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Abstract

US is widely used in breast imaging for diagnostic purposes and is also used increasingly for sup-
plemental screening in women with dense breasts. US frequently depicts masses that are occult 
on mammography, even after tomosynthesis, and the vast majority of such masses are benign. 
Many masses seen only on screening US are easily recognized as benign simple cysts. Probably 
benign, BI-RADS 3, or low suspicion, BI-RADS 4A masses are also common and often prompt 
short-interval follow-up or biopsy, respectively, yet the vast majority of these are benign. This re-
view details appropriate characterization, classification, and new approaches to the management 
of probably benign masses seen on screening US that can reduce false positives and, thereby, 
reduce costs and patient anxiety.
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What Is a BI-RADS 3 Finding on 
Screening US?
A probably, benign Breast Imaging Reporting and Database 
System (BI-RADS) 3 (1), assessment was first codified for 
mammographic findings proven to have a risk of malignancy 
greater than typically benign findings but less than 2% (2–5). 
A  mammographic BI-RADS 3 assessment is intended for 
baseline screening findings (or when no prior comparisons 
are available), after full diagnostic workup. Surveillance with 
initial short-interval, usually 6-month, follow-up, has been 
shown to be a safe alternative to biopsy, with stage distribu-
tion of the few cancers found at follow-up not worse than 
cancers undergoing immediate biopsy (2–5). For stable find-
ings, continued diagnostic follow-up at 12 and 24 months is 
the usual protocol (6), with downgrade to BI-RADS 2, be-
nign, for interval decrease in size, or BI-RADS 1, negative, if 
the finding resolves.

A common BI-RADS 3 finding on screening mammog-
raphy is a solitary circumscribed oval mass that is hypo- or 
isoechoic on targeted US, compatible with a fibroadenoma 
or complicated cyst with debris, representing 589/3184 
(18.5%) of probably benign findings in the initial series of 
Sickles (2). A  malignancy rate less than 2% at 2  years of 
follow-up, as well as necessity of the 6-month follow-up, 
have been shown for BI-RADS 3  mammographic findings 
in the National Mammography Database (7). Not surpris-
ingly, for findings recalled on screening mammography then 
assessed as BI-RADS 3, the malignancy rate increases linearly 
with increasing age with only 0.5% of such findings malig-
nant in women in their 30s, 0.9% in women in their 40s, ex-
ceeding 2% above age 60, and as high as 4.6% for in women 
in their 80s (8). Analysis of malignancy rates for BI-RADS 3 
findings on screening US as a function of patient age has not 
been reported, but similar results are expected.

https://orcid.org/0000-0002-8792-6185
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Stavros et al (9) first proposed criteria for a benign versus 
malignant assessment of solid nodules on US. In their ana-
lysis of 750 solid masses, including 625 benign lesions, four 
features were associated with a ≤2% risk of malignancy: uni-
form hyperechogenicity; ellipsoid (oval) shape; two or three 
gentle lobulations; and a thin “pseudocapsule.” None of 
these suspicious features could be present: spiculation, taller-
than-wide orientation (now known as “not parallel” to the 
skin surface or “vertical” orientation), angular margins, pos-
terior shadowing, branch pattern, marked hypoechogenicity, 
calcifications, duct extension, or microlobulation. Skaane 
and Engedal (10) found that the combination of oval or 
round shape and echogenic pseudocapsule, as well as lack 
of any suspicious features, had a negative predictive value 
(NPV) of 96% in nonpalpable masses and 100% in palpable 
masses among 142 fibroadenomas and 196 invasive ductal 
carcinomas evaluated sonographically. Rahbar et  al (11) 
and Baker et  al (12) found, unfortunately, that some radi-
ologist observers had difficulty consistently applying these 
criteria. In BI-RADS: US (13,14) mass margins are classi-
fied as either circumscribed or not, with spiculated, angular, 
microlobulated, or indistinct margins considered not cir-
cumscribed; pseudocapsule is an outdated term indicating a 
circumscribed margin.

