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recommendations about mammography, so-
nography, and MRI. BI-RADS category 3 
was initially established for mammographic 
lesions that were thought to be probably be-
nign and to carry an estimated cancer risk 
of 2% or less. The purpose was to limit the 
number of breast biopsies performed for 
findings that cannot be definitively charac-
terized as benign on mammograms but ul-
timately have benign pathologic results [9]. 
The few malignancies diagnosed during fol-
low-up of probably benign lesions should be 
small, early stage, and predominantly node 
negative [9]. The recommended management 
of probably benign mammographic lesions is 
short-interval follow-up imaging, typically 
performed 6, 12, and 24 months after the ini-
tial imaging [9].

The appropriate utilization and outcomes 
of the mammographic BI-RADS category 3 
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B
reast MRI is the most sensitive 
imaging modality for detecting 
breast cancer, facilitating early 
identification of malignancy that 

is mammographically and clinically occult 
[1–3]. The American Cancer Society, National 
Comprehensive Cancer Network, and Ameri-
can College of Radiology (ACR) all recom-
mend MRI as an adjunct to screening mam-
mography for women with a lifetime risk of 
20% or greater as determined by hereditary 
risk models [4–6]. Since MRI screening 
guidelines for women at high risk of breast 
cancer were first issued in 2007, use of MRI 
for breast cancer screening has continued to 
increase, and screening continues to be the 
most common indication for breast MRI [7, 8].

The ACR BI-RADS atlas provides a stan-
dardized lexicon for describing breast find-
ings and making diagnostic assessments and 
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OBJECTIVE. The purpose of this study was to evaluate the frequency and cancer yield 
of BI-RADS category 3 lesions in baseline versus nonbaseline (those with at least one prior) 
MRI screening examinations. 

MATERIALS AND METHODS. Consecutive MRI screening examinations performed 
from 2011 through 2015 were reviewed. Pearson and Wilcoxon tests were used to examine dif-
ferences in age, breast density, screening indication, background parenchymal enhancement, 
and cancer yield between baseline and nonbaseline MRI BI-RADS category 3 assessments. 
Multivariate logistic regression models based on generalized estimating equations were used 
to assess the odds of receiving a BI-RADS 3 assessment as a function of the variables. 

RESULTS. Of 6672 MRI screening examinations of 3214 patients, 202 examinations 
(3%) were assessed BI-RADS category 3. Among baseline examinations, 8% (82/983) were 
assessed BI-RADS 3, compared with 2% (120/5689) of nonbaseline examinations (p < 0.001). 
Among the total BI-RADS 3 examinations, 6% (13/202) yielded malignancy of the lesion 
that had been assessed BI-RADS 3; 12 of 13 cancers were stage 0 or I at diagnosis. The can-
cer yield of BI-RADS 3 at baseline examinations was 2% (2/82), compared with 9% (11/120) 
for nonbaseline examinations (p = 0.056). Ten of 13 examinations were upgraded at or before 
6-month follow-up MRI. 

CONCLUSION. Baseline screening breast MRI examinations are associated with a 
significantly higher rate of BI-RADS category 3 assessments than are nonbaseline examina-
tions. Most cancers diagnosed at follow-up of BI-RADS 3 lesions are in an early stage and are 
diagnosed at or before the 6-month follow-up examination. When used judiciously, short-in-
terval follow-up MRI is an appropriate method for identifying early-stage breast cancer while 
avoiding unnecessary biopsies with benign findings. 

