
Or
ig

in
al

 r
es

ea
rc

h 
n

 B
re

as
t 

Im
ag

In
g

778 radiology.rsna.org n Radiology: Volume 285: Number 3—December 2017

1 From the Department of Radiology, Breast Imaging 
Section, University of Pennsylvania, Perelman School of 
Medicine, Hospital of the University of Pennsylvania, 3400 
Spruce St, 1 Silverstein, Philadelphia, PA 19104-4283 
(E.S.M., S.P.W., M.D.S., E.F.C.); and General Medicine 
Division, Massachusetts General Hospital, Harvard Medical 
School, Boston, Mass (A.M.M.). Received January 3, 2017; 
revision requested February 22; revision received March 
27; accepted April 14; final version accepted May 4. Ad-
dress correspondence to E.F.C. (e-mail: Emily.Conant@
uphs.upenn.edu).

Supported by Division of Cancer Prevention, National 
Cancer Institute (U54CA163313).

q RSNA, 2017

Purpose: To evaluate Breast Imaging Reporting and Data System 
(BI-RADS) category 3 assessment at diagnostic examina-
tion after recall from screening in a large urban popula-
tion after implementation of digital breast tomosynthesis 
(DBT) by focusing both on overall use and use stratified by 
recalled finding type and outcome at 2 years.

Materials and 
Methods:

This was an intuitional review board–approved and HIPAA-
compliant retrospective review of 10 728 digital mammog-
raphy (DM) examinations from September 1, 2010, to 
August 30, 2011, and 15 571 screening DBT examinations 
from October 1, 2011, to February 28, 2013. The recall 
populations for DM and DBT were 1112 of 10 728 (10.4% 
of women screened) and 1366 of 15 571 (8.8% of women 
screened), respectively. Recall examinations were classi-
fied according to finding type: calcifications, asymmetry 
or focal asymmetry, mass, and architectural distortion. 
Differences between groups were compared by using the 
x2 test.

Results: Although there was no significant change in the utilization 
rate of BI-RADS category 3 in those patients screened 
with DM compared with DBT (168 of 10 728, 1.6% for 
DM vs 206 of 15 571, 1.3% for DBT; P = .102), there was a 
mean overall reduction of 2.4 women per 1000 (95% con-
fidence interval [CI]: 20.5, 5.4) recommended for short-
term follow-up. Lesion types given a BI-RADS category 3 
assessment after diagnostic work-up did not change. The 
distribution of recalled finding types significantly changed 
with DBT, with increased recall examinations for architec-
tural distortion and mass (P , .001) and decreased recall 
examinations for asymmetries (P  .001). There was no 
change in recall examinations for calcifications (P = .977).

Conclusion: Screening with DBT did not significantly change the utili-
zation rate of BI-RADS category 3 classification; however, 
the overall number of patients recommended for short-
interval follow-up decreased by a mean of 2.4 women per 
1000 (95% CI: 20.5, 5.4).
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examinations for noncalcified findings 
and may lead to cost savings (17,18).

Other factors should be considered 
in population screening. One initial con-
cern was an increase in radiation dose 
with combination DM and DBT imag-
ing; however, reconstruction of syn-
thetic two-dimensional images from the 
DBT acquisition has reduced the dose 
of DBT screening by 39%, approaching 
that of a two-dimensional examination 
while maintaining the benefit of re-
duced false-positive examinations (19). 
Another early finding was an increase 
in the biopsy rate with DBT (3), which 
could impact downstream cost. Also, if 
DBT increases the rate of BI-RADS cat-
egory 3 use, as suggested in two early 
reports (5,20), then this increase could 
offset cost savings and reduce enthusi-
asm for this technology.

The purpose of our study was to 
evaluate BI-RADS category 3 assess-
ment at diagnostic examination after 
recall from screening in a large urban 
population after implementation of 
DBT by focusing both on overall use 
and use stratified by recalled finding 
type and outcome at 2 years.

