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Purpose:

Materials and
Methods:

Results:

Conclusion:

To prospectively validate predefined breast ultrasonographic (US)
Breast Imaging Reporting and Data System (BI-RADS) category
3 criteria in a multicenter setting in an elevated-risk population.

The American College of Radiology Imaging Network 6666
database was reviewed for prospectively defined BI-RADS
category 3 lesions. Patient characteristics, lesion US features
at initial detection, and work-up recommendations were ana-
lyzed with descriptive statistics. Exact 95% confidence inter-
vals (Cls) were given, where appropriate. Lesion reference
standard was biopsy or a minimum of 1-year follow-up. In
addition, malignancy rate for lesions that had at least 2 years
of follow-up data or that had biopsy data was calculated.

Of 2662 participants, 519 (19.5%) had 745 BI-RADS category
3 lesions (25.5% of 2916 US lesions other than simple cysts),
with a median size of 7 mm (range, 2-135 mm). The number
of new BI-RADS category 3 lesions decreased with year 2-3
screening, but the percentage of new BI-RADS category 3 le-
sions was stable at 26.4% (506 of 1920 lesions), 23.6% (142 of
601 lesions), and 24.6% (97 of 395 lesions), respectively. Of 7435
BI-RADS category 3 lesions, 124 (16.6%) were ultimately sam-
pled for biopsy. Six malignancies (0.8% of BI-RADS category 3
lesions; 95% confidence interval [CI]: 0.3%, 1.7%) occurred
in five (1.0%) of 519 participants: Five malignancies were in-
vasive (median size, 10 mm; size range, 2-18 mm), and one
was node positive. When the analysis is limited to lesions with
at least 2-year follow-up or biopsy, the malignancy rate among
BI-RADS category 3 lesions is 0.9% (95% CI: 0.3%, 2.0%).
Three malignant BI-RADS category 3 lesions were sampled for
biopsy because of a suspicious change at follow-up (two NO le-
sions, one each at 6- and 12-month follow-up; one N1 lesion at
24-month follow-up), one was sampled for biopsy because of an
upgrade after additional mammography (NX), one was found
at mastectomy for another cancer (NO), and one was found at
prophylactic contralateral mastectomy in the same patient (NX).

As BI-RADS category 3 lesions have a low malignancy rate
(0.8%; 95% CI: 0.3%, 1.7%) and only 0.1% of the cancers
had suspicious changes at 6-month follow-up and only one
(17%; 95% CI: 0.4%, 64%) of six malignancies were node
positive at detection (24-month follow-up), a recommenda-
tion of 1-year diagnostic follow-up may be appropriate for
BI-RADS category 3 lesions detected at screening US.
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he role of ultrasonography (US)
Tin the characterization of breast

lesions has expanded from cystic
versus solid distinction to detection of
lesions in both diagnostic (1-3) and
screening (4-11) settings, with detailed
classification of lesions (12-14). The
Breast Imaging and Reporting Data
System (BI-RADS) US lexicon (12,13)
provides standard terminology with
which to describe lesion features that
are then used to determine manage-
ment on the basis of stratified risk of
malignancy. As with mammography,
specific lesions, such as circumscribed
oval masses (including those with two
or three gentle lobulations), have been
proposed to be probably benign (BI-
RADS category 3) on baseline US im-
ages (14). BI-RADS category 3 lesions
have a malignancy rate of less than 2%
at mammography (15-17) and in most
diagnostic US series (18-22); how-
ever, rates of 2.6%-8.0% have been
observed (23,24). BI-RADS category

Advances in Knowledge

B Breast Imaging Reporting and
Data System (BI-RADS) category
3 lesions are common at
screening US; they were seen in
nearly 20% (n = 519) of 2662
participants across 3 years of
screening and accounted for 25%
(n = 745) of 2916 US-detected
lesions other than simple cysts.

® The malignancy rate of US BI-
RADS category 3 lesions was
0.8% (six of 745 lesions; 95%
confidence interval [CI]: 0.3%,
1.7%) in this prospective multi-
center trial.

B Participants with BI-RADS cate-
gory 3 lesions were more likely
to be younger than 50 years (P =
.001), of Hispanic or Latino eth-
nicity (P < .001), and premeno-
pausal (P < .001).

B Only one (17%) of six US BI-
RADS category 3 lesions subse-
quently diagnosed as malignant
was identified at mammography,
which was performed 24 months
later.

3 lesions are common at work-up of
screening mammographic abnormal-
ities, occurring in 6% of examinations
(16,25-27), and despite their low ma-
lignancy rate, they require additional
follow-up or even biopsy that results in
substantial patient anxiety (28). Little
has been written about the prevalence
or outcomes of BI-RADS category 3 le-
sions detected at screening US (29).
The American College of Radiology
Imaging Network (ACRIN) 6666 proto-
col was performed to evaluate the ad-
dition of US screening in a population
with dense breasts and elevated risk
of breast cancer (4,30). Supplemental
US increased the cancer detection rate
with each annual screening beyond that
of mammography alone; it increased
the detection rate by 5.3 cancers per
1000 women in the 1st year and by
3.7 cancers per 1000 women per year
in both the 2nd year and the 3rd year.
However the increase in cancer detec-
tion rate resulted in an increase in the
number of false-positive findings. The
addition of US screening prompted 207

Implications for Patient Care

® BI-RADS category 3 lesions had a
biopsy rate of 16.6%, with 4.0%
of such biopsies showing cancer;
methods to reduce the number of
BI-RADS category 3 lesions sam-
pled for biopsy are needed.