Holzer-Fruehwald et  al (15) were not able to iden-
tify a size threshold below which sonographically depicted 
masses were always benign though both increasing size and 
increasing age increased likelihood of malignancy. They did 
show a NPV of 99.1% (111/112) for a circumscribed oval or 
round mass lacking an echogenic rim and suggested BI-RADS 

2 assessment for such findings; 0/28 masses assessed as 
BI-RADS 3 in that series were malignant. An echogenic rim 
is a suspicious finding (16,17) and typically reflects nests of 
tumor cells invading fat, though it can be due to edema such 
as with an abscess or fat necrosis. It is also important to rec-
ognize that round masses are considered to have a “not par-
allel” orientation and are therefore suspicious (unless due to 
a simple cyst) (14).

In the multicenter American College of Radiology 
Imaging Network (ACRIN) 6666 protocol of screening US 
in women with dense breasts and elevated risk, which began 
in 2004, prospective criteria were defined for a BI-RADS 3 
assessment. These included: (1) a solitary circumscribed oval 
or gently lobulated (ie, 2–3 gentle lobulations) hypoechoic 
or isoechoic mass with no posterior features or minimal en-
hancement (Figure 1); (2) clustered microcysts (Figure 2); (3) 
probable fat necrosis (Figure 3); and (4) postoperative scar (if 
there was diagnostic uncertainty) (18). Probable fat necrosis 
is typically superficial, within the subcutaneous fat, and it 
may be seen without known trauma especially in a woman 
taking anticoagulation medication. Fat necrosis quickly 
evolves, with expected decrease or resolution observable by 
very short-interval follow-up US in 6 weeks to 3 months, and 
will not be further discussed. Postsurgical scars are nearly 
always recognizable by history and clinical examination and, 
with typical appearance on US, are benign findings and also 
will not be further discussed. Based on more recent studies, 
the vast majority of clustered microcysts can now be assessed 
as benign findings, BI-RADS 2. This review will show that 
both multiple and solitary circumscribed oval hypoechoic 
and/or isoechoic masses with no posterior features or min-
imal posterior enhancement seen on screening US can be 
safely followed at one year.

Screening US Technique
The suggested protocol for handheld screening US in 
ACRIN 6666 was transverse and sagittal survey scanning, 
in the supine oblique position for the outer breast and su-
pine position for the inner breast (19). The axilla can be 
included electively and was documented in slightly more 
than 33% of examinations in ACRIN 6666 but did not im-
prove cancer detection at the participant level (20). When 
Lee et  al (21) reviewed screening US examinations that 
included the axilla, 14/4009 (3.5/1000) baseline examin-
ations showed abnormal axillary findings as did 19/8835 
(2.2/1000) incidence screens, and all 33 recalled axillary 
findings proved to be false positives. Among 13  573 US 
examinations of the axilla in women with negative mam-
mography and screening breast US reported by Youn et al 
(22), 14 (1.0/1000) women underwent axillary biopsy with 
two found malignant: one metastatic endometrial car-
cinoma and one lymphoma. As such, scanning the axilla is 
often limited to ipsilateral axillary US in women with sus-
picious breast findings on mammography and/or US.

Key Messages
•	 Many findings historically assessed as BI-RADS 3, prob-

ably benign, on screening breast US can now nearly 
always be assessed as BI-RADS 2, benign, including 
complicated cysts with debris, clustered microcysts, 
and multiple bilateral circumscribed masses.

•	 Circumscribed, oval, hypoechoic, and/or isoechoic 
masses with minimal posterior enhancement or no 
posterior features, typical of a fibroadenoma, can be 
assessed as BI-RADS 3 on screening breast US and 
be safely reassessed at annual screening; malig-
nancy rate across series at 6 months is comparable 
to a BI-RADS 1 or 2 assessment at only 8/3918 (0.2%) 
and, at 2 years of follow-up, only 17/4364 (0.39%).

•	 Increase in diameter of a BI-RADS 3 mass of more than 
20% in six months (44% in 12 months) should prompt bi-
opsy as should stiffness on elastography, though most 
malignancies will show additional suspicious findings.

•	 Greater caution is warranted for a BI-RADS 3 assess-
ment in women over age 60, with a corresponding new 
finding on mammography, or in the setting of concurrent 
breast malignancy.
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To appropriately assess a breast mass on US, the mar-
gins must be carefully evaluated in three dimensions, as on 
mammography/tomosynthesis. For handheld US (HHUS), 
this is best accomplished by requiring orthogonal views 
be obtained for all lesions other than simple cysts, as was 
performed in the ACRIN 6666 protocol. A  set of images 
without and with calipers should be obtained so that mar-
gins are fully visible at the time of interpretation. One of 
these images should be along the longest horizontal diam-
eter of the mass; this will often be in the radial plane along 
the duct system. To facilitate subsequent comparison and re-
porting, measurements should be reported with the largest 
horizontal diameter first, then the anteroposterior (vertical) 
diameter on that same image, then the orthogonal horizontal 
diameter (14); thus, for a vertically oriented mass, the largest 
diameter will be the second measurement reported.