Materials and Methods

E.S.M. and A.M.M. were primarily re-
sponsible for the data analysis and had 

for biopsy (BI-RADS 4 or 5), or a more 
nebulous category that involves short-
term follow-up by utilizing sequential 
diagnostic examinations, usually at 
6-month or 1-year intervals and for up 
to 2 years (BI-RADS 3). Cases of BI-
RADS category 3 assigned after diag-
nostic evaluation should have a prob-
ability of malignancy of less than 2%. 
Eventually, either stability is document-
ed and a finding is resolved as benign, 
or a worrisome change is detected and 
biopsy is recommended. The additional 
economic impact of repeated diagnostic 
examinations is cost-effective (vs im-
mediate biopsy) for US alone (10) and 
for mammography alone (11). However, 
repeated examinations may lead to pa-
tient anxiety because a finding repre-
senting a potential cancer may be unre-
solved, under current standards, for up 
to 2 years. Patient compliance is known 
to decrease with each subsequent diag-
nostic examination, limiting the utility 
of the “wait and see” approach (12,13).

Evidence exists for the cost-effec-
tiveness of screening tomosynthesis on 
an annual (14) and biannual basis (15). 
Although a comprehensive evaluation of 
the impact of screening tomosynthesis 
on the cost of diagnostic evaluation has 
not been performed, there are fewer 
mammographic views at recall in pa-
tients screened with tomosynthesis and 
subsequently diagnosed with cancer, 
with an increase in patients needing 
no mammographic views from 6.3% to 
35.1% (16) in one study and from 2.6% 
to 28.3% in another (5). In many cases 
due to the improved localization and 
characterization of lesions achievable 
with DBT, the diagnostic mammogram 
might be safely eliminated in recall 
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Advances in Knowledge

 n The rate of use of Breast Imaging 
Reporting and Data System (BI-
RADS) category 3 after recall 
from screening with digital mam-
mography (DM) and digital 
breast tomosynthesis (DBT) was 
not significantly different than 
screening with DM alone.

 n Because fewer women were 
recalled with DM and DBT, the 
downstream effect was that a 
mean of 2.4 per 1000 fewer 
women were placed in short-
term follow-up after being 
screened with DBT compared 
with those screened with DM 
alone.

 n Distribution of recalled finding 
types significantly changed with 
DBT, with increased recall exam-
inations for architectural distor-
tions (75 of 1231 [6.1%] to 156 
of 1560 [9.9%]) and masses (261 
of 1231 [21.2%] to 420 of 1560 
[26.9%]) and decreased recall 
examinations for asymmetries 
(652 of 1231 [53.0%] to 701 of 
1560 [44.9%]).

 n There was no change in recall 
examinations for calcifications or 
in the types of lesions placed in 
BI-RADS category 3.

Implications for Patient Care

 n The replacement of DM with 
combination DM and DBT 
screening is beneficial to women 
by reducing the number of 
recalled patients.

 n As a result of the reduction in 
recall, fewer women from the 
total screened population were 
recommended for short-interval 
follow-up.

The addition of digital breast to-
mosynthesis (DBT) to digital 
mammography (DM) has changed 

mammography screening by decreasing 
false-positive results (1–8) while increas-
ing cancer detection when compared 
with screening with DM alone (1,3,6–8).  
When a patient is recalled from a 
screening examination, a diagnostic 
evaluation including mammography 
and/or ultrasonography (US) is per-
formed, with potential outcomes deter-
mined based on imaging features. Af-
ter recall and diagnostic work-up, the 
studies are reported by using assess-
ment categories recommended by the 
American College of Radiology Breast 
Imaging and Data Reporting System 
(BI-RADS) (9). These categories are as 
follows: resolution of the recalled find-
ing (BI-RADS 1 or 2), recommendation 
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available for diagnostic examinations. 
Generally, only DM imaging was per-
formed for the recalled finding type of 
calcifications (craniocaudal and medio-
lateral magnification views) before and 
after implementation of DBT; US only 
was performed for the recalled finding 
type of masses after implementation of 
DBT because the mass margins could 
be evaluated from the screening ex-
amination. Before implementation of 
DBT, mammographic spot compres-
sion was often performed for patients 
recalled for masses. Asymmetries and 
architectural distortion were worked up 
with additional mammographic views, 
which generally included at least one 
DBT view after implementation of DBT. 
Magnetic resonance (MR) imaging 
is rarely requested after a diagnostic 
work-up. If an MR imaging is recom-
mended after a full-diagnostic work-up, 
then the diagnostic examination is given 
a final BI-RADS assessment category of 
1 to 5 before the additional imaging is 
performed.