Edmonds et al.
High-Risk Screening Breast MRI

Women’s Imaging
Original Research

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 2

00
1:

b0
7:

a5
b:

46
5a

:2
08

a:
b0

9:
8f

eb
:2

b4
b 

on
 0

3/
12

/2
1 

fr
om

 I
P 

ad
dr

es
s 

20
01

:b
07

:a
5b

:4
65

a:
20

8a
:b

09
:8

fe
b:

2b
4b

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:214, February 2020 241

High-Risk Screening Breast MRI

assessment have been thoroughly validated 
in multiple research studies [9–13]. By con-
trast, for MRI BI-RADS 3 lesions, the ex-
pectation of a malignancy rate of 2% or less 
and the follow-up imaging recommendations 
are borrowed from mammography. There is 
a relative paucity of data with which to vali-
date and guide appropriate use of BI-RADS 
category 3 in MRI. Although the U.S. Food 
and Drug Administration does not current-
ly mandate auditing of breast MRI practice 
as it does mammography, the ACR mandates 
an auditing program for breast MRI accred-
itation, and the most recent BI-RADS atlas 
[14] has been updated to include breast MRI 
screening benchmarks.

The most recent edition of the BI-RADS 
manual [14] suggests a goal for frequency of 
BI-RADS 3 assessments of less than 10%. It 
also notes that as a breast imaging program 
gains experience and matures over time, this 
rate should decrease to the approximate-
ly 1–2% rate achieved for mammography. 
However, research to date shows great prac-
tice variability in the use of BI-RADS 3 in 
MRI, with frequencies of use ranging from 
6% to 24% and malignancy rates from 0% 
to 10% [15–27]. This variability in utiliza-
tion and outcomes is likely related to small 
study sample sizes, variability in MRI ex-
perience, and heterogeneous subject popu-
lations that often represent a combination of 
screening and diagnostic MRI indications. 
Multiple studies to date have shown differ-
ences in various performance measures, in-
cluding rates of abnormal interpretation and 
cancer detection, for screening versus diag-
nostic breast MRI, supporting the need for 
separate data to guide screening versus diag-
nostic MRI practice [28–30].

Given the highly variable data on 
BI-RADS 3 utilization and outcomes, fur-
ther research is warranted to assess and op-
timize application of BI-RADS category 3 
in a large high-risk screening population. 
In this study, we aimed to evaluate the fre-
quency of BI-RADS 3 assessment in a pure 
high-risk screening population, compare the 
frequency of BI-RADS 3 assessment in base-
line examinations with the frequency among 
nonbaseline screening examinations, and 
compare the cancer yield of BI-RADS 3 le-
sions in patients undergoing baseline screen-
ing compared with those undergoing non-
baseline (defined as screening examinations 
with at least one prior breast MRI examina-
tion) screening examinations.

Materials and Methods
Study Population

Our institutional review board approved this 
retrospective case review study with waiver of 
the requirement for informed consent. In compli-
ance with HIPAA, we reviewed all consecutive 
screening breast MRI examinations performed 
from January 1, 2011, through December 31, 2015 
(n = 6729). Examinations performed for atypical 
screening indications, such as mammographically 
dense breasts, were excluded (n = 57). This yielded 
a final screening breast MRI cohort of 6672 exam-
inations of 3214 women.

Data Sources
The following data were obtained from our 

breast imaging information system (MagView 
Mammography, MagView) and from review of 
the electronic medical record: patient demograph-
ics, primary screening indication, mammographic 
screening density, qualitative background parenchy-
mal enhancement (BPE) prospectively reported at 
clinical MRI interpretation, BI-RADS assessment, 
availability of prior comparison MRI examinations, 
year of examination, and pathologic result.

For patients with multiple indications for high-
risk screening, the following hierarchy, starting 
with the highest risk, was used to define the pri-
mary indication based on the associated level of 
risk: BRCA mutation carrier (BRCA), history of 
thoracic radiation, personal history of breast can-
cer, personal history of high-risk lesion, and fam-
ily history of breast cancer. Mammographic den-
sity was recorded from the most contemporaneous 
mammogram within 24 months of the MRI exam-
ination, because the amount of fibroglandular tis-
sue was not consistently stated in the MRI reports. 
BPE was reported according to the four catego-
ries of minimal, mild, moderate, and marked as 
defined in the ACR 2013 BI-RADS atlas [14].