B The high frequency of BI-RADS
category 3 lesions means that
after three annual screening
rounds, approximately 20% of
patients who undergo screening
US will be recommended for diag-
nostic follow-up on the basis of
current recommendations.

B Since BI-RADS category 3 lesions
have a low malignancy rate
(0.8%; 95% CI: 0.3%, 1.7%) and
since only 0.1% of lesions had
suspicious changes at short-inter-
val follow-up and another 0.1%
showed a suspicious change at
1-year follow-up, both of which
were node-negative invasive can-
cers, a recommendation of yearly
follow-up for BI-RADS category 3
lesions may be appropriate.

(7.8%) of 2659 women to undergo bi-
opsy and another 284 (10.7%) of 2659
women to undergo short-term follow-up
in year 1; 242 (5.0%) of 4814 women
underwent biopsy prompted by US, and
180 (3.7%) of 4814 women underwent
short-term follow-up in years 2 and 3
(30). The purpose of this analysis was
to prospectively evaluate predefined BI-
RADS category 3 criteria in the ACRIN
6666 multicenter setting.

Materials and Methods

In the ACRIN 6666 trial, researchers
evaluated annual physician-performed
whole-breast screening US added to
independently performed mammogra-
phy (4,30). There were three annual
rounds of screening, with clinical fol-
low-up in year 4. Patients were women
with dense breasts and at least one
more risk factor (4). The study used
the standardized US technique, doc-
umentation, and interpretive criteria
(31). Physician investigators completed
standardized training in the BI-RADS
US lexicon (12) and were required
to successfully complete interpretive
skills tasks with mammography and
US (32). The presence of simple cysts
was recorded by breast. Mass shape,
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margins, echogenicity, and other BI-
RADS features were prospectively re-
corded for lesions other than simple
cysts. Special cases were prospectively
defined as (a) complicated cysts, (b)
clustered microcysts, (c) calcifications
without a mass, (d) intraductal mass,
(e) lymph node, and (f) postsurgical
scar. We also prospectively recorded
if the finding was multiple bilateral cir-
cumscribed masses and detailed fea-
tures of the largest such mass.

US lesions classified as BI-RADS
category 3 could not have suspicious
features. Interpretive criteria were de-
tailed prospectively (31). Lesions con-
sidered probably benign at US could
not be palpable or have any suspicious
features. These included the following
when identified at baseline screening:
(a) oval masses parallel to the skin and
hypoechoic to fat, with circumscribed
borders and no posterior features or
minimal posterior enhancement, in-
cluding multiple bilateral masses with
these features if seen only at US; (b)
hyperechoic masses with central hy-
poechoic to anechoic components sug-
gesting fat necrosis; (¢) hypoechoic oval
masses with homogeneous low-level
internal echoes that otherwise met the
criteria for simple cysts (circumscribed
acoustic enhancement); (d) microlobu-
lated or oval masses composed entirely
of clustered microcysts with or without
layering microcalcifications; (e) prob-
ably artifactual posterior shadowing
at the interface of fat lobules without
any associated mass, which changes
appearance on changing the angle of
insonation; and (f) architectural distor-
tion thought to be due to postsurgical
scarring, which could be classified as
probably benign or benign at the dis-
cretion of the investigator. According to
our protocol, such lesions were to be
followed up for 6, 12, and 24 months;
however, actual recommendations were
recorded separately from assessments.
Biopsy was to be performed for any ab-
normal interval change at any follow-up
point; an abnormal interval change was
defined as any suspicious change, an in-
crease in volume of more than 20%, or
both (31,33). If a lesion decreased by
more than 20% in volume or resolved at

any follow-up examination, further fol-
low-up was not required (31). We have
previously reported on cystic breast
lesions, including simple cysts, com-
plicated cysts, and complex cystic and
solid masses (34), as well as on results
for multiple bilateral circumscribed
masses seen at US (33); the latter was
not restricted to BI-RADS category 3
lesions. In this analysis, we reviewed
lesions initially classified as BI-RADS
category 3 at screening US and detailed
the occurrence, eventual work-up, and
effect of follow-up timing on detection
of malignancies in participants with BI-
RADS category 3 lesions; this analysis
was not limited to cystic lesions.

Study Participants

We recruited 2809 women from 21
sites between April 2004 and Febru-
ary 2006, of whom 2725 were eligi-
ble (4). The database was reviewed
for lesions assessed as BI-RADS cat-
egory 3 at first description at any of
the three annual screening US exam-
inations. All BI-RADS category 3 US
lesions were included in the analysis.
All participants with at least one BI-
RADS category 3 lesion were included
in the analysis, including those with a
more severe BI-RADS assessment else-
where in either breast. Patient charac-
teristics and lesion US features were
reviewed. Work-up recommendations
were summarized. If biopsy was rec-
ommended for a BI-RADS category 3
lesion, the reason was recorded from
predetermined categories (31). A ref-
erence standard of at least 11-month
follow-up or biopsy has been described
previously (4). Of 2639 (year 1), 2493
(year 2), and 2321 (year 3) analyzable
participants (30), 2662 unique partic-
ipants had at least one analyzable US
screening examination, for a total of
7473 screening US examinations.