Data Collection
Mammographic studies were reported 
by using a reporting system that uti-
lizes the assessment categories rec-
ommended by the American College 
of Radiology BI-RADS (Centricity; GE 
Healthcare, Milwaukee, Wis) (15). BI-
RADS assessment categories and de-
mographics were entered at the time of 
interpretation.

Screening Outcome Measures
Screening outcome measures were 
evaluated including imaging volume, 
recall rates (percentage), recalled find-
ing type, and final BI-RADS assessment 
category. A recalled patient was any 
screening patient given an assessment 
of BI-RADS category 0 (additional im-
aging needed), category 4, or category 
5. We individually evaluated cases of 
architectural distortion given a final as-
sessment after recall of BI-RADS cat-
egory 3 because of a high probability 
of malignancy for this finding type (24). 
Diagnostic outcome was tracked for at 
least 2 years after the screening recall 
and included matching with state tumor 
registry data. If a patient died during 

in cohort 2) with available data showed 
that the distribution of risk factors 
(age, race, prior mammogram, breast 
density, interpreting radiologist, prior 
atypical hyperplasia, prior biopsy, age 
at menarche, age at first birth, first-de-
gree family history of breast or ovarian 
cancer, Jewish ancestry, menopause 
status, hormone replacement therapy 
use, and body mass index) in the DBT 
and DM cohorts was similar and did 
not explain differences in recall rates 
between the DBT and DM cohorts (6).

In different analyses, our institution 
previously published results comparing 
recall and cancer detection rates from 
14 014 (3), 11 910 (21), and 15 571 of 
the DM and DBT screening studies and 
from 10 728 DM-only screening studies 
(6,19,22,23). In this article, we report 
on the outcomes of the subpopulation 
of patients placed in short-interval fol-
low-up separated by specific imaging 
finding type.

Screening Interpretation
Examinations were interpreted by one 
of six radiologists with specialization in 
breast imaging. The radiologist staffing 
was constant and unchanged during the 
study period. Five of the interpreting 
radiologists were fellowship trained in 
breast imaging with 3–22 years of clin-
ical practice (including E.F.C., S.P.W.). 
One radiologist was not fellowship 
trained but had 22 years of practice ex-
perience at the start of the study. All 
radiologists received 8 hours of training 
in DBT interpretation prior to practice 
conversion. Examinations were cata-
loged according to finding type: calci-
fications, asymmetry or focal asymme-
try, mass, architectural distortion, and 
technical recall. Some recall examina-
tions occurred for more than one find-
ing. Breast density was evaluated by 
using the definitions in the fourth edi-
tion of the American College of Radi-
ology BI-RADS atlas, which is defined 
as percent density: 1 is 0%–25%, 2 
is 26%–50%, 3 is 51%–75%, and 4 is 
76%–100%.

Diagnostic Examinations
After screening implementation of DBT, 
DBT imaging was also immediately 

control of the data and material submit-
ted for publication. E.F.C. has served 
as a consultant to Hologic and S.P.W. 
has served as a consultant to Hologic 
and Siemens. There was no industry 
support for this trial; however, A.M.M., 
S.P.W., M.D.S., and E.F.C. were sup-
ported by a U54 grant from Population-
based Research Optimizing Screening 
through Personalized Regimens Net-
work (U54CA163313). E.S.M. and 
A.M.M. have no conflicts of interest.