Orthogonal Doppler images are also standard for masses 
other than simple cysts (19) and can be helpful in certain circum-
stances. Internal vascularity in an anechoic mass excludes a cyst 
and raises concern for malignancy. A hilar vessel can help confirm 
an intramammary node. Prominent internal vascularity in a solid 

circumscribed mass can occasionally be seen and also increases 
concern for malignancy (Figure 4). When performed, power 
Doppler is encouraged as it is more sensitive than color Doppler 
to the slow flow typically observed in breast masses. Acquisition 
of the full set of required diagnostic images in orthogonal views 
without and with calipers is standard practice for HHUS and does 
not constitute “additional imaging” (23). Spatial compounding fa-
cilitates evaluation of lateral mass margins (perpendicular to the 
beam) but, due to its use of multiple off-angle beams, reduces any 
posterior features. Harmonic imaging will accentuate posterior 
features and reduce artifactual internal echoes and can be helpful 
in fully documenting a given mass (Figure 2), though its use is dis-
couraged for surveying due to pronounced posterior shadowing 
from ligaments and loss of signal beyond about 2 to 2.5 cm depth, 
depending on the insonating frequency used. Because a full set of 
diagnostic images is routinely obtained at HHUS, a BI-RADS 3 
assessment can be given directly on screening US without the need 
for immediate recall for additional imaging. Across four series 
of technologist-performed screening US, only 50/16 676 (0.3%) 
were given a BI-RADS 0, incomplete, assessment requiring imme-
diate additional imaging to render a final assessment (24). Any 

Figure 1.  Images of a 57-year-old woman with multiple bilateral masses on screening US, including cysts, presumed fibroadenomas, 
and invasive ductal carcinoma with ductal carcinoma in situ (IDC-DCIS). Oval, circumscribed hypoechoic masses (arrows) are seen in the 
left breast at 2 o’clock (A) (left, radial; right, antiradial) and the right breast at 2 o’clock (B) with no posterior features, typical of BI-RADS 
3, probably benign masses on screening US. These can be followed at one year, and were both stable at subsequent 12- and 24-month 
screening US examinations. A benign rim-calcifying cyst (C, arrow) was seen in the right breast at 12 o’clock. Multiple simple cysts were 
also present (not shown). A hypoechoic oval mass (arrows) with a subtle echogenic rim on the radial image and focally indistinct margin 
(curved arrow) was seen in the left breast at 10 o’clock (D) (left, radial; center, antiradial; right, power Doppler). This is a BI-RADS 4A, low 
suspicion mass, which underwent targeted US then core-needle biopsy and excision showing a 1.2 cm grade 2 IDC-DCIS, estrogen receptor 
positive, progesterone receptor weakly positive, human epidermal growth factor 2 negative, with negative sentinel node biopsy.
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Figure 2.  Images of a 45-year-old woman with bilateral masses appropriately assessed as BI-RADS 2—clustered microcysts and a 
rim-calcifying cyst. A: Close-ups of screening right craniocaudal (CC, left) and mediolateral oblique (MLO, right) mammograms show 
heterogeneously dense parenchyma and a new oval mass (arrows). B: Screening radial (left) and antiradial (middle) US shows a 
corresponding mass due to clustered microcysts (arrows) with posterior enhancement. Artifactual internal echoes are reduced on harmonic 
imaging (right, radial, arrow). This should have been assessed as a benign finding, but instead underwent US-guided core-needle biopsy 
confirming fibrocystic change. Clustered microcysts are sometimes appropriately assessed as BI-RADS 3 with surveillance in 6 months if 
they are too small or deep for definitive characterization. C: Radial (left) and antiradial (right) screening US of the retroareolar left breast 
shows a circumscribed oval hypoechoic mass with peripheral echogenic foci compatible with rim calcifications (arrows), a benign finding. 
D: Close-ups of screening CC (left) and MLO (right) mammograms show corresponding rim calcifications (arrows). This also should have 
been assessed as a benign finding but underwent US-guided core-needle biopsy, yielding sclerotic cyst wall. 
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time the patient is asked to return for any additional imaging (e.g. 
at 6 months) prior to the next routine screening, this constitutes a 
“positive test” for screening audit purposes (25).

