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INTRODUCTION

The importance of breast cancer screening is undeniable. 
Early detection of cancer significantly reduces mortality and 
often enables breast-conserving surgery [1]. Although mam-
mography is the gold standard for breast cancer screening in 
the general population, dense breast composition may make 
breast cancer more difficult to detect. In addition to mam-
mography, ultrasound (US) has been widely used in the 
screening of breast cancer because of the ability of breast US 

to depict an occult malignancy in women with negative 
mammography results [2-5]. Many studies have shown that 
US increases the sensitivity of screening if used as an adjunct 
to mammography in women having dense breasts [4-13]. The 
addition of whole-breast US to screening mammography in 
women with an elevated risk of breast cancer increases cancer 
detection by 4.2 cancers per 1,000 women [12]. Moreover, 
whole-breast screening US helps diagnose more women with 
nonpalpable invasive cancers, especially when no other cancers 
are detected in them by using other screening modalities [6]. 
The breasts of Asian women are relatively smaller and denser 
than the fatty, larger breasts of Western women [14-16], and 
screening US has become the preferred routine screening tool 
for patients with dense breasts. 

One of the biggest issues is the unacceptably high frequency 
of category 3 lesions, according to the American College of 
Radiology (ACR) Breast Imaging Reporting and Data System 
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Purpose: This study assessed the incidence and cancer rate of 
probably benign lesions detected on bilateral whole-breast 
screening ultrasound (US), which corresponded to US Breast 
Imaging Reporting and Data System (BI-RADS) category 3, and 
evaluated the proper management of those lesions. Methods: 
This study was approved by the Institutional Review Board in 
our institution, which waived informed patient consent. We retro-
spectively reviewed US images of 1,666 patients who underwent 
bilateral whole-breast screening US as a supplemental screening 
test to negative screening mammography or screening US only. 
The incidence, clinical course, and cancer rate of screening US-
detected probably benign lesions corresponding to US BI-RADS 
category 3 were investigated, and the size and multiplicity of 
screening US-detected category 3 lesions were evaluated.  
Results: Probably benign lesions corresponding to US BI-RADS 
category 3 were detected in 689 of 1,666 patients (41.4%) who 
underwent screening US. Among them, 653 had follow-up US 
images for at least 24 months, and among these 653, 190 

(29.1%) had multiple bilateral category 3 lesions. Moreover, 539 
of 1,666 patients (32.4%) had lesions ≤1 cm in size and 114 of 
1,666 (6.8%) had lesions >1 cm (median, 0.82 cm; range, 0.3–
4.2 cm). Four of the 653 patients (0.6%) showed suspicious in-
terval changes and were categorized into BI-RADS category 4. 
Biopsy analysis confirmed only one lesion as invasive ductal 
carcinoma at the 6-month follow-up; another lesion was an in-
traductal papilloma and the remaining two were fibroadenomas. 
Overall cancer rate of the screening US-detected BI-RADS cate-
gory 3 lesions was 0.2%. Conclusion: The incidence of category 
3 lesions detected on screening US only was very high, but the 
cancer rate was very low. Therefore, in an average-risk popula-
tion, routine screening US is preferable over short-term follow-
up for BI-RADS category 3 lesions detected on whole-breast 
screening US.
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(BI-RADS), detected on US in asymptomatic patients [17]. 
Previous studies have shown that the incidence of probably 
benign lesions in bilateral whole-breast screening US can be 
as high as 36.9% and 33.6% in the general population [4,18]. 
We have been recommending short-term US follow-up for all 
patients with these benign-looking lesions, but it greatly in-
creases treatment cost as well as the false-positive rates. 

Despite the increased number of whole-breast screening US 
tests and screening US-detected category 3 lesions, a few stud-
ies have evaluated the outcome and risk of category 3 lesions 
detected on screening US [19-21]. One recent paper based on 
the American College of Radiology Imaging Network 6666 
trial results documented the outcome of screening US-detect-
ed category 3 lesions, but the study was performed in women 
with increased breast cancer risk and dense breasts [19]. 
Therefore, we considered investigating the outcome of the BI-
RADS category 3 lesions detected on screening US with long-
term follow-up and drafting management guidelines for these 
lesions. 

The purpose of this study was to assess the frequency and 
cancer rate of probably benign lesions detected on whole-
breast screening US, which corresponded to US BI-RADS 
category 3 lesions, and to evaluate the proper management of 
such lesions.

METHODS

This study was approved by the Institutional Review Board 
of the Samsung Medical Center (IRB number: SMC 2012-02-
019), which waived informed patient consent. 