Study Population
This was an institutional review board–
approved and Health Insurance Porta-
bility and Accountability Act–compli-
ant retrospective audit of population 
screening data obtained through rou-
tine clinical practice in a natural out-
comes experiment incorporating more 
than 25 000 examinations before and 
after complete screening practice 
conversion to DBT. We evaluated the 
population given a BI-RADS category 3 
assessment at diagnostic examination 
after recall from screening by focusing 
both on overall use and use stratified 
by recalled finding type and outcome 
at 2 years. The study population con-
sisted of all patients presenting for DM 
from September 1, 2010, to August 30, 
2011, (n = 10 728) and for DBT from 
October 1, 2011, to February 28, 2013, 
(n = 15 571). The entire practice con-
verted to screening DBT and DM on 
September 19, 2011, adding a two-view 
DBT examination to the two-view full-
field DM examination for each breast 
(Dimensions; Hologic, Bedford, Mass). 
DBT conversion occurred in a single 
day and all patients were offered the 
same service at no additional charge. 
Our screening population consisted of 
women without symptoms or physical 
examination findings and who had no 
prior history of breast cancer. Out-
comes data were queried through Au-
gust 17, 2016. Previous multivariate 
analysis of a subset of women from 
both cohorts (5626 of 10 728 from co-
hort 1 and 11 394 of 15 571 from cohort 
2; 596 of 1112 recalled in cohort 1 and 
996 of 1366 recalled in cohort 2; 85 of 
168 of BI-RADS category 3 in cohort 1 
and 138 of 206 of BI-RADS category 3 
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the study period without evidence of 
breast cancer, then this was counted 
as completed follow-up, even if the 
death occurred before 2 years after the 
screening mammographic examination 
(n = 7). A cancer in the same breast 
given a designation of BI-RADS cate-
gory 3 was counted as missed cancer, 
even if in a different quadrant than in 
the original recalled finding.

Statistical Analysis
Differences in the baseline character-
istics, final assessment categories, and 
finding types between the DBT- and 
DM-screened cohorts were compared 
by using x2 tests, and 95% confidence 
intervals (CIs) were calculated by us-
ing standard methods (25). Percent 
change in outcomes between DBT and 
DM were calculated as follows: [(per-
cent DBT 2 percent DM)/percent 
DM] 3 100. Sensitivity analyses were 
performed by comparing differences 
in final assessment categories, find-
ing types, and percent change in out-
comes between DBT and DM excluding 
women with no comparison examina-
tion and women with two DM exami-
nations, and separately evaluating the 
population of women with a first and 
second DBT examination. A P value of 
less than .05 was considered to indi-
cate a statistically significant difference. 
All statistical tests were two sided and 
performed by using Stata 13.1 software 
(Stata, College Station, Tex).

Results

Baseline characteristics of recalled pa-
tients and patients recommended for 
short-interval follow-up are presented 
in Table 1. Recalled populations for DM 
and DBT were 1112 and 1366, respec-
tively. Recalled patients were stratified 
by finding type and final assessment 
category. There was no difference in 
the proportion of those patients who 
had no prior study available (Table 1).

There were no significant differ-
ences in patients assigned to short-
interval follow-up in the DM cohort 
and the DBT cohort with respect to 
the total number of women screened 
(168 of 10 728, 1.6% for DM vs 206 

Table 1

Baseline Characteristics of Recalled Patients and Patients Recommended for Short-
Interval Follow-up

A: Characteristics of Recalled Patients

Characteristic Cohort 1: DM (n = 10 728) Cohort 2: DBT (n = 15 571) P Value

No. of women recalled 1112 (10.4) 1366 (8.8) ,.001
Age (y)* 54.2 6 10.4 53.8 6 10.6 .350
Age categories (y)
 ,40 30 (2.7) 37 (2.7) .630
 40–49 415 (37.3) 543 (39.8) …
 50–59 350 (31.5) 421 (30.8) …
 60–69 224 (20.1) 246 (18.0) …
 70 93 (8.4) 119 (8.7) …
Body mass index* 29.5 6 7.4 29.6 6 7.2 .792
Race
 White 429 (38.6) 516 (37.8) .289
 Black 589 (53.0) 720 (52.7) …
 Hispanic 11 (1.0) 22 (1.6) …
 Asian 37 (3.3) 35 (2.6) …
 Other/Unknown 46 (4.1) 73 (5.3) …
Breast density
 BI-RADS category 1 (0%–25%) 69 (6.2) 94 (6.9) .609
 BI-RADS category 2 (26%–50%) 598 (53.8) 725 (53.1) …
 BI-RADS category (51%–75%) 429 (38.6) 519 (38.0) …
 BI-RADS category 4 (76%–100%) 16 (1.4) 28 (2.1) …
Prior study
 No 247 (22.2) 298 (21.8) .813
 Yes 865 (77.8) 1068 (78.2) …