MRI Technique
MR images were obtained in the axial plane 

with an acquired slice thickness of 3 mm or less 
at 1.5 T or 3 T with a dedicated breast coil and the 
patient prone. The protocol followed the recom-
mendations of the ACR for an unenhanced non–
fat-suppressed T1-weighted sequence and an un-
enhanced fat-suppressed T2-weighted sequence. 
In addition, an unenhanced fat-suppressed gra-
dient-echo T1-weighted sequence was performed 
and followed by two to four dynamic contrast-en-
hanced T1-weighted gradient-echo series with fat 
suppression after IV administration of a gadolin-
ium-based contrast agent. Postprocessing includ-
ed sagittal and coronal reconstructions, subtracted 
contrast-enhanced images, and maximum-inten-

sity-projection images. Examinations were inter-
preted by fellowship-trained or equivalent (de-
fined as a minimum of 5 years’ clinical experience 
interpreting breast imaging) breast imagers using 
the terminology of the BI-RADS atlas.

Performance Metrics
BI-RADS assessments were collected from the 

MRI reports. At our institution, breast MRI exami-
nations are assigned a single overall BI-RADS as-
sessment for both breasts. Examinations were ex-
cluded from the screening cohort if they were 
performed for follow-up of a previous BI-RADS 3 
assessment (defined as performed within 14 months 
of a previous MRI examination with a BI-RADS 3 
assessment). All biopsy and surgical pathologic re-
sults obtained within 2 years of a BI-RADS 3 as-
sessment were reviewed. In addition, the cases of 
all patients with BI-RADS 3 assessments without 
follow-up MRI reports in our breast imaging data-
base system were reviewed in the electronic med-
ical record to determine adherence to follow-up 
breast imaging recommendations and to determine 
the number of patients with BI-RADS 3 assess-
ments lost to follow-up. BI-RADS 3 assessments 
without malignant pathologic results within 2 years 
after the MRI date were considered benign.

For all BI-RADS 3 assessments with resulting 
breast malignancy within 2 years of MRI, imag-
ing reports were reviewed to determine whether the 
BI-RADS 3 lesion was the site of the resulting ma-
lignancy. If it was unclear from the imaging reports 
alone whether the resulting malignancy site cor-
responded to the lesion that received a BI-RADS 
3 assessment, the MR images were also reviewed. 
BI-RADS 3 cases with resulting malignancy at the 
site of the BI-RADS 3 lesion within 2 years after 
MRI were considered positive for malignancy. Ma-
lignancy was defined as invasive carcinoma or duc-
tal carcinoma in situ within the breast. For patients 
with multiple lesions, the lesions with the highest-
severity pathologic result was recorded (for exam-
ple, invasive carcinoma ranked higher than ductal 
carcinoma in situ). For these positive cases, details 
were collected from the electronic medical record 
regarding the MRI lesion descriptor, the pathologic 
diagnosis and stage, and the time to diagnosis and 
mode of diagnosis. The time to diagnosis was con-
sidered the period in months from the BI-RADS 3 
MRI assessment to follow-up imaging (MRI, ultra-
sound, or mammography) that initiated biopsy or 
the time to biopsy (in one case in which no further 
imaging preceded the biopsy).

Statistical Analyses
The Wilcoxon test (for continuous variables) 

and the Pearson chi-square test (for categoric vari-
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ables) were used to evaluate the distribution of 
age, breast density, baseline status (baseline ex-
amination vs nonbaseline examination), screen-
ing indication, BPE, and final cancer diagnosis in 
the cohort of examinations assessed BI-RADS 3 
compared with all other BI-RADS assessments 
combined. For the analysis, moderate and marked 
BPE were combined into a single moderate-
marked group, for a comparison of minimal ver-
sus mild versus moderate-marked. Examinations 
performed for an indication of BRCA or thoracic 
radiation were combined into one screening indi-
cation, given the small numbers of examinations 
performed for this indication and the similar high 
degree of breast cancer risk associated with each 
indication [31].