Patients
We retrospectively reviewed the US images of 1,666 consec-

utive patients who underwent bilateral whole-breast screening 
US as a supplemental screening to a negative screening mam-
mography (BI-RADS category 1 or 2) (n= 1,621), or who un-
derwent whole-breast screening US only (n= 45) at the health 
promotion center of our hospital. Among the 1,621 patients 
who had additional whole-breast screening US with negative 
screening mammography results, 1,258 (77.6%) had a dense 
breast composition (ACR BI-RADS grade 3, 4) and 363 
(22.4%) had a fatty composition (ACR BI-RADS grade 1, 2). 
The age of the patients ranged from 30 to 76 years (median 
age, 49.5 years). Among the 45 patients who had undergone 
whole-breast screening US only, 27 (60.0%) were aged ≤ 40 
years and 18 (40.0%) were over 40 years of age but did not 
want to undergo mammography for fear of pain or a recent 
negative mammography result obtained at another facility. 

The women enrolled in this study were healthy and asymp-

tomatic subjects with an average risk of breast cancer and 
mainly dense breasts. Only 10 of the 1,666 patients (0.6%) had 
a personal history of previous breast cancer, and only 18 
(1.1%) had a family history of breast cancer. 

Ultrasound imaging 
All patients underwent bilateral whole-breast screening US 

performed by one of the five board-certified breast-dedicated 
radiologists. These radiologists were aware of the results of the 
screening mammography and had reviewed the mammo-
grams before performing the breast US. We used the HDI 
5000 US scanner (Advanced Technology Laboratories, Bothell, 
USA) or the LOGIQ 700 US scanner (GE Medical Systems, 
Milwaukee, USA) equipped with a 12- to 5-MHz linear-array 
transducer. 

Analysis of images and follow-up data
Two board-certified breast radiologists (with 5 years and 12 

years of experience in breast US) who did not perform the 
whole-breast screening US retrospectively reviewed the 1,666 
US images. In cases with positive US findings, the lesions were 
analyzed according to the BI-RADS lexicon and categorized 
according to the BI-RADS final assessment category after 
reaching consensus. At the time of the review, the readers 
were blinded to the mammographic findings, which were cat-
egorized as BI-RADS 1 or 2, or the result of prior screening 
US examinations. The US criteria used to define BI-RADS 
category 3 lesions were a solid mass with circumscribed mar-
gins, oval shape and horizontal orientation, most likely a fi-
broadenoma, nonpalpable complicated cysts, and clustered 
microcysts. According to the management guidelines of the 
ACR, these lesions were to be followed up for 6, 12, and 24 
months.

We analyzed the incidence of BI-RADS category 3 lesions 
detected on whole-breast screening US and evaluated the 
clinical course of these lesions as well as the cancer rate by an-
alyzing the follow-up clinical and US data of patients with 
such lesions. We also evaluated the size (≤ 1 cm vs. > 1 cm) 
and multiplicity (multiple bilateral lesions or not) of the 
screening US-detected BI-RADS category 3 lesions. Multiple 
bilateral lesions were defined as lesions with the same US 
findings in both breasts and multiple lesions in at least one 
breast.

RESULTS

Among the 1,666 patients who underwent bilateral whole-
breast screening US, 689 women (41.4%) had category 3 le-
sions (Figure 1). Follow-up US images for more than 24 
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months were present in 653 of 689 patients (94.8%). We ex-
cluded 36 patients who had either no follow-up US data or a 
follow-up period < 24 months. Finally, we analyzed the clini-
cal courses and cancer rate of the remaining 653 patients. One 
hundred and ninety patients (29.1%) had multiple bilateral 
category 3 lesions, and we evaluated the representative lesion 
in each of those patients. The lesions were ≤ 1 cm in size in 
539 of 1,666 patients (32.4%) and were > 1 cm in 114 of 1,666 
(6.8%) (median, 0.82 cm; range, 0.3–4.2 cm). Among the 653 
patients, 10 had lesions that were complicated cysts and 643 
had lesions that were solid masses. The US findings of 653 
category 3 lesions are shown in Table 1.