Statistical Analysis

Analysis was performed at the lesion
level. A lesion was counted only once,
even if it was recorded more than once
across 3 years of screening. We pre-
sent results for lesions assessed as BI-
RADS category 3 at the first descrip-
tion of the lesion. Lesion descriptions

are based on the initial features when
the lesion was first reported. For ma-
lignant lesions, the attributed fea-
ture description from the year when
the cancer was diagnosed was noted.
Treatment mastectomy was counted as
biopsy, but prophylactic mastectomy
was not. In addition, we had calculated
the malignancy rate for the lesions
that had either a minimum 2-year fol-
low-up or biopsy. The x? test was used
to compare independent proportions,
and the two-sample Student t test was
used to compare means of the continu-
ous variables. The 95% confidence in-
tervals (Cls) were calculated as exact
Cls. All P values were two-sided, and
the significance level was set at .05.
All analyses were performed by using
statistical software (SAS, version 9.2;
SAS Software, Cary, NC).

Occurrence of BI-RADS Category 3
Lesions

Of 2662 participants, 1630 (61.2%;
median age, 55 years; range, 25-86
years) had 2916 US lesions (Fig 1
). A total of 519 unique participants
(19.5% of the 2662 women screened
and 31.8% of the 1630 women with US
lesions) had 745 BI-RADS category 3
lesions (median size, 7 mm; size range,
2-135 mm). The number of all newly
detected US lesions declined over the
3 years of screening; there were 1920
lesions in 358 (13.5%) of 2659 women
at year 1, 601 lesions in 121 (4.9%) of
2493 women at year 2, and 395 lesions
in 86 (3.7%) of 2321 women at year 3.
Forty-three (8.3%) of 519 women had
new lesions at multiple time points,
and 476 (91.7%) of 519 women had
a new BI-RADS category 3 lesion at
only one time point. The percentage
of newly reported BI-RADS category
3 lesions assessed as BI-RADS cate-
gory 3 was stable, however, with 506
(26.4%) of 1920 new US lesions as-
sessed as BI-RADS category 3 in year
1, 142 (23.6%) of 601 new US lesions
assessed as BI-RADS category 3 in
year 2, and 97 (24.6%) of 395 new US
lesions assessed as BI-RADS category
3 in year 3.
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| 2809 Women enrolled and randomized to order of imaging studies |

™| 84 Excluded as described previously* |

2725 Eligible

—-{ 11 missing Mammogram and/or US for all three screens

1372 US first

2714 with complete data for at least one screen
1342 mammogram first

2712 2559 2446
completed completed completed
screen 1 screen 2 screen 3
Mammogram Mammogram Mammogram
and US and US and US
- 1 excluded - 8 excluded - 6 excluded
l=| melanoma = 7> 91 days between || 4>91days between mammogram and US
- 52 no reference mammegram and US 1 cancer surgery < 12 months earlier
standard 1 cancer surgery < 12 1 axillary node metastasis from prior contralateral
months earlier cancer
- 58 no reference standard - 119 no reference standard
2659 analysis 2493 analysis 2321 analysis
set screen 1 set screen 2 set screen 3
T T T
¥

| 2662 unigue participants in analysis set for at least one screen |

1

| 1630 unique participants had a lesion identified on US (2916 total lesions) I

1

| 519 unique participants had a B3 lesion identified on US (745 total lesions) |

Figure 1:

Characteristics

Patient characteristics are presented
in Table 1. Of the 519 participants
with at least one BI-RADS category 3
lesion and the 1111 participants with
lesions other than BI-RADS category 3
lesions, those with BI-RADS category
3 lesions were younger on average
(54.1 years vs 35.9 years, P < .001)
and were more likely to be premen-
opausal (29.3% [152 of 519 patients]
vs 19.1% [212 of 1111 patients|, P <
.001), to be of Hispanic or Latino eth-
nicity (13.5% [70 of 519 participants|
vs 6.8% [76 of 1111 participants], P <
.001), or to have a lifetime risk of 25%
or higher based on the Gail or Claus
model (23.1% [120 of 319 patients|
vs 14.4% [160 of 1111 patients], P <
.001). A smaller percentage of women
with BI-RADS category 3 lesions had
a personal history of breast cancer
(48.0% [249 of 519 patients]) than did
women without a personal history of

Flowchart of BI-RADS category 3 (B3) lesions.

breast cancer (62.3% [692 of 1111 pa-
tients]) (P < .001).

Lesion Characterization

The frequency of special cases, calci-
fications, and lesions palpable in ret-
rospect during US is listed in Table 2
. Of 745 BI-RADS category 3 lesions,
306 (41.1%) were lesions with special
features. There were 183 complicated
cysts (one cancer, 0.5%), 33 clustered
microcysts (one cancer, 3%), 14 mul-
tiple bilateral circumscribed benign-
appearing masses (no cancers), 33
postsurgical scars (one cancer, 3%),
10 lymph nodes (no cancers), and 33
others (no cancers). Six (0.8%) of 745
BI-RADS category 3 lesions were ma-
lignant, and none of the malignancies
were palpable at the time of US
screening. The remaining 439 lesions
not described as special cases were
oval or had two or three gentle lobula-
tions (n = 377, three [0.8%] cancers),

with the three malignancies included
among 361 circumscribed oval (0.8%
malignancy rate), round (n = 36, no
cancers), or irregular (n = 26, no can-
cers) masses. Table 3 lists the lesion
features of BI-RADS category 3 lesions
with no special features and the ob-
served rates of malignancy. Overall, six
(0.8%) of 745 BI-RADS category 3 le-
sions were malignant, and none of the
malignancies were palpable at the time
of US screening.