Multivariable logistic regression models were 
estimated by means of generalized estimating 
equations with an independent correlation struc-
ture and robust sandwich standard errors to ac-
count for multiple examinations of one patient. 
For this analysis, BPE was dichotomized into 
minimal-mild and moderate-marked groups. 
Mammographic breast density was also dichoto-
mized into dense (heterogeneously dense or ex-
tremely dense) and not dense (almost entirely 
fatty or scattered fibroglandular densities). The 
model is used to examine the odds of a BI-RADS 
3 assessment as a function of baseline MRI sta-
tus (baseline vs nonbaseline), age, breast density 
(dense vs not dense), screening indication (fam-
ily history of breast cancer, personal history of 
high-risk lesion, personal history of breast can-
cer vs BRCA or thoracic radiation), BPE (mod-
erate-marked vs minimal-mild), and year (2012, 
2013, 2014, and 2015 vs 2011). Only cases with 
all relevant data were included, resulting in 5957 
examinations used for model estimation. Adjust-
ed odds ratio (OR), 95% CI, and the correspond-
ing Wald p were calculated. Type I error of 5% 
was used for all CIs and hypothesis tests. All data 
were analyzed with statistical software (R ver-
sion 3.5.1, R, Foundation for Statistical Comput-
ing). The packages rms and geepack were used 
in this analysis.

Results
Among the 6672 examinations of 3214 pa-

tients, 202 (3%) examinations were assessed 
BI-RADS category 3. Of the 202 BI-RADS 
3 assessments, 82 (41%) were for baseline 
examinations and 120 (59%) were for non-
baseline examinations. Among the base-
line screening examinations, 8% (82/983) 
were assessed BI-RADS 3, compared with 
2% (120/5689) of nonbaseline examinations 
(p < 0.001). Nine of the 202 (4%) patients 
with BI-RADS 3 assessments did not ad-

here to follow-up imaging recommendations 
and never underwent follow-up breast MRI 
or had pathologic proof of benignity of the 
BI-RADS 3 lesion. However, eight of these 
nine continued to undergo mammography or 
clinical follow-up at our institution. Only one 
of the nine was entirely lost to follow-up at 
our institution after the BI-RADS 3 MRI ex-
amination. The other 193 BI-RADS 3 cases 
(96%) were deemed benign at follow-up im-
aging or pathologic analysis (biopsy or pro-
phylactic mastectomy).

Table 1 summarizes the characteristics of 
the screening MRI examinations, comparing 

examinations with BI-RADS 3 assessments 
against the cohort of examinations with non–
BI-RADS 3 assessments (BI-RADS 0, 1, 2, 
4, or 5). Patients with a BI-RADS 3 assess-
ment were younger (median, 47.0 years; in-
terquartile range [IQR], 41.0–54.0 years) 
than those with a non–BI-RADS 3 assess-
ment (median, 52.0 years; IQR, 46.0–59.0 
years) (p < 0.001). There was no evidence 
of a difference in breast density between the 
BI-RADS 3 cohort and the non–BI-RADS 3 
cohort. The most common screening indica-
tion among both the BI-RADS 3 cohort and 
the non–BI-RADS 3 cohort was personal his-

TABLE 1: Characteristics of 6672 Screening Breast MRI Examinations 
 According to BI-RADS Assessment

Characteristic No.

BI-RADS Category

p
All 

(n = 6672)
0–2, 4, 5 

(n = 6470)
3  

(n = 202)

Year of examination 6672 0.003

2011 1465 (22) 1402 (22) 63 (31)

2012 1359 (20) 1320 (20) 39 (19)

2013 1151 (17) 1130 (17) 21 (10)

2014 1195 (18) 1166 (18) 29 (14)

2015 1502 (23) 1452 (22) 50 (25)

Age (y) 6672 < 0.001

Lower quartile 46 46 41

Median 52 52 47 

Upper quartile 58 59 54

Mammographic breast densitya 6436 0.226

Fatty 153 (2) 148 (2) 5 (3)

Scattered 2000 (31) 1952 (31) 48 (25)

Heterogeneously dense 3475 (54) 3364 (54) 111 (57)

Extremely dense 808 (13) 778 (12) 30 (15)

Primary indication 6672 0.009

BRCA, thoracic radiation 786 (12) 760 (12) 26 (13)