B: Characteristics of Patients Recommended for Short-Interval Follow-up

Characteristic Cohort 1: DM (n = 10 728)† Cohort 2: DBT (n = 15 571)† P Value

No. of women screened 168 (1.6) 206 (1.3) .102
Age (y)* 52.4 6 9.7 53.9 6 10.8 .189
Age categories (y)
 ,40 4 (2.4) 4 (1.9) .402
 40–49 76 (45.2) 83 (40.3) …
 50–59 46 (27.4) 56 (27.1) …
 60–69 35 (20.8) 44 (21.4) …
 70 7 (4.2) 19 (9.2) …
Body mass index* 32.0 6 8.9 31.1 6 8.0 .348
Race
 White 48 (28.6) 66 (32.0) .266
 Black 109 (64.9) 123 (59.7) …
 Hispanic 1 (0.6) 4 (1.9) …
 Asian 5 (3.0) 2 (1.0) …
 Other/Unknown 5 (3.0) 11 (5.3) …
Breast density
 BI-RADS category 1 (0%–25%) 15 (8.9) 28 (13.6) .337
 BI-RADS category 2 (26%–50%) 96 (57.1) 118 (57.3) …
 BI-RADS category 3 (51%–75%) 56 (33.3) 57 (27.7) …
 BI-RADS category 4 (76%–100%) 1 (0.6) 3 (1.5) …

Table 1 (continues)
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callbacks significantly decreased (47 
of 1231, 3.8% for DM to 34 of 1560, 
2.2% for DBT; P = .010) (Table 3). 
We calculated BI-RADS category 3 
outcomes as a percentage of total re-
called findings, stratified by recalled 
finding type, and no significant differ-
ences were found (Table 3).

Among 168 patients placed in 
short-interval follow-up in the DM 
population, 2 years of follow-up was 
available for 155 of 168 (92.3%). One 
year of follow-up was available for 162 
of 168 (96.4%) patients. Among 206 
patients placed in short-interval fol-
low-up in the DBT population, 2 years 
of follow-up was available for 175 of 
206 (85.0%). One year of follow-up 
was available for 189 of 206 (91.7%) 
patients. Four cancers were found in 
the DM cohort with BI-RADS category 
3 (2.4%; 95% CI: 0.6%, 6.0%) and two 
cancers were found in the DBT cohort 
with BI-RADS category 3 (1.0%; 95% 
CI: 0.1%, 3.5%). The DM group had 
a delayed cancer detection rate above 
the 2% threshold as based on the 
recommended performance metrics 
of the American College of Radiology 
BI-RADS (15). Two of the four can-
cers in the DM cohort manifested as 
calcifications (ductal carcinoma in situ) 
and invasive ductal carcinoma (Fig 1),  
and another each as calcifications plus 
distortion (invasive ductal carcinoma), 
and mass (invasive ductal carcinoma). 
The two patients with cancer in the DBT 
cohort were recalled for calcifications 
alone (representing ductal carcinoma 

a third case, the distortion correlated 
with scars from breast reduction. In a 
fourth case, the distortion resolved. In 
the final case, the distortion was thought 
to be questionable; a 6-month follow-up 
examination was requested only after 
negative findings at US and MR imaging 
(26). In the DBT cohort, seven patients 
were recalled for architectural distor-
tion and given a BI-RADS category 3 
assessment after diagnostic evaluation. 
In four of these cases, the architectural 
distortion resolved with diagnostic im-
aging, and the BI-RADS category 3 as-
sessment was given for a different find-
ing type at the diagnostic examination. 
In a fifth case, the distortion correlated 
with scars from prior placement of a 
chest wall catheter. In two cases, the 
distortion was felt to completely resolve; 
however, a follow-up examination was 
recommended “to assess stability of the 
mammogram.”

Overall, recall examinations for 
calcifications (196 of 1231, 15.9% 
for DM and 249 of 1560, 16.0% for 
DBT; P = .977) remained the same. 
Recall examinations for masses sig-
nificantly increased by 26.9% (261 of 
1231, 21.2% for DM and 420 of 1560, 
26.9% for DBT; P  .001). Recall ex-
aminations for architectural distor-
tion significantly increased by 62.3% 
(75 of 1231, 6.1% for DM to 156 
of 1560, 9.9% for DBT; P  .001). 
Recall rate for asymmetries signifi-
cantly decreased by 15.2% (652 of 
1231, 53.0% for DM to 701 of 1560, 
44.9% for DBT; P  .001). Technical 