Of 519 participants with BI-RADS
category 3 lesions, 349 (67.2%) also
had cysts (simple or complicated). The
cancer rate in participants with cysts
(three of 349 patients [0.9%]) was not
significantly different (P = .74) from
that in participants without cysts (two
of 170 patients [1.2%]).

Work-up Recommendations

Initial  work-up  recommendations
based on initial US-only results for
745 BI-RADS category 3 lesions were
1-year follow-up (n = 23 [3.1%]),
6-month follow-up (n = 524 [70.3%]),
additional imaging (n = 125 [16.8%]),
or biopsy (n = 73 [9.8%]) (Table El
[online]).

After integrated interpretation
with mammography, 21 (2.8%) BI-
RADS category 3 lesions (including
one malignancy) were recommended
for additional imaging, 561 (75.3%)
were recommended for short-term fol-
low-up, 72 (9.7%) were recommended
for biopsy, 66 (8.8%) were recom-
mended for 1-year follow-up, and 25
(3.4%) were missing data. After inte-
grated interpretation with mammogra-
phy, five (0.7%) of 672 BI-RADS cate-
gory 3 lesions were upgraded to biopsy
(no malignancies) and five (6.8%) of
73 were downgraded from biopsy (no
malignancies).

Of the 745 BI-RADS category 3
lesions, 561 were recommended for
short-interval follow-up after interpre-
tation with mammography. Of these,
426 (420 US, six mammography)
(75.9%) completed follow-up; 338 of
these were recommended to return
to routine mammography, 78 were
recommended for additional 6-month
follow-up (coinciding with the annual
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Table 1

Participant Characteristics

Participants Participants
with BI-RADS without BI-RADS
Category 3 Lesions  Category 3 Lesions All Participants
Characteristic (n=519) (n=1111) PValue (n=1630)
Age (y)
Median* 54.0 (28-86) 55.0 (25-85) 55.0 (25-86)
Mean® 54.1 =98 55.9 =94 <.001 55.3*9.6
Age category
<50 years 172 (33.1) 283 (25.5) .001 455 (27.9)
=50 years 347 (66.9) 828 (74.5) 001 1175(72.1)
Race or Ethnicity
White 479 (92.3) 1028 (92.5) .866 1507 (92.5)
Hispanic or Latino 70 (13.5) 76 (6.8 <.001 146 (9.0
Black or African American 20(3.9) 38 (3.4) .660 58 (3.6)
Native Hawaiian or other Pacific 1(0.2) 3(0.3) .769 4(0.2)
Islander
Asian 17 (3.3 39 (3. .808 56 (3
American Indian or Alaskan Native 1(0.2) 3(0.3) .769 4(0.
Unknown 1(0.2 6 (0. 318 7(0.4)
Menopausal status
Premenopausal 152 (29.3) 212 (19.1) <.001 364(22.3)
Perimenopausal 42 (8.1) 72 (6.5) 235 114 (7.0
Postmenopausal 236 (45.5) 604 (54.4) .001 840 (51.5)
Surgical menopause 84 (16.2) 216 (19.4) 114 300( 8.4)
Unknown 5(1.0) 7(0.6) 463 2(0.7)
Primary risk factor
Mutation in BRCA1 or BRCA2 4(0.8 9(0.8) 934 13(0.8)
History of prior chest, mediastinal, 1(0.2 4(0.4) .569 5(0.3)
or axillary irradiation
Personal history of breast cancer 247 (47.6) 684 (61.6) <.001 931 (57.1)
Lifetime risk =25% with Gail or 120 (23.1) 160 (14.4) <.001 280(17.2)
Claus model
=2.5% 5-year risk with Gail model 85 (16.4) 145 (13.1) 072 230 (14.1)
=1.7% 5-year risk with Gail model 40(7.7) 79(7.1) 666 119 (7.3)
and extremely dense breasts
ADH/ALH/LCIS or atypical papilloma 22 (4.2) 30 (2.7) .100 52 (3.2)
Personal history of breast cancer 249 (48.0) 692 (62.3) <.001 941 (57.7)

(regardless of other risk factors)

Note.—Unless otherwise indicated, data are number of patients, and data in parentheses are percentages. ADH = atypical

ductal hyperplasia, ALH = atypical lobular hyperplasia, LCIS =

* Data in parentheses are the range.
1 Data are mean = standard deviation.

lobular carcinoma in-situ.

examination), and 10 were recom-
mended for biopsy. Of the 10 lesions
recommended for biopsy, biopsy was
performed in seven, and none of the
lesions were malignant. Biopsy was
performed in all nine BI-RADS cat-
egory 3 lesions recommended for bi-
opsy after 12 months of follow-up, and
one was malignant.

Of the 648 BI-RADS category 3
lesions that were first seen either in
year 1 or year 2 of follow-up, by and
including the annual examination, 251
(38.7%) lesions were no longer pre-
sent, four (0.6%) had changed to BI-
RADS category 1 lesions, 275 (42.4%)
had changed to BI-RADS category 2 le-
sions, 110 (17.0%) remained BI-RADS

category 3 lesions, seven (1.1%) had
changed to BI-RADS category 4a le-
sions, and one (0.2%) had changed to
a BI-RADS category 4b lesion.