Family history 1812 (27) 1746 (27) 66 (33)

High-risk lesion 694 (10) 664 (10) 30 (15)

Personal history 3380 (51) 3300 (51) 80 (40)

Background parenchymal enhancementb 6170 < 0.001

Minimal 2301 (37) 2256 (38) 45 (24)

Mild 2810 (46) 2723 (46) 87 (46)

Moderate-marked 1059 (17) 1001 (17) 58 (31)

Baseline MRI status 6672

Nonbaseline 5689 (85) 5569 (86) 120 (59) < 0.001

Baseline 983 (15) 901 (14) 82 (41)

Note—Except for age, data are number of examinations with percentage in parentheses. BRCA = BRCA 
mutation carrier.

aFor breast density, 236 examinations were not available.
bFor background parenchymal enhancement, 502 examinations were not available.
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tory of breast cancer. We also found that 31% 
(58/190) of BI-RADS 3 examinations showed 
moderate or marked BPE compared with 17% 
(1001/5980) of non–BI-RADS 3 examina-
tions (p < 0.001). Among the total BI-RADS 
3 assessments, 41% (82/202) were of baseline 
examinations. Only 14% (901/6470) of the 
non–BI-RADS 3 assessments were of base-
line examinations (p < 0.001).

Table 2 compares the characteristics of 
the 82 BI-RADS 3 assessments of baseline 
MRI examinations with the 120 BI-RADS 
3 assessments of nonbaseline examina-
tions. Patients with a BI-RADS 3 assess-
ment of a baseline examination were young-
er (median, 45.0 years; IQR, 39.0–51.0 years) 

than the patients with a BI-RADS 3 assess-
ment of a nonbaseline examination (medi-
an, 48.5 years; IQR, 43.0–56.0 years) (p = 
0.005). There was no evidence of a differ-
ence in breast density between baseline and 
nonbaseline BI-RADS 3 examinations. We 
found that 40% (32/80) of baseline BI-RADS 
3 examinations showed moderate or marked 
BPE compared with 24% (26/110) of non-
baseline BI-RADS 3 examinations (p = 
0.052). Of the total BI-RADS 3 assessments 
of screening MRI, 6% (13/202) yielded ma-
lignancy; 2% (2/82) of baseline BI-RADS 3 
examinations yielded malignancy, compared 
with 9% (11/120) of nonbaseline BI-RADS 3 
examinations (p = 0.056).

The multivariable logistic regression gen-
eralized estimating equation analysis (Table 
3) showed that baseline screening MRI ex-
aminations are significantly more likely to 
receive a BI-RADS 3 assessment than are 
nonbaseline examinations (adjusted OR, 4.17; 
95% CI, 2.99–5.81; p < 0.001) after adjustment 
for age, BPE, breast density, screening indica-
tion, and year. In addition, a BPE assessment 
of moderate-marked was significantly asso-
ciated with increased odds of a BI-RADS 3 
assessment at screening MRI compared with 
minimal-mild BPE (adjusted OR, 1.66; 95% 
CI, 1.17–2.35; p = 0.004) after adjustment 
for the other variables. The odds of receiv-
ing a BI-RADS 3 assessment in each year af-
ter 2011 (2012–2015) were significantly lower 
compared with 2011.

