malignancy rates of BI-RADS 3 (1.4%) and
4 (17.8%) lesions detected at preoperative MRI were within

Fig. 3 A 63-year-old woman with a delayed diagnosis of contralateral
breast cancer. a The initial preoperative T1-weighted early postcontrast
subtraction axial MRI image shows a 10-mm circumscribed mass in the
left upper outer breast (arrow), which was assessed as BI-RADS 3. bAt a
follow-up mammogram 1.1 years later, distortion was newly detected and
a spiculated mass (arrow) at the left upper breast was identified. c US

image shows an irregular mass (arrow) that was newly detected on the
subsequent US examination. d The T1-weighted delayed postcontrast
subtraction axial MR image shows the mass (arrow) with newly devel-
oped irregular shape. The mass was confirmed as a 12-mm node-negative
invasive ductal carcinoma by biopsy and surgery
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the ranges specified by BI-RADS, with exception of BI-
RADS category 5 (50%) due to the small number of cases
(n = 2). It should be noted that the malignancy rate of addi-
tional lesions detected at preoperative MRI may differ from
primary lesions, as these are candidates for multicentric or
bilateral breast cancer. The overall prevalence of MRI-
detected multicentric or bilateral breast cancer in our study
was about 3.4% (42 out of 1252) during the study period,
which was comparable with that in previous studies [26–28].
This may lower the PPVof BI-RADS in additionally detected
lesions—however, we found that they were still within rec-
ommended ranges. We also found that the rate of delayed

cancer diagnosis was very low (0.7%, 2/305) among BI-
RADS 3 lesions and BI-RADS 4 lesions followed up after
benign-concordant biopsy. In particular, none of the lesions
that were followed up after benign-concordant biopsy had a
delayed cancer diagnosis. At least in patients with breast can-
cer receiving adjuvant therapy, our results suggest that short-
term follow-up is unnecessary for preoperative MRI-detected
BI-RADS 3 lesions and BI-RADS 4 lesions followed up after
benign-concordant biopsy. However, annual follow-up should
be considered for additionally detected masses that are not
confirmed with biopsy, considering the very low but possible
delayed cancer diagnoses.

Table 2 Characteristics associated with malignancy risk in masses

Mass

Chi-square test or Fisher’s exact test Univariable analysis Multivariable analysis

Variable Benign (n = 186) Malignant (n = 32) p value* Odds ratio p value** Odds ratio p value**

Age 0.84 0.81

50 or more 60 11 (reference)

Less than 50 126 21 1.1 (0.5, 2.43)

Family history > 0.99 0.97

No 140 (85.4%) 24 (14.6%) (reference)

Yes 46 (85.2%) 8 (14.8%) 1.01 (0.43, 2.41) 0.97

Location 0.40 0.30

Ipsilateral 58 (81.7%) 13 (18.3%) (reference)

Contralateral 128 (87.1%) 19 (12.9%) 0.66 (0.31, 1.43) 0.30

Initial kinetics† 0.75 0.45

Slow/medium 20 (90.9%) 2 (9.1%) (reference)

Fast 166 (84.7%) 30 (15.3%) 1.80 (0.40, 8.09)

Delayed kinetics† 0.01 0.007 0.03

Persistent/plateau 90 (92.8%) 7 (7.2%) (reference) (reference)

Washout 96 (79.3%) 25 (20.7%) 3.39 (1.40, 8.21) 3.15 (1.16, 8.61)

T2 0.09 0.07

High 113 (81.9%) 25 (18.1%) (reference)

Iso/low 73 (91.2%) 7 (8.8%) 2.29 (0.94, 5.56)

Shape† < 0.001 < 0.001 0.04

Oval/round 180 (88.7%) 23 (11.3%) (reference) (reference)

Irregular 6 (40%) 9 (60%) 11.74 (3.83, 36.0) 4.34 (1.07, 17.53)

Margin < 0.001 < 0.001 0.02

Circumscribed 177 (88.9%) 22 (11.1%) (reference) (reference)

Not circumscribed 9 (47.4%) 10 (52.6%) 8.94 (3.28, 24.39) < 0.001 4.26 (1.21, 15.03)

Internal enhancement 0.003 0.01 0.04

Homogeneous 161 (89%) 20 (11%) (reference) (reference)

Heterogeneous 21 (70%) 9 (30%) 3.45 (1.39, 8.56) 0.008 1.69 (0.48, 6.02) 0.42

Rim enhancement 1 (33.3%) 2 (66.7%) 16.1 (1.40, 185.65) 0.03 13.84 (1.18, 162.69) 0.04

Dark internal septation 3 (75%) 1 (25%) 2.68 (0.27, 27.04) 0.40 2.19 (0.15, 30.97) 0.56