of 15 571, 1.3% for DBT; P = .102) or 
with respect to the number of women 
recalled (168 of 1112, 15.1% for DM 
vs 206 of 1366, 15.1% for DBT; P = 
.981) (Table 1). Numbers of women in 
short-interval follow-up were slightly 
lower after DBT screening: 2.4 fewer 
women per 1000 (95% CI: 20.5, 5.4). 
An additional analysis was performed 
excluding women with no comparison 
examination and women with two DM 
examinations (Table E1 [online]). This 
also separately evaluated the popu-
lation of women with a first and sec-
ond DBT examination so that a simi-
lar DM and DBT population could be 
compared, isolating the effect of new 
technology from the confounder of no 
prior studies or the presence of prior 
DBT examinations (Table 2). This  
analysis also demonstrated no differ-
ence in BI-RADS 3 use when compar-
ing the entire screening population and 
the recalled patients. There was also no 
significant decrease in BI-RADS cate-
gory 3 use at second DBT examination 
when comparing with DM or first DBT 
examination.

There was no significant difference 
in the use of BI-RADS category 3 for 
any finding type. For the DM cohort, the 
finding types given a BI-RADS category 
3 assessment were calcifications (67 of 
184, 36.4%), mass (41 of 184, 22.3%), 
asymmetry or focal asymmetry (71 of 
184, 38.6%), and architectural distor-
tion (five of 184, 2.7%). For the DBT 
cohort, the finding types were calcifica-
tions (67 of 227, 29.5%), mass (61 of 
227, 26.9%), asymmetry or focal asym-
metry (93 of 227, 40.5%) and architec-
tural distortion (seven of 227, 3.1%) 
(Table 3). As mentioned previously, we 
further evaluated cases given a BI-RADS 
3 assessment for architectural distortion 
because of a high probability of malig-
nancy for this finding type (24). In the 
DM cohort, five patients were recalled 
for architectural distortion and given a 
BI-RADS category 3 assessment after a 
diagnostic evaluation. For two of these 
cases, the architectural distortion re-
solved with diagnostic imaging and the 
BI-RADS category 3 assessment was 
given for a different finding type per-
ceived at the diagnostic examination. In 

B: Characteristics of Patients Recommended for Short-Interval Follow-up

Characteristic Cohort 1: DM (n = 10 728)† Cohort 2: DBT (n = 15 571)† P Value

Prior study
 No 69 (41.1) 79 (38.4) .592
 Yes 99 (58.9) 127 (61.6) …

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

* Data are means 6 standard deviation.
† In the DM cohort, the number of women recalled was 168 of 1112 (15.1%) and the in DBT cohort, the number of women 
recalled was 206 of 1366 (15.1%); P = .981.

Table 1 (continued)

Baseline Characteristics of Recalled Patients and Patients Recommended for Short-
Interval Follow-up
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in situ and invasive ductal carcinoma) 
(Fig 2).

Discussion

Mammographic screening has a mor-
tality benefit in the 40–74 year-old age 
group (27). Still, recommendations for 
screening have varied, with the U.S. 
Preventive Services Task Force and 
American Cancer Society (27,28) citing 
the need to weigh benefits with harms 
that include a high rate of false-positive 
examinations. Included with false-posi-
tive examinations is the small subgroup 
of women with unresolved findings 
after diagnostic evaluation who are 
placed in the “probably benign” cate-
gory. These women are left to wait and 
wonder: when will resolution come, 
and what will be the ultimate outcome? 
A decrease in this population could 
have substantial clinical and economic 
impact.

The proportion of recalled women 
who were given a BI-RADS category 
3 assessment remained the same in 
the DM and DBT cohorts. However, 
because fewer women were recalled 
with DM and DBT, the downstream 
effect was that 2.4 per 1000 fewer 
women were placed in short-term 
follow-up after being screened with 
DBT compared with those screened 
with DM alone. This result is clinically 

Table 2

BI-RADS Category 3 Percentages and Rates per 1000, Excluding Women with No Available Comparison and Women with Two DM 
Examinations

Variable DM First DBT Examination
P Value (First 
DBT vs DM)

Second DBT  
Examination

P Value (Second  
DBT vs DM)

P Value (Second DBT  
vs First DBT )