For automated US (AUS), transverse images are directly 
obtained and reviewed. Associated distortion can be well seen 
in the reconstructed coronal plane. The orthogonal sagittal plane 
is reconstructed and may lack sufficient detail for adequate 
margin characterization: for many BI-RADS 3 and 4A masses 
on AUS, immediate additional imaging with targeted HHUS may 
be needed. In one study, Jia et al (26) performed both HHUS 
and AUS on 937 women with dense breasts in a prospective 
multicenter experience in China. There were 20 patients with 
findings assessed as BI-RADS 3 on AUS but assessed as BI-RADS 
4A, low suspicion, due to focally indistinct margins only percep-
tible on HHUS; all were benign on biopsy. Overall prevalence 
and outcomes of BI-RADS 3 use in that series were not clearly 
stated, though one malignancy was assessed as BI-RADS 3 on 
AUS. In a series of 394 women assessed as BI-RADS 3 directly 
on AUS, 2 (0.5%) were found to have malignancy in another 
quadrant on 2-year follow-up, prompting recommendation for 
annual follow-up (27). Further validation of use of BI-RADS 3 
assessments directly on AUS is needed.

Prevalence, Biopsy Rate, and Malignancy 
Rate of BI-RADS 3 Masses on Screening US
BI-RADS 3 masses are very common on screening US, re-
ported in from 0.6% (28,29) to over 20% of women 

(30–33) at the time of initial imaging (Table 1). Nam et al 
(34) reviewed and reclassified lesions seen on screening US 
and identified BI-RADS 3 lesions in 41.5% of women. The 
average age of women with BI-RADS 3 masses was younger, 
at 54.1 years, versus 55.9 years (P < 0.001) among all par-
ticipants in the ACRIN 6666 study (18). BI-RADS 3 find-
ings are more common in women with dense breasts than 
in those with nondense breasts in series where the latter 
were included and results detailed (30). Across technologist-
performed screening US, the average rate of BI-RADS 3 was 
6.2% (24) and did not change with incidence screens in the 
report by Weigert et al (35). Biopsy rate of BI-RADS 3 find-
ings on screening US ranges up to 17% (18), similar to that 
of BI-RADS 3 findings on mammography (7).

In a review of cancers seen only on screening US, Berg 
and Vourtsis (36) reported an average incremental cancer de-
tection rate of 2.0 to 2.7 per 1000 for physician performed 
and technologist-performed HHUS respectively and 2.5 per 
1000 for AUS; 88% (631/719) of cancers found only on US 
were invasive and, where detailed, 90% (497/554) were node 
negative. While not all series include results of surveillance of 
BI-RADS 3 findings, across those that do, malignancy rate at 
6 months was only 8/3918 (0.2%) (Table 1). At 2 years of 
follow-up, 17/4364 (0.39%) proved malignant. The cancers 
observed after BI-RADS 3 assessment were nearly all inva-
sive and 13/14 (93%), where reported, were node negative.

Across three annual rounds of screening US in ACRIN 
6666, 519/2662 (19.5%) women received a BI-RADS 3 

Figure 3.  Images of a 63-year-old woman with incidental presumed fat necrosis on screening breast US, decreasing on very short-interval 
follow-up. A: Initial antiradial (left), radial (center), and power Doppler US (right) images show focal anechoic masses with surrounding 
echogenic rim (arrows) within the subcutaneous fat, suggestive of fat necrosis despite lack of specific history of trauma, assessed as 
BI-RADS 3 with recommendation for follow-up US in 6–8 weeks. B: Targeted antiradial (left), radial (center), and Doppler US (right) images 6 
weeks later shows interval decrease in the mass (arrows), now appropriately assessed as BI-RADS 2, benign finding.
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assessment on a total of 745 lesions (18). On the first screen, 
358/2659 (13.5%) women had BI-RADS 3 findings on US, 
as did 121/2493 (4.9%) newly on the second screen, and 
86/2321 (3.7%) newly on the third annual screen. Thus, as 
expected, the overall frequency of new BI-RADS 3 lesions de-
creased with incidence screening, but a BI-RADS 3 assessment 
did continue to be used even for new findings with no increase 
in malignancy rate. BI-RADS 3 findings represented about 
a quarter of new lesions at each screen. Of the 519 women 
with a BI-RADS 3 finding, 43 (8.3%) had new BI-RADS 3 le-
sions at multiple time points. Of the 745 lesions, 124 (16.6%) 
underwent US-guided biopsy, showing a variety of entities: 37 
benign cystic lesions including ruptured cysts, 28 fibrosis or 
other fibrocystic change, 25 fibroadenomas, 14 benign breast 
tissue, four each sclerosing adenosis and benign papilloma, 
three fat necrosis, four “other,” and five malignancies. Patient 
preference and/or risk factors prompted the majority of biop-
sies, with only four prompted by growth or suspicious change. 