*p value by the chi-square test or Fisher’s exact test

**p value by logistic regression
†Dichotomized variable
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Whereas large-scale studies have suggested that annual
follow-up might be sufficient for US-detected BI-RADS 3
lesions or concordant benign lesions after US-guided biop-
sy [16, 17, 29], the appropriate follow-up interval is still
unresolved for MR-detected lesions. Established short-
term follow-up recommendations for probably benign le-
sions or benign-concordant lesions after MR-guided biop-
sy are largely based on high-risk screening or heteroge-
neous populations, with a wide range of reported malig-
nancy risk ranging from 0 to 10.1% [15, 18, 30–32].
Periodic surveillance may be appropriate for MRI BI-
RADS 3 lesions in a scenario in which the stability of the
finding is unknown, depending on factors that affect the
probability of malignancy [18]. One difficulty in the man-
agement of BI-RADS 3 lesions in patients with newly di-
agnosed breast cancer is the unclear effect of adjuvant
therapies on these lesions. As the patient is scheduled for
treatment and has increased cancer risk, some physicians
may prefer to confirm BI-RADS 3 lesions by biopsy,
whereas some MRI-detected lesions may be effectively
treated or suppressed by adjuvant therapies and therefore
rendering short-term follow-up unnecessary. In this aspect,
contralateral lesions may be more relevant as no radiation
therapy is given to the contralateral breast [33]. One pre-
vious study reviewed BI-RADS 3 lesions on preoperative
MRI and reported a low malignancy rate of 0.8%, with all
delayed diagnoses being early-stage cancers detected after
24 months [34]. Two previous studies on preoperative MRI
also reported a low malignancy risk of 0.9% among con-
tralateral probably benign lesions [14, 22]. In a patient
population in which almost all patients (97.4%) received
at least one type of adjuvant therapy, we found similar
results, although one missed contralateral T1 cancer was
diagnosed after 13.3 months. In addition, none of the con-
cordant benign lesions which underwent follow-up after
biopsy had a delayed diagnosis of cancer. It is noteworthy
that there were no delayed diagnoses in the ipsilateral
breast during follow-up, possibly implying the effects of
radiation therapy.

MRI imaging features associated with malignancy have
been widely investigated—however, the majority of pre-
vious studies have focused on primary cancer lesions or
were based on screening MRI in high-risk populations
[35–37]. As additional lesions detected on preoperative
MRI tend to be smaller than index lesions, additionally
detected cancers may show relatively benign characteris-
tics and thus cause difficulties in differential diagnosis
and management [3, 38]. Several previous studies have
associated delayed washout kinetics and lesions closer or
ipsilateral to the main mass with malignancy, whereas
hyperintensity on T2-weighted images was predictive of
benignity in additional lesions [4, 24]. However, in our
study, we found no significant association between lesion

location and malignancy. This may be because we exclud-
ed ipsilateral lesions which were in the same quadrant as
the main mass to ensure lesion-pathology matching and
maximize the clinical impact of our study. In our study,
ben ign mas s l e s i on s a l so t ended to show T2
hyperintensity. Although none of the BI-RADS descrip-
tors was significantly associated with malignancy in foci
and NME, likely due to the small number of malignancies
in these subgroups, we were able to confirm that known
suspicious imaging features are well associated with ma-
lignancy in additionally detected masses at preoperative
MRI. Our results showed that washout kinetics, irregular
shape, non-circumscribed margin, and rim enhancement
of additional masses were significantly associated with
malignancy, suggesting that interpretation of additional
lesions should not differ from that of breast lesions in
general [39]. However, we found a 3.9% malignancy rate
in masses without suspicious MRI features, similar to the
results of previous studies [39–42]. Yet, annual follow-up
can be confidently offered for additionally detected
masses at preoperative MRI showing T2 hyperintensity
without suspicious features, considering the low cancer
rate (2.6%, 1/39) and early stage of missed cancers at
diagnosis.

There are several limitations to our study. First, as the
median follow-up period was 63.3 months, conclusions
regarding late progression, especially following the termi-
nation of antihormonal therapy, cannot be drawn from our
study results. Second, as a single tertiary institution, our
findings may not be generalizable to clinical practice.
Larger-scale studies with further long-term outcome data
are needed to confirm our results, especially regarding
follow-up management. Third, the possibility of misdiag-
nosis cannot be excluded. However, interobserver variabil-
ity is an inevitable aspect of subjective assessments such as
BI-RADS and of real clinical practice. Last, we excluded
additional lesions located in the same quadrant as the pri-
mary cancer. However, this approach allowed a more ro-
bust outcome assessment for lesions undergoing follow-
up. Furthermore, lesions located near the primary cancer
may be less critical in clinical decision-making, as these
lesions are more easily included in both the surgical and
radiation field, even when more advanced radiotherapy
techniques such as partial breast irradiation are applied.

In conclusion, the results of our study suggest that in a
patient population in which most breast cancer patients
receive adjuvant therapy, short-term follow-up is unneces-
sary for MRI-detected BI-RADS 3 and 4 lesions followed
up after benign-concordant biopsy. Contralateral masses
which were not confirmed by biopsy may need annual
follow-up MRI. Clinically important missed diagnoses of
cancer are unlikely and patients may undergo routine sur-
veillance according to individual risk assessment.
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