Total screened 9518 12 017 … 1692 … …
 No. of BI-RADS category 3 99 116 … 11 … …
 Percent of BI-RADS category 3 1.0* 1.0* .583 0.7* .134 .205
 BI-RADS category 3 per 1000 women 

screened
10.4 (8.5–12.6) 9.7 (8.0–11.6) .583 6.5 (3.2–11.6) .134 .205

Total recalled 865 968 … 100 … …
 No. of BI-RADS category 3 99 116 … 11 … …
 Percent of BI-RADS category 3 11.5* 12.0* .721 11.0* .895 .772
 BI-RADS category 3 per 1000 women 

screened
114.5 (94.0–137.6) 119.8 (100.0–142.0) .721 110 (56.2–188.3) .895 .772

Note.—Unless otherwise noted, data are the number of patients and data in parentheses are the range.

* Data are percentages.

Table 3

Changes in Recalled Finding Type and Findings Given a BI-RADS 3 Category 
Assessment Following Implementation of Screening DBT

A: Recalled Finding Type

Variable
Cohort 1: DM  
(n = 1231)

Cohort 2: DBT  
(n = 1560) P Value Change in Outcomes (%)

Calcifications 196 (15.9) 249 (15.9) .977 0
Masses 261 (21.2) 420 (26.9) ,.001 +26.9
Asymmetries 652 (53.0) 701 (44.9) ,.001 215.2
Architectural distortion 75 (6.1) 156 (9.9) ,.001 +62.3
Technical recall 47 (3.8) 34 (2.2) .010 242.1
B: Recalled Findings Given BI-RADS Category 3
Variable Cohort 1: DM  

(n = 184)
Cohort 2: DBT  

(n = 227)
P Value Change DM to DBT(%)

Calcifications 67 (36.4) 67 (29.5) .138 219.0
Masses 41 (22.3) 61 (26.9) .284 +20.6
Asymmetries 71 (38.6) 92 (40.5) .689 +4.9
Architectural distortion 5 (2.7) 7 (3.1) .826 +14.8
Technical recall 0 (0) 0 (0) … …
C: Findings Given BI-RADS Category 3
Variable Cohort 1 (DM): BI-

RADS 3 Findings/
Total Findings

Cohort 2 (DBT):  
BI-RADS 3 
Findings/Total 
Findings

P Value Change DM to DBT (%)

Calcifications 67/196 (34.2) 67/249 (26.9) .097 221.3
Masses 41/261 (15.7) 61/420 (14.5) .674 27.6
Asymmetries 71/652 (10.9) 92/701 (13.1) .207 +20.2
Architectural distortion 5/75 (6.7) 7/156 (4.5) .486 232.8
Technical recall 0/47 (0) 0/34 (0) 1.0 0

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses.
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architectural distortion, given the high 
probability of malignancy for this find-
ing type. As mentioned previously, this 
finding was only followed when postop-
erative changes were strongly suspect-
ed or when the distortion resolved at 
diagnostic imaging and there was an ad-
ditional finding to follow. We do not ad-
vocate following architectural distortion 
depicted at either DBT or DM imaging 
unless a benign, pathognomonic etiol-
ogy can be determined (such as scarring 
from a benign biopsy). Architectural 
distortion from both benign and malig-
nant etiologies is more conspicuous at 
DBT imaging (24,32,33). In the case of 
persistent architectural distortion after 
diagnostic evaluation without evidence 
of prior surgical intervention and with-
out a sonographic correlate, we gener-
ally recommend biopsy due to the high 
probability of malignancy (47% [76% 
invasive cancers] in one study [24]). In 
these cases, the interpreting radiologist 

rate of 33.3% before DBT implementa-
tion (26). In that study, the 3rd year of 
DBT use yielded a BI-RADS category 
3 rate of 16.4% after diagnostic exam-
ination, which is similar to our results 
in patients recalled from screening. 
Our use of BI-RADS category 3 in the 
DM population was similar to that in 
other groups. Yasmeen and colleagues 
performed an analysis of over 58 000 
women receiving baseline DM as part 
of the Women’s Health Initiative yield-
ing a utilization rate of 5% for short-
interval follow-up on study enrollment 
(our overall utilization rate was 1.6% 
in the DM group) (30). Another study 
evaluating DM found that 5.2% of first 
screenings and 1.7% of subsequent 
screenings were placed into short-term 
follow-up (with or without a diagnostic 
evaluation) (31).