Biopsy and Malignancy Rates

Of 745 BI-RADS category 3 lesions,
124 (16.6%) were ultimately sam-
pled for biopsy (including one treat-
ment mastectomy), revealing five ma-
lignancies (4.0% of such biopsies).
One additional cancer was detected
at prophylactic mastectomy, for an
overall malignancy rate of 0.8% (95%
CI: 0.3%, 1.7%) (six of 7435 lesions).
When we limit our analysis to a more
conservative reference standard that
requires at least 2-year follow-up or
biopsy, the malignancy rate among
BI-RADS category 3 lesions would be
0.9% (95% CI: 0.3%, 2.0%) (six of
636 lesions).

Of the six malignancies, two were
diagnosed at initial detection (one
more was excised during prophylactic
mastectomy at the initial time point),
and one malignancy was diagnosed
at each of the following time points:
6, 12, and 24 months after initial US
detection. Table 4 shows the biopsy
rate, positive biopsy rate, and cancer
rate for all 2916 US lesions. The ma-
lignancy rate of BI-RADS category 3
lesions (0.8%) was significantly lower
than that of BI-RADS category 4a le-
sions (11 [2.8%] of 400 lesions, P =
.01). If we exclude prophylactic mas-
tectomy results, pathologic analysis of
biopsied BI-RADS category 3 lesions
revealed 37 (31.1%) benign cystic le-
sions, 28 (22.6%) lesions with fibrosis
or a fibrocystic change, 25 (20.2%)
fibroadenomas, 14 (11.3%) cases of
benign breast tissue, three (2.4%)
cases of fat necrosis, five (4.0%) ma-
lignancies, four (3.2%) sclerosing ad-
enoses, four (3.2%) benign papillary
lesions, and four (3.2%) findings that
could only be classified as other. Of
the 124 lesions that were sampled
for biopsy, 64 had a reason provided.
These reasons were as follows: par-
ticipant preference (n = 23 [35.9%]),
patient risk factors (n = 25 [39.0%]),
increasing volume (n = 3 [4.7%]),
interval suspicious change (n = 1
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Table 2

Frequency and Malignancy Rate among 745 BI-RADS Category 3 Lesions Identified at
Screening US by Special Case Type, Calcification, and Palpability

Lesion Feature Cancer (n = 6) Noncancer (n= 739) Total (n=745)
Special case
Yes 3(1) 303 (99) 306 (41.1)
Complicated cyst 1(0.5) 182 (99.5) 183 (24.6)
Clustered microcysts 1) 32(97) 33(4.9)
Multiple bilateral solid oval 0(0) 14 (100) 14 (1.9)
circumscribed masses*
Postsurgical scar 1) 32(97) 33(4.9)
Calcifications without a mass 0(0) 6 (100) 6(0.8)
Intraductal mass 0(0) 1(100) 1(0.1)
Lymph node 0(0) 10 (100) 10 (1.3)
Other 0(0) 26 (100) 26 (3.5)
No 3(0.7) 435 (99.3) 438 (58.8)
Data missing 0(0) 1(100) 1(0.1)
Calcification
Present 1(2.6) 37 (97.4) 38 (5.1)
None 5(0.7) 702 (99.3) 707 (94.9)
Palpable at time of radiologist-performed
screening US
Yes 0(0) 26 (100) 26 (3.5)
No 6(0.8) 712 (99.2) 718 (96.4)
Data missing 0(0) 1(100) 1(0.1)

Note.—Data are number of lesions, and data in parentheses are percentages.

* Berg et al (35) described a subset of 2172 evaluable women with two breasts enrolled in ACRIN 6666. In these women, 41
lesions were classified as multiple bilateral circumscribed masses and probably benign (none were malignant): (a) eleven lesions
had multiple, bilateral, solid oval circumscribed masses (three more such lesions taken from women with only one breast at the
time of the study have been included herein), (b) one lesion was described as clustered microcysts, (c) 17 were described as
complicated cysts, (d) seven appear in Table 3 as oval and circumscribed masses, and (g) five appear in Table 3 as two or three

gentle lobulations and circumscribed masses.

[1.6%]), and investigator uncertainty
(n=12 [18.8%]).

Malignancies Classified as BI-RADS
Category 3

The six malignant BI-RADS category 3
lesions occurred in five (1.0%) of 519
participants with BI-RADS category 3
lesions. Of the six malignancies, five
(83%) were invasive, with a median size
of 10 mm (range, 2-18 mm), and one
node was positive at surgery (Table 5).
Images of the BI-RADS category 3 le-
sions subsequently found to be malig-
nant are presented in Figures 2-4 and
Figures E1 and E2 (online). One time
0 lesion (Fig 2) that was classified as
a clustered microcyst had suspicious
changes. It appeared solid with distor-
tion at 12-month screening, and it may
not have even been the same lesion,
with biopsy showing an 18-mm invasive

lobular carcinoma. One patient with a
separate BI-RADS category 4c lesion
that was classified as an invasive duc-
tal carcinoma (IDC) at biopsy elected
to undergo bilateral mastectomy and
also had bilateral BI-RADS category 3
lesions that were classified as (a) con-
tralateral DCIS (NX) and (b) ipsilateral
IDC and DCIS (NO), respectively (Fig
4).

Only one (17%) of six malignant
US B3 lesions was identified at mam-
mography when the lesion was initially
identified at US. This lesion was consid-
ered suspicious at mammography (BI-
RADS category 4B), and the mammo-
graphic results prompted biopsy (Fig
E2 [online]).