Pseudoangiomatous stromal hyperplasia can also manifest as 
a circumscribed oval hypoechoic mass.

Reclassifying BI-RADS 3 Findings as 
BI-RADS 2
There are many findings that were historically assessed as 
BI-RADS 3, probably benign, for which there are now suf-
ficient data validating a BI-RADS 2, benign assessment. 
Among such lesions that can be considered benign are com-
plicated cysts with debris, clustered microcysts, and multiple 
bilateral circumscribed masses.

Complicated cysts with debris must be distinguished 
from complex cystic and solid masses, including intracystic 
masses, as complex cystic and solid masses should be as-
sessed as suspicious findings, BI-RADS 4, 4B moderate sus-
picion, with likelihood of malignancy averaging 36% (37). 
Complicated cysts with debris are easily recognized as such 

Figure 4.  Images of a 68-year-old woman with technologist-performed screening US-detected cancer. A: Radial (left) and antiradial 
(right) US images show a round hypoechoic mass (arrows) with partially circumscribed and partially indistinct margins. Strong internal 
vascularity was evident in the mass on power Doppler images (B, arrows), a suspicious finding. This was assessed as BI-RADS 3 (with 
recommendation for 6-month follow-up) by one radiologist and recommended for immediate additional imaging by the second radiologist 
as part of a research protocol. At targeted US, it was assessed as BI-RADS 4A, low suspicion. US-guided core-needle biopsy showed 
atypical ductal hyperplasia and papilloma, upgraded to nuclear grade 2 ductal carcinoma in situ at excision.
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when there are mobile internal echoes or a fluid-debris level, 
and these are assessed as benign findings. Rim calcification is 
sometimes evident and also indicates benignity (Figures 1, 2).  
Complicated cysts can mimic solid, oval, circumscribed 
masses when hypoechoic. Even so, across the literature, only 
4/1343 (0.3%) of complicated cysts with debris proved ma-
lignant on follow-up. This rate parallels the rate of malig-
nancy after a BI-RADS 2 assessment. Complicated cysts with 
debris were observed in 376/2662 (14%) of women in the 
ACRIN 6666 protocol; of these 376 women, 301 (80%) also 
had at least one simple cyst and 84 (22%) of women had 
multiple bilateral simple cysts (37). Among the 745 BI-RADS 
3 lesions in ACRIN 6666, 183 (24.6%) were described as 
complicated cysts with debris and 1/183 (0.5%) proved ma-
lignant (18). Hooley et al (31) detailed that 131/187 (70.0%) 
BI-RADS 3 assessments on screening US were for compli-
cated cysts with debris and included 79 complicated cysts 
in the setting of multiple simple cysts. Another 19 of the 
131 complicated cysts were ≤5 mm. If these 98 complicated 
cysts were reclassified as benign findings, overall BI-RADS 3 
rate would have dropped from 187/935 (20.0%) to 89/935 
(9.5%). Complicated cysts with debris can be assessed as 
BI-RADS 2, benign findings.