After the 24-month follow-up, lesions in 592 patients 
(90.7%) showed no interval change or decrease in size, and 
had converted to BI-RADS category 2 lesions (Figure 2). Le-
sions in 57 patients (8.7%) showed a subtle change in size, 
shape, or echogenicity, but no significant interval change de-
fined as a < 20.0% interval growth rate; moreover, their US 
category remained unchanged as category 3 after 24 months 
(mean follow-up period, 54.6± 15.7 months). In total, 31 le-
sions were biopsied after initial screening US or during follow-
up for several reasons, including a request from the physician 
(n= 20) or the patient (n= 7) and suspicious interval change 
(n= 4). Four women (0.6%) with US-detected category 3 le-
sions showed suspicious interval change of morphology or 
significant increase in the size of the lesions. They had con-
verted to BI-RADS category 4 lesions during the follow-up 
period. Two of these lesions had morphological changes, one 

Table 1. US findings of BI-RADS category 3 lesions detected at screen-
ing US

Findings No. of patients (%)

Lesion diameter (cm)

  ≤1 539 (82.5)
  >1 114 (17.5)
US findings
  Shape
    Oval 637 (97.5)
    Round 16 (2.5)
    Irregular 0
  Margin
    Circumscribed 653 (100.0)
    Not circumscribed 0
  Orientation
    Parallel 653 (100.0)
    Not parallel 0
  Echo pattern
    Anechoic  2 (0.3)
    Hyperechoic 0
    Complex cystic and solid 0
    Isoechoic  6 (0.9)
    Hypoechoic 627 (96.0)
    Heterogeneous 18 (2.8)
  Posterior acoustic feature
    No posterior features 651 (99.7)
    Enhancement  2 (0.3)
    Shadowing 0

    Combined pattern 0

US=ultrasound; BI-RADS=Breast Imaging Reporting and Data System.

1,666 Screening US 
(1,621 Mammography with US; 45 US only)

689 BI-RADS category 3

36 Excluded (F/U less than 24 months)

622 Imaging F/U

F/U US final category

27 Biopsy

27 Benign
16 Fibroadenoma
  5 Stromal fibrosis
  3 Ductal hyperplasia
  1 Sclerosing adenosis
  1 Fibrocystic change

4 Reassessed as BI-RADS 4 and biopsied

3 Benign
2 Fibroadenoma
1 Intraductal papilloma

1 Malignant
1  Invasive ductal 

carcinoma

540 BI-RADS
category 2

82 BI-RADS
category 3

Figure 1. Flow chart of study population.
US=ultrasound; BI-RADS=Breast Imaging Reporting and Data System; F/U= follow-up.
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Figure 2. A 52-year-old woman with a mass detected on the screening breast ultrasound (US) in left breast, upper center. (A) An initial US image 
shows a 1.0 cm oval shape circumscribed isoechoic mass corresponding to Breast Imaging Reporting and Data System (BI-RADS) category 3 on US 
(arrows). (B) and (C) at the 12 months and 2 years follow-up US, the mass in the left upper center was not changed, and downgraded to BI-RADS 
category 2. 

A B C

Figure 3. A 40-year-old woman with a nodule detected on the screening breast ultrasound (US) in right breast, upper inner quadrant. (A) An initial US 
image shows a 0.5 cm oval circumscribed isoechoic mass, corresponding to category 3 (arrows). (B) On the 6-month follow-up US, the surrounding 
tissue around the previous mass consisted of nodule together, and the nodule showed more district angular margin, more decreased echogenicity 
and increased size, and was assessed as category 4 (arrows). US-guided core needle biopsy revealed invasive ductal carcinoma, and the patient un-
derwent right partial mastectomy.

Figure 4. A 45-year-old woman with a mass detected on the screening breast ultrasound (US) in right breast, upper outer quadrant. (A) Initial US im-
age showed a 1.2 cm oval circumscribed isoechoic mass in the right upper outer quadrant, corresponding to category 3 (arrows). (B) On the 12 
month follow-up US, the margin of the mass changed into more microlobulated and indistinct, and was assessed as category 4 (arrows). US-guided 
core needle biopsy was performed and fibroadenoma was confirmed.

A

A

B

B
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lesion had increased in size, and one lesion had morphologi-
cal changes and increase in size. Only one lesion was con-
firmed as an invasive ductal carcinoma at core needle biopsy 
after a 6-month follow-up US (Figure 3). This patient under-
went partial mastectomy, and pathological analysis of the sur-
gical specimen revealed a 1.2 cm sized invasive ductal carci-
noma without lymph node metastasis (T1N0M0). The overall 
cancer rate of patients who had US-detected BI-RADS cate-
gory 3 lesions was 0.2% (1/653). 

The other three lesions, which had converted to category 4 
lesions, were confirmed as intraductal papilloma (n= 1) and 
fibroadenomas (n= 2) (Figure 4) after US-guided core needle 
biopsy. Of the two patients with fibroadenomas, one under-
went excisional biopsy and the other underwent a follow-up 
US. The patient with intraductal papilloma underwent a mass 
excision. The pathological results after surgical excisions were 
identical to those of the results of core needle biopsies. 