Three BI-RADS category 3 lesions
that proved to be malignant were de-
tected on the basis of changes seen on
follow-up images. One was an invasive

lobular carcinoma (NO); one, a low-
grade IDC (NO); and one, an interme-
diate-grade IDC (N1). Of the six can-
cers identified in BI-RADS category 3
lesions, two (33%) were followed for
1 year, with no short-term 6-month
follow-up performed. The single-node
positive malignancy in our study had
a rate of change that was greater than
20% per 6 months of follow-up (actu-
ally >200% in the 1st year); however,
this malignancy was not sampled for bi-
opsy until the 2nd year of follow-up. At
that point, it had an additional increase
of more than 200% in volume due to a
lapse in protocol.

Most cancers identified at US were
unique from those identified at mam-
mography. Four (67%) of six cancers
were not detected at mammography,
and one (17%) cancer detected at US
in year 1 and sampled for biopsy in year
3 because of change was not detected
with mammography until year 3. One
(17%) lesion was identified with both
mammography and US. Integrated in-
terpretation with mammography had
a minimal effect on the recommenda-
tion for biopsy in 10 (1.3%) of 745 le-
sions. One of the five lesions in which
the assessment was upgraded to biopsy
on the basis of additional imaging per-
formed after integrated interpretation
with mammography was a 14-mm US
mass that was in fact a 2-mm IDC with
associated DS (NX).

BI-RADS category 3 lesions are com-
mon at screening US; they were seen in
nearly 20% of participants in this study
after three rounds of screening, and
they accounted for approximately 25%
of US-detected lesions. Although the oc-
currence of new US lesions decreased
at incidence screening, the proportion
of newly detected lesions assessed as
BI-RADS category 3 remained stable at
approximately 25% for each of the 3
years of screening.

Hooley et al (29) reported BI-
RADS category 3 lesions were detect-
ed at a rate of 20% (187 of 935 le-
sions) at initial screening US in women
with mammographically dense breasts;
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Table 3

Frequency and Malignancy Rate of 439 BI-RADS Category 3 Lesions Other than

Special Cases

Lesion Features Cancer (n=3) Noncancer (n = 436) Total (n= 439)
Shape/margin
Oval and circumscribed 2(0.7) 282 (99.3) 284 (64.7)
Oval and not circumscribed 0(0) 13 (100) 13(3)
Two or three gentle lobulations and 1(1.3 76 (98.7) 77 (17.5)
circumscribed
Two or three gentle lobulations and 0(0) 3(100) 3(0.7)
not circumscribed
Round and circumscribed 0(0) 27 (100) 27 (6.2)
Round and not circumscribed 0(0) 9 (100) 9(2.1)
Irregular and circumscribed 0(0) 3(100) 3(0.7)
Irregular and not circumscribed 0(0) 23 (100) 23(5.2)
Shape
Oval 2(0.7) 295 (99.3) 297 (67.7)
Two or three gentle lobulations 1(1.3) 79 (98.8) 80(18.2)
Round 0(0) 36 (100) 36 (8.2
Irregular 0(0) 26 (100) 26 (5.9
Margin
Circumscribed 3(0.8) 388(99.2) 391 (89.1)
Not circumscribed 0(0) 48 (100) 48 (10.9)
Orientation
Parallel 2(0.5) 378 (99.5) 380 (86.6)
Not parallel 1(1. 58 (98.3) 59 (13.4)
Boundary zone
Abrupt interface 3(0.7) 407 (99.3) 410 (93.4)
Echogenic halo 0(0) 29 (100) 29 (6.6)
Echo pattern
Anechoic 0(0) 10 (100) 10 (2.3)
Hyperechoic 0(0) 8 (100) 8(1.8)
Complex cystic 0(0) 5(100) 5(.1)
Hypoechoic with few tiny cystic areas 0(0) 6 (100) 6(1.4)
Isoechoic to fat 2(3) 65 (97) 67 (15.3)
Mixed hyperechoic and hypoechoic 0(0) 31 (100) 31(7.1)
Hypoechoic to fat 1(0.3) 311(99.7) 312 (71.1)
Posterior features
Enhancement 1(1.2) 80 (98.8) 81(18.5)
Combined shadowing and enhancement 0(0) 4 (100) 4(0.9
Shadowing 0(0) 26 (100) 26 (5.9)
None 2(0.6) 326 (99.4) 328 (74.7)
Surrounding tissue
Effect 0(0) 1(100) 1(0.2
No effect 3(0.7) 435 (99.3) 438 (99.8)
Vascularity
Yes 0(0) 35 (100) 35(8)
None 3(0.8) 369 (99.2) 372 (84.7)
Not performed 0(0) 32 (100) 32(7.3)

Note.—Data are number of lesions, and data in parentheses are percentages.

this finding was similar to our findings.
The percentage of BI-RADS category
3 lesions after work-up of screening
mammographic  abnormalities  has

been reported to range from 1.2% to
14.0% (36-40). One reason the detec-
tion rate for BI-RADS category 3 le-
sions is higher on US images than on

mammographic images is that lesions
ultimately considered to be BI-RADS
category 3 lesions after mammo-
graphic detection are typically con-
sidered BI-RADS category O lesions
initially. This results in immediate
additional evaluation with additional
mammographic views, US prior to ren-
dering a BI-RADS category 3 assess-
ment, or both (41,42). For physician-
performed US, a BI-RADS category 3
recommendation can be given directly
after a screening examination (13). In
situations where there is an increased
pretest probability, such as an ipsilat-
eral known malignancy, BI-RADS cate-
gory 3 classification is not appropriate
(43). With the advent of whole-breast
US images that can be interpreted
after the patient has left the facility,
follow-up diagnostic US may be re-
quired to provide a BI-RADS category
3 assessment. D’ Orsi and Sickles (44)
recommended that the separation of
screening and diagnostic examinations
in auditing outcomes of whole-breast
US be maintained.