Clustered microcysts represent distended acini within 
the terminal duct lobular unit. The resulting oval or 
microlobulated mass can be seen on mammography and US 
and should have circumscribed margins. Occasionally, fluid-
debris levels or milk of calcium can be seen within individual 
microcysts. Microcysts can be lined with bland or tall, col-
umnar, apocrine metaplastic epithelium. Clustered microcysts 
were seen in 104/2662 (3.9%) of screening US examinations 
in ACRIN 6666 (37) and 110/1900 (5.8%) of all breast US 
examinations (38) and they are especially common in peri-
menopausal women, with mean age of 48 years (range 32 to 
71). Across seven series (37–43), only 1/507 (0.2%) clustered 
microcystic mass was found to be malignant, again con-
sistent with BI-RADS 2 assessment. Indeed, that one lesion 
was from ACRIN 6666 and may not have even represented 
the finding that ultimately was diagnosed as invasive lobular 
carcinoma. As discussed in (44), there is one additional re-
port from Japan (45) of 8 malignancies among 52 women 
with clustered microcysts, including six ductal carcinomas in 
situ (DCIS) and two invasive carcinomas; however, the three 
cases illustrated in that publication all had associated solid 
components and did not meet strict criteria for clustered 
microcysts. Harmonic imaging can help clear artifactual in-
ternal echoes and allow recognition of the typical appearance 
(Figure 2). Internal vascularity can be seen on Doppler along 
the thin septations between adjacent acini. Uncommonly, 
it can be difficult to recognize clustered microcysts as such 
when they are deep or very small (or both), and a BI-RADS 3 
assessment is reasonable in these situations. Caution should 
be exercised in postmenopausal women with a new mass on 
mammography or coarse heterogeneous or pleomorphic cal-
cifications that appears to represent clustered microcysts on 

US as there is increased risk of DCIS or other malignancy 
(45). In general, clustered microcysts should be assessed as 
BI-RADS 2, benign findings.

As for mammography (46), multiple bilateral circum-
scribed solid-appearing masses on US can be assessed as 
BI-RADS 2, benign findings (47), without need for recall. 
There should be at least three masses overall and at least one 
in each breast. Documentation of multiple bilateral circum-
scribed masses may be easier with AUS than HHUS, though 
measurements still should be compared, and each mass must 
be carefully scrutinized with either approach (Figure 1).  
In the ACRIN 6666 trial, no malignancies were observed 
among 153 such findings in 135 women: the malignancy 
rate was 0% (95%CI 0 to 2.4%), indicating a BI-RADS 2, 
benign, assessment is appropriate. Of the 135 women with 
multiple bilateral circumscribed masses, 82 (61%) also had 
solitary suspicious findings, and in 2/82 (2.4%) such women, 
the solitary finding was malignant. Caution is needed in this 
setting: Song et al (48) confirmed that multiple masses can be 
distracting and 12/72 (17%) cancers missed on screening US 
were in that setting.

Reducing Surveillance of Probably Benign 
Findings Detected on Screening US
Based on the very low rate of malignancy of 0.9% (6/636 
with follow-up) among BI-RADS 3 findings in ACRIN 
6666, with only one malignancy diagnosed because of sus-
picious change at six-month follow-up, it was suggested that 
12-month follow-up, at the time of annual screening US, 
may be sufficient. Similarly, Moon et al (33) found no ma-
lignancies at 3–15 months of follow-up, with three lesions 
developing after 15 months that were malignant among 445 
women followed, and also suggested that initial 12-month 
follow-up may be appropriate. Overall, as stated, across 12 
series, at the 6-month follow-up, 8/3918 (0.2%) BI-RADS 3 
findings on screening US proved malignant as did 17/4364 
(0.39%) at two years of follow-up (Table 1). This is very 
similar to the 0.08 to 0.35% observed interval malignancy 
rates at one year among women with dense breasts assessed 
as BI-RADS 1 or 2 on mammography in the Breast Cancer 
Surveillance Consortium (49).