DISCUSSION

Bilateral whole-breast screening US has several drawbacks 
including the long time to perform bilateral whole-breast US 
[12], higher expense of US examination than mammography 
[22], and higher false-positive rates [23]. Moreover, the pos-
itive predictive value of biopsy analysis of lesions identified on 
screening US is 8.9%, whereas it is 22.6% for mammography 
[12]. The high frequency of BI-RADS category 3 lesions is an-
other problem, which will increase the number of breast US 
examinations, time for examinations, and costs. The reported 
rate of BI-RADS category 3 lesions on bilateral whole-breast 
screening US ranges from 20.2% to 33.6% [18,19,24]. The de-
tection rate of BI-RADS category 3 lesions in our study was 
41.4%. 

In our screening population, additional cancers were found 
in 10 of 1,666 patients (0.6%) who underwent bilateral whole-
breast screening US. The follow-up results of the screening 
US-detected BI-RADS category 3 lesions revealed a cancer 
rate of 0.2% (one of 653 patients), and that patient had a 
T1N0M0 stage cancer. Barr et al. [19] reported that the overall 
cancer rate for BI-RADS category 3 lesions was 0.9% (six of 
636 lesions) in women with increased breast cancer risk, and 
Moon et al. [24] reported that the cancer rate of BI-RADS cat-
egory 3 lesions was 0.2% in their study that included both 
screening and diagnostic breast US. The results of our study 
showed much lower cancer rates for BI-RADS category 3 le-
sions, because we mainly screened women with an average 
risk of breast cancer. These data indicate that the short-term 
follow-up US for screening US-detected BI-RADS category 3 
lesions did not help detect more cancers. BI-RADS category 3 

final assessment of breast US was introduced for the lesions 
detected on diagnostic evaluations, and not for the lesions de-
tected by bilateral whole-breast screening US. As the present 
results indicate, it is difficult to expect that the lesions detected 
on screening US would show the same outcomes as diagnos-
tic US-detected category 3 lesions, which have palpable ab-
normality, bloody nipple discharge, or mammographic ab-
normality [25,26]. 

The cancer rate of screening US-detected category 3 lesions 
in our study (0.2%) is lower than that of Kim et al. [18] who 
reported a cancer rate of up to 0.8%. However, the latter rate 
could have possibly reflected the higher percentage of high-
risk patients in that study. In their study, 22.1% of the subjects 
were high-risk women, whereas in our study, the percentage 
was only 1.7%. They also included 20.0% women who had a 
personal history of breast cancer; this percentage was only 
0.6% in our study. Considering the overall cancer rate of coex-
isting category 3 lesions in patients with known breast cancer 
was 11.4% [27], the malignancy potential of category 3 lesions 
detected on screening of normal healthy women and screen-
ing after breast cancer surgery might be different, especially if 
the percentage of women who have undergone breast-con-
serving surgery is higher. 

Our study has some limitations. First, it was a retrospective 
analysis of previously acquired US images, and there is a pos-
sibility that the actual assessment of the lesions may have dif-
fered. Some existing radiologic reports did not follow the BI-
RADS reporting system, and they categorized all small-sized 
solid lesions or multiple, bilateral probably benign nodules as 
category 2 lesions. Therefore, we had to review all of the imag-
es retrospectively and had to reassess the lesions with homo-
geneous and strict criteria. To overcome interobserver varia-
tion, two experienced breast radiologists analyzed the images 
and reached consensus. Second, this was a cross-sectional 
analysis of the US findings of whole-breast screening US con-
ducted at one time; some of our patients had undergone previ-
ous breast screening US. This could decrease the cancer rate of 
category 3 lesions. However, the overall cancer rate of screen-
ing US-detected lesions was 0.6%, and the incidence of cancer 
in our study was not lower than that of other previous studies 
[2-4,6,8,28,29]. Third, the patients enrolled in our study had 
not undergone US examination according to the same sched-
ule. Breast US had been conducted three or more times in 
some patients, while being done only two times in other pa-
tients at the end of 24 months or after 24 months. Finally, we 
tried to identify any specific characteristics such as size, multi-
plicity, bilaterality, or specific US features that could decrease 
or increase the risk of malignancy of screening US-detected 
probably benign lesions. However, that was impossible be-
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cause only one patient with a category 3 lesion developed can-
cer during the follow-up period; moreover, the lesion had no 
specific US feature. A suspicious interval change on the follow-
up US examination was the most important finding.

In conclusion, our study has shown that the incidence of le-
sions corresponding to BI-RADS category 3 of diagnostic 
breast US was very high on bilateral whole-breast screening 
US, but the cancer rate was very low. We suggest that in an av-
erage-risk population, routine screening US is preferable over 
short-term follow-up for screening US-detected BI-RADS 
category 3 lesions.
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