Fewer than 2% of US BI-RADS cat-
egory 3 lesions in our study were ma-
lignant (0.8%; 95% CI: 0.3%, 1.7%).
This is similar to other US studies (7,8)
and within the BI-RADS guidance. A
similar malignancy rate of less than 2%
(range, 0.3%-0.7%) has been validated
for particular findings assessed as BI-
RADS category 3 lesions at mammogra-
phy (15-17,45). An important corollary
to the low expected rate of malignancy
is that the few malignancies found at
follow-up should have a prognosis
equivalent to that of screen-detected
cancers (13). In our study, the average
size of the detected invasive cancers
among BI-RADS category 3 lesions was
10 mm (range, 2-18 mm), and five of
six were invasive. Only one (20%) of
five invasive cancers had metastasized
to axillary lymph nodes; two were low-
grade invasive cancers, two were inter-
mediate-grade invasive cancers, and
one was a high-grade invasive cancer.
These results are similar to the results
for all cancers seen only at screening
US in ACRIN 6666, with a median size
of 10 mm and one (3.7%) of 27 cancers
being node positive (30).
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Table 4

Biopsy Rate, Positive Biopsy Rate, and Cancer Rate in 2916 US Screening-detected Lesions across 7473 Examinations in 2662

Participants
Undefined BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS
BI-RADS Category ~ Category 1 Category 2 Category 3 Category 4a Category 4b Category 4c Category 5
Rate (n=2) (n=10) (n=1572)  (n=745) (n=400) (n=132) (n=43) (n=12)
Biopsy, n* 1 (50) 0(0) 29(1.8) 124 (16.6) 330 (82.5) 102 (77.3) 36 (83.7) 12 (100)
Cancer, m (%) 0(0) 0(0) 4(0.3) 6 (0.8)f 11(2.8) 13(9.8) 18 (41.9) 9 (75.0)
Positive biopsy rate, % (m/n)** 0 (0/1) 13.8(4/29)  4.0(5/124%t  33(11/330) 12.7(13/102)  50.0 (18/36)  75.0 (9/12)

Note.—Unless otherwise indicated, data are number of lesions, and data in parentheses are percentages.
* Mastectomies (but not prophylactic mastectomy) are included in the biopsy counts.
T One cancer was diagnosed with prophylactic mastectomy (not included in positive biopsy rate), and one cancer was diagnosed with mastectomy for a different lesion; thus a total of six malignancies

were diagnosed.

+ Data are percentages, and data in parentheses are those used to calculate the percentages.

Table 5

Details of the Six Malignant BI-RADS Category 3 Lesions

Nodal Invasive Size at
Lesion  Pathologic Analysis Finding ~ Grade Status  US Features US Size (mm)  Pathologic Analysis (mm)  Finding that Led to Cancer Diagnosis
1 Invasive lobular carcinoma  NA NO Clustered microcysts 5 18 Suspicious change at 1 year
2 IDC and DCIS Low NX Postsurgical scar 14 2 BI-RADS category 4b on
mammography on initial
examination
3L DCIS Intermediate  NX Two or three gentle 7 NA Diagnosed at prophylactic
lobulations and mastectomy due to contralateral
circumscribed cancer
3R IDC and DCIS High NO Oval and circumscribed 7 10 Diagnosed at mastectomy for other
lesion on the same side;
mastectomy counted as biopsy
4 IDC, invasive lobular Low NO Complicated cyst 9 9 Suspicious change at 6 months
carcinoma, and DCIS
5 IDC and DCIS Intermediate N1 Oval and circumscribed 12 12 Suspicious change at 2 years

Note.—DCIS = ductal carcinoma in situ, 3L = left breast contralateral to cancer seen at mammography, 3R = right breast in the same patient as 3L, ipsilateral to another cancer seen at mammography,

NA = not applicable.

The biopsy rate of US-detected BI-
RADS category 3 lesions was 16.6%
(124 of 743 lesions), with a positive bi-
opsy rate of 4.0% (five of 124 lesions)
in this study. BI-RADS category 3 and
BI-RADS category 4a lesions accounted
for 454 (71.6%) of the 634 biopsies
prompted by US findings while repre-
senting 17 (27.9%) of 61 US-only de-
tected cancers in the ACRIN 6666 trial.
Across other studies of palpable US le-
sions classified as BI-RADS category 3,
294 (36%) of 807 were sampled for bi-
opsy (18,43,46-48). In the BE1 study of
shear wave elastography (21) 81% of BI-
RADS category 3 lesions were biopsied

or aspirated in Europe, as were 34% in
the United States. In the Hooley et al
study (29), biopsies were performed in
63 (6.7%) of 935 lesions; of these, nine
(4.8%) were performed in BI-RADS
category 3 lesions (n = 187), with no
malignancies detected.