Upgrading to Biopsy
Stiffness on elastography (when available) should be con-
sidered prior to surveillance. At follow-up, growth and other 
suspicious changes should also be evaluated. In the BE1 
multinational study of shear-wave elastography (SWE) (50), 
there were 181 oval, circumscribed masses with no suspi-
cious features, of which 144 had been assessed as BI-RADS 
3 (including four malignancies) and 37 as BI-RADS 4A, low 
suspicion. Twelve of the 144 BI-RADS 3 masses, including 
all four malignancies (two grade 3 and two grade 2 invasive 
ductal carcinomas), were stiff both visually and quantitatively 
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(> 80 kPa, velocity 5.2 m/sec) on SWE and 28/37 (76%) 
masses assessed as 4A were soft and could have been down-
graded to surveillance, for an overall improvement in specifi-
city from 140/177 (79.1%) to 160/177 (90.4%, P < 0.001). 
Prospectively, in a study from South Korea, masses otherwise 
assessed as BI-RADS 4A that were softer than a cutoff of 30 
kPa (3.2 m/sec) on SWE could be downgraded to surveil-
lance, with dramatic improvement in specificity of screening 
US and no loss in sensitivity (51). Strain elastography can also 
improve assessment of probably benign and low suspicion 
masses, with ratio of horizontal diameter on elastography 
to diameter on B-mode (E:B ratio) the most accurate of the 
various measures that can be obtained (52). In a prospective 
multicenter trial, 219/221 (99.1%) malignant lesions had 
E:B ratio of 1.0 or greater and 361/413 (87.4%) benign le-
sions had ratios <1.0 (53). Zheng et al showed that among 
494 BI-RADS 4A, low suspicion, masses on US (including 
49 malignant), that 290 (58.7%) could be downgraded to 
BI-RADS 3 (of which 289, 99.7%, were benign) by use of 
strain elastographic approaches (54). Elastographic methods 
do not penetrate well beyond 3 cm depth: its use is discour-
aged for evaluating deeper lesions (50).

Additional methods are in development to better char-
acterize low suspicion and probably benign masses seen 
sonographically. Optoacoustic (OA) imaging assesses 
deoxyhemoglobin (increased in cancers) relative to oxy-
hemoglobin and also patterns of vascularity—with increased 
boundary zone vessels favoring malignancy. There are pre-
liminary results using OA to selectively upgrade BI-RADS 3 
masses to biopsy and downgrade suspicious masses to surveil-
lance (55,56); further study is needed. Contrast-enhanced US 
is also being explored to reduce benign biopsies. In the series of 
Lee et al (57), 36/109 benign masses recommended for biopsy 
did not enhance, but also 2/16 malignancies did not. Research 
is also ongoing to define the role of contrast-enhanced mam-
mography to reduce biopsy of low-suspicion masses if they do 
not enhance (58), and it may be that otherwise probably be-
nign lesions that do enhance should undergo biopsy, but fur-
ther study is needed. For all such approaches, it is important 
to restrict potential down-classification to BI-RADS 3 to those 
masses that are assessed as BI-RADS 4A, low suspicion, or 
possibly BI-RADS 4B, moderate suspicion, based on B-mode 
imaging. Masses assessed on B-mode imaging as BI-RADS 
4C, high-suspicion, or BI-RADS 5, highly suggestive of malig-
nancy, should undergo biopsy.

Clinical circumstances are also important to consider. 
Surveillance is not a good option for women who plan preg-
nancy or who may be relocating out of the country, nor es-
pecially for women with synchronous breast cancer. In the 
series of Kim et al (59) evaluating incidental synchronous le-
sions found on whole breast US in women with recently diag-
nosed breast cancer, 56/482 (11.6%) of concurrent BI-RADS 
3 lesions were malignant, including: 36/170 (21.2%) in the 
same quadrant; 12/122 (9.8%) in a different quadrant; and 
8/190 (4.2%) in the contralateral breast.

Both benign and malignant lesions can grow. Gordon 
et al (60) followed 1070 masses after fine-needle aspiration 
biopsy results suggested fibroadenoma; interval enlargement 
was observed in 194 (18.1%) masses, in 187 women, for 
which detailed results were published. The 95th percentile 
for increase in diameter in 6 months was a 20% increase at 
all ages. Change in volume can also be assessed, using the 
formula 4/3 π (diameter1  × diameter2  × diameter3) divided 
by 2. Gordon et al (60) found that presumed fibroadenomas 
with growth in volume less than 16% per month in women 
under age 50 and less than 13% per month in women over 
age 50 could be safely followed, but increase in largest diam-
eter of 20% in six months at any age had equivalent diag-
nostic accuracy.

Enlargement was much more common in women < age 
50 than in older women. Two of 67 enlarging masses excised 
proved to be phyllodes tumors. It should be noted that at a 20% 
rate of growth per 6 months, a mass measuring 1 cm in lar-
gest diameter initially could measure up to 1.2 cm at 6 months, 
1.4  cm at 12  months, 2.1  cm at 24  months, and 3.0  cm at 
36 months. BI-RADS 3 masses larger than 2 cm are not more 
likely to be primary breast malignancies per se, but Jung et al 
(61) did find 2 malignant phyllodes tumors among 126 excised 
BI-RADS 3 masses larger than 2 cm after benign result on core-
needle biopsy, as well as 10 benign phyllodes tumors. Absolute 
size is not a criterion for biopsy or surgical excision per se.