Some might question our use, al-
though infrequent, of BI-RADS cat-
egory 3 in recall examinations for 

meaningful considering the cost of ad-
ditional imaging events, as well as the 
potential for anxiety associated with 
short-term follow-up. Our results are 
in contrast to those of other studies 
that evaluated BI-RADS category 3 use 
after implementation of tomosynthe-
sis. In one study, the use of category 
3 increased to over 25% of recalled 
lesions; however, the increase was not 
statistically significant (5). Another 
study found the likelihood of BI-RADS 
category 3 was 80% higher after im-
plementation of screening DBT and 
adjusting for patient characteristics 
(20). A 2015 Radiological Society of 
North America presentation reported 
that implementation of DBT increased 
the use of category 3 findings by nearly 
eightfold compared with pre-DBT 
screening (29). Another study evaluat-
ing a diagnostic population found that 
BI-RADS category 3 recommendations 
decreased over time, with an initial DM 

Figure 1

Figure 1: DM images show cancer depicted at 6-month follow-up. A 54-year-old woman was recalled from baseline screening examination 
for calcifications. She was given a BI-RADS category 3 assessment after additional work-up. A, craniocaudal and, B, mediolateral magnification 
views at first diagnostic study demonstrate punctate calcifications (arrow). At 6 months, calcifications were stable but a new mass (arrowhead) 
was noted on, C, craniocaudal and, D, mediolateral magnification views. Biopsy was recommended. Corresponding, E, radial and, F, antiradial 
orthogonal US images from 6-month diagnostic examination demonstrate a 5 3 5 3 5-mm round hypoechoic mass with indistinct margins. 
Both calcifications and mass were excised (invasive ductal cancer and ductal carcinoma in situ [ T1N0M0]).
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resulted in a 26.9% increase in recalled 
masses and a 62.3% increase in ar-
chitectural distortion. These increases 
were offset by a 15.2% reduction in re-
call examinations for asymmetries and 
nearly half the number of technical re-
call examinations, a small portion of the 
recalled population. Despite an overall 
decrease, a similar number of asym-
metries were given BI-RADS category 
3 assessment in both groups (38.6% 
for DM vs 40.5% for DBT; P = .69). 
This may be because asymmetries that 
could easily be resolved as overlapping 

be more easily detected with a quasi–
three-dimensional data set compared 
with a two-dimensional examination, 
leading to an increase in recall. Asym-
metries due to overlapping fibroglandu-
lar tissue might be recognized as such 
and recalled less often. Some studies 
have supported this with greater recall 
for masses and architectural distortions 
(5), but others have found no change 
(2). The predominant recalled finding 
consistently decreased with implemen-
tation of DBT is asymmetries (2,5). 
In this study, implementation of DBT 

may also recommend MR imaging af-
ter a negative finding at diagnostic US. 
If an MR imaging correlate is found to 
the architectural distortion, then MR 
imaging–guided biopsy is performed. If 
no correlate is found or an MR imaging 
examination is not performed, then the 
patient proceeds to DBT-guided core 
biopsy or wire localization for surgical 
excision.

There was early prediction that 
implementation of DBT would influence 
recalled finding types. For example, 
masses or architectural distortion might 

Figure 2

Figure 2: DBT images depict cancer at 12-month follow-up. A 74-year-old woman was recalled from a screening mammogram for calcifications. She was given a 
BI-RADS category 3 assessment after additional work-up. A, craniocaudal and, B, mediolateral magnification views at first diagnostic study demonstrate punctate cal-
cifications. At 6-month follow-up (not shown), calcifications were thought to be stable. At 1 year, a mass was noted and biopsy was recommended. In retrospect, the 
mass (arrow) was likely present on the original screen, C, DM craniocaudal view, but only visible on, D, corresponding DBT craniocaudal view. E, Mass increased in 
size at 1-year follow-up when it was first detected. Corresponding, F, radial and, G, antiradial orthogonal US images from 1-year diagnostic examination demonstrate 
a 19 3 12 3 15 mm irregular hypoechoic mass with angular and indistinct margins that represented invasive ductal cancer, 2.5 cm at surgery ( T2N0M0).
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