The cost of additional studies or bi-
opsy in these probably benign lesions
can be substantial (28,49-31). Since
BI-RADS category 3 lesions have a low
malignancy rate (0.8%; 95% CI: 0.3%,
1.7%) (six of 745 lesions) and since
only one (0.1%) lesion had suspicious
changes at short-interval follow-up
and one (0.1%) lesion had suspicious

changes at 1-year follow-up, both of
which showed signs of node-negative
invasive ductal carcinoma, a recom-
mendation of yearly follow-up for BI-
RADS category 3 lesions may be appro-
priate. Yearly follow-up for US BI-RADS
category 3 lesions would substantially
decrease the number of follow-up ex-
aminations, and thereby improve the
cost-benefit ratio of US screening.
Across six prior series (7,52-
56), only two (0.23%) of 868 lesions
thought to be complicated cysts at
US proved to be malignant. A large
number of BI-RADS category 3 lesions
(n = 183 [24.6%]) in our study were
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Figure 2

b.

Figure 2:  (a, b) Sonograms show a BI-RADS
category 3 lesion (arrow) in a woman aged 43 years
at 1-year follow-up. (a) This lesion was described
as 5-mm clustered microcysts at 1-year follow-up.
(b) At 2-year follow-up, the lesion had suspicious
changes and was reclassified as a BI-RADS cate-
gory 4a solid lesion. The lesion was not detected
with mammography in either year. At biopsy, the
lesion was determined to be an 18-mm invasive
lobular cancer (NO).

complicated cysts, with only 0.5% be-
ing malignant. One NO lesion was de-
tected because of a suspicious change
at 6-month follow-up. These findings
suggest complicated cysts with debris
can be appropriately followed with rou-
tine yearly follow-up, as suggested by
Hooley et al (29).

In four prior series, no malignancies
were found among 112 lesions described
as clustered microcysts (52-54,56). In
the ACRIN 6666 study, one of 123 mi-
crocysts (0.8%) proved to be a malig-
nancy. This lesion appeared solid with
distortion at 2-year screening and may
not have been the same lesion (56).

Study limitations included the fact
that lesion classification was performed
at each site and the fact that BI-RADS

Figure 3

——

Figure 3:  (a) At year 1 screening US, a 4-mm
circumscribed oval mass (arrow) was described
in a 59-year-old woman and assessed as a Bl-
RADS category 3 lesion. (b, ¢) The lesion (arrow)
increased in size to (b) 8 mm in year 2 and (c)
12 mm in year 3. It was classified as a BI-RADS
category 4a lesion in year 3. This lesion was not
detected at mammography until year 3. At patho-
logic analysis, the lesion was determined to be a
12-mm grade 2 IDC with associated DCIS with a
metastatic axillary node (N1).

C.

Figure 4

a. b.

Figure 4: (a, b) US images in a 46-year-old woman with a BI-RADS category 4C lesion in her right breast
that was classified as grade 3 invasive ductal cancer at pathologic analysis. At screening US, she also

had a 7-mm right breast lesion (arrow in b) and a 7-mm left breast lesion (arrow in a), both of which were
classified as BI-RADS category 3; these lesions were not detected at mammography. She elected to undergo
bilateral mastectomy (prophylactic on the left side). On the basis of lesion locations, the lesion in the left
breast (a) was thought to correlate with DCIS (NX), whereas the lesion in the right breast (b) was thought to
correlate with a 10-mm IDC with associated DCIS (NO).

recommendations were not always
strictly followed. Although the follow-up
recommendation for B3 lesions is gen-
erally short-term interval follow-up after

initial detection and again at 6-month fol-
low-up (if stable), 30% of BI-RADS cat-
egory 3 lesions at initial detection were
given other recommendations. This may
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be partially explained by the fact that BI-
RADS category 3 lesions were prospec-
tively defined; the physician may have
upgraded the recommendation based on
clinical or patient factors (eg, previous
history of breast cancer). Two (33%) of
six cancers identified (one at treatment
mastectomy for another cancer, counted
as a biopsy; one at prophylactic mastec-
tomy) were assumed to correlate with
malignancies found at mastectomy based
on position. One (17%) of the six cancers
was classified as a suspicious change at
1-year follow-up; it changed from clus-
tered microcysts to a solid lesion and
may not have been the same lesion. The
ACRIN 6666 trial was a well-controlled
trial performed by trained physicians in
elevated-risk patients, and the results
may be different from those seen in usual
clinical practice and those obtained with
non-physician-performed or automated
scanning. The ACRIN 6666 study had a
76% compliance rate for short interval
follow-up examinations, which is compa-
rable with that reported by Helvie et al
(57) for mammography.

Further prospective validation of
yearly follow-up of nonpalpable US BI-
RADS category 3 lesions or of the use
of elastography to up- or downgrade
BI-RADS category 3 and 4a lesions is
warranted to assess outcomes (58-61).
Ideally, the positive biopsy rate of US-
prompted biopsies can be substantially
increased while maintaining the cancer
detection rate.

In conclusion, with screening breast
US becoming more widely used, BI-
RADS category 3 masses will account
for a substantial number of lesions
identified. The present recommenda-
tion of short-term interval follow-up
leads to additional imaging and biopsies
(both physician-requested and patient-
requested biopsies), with a low cancer
detection rate. Since BI-RADS category
3 lesions have a low malignancy rate
(0.8%; 95% CI: 0.3%, 1.7%) (six of 745
lesions) and since only one (0.1%) le-
sion had suspicious changes at short-in-
terval follow-up and this lesion was node
negative, a recommendation of yearly di-
agnostic follow-up for BI-RADS category
3 lesions detected at screening US may
be appropriate.
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