Based on the work of Gordon et  al, a 20% increase in 
diameter in 6 months has also been used as a criterion to 
prompt biopsy in a circumscribed oval mass that is other-
wise probably benign (and likely a fibroadenoma). Moon 
et al (62) reported on 214 probably benign sonographically 
depicted masses in 199 women, and found mean increase in 
diameter for 22 malignancies of 2.2 mm/month vs. 0.5 mm/
month for 192 benign masses (P < 0.0001). They reported 
that 7/145 (4.8%) masses  with growth alone were malig-
nant versus 15/39 (38%) with other suspicious change, P = 
0.0011. Ha et al (63) reported on 12 514 BI-RADS 3 lesions 
on US, of which 738 (5.9%) grew more than 20% in diam-
eter in 6 months; 527 of the enlarging masses had biopsy or 
two-year follow-up. Of these 527 masses, 26 (4.9%) proved 
malignant: 8/420 (1.9%) of masses only showing growth 
were malignant, as were 18/107 (17%) of those with other 
suspicious change(s) including margins, shape, echotexture, 
or orientation (P = 0.009).

Correlation with mammography is mandatory when per-
forming screening US. Screening US, of course, can char-
acterize a new mammographically depicted mass as a cyst 
and avoid recall, and, similarly, a mass seen on screening 
US may correspond to a mass stable on mammography/
tomosynthesis (sometimes only seen in retrospect) and there-
fore benign. A new “probably benign” mass seen on mam-
mography does appear to have a higher risk of malignancy 
than a baseline finding (8). In the series of Chae et al (64) 
of 1164 women with a BI-RADS 3 assessment on US who 
had at least 2-year follow-up, the malignancy rate was 4/184 
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(2.2%) among those who also had an abnormality on mam-
mography versus 4/980 (0.4%) when a finding was seen only 
on US (P = 0.025).

Artificial Intelligence
Finally, artificial intelligence and/or computer-assisted diag-
nosis (CADx) may help reduce false positives on screening US. 
BI-RADS 3 lesions can be selectively downgraded to BI-RADS 
2, benign and selectively upgraded to BI-RADS 4, though in 
two studies to date, the net effect was an increase in recom-
mended benign biopsies (65,66). It appears that inexperienced 
radiologists or nonradiologist physicians may benefit most 
from CADx (67,68), though further study focused on lesions 
near the threshold for biopsy is needed and is in process.

Conclusion
BI-RADS 3 circumscribed oval masses due to compli-
cated cysts with debris and fibroadenomas are common on 
screening US. Most complicated cysts with debris can be 
recognized as benign findings, as can clustered microcysts 
and multiple bilateral circumscribed masses. Rarely, ma-
lignancies can appear circumscribed and hypoechoic, 
including triple receptor negative invasive ductal car-
cinoma, encapsulated papillary carcinoma, and DCIS. 
A  BI-RADS 3 assessment with 12-month follow-up is 
reasonable for apparently solid, circumscribed masses on 
baseline screening HHUS and that follow-up can be per-
formed as a screening examination provided the mass is 
redocumented. Orthogonal views, images without and with 
calipers and Doppler are necessary for complete character-
ization of masses other than simple cysts and should be in-
cluded in HHUS documentation, to allow immediate final 
assessment for the vast majority of findings. While several 
studies report that new BI-RADS 3 masses detected on in-
cidence screening US can also be followed at 12 months, 
greater caution is needed in that setting, and particularly 
if there is a corresponding new mass on mammography in 
a postmenopausal woman. Growth in diameter >20% in 
6 months (annualized rate of 44%) should prompt biopsy, 
though the malignancy rate remains <2% in the absence 
of other suspicious change. The use of BI-RADS 3 directly 
on automated screening US is not yet well validated but 
may also be appropriate. For audit purposes, only add-
itional testing prior to the next screen is considered “test 
positive”: BI-RADS 3 with 12-month follow-up would be 
audited as a negative screen and such use would improve 
the specificity of screening breast US.
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