Table 4 characterizes the 13 BI-RADS 3 
MRI examinations that yielded cancer and 
the details on the cancers. Of the 13 MRI 
examinations, the screening indication was 
personal history of breast cancer for nine ex-
aminations (69%), personal history of high-
risk lesion for two (15%), BRCA for one (8%), 
and family history of breast cancer for one 
(8%). Eight of 13 (62%) findings were charac-
terized as a focus or foci (Fig. 1), three (23%) 
as nonmass enhancement, and two (15%) as 
masses. Seven of the malignant diagnoses 
were made at 6-month follow-up MRI exami-
nations (all were performed 6–7 months from 
the date of the BI-RADS 3 MRI assessment), 
two were made at approximately 12-month 
follow-up MRI (11 and 13 months), and one 
was made at screening MRI performed 24 
months after the BI-RADS 3 assessment 
(this case was downgraded to BI-RADS cat-
egory 2 at the first follow-up MRI examina-
tion but upgraded to BI-RADS category 4 at 
subsequent screening MRI). One of the oth-
er three patients with malignancies under-
went MRI-guided biopsy of the BI-RADS 3 
lesion at an outside hospital 3 months after 
the BI-RADS 3 assessment, despite the rec-
ommendation for follow-up MRI. The sec-
ond underwent diagnostic mammography 
and ultrasound because of an area of clinical 
concern that corresponded to the same loca-
tion as the BI-RADS 3 lesion 2 months af-
ter the BI-RADS 3 assessment, and the as-
sessment was upgraded to BI-RADS 4. The 
third patient underwent diagnostic mam-
mography and ultrasound of an area of clini-
cal concern that corresponded to the location 
of the BI-RADS 3 lesion 3 months after the 
BI-RADS 3 assessment, and the assessment 
was upgraded to BI-RADS 4.

TABLE 2: Characteristics of 202 BI-RADS Category 3 Examinations 
 According to Baseline Status

Characteristic No. Baseline (n = 82) Nonbaseline (n = 120) p

Year of examination 202 0.298

2011 21 (26) 42 (35)

2012 13 (16) 26 (22)

2013 9 (11) 12 (10)

2014 15 (18) 14 (12)

2015 24 (29) 26 (22)

Age (y) 202 0.005

Lower quartile 39.0 43.0

Median 45.0 48.5

Upper quartile 51.0 56.0

Mammographic breast densitya 194 0.245

Fatty 3 (4) 2 (2)

Scattered 19 (25) 29 (25)

Heterogeneously dense 39 (51) 72 (62)

Extremely dense 16 (21) 14 (12)

Primary indication 202 < 0.001

BRCA, thoracic radiation 14 (17) 12 (10)

Family history 41 (50) 25 (21)

High-risk lesion 15 (18) 15 (12)

Personal history 12 (15) 68 (57)

Background parenchymal enhancementb 190 0.052

Minimal 17 (21) 28 (25)

Mild 31 (39) 56 (51)

Moderate-marked 32 (40) 26 (24)

Cancer diagnosis 202 0.056

Cancer 2 (2) 11 (9)

No cancer 80 (98) 109 (91)

Note—Data are number of examinations with percentage in parentheses. BRCA = BRCA mutation carrier.
aFor breast density, eight examinations were not available.
bFor background parenchymal enhancement, 12 examinations were not available.
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Discussion
Although there are extensive data support-

ing both the use of a BI-RADS category 3 as-
sessment for specific mammographic and so-
nographic findings and the recommendations 
for imaging follow-up, data guiding the use 
and follow-up of a BI-RADS 3 assessment 
at breast MRI are limited [14]. According 
to the ACR recommendations, a finding as-
sessed BI-RADS 3 at MRI should have 2% 
or less chance of malignancy but greater than 
essentially 0% chance of malignancy on the 
basis of similar recommendations for mam-
mography and sonography [14]. In addition, 
the follow-up imaging recommendations for 
BI-RADS 3 assessments at MRI are bor-
rowed from mammography recommenda-
tions: MRI follow-up 6, 12, 24, and optionally 
36 months after the initial imaging is typical-
ly recommended to establish stability [14].

In the current study, we sought to measure 
the rate of BI-RADS 3 assessments in a large 
database of MRI examinations performed 
purely for high-risk screening and to deter-
mine whether utilization of BI-RADS 3 varies 
between baseline and nonbaseline screening 
examinations. We also sought to determine 
whether the cancer yield of BI-RADS 3 le-
sions at screening MRI differs between base-
line and nonbaseline MRI examinations. The 
aim was to use the results to better inform ap-
plication of the BI-RADS category 3 assess-
ment in high-risk screening MRI.

TABLE 3: Adjusted Odds Ratios and 95% CIs for All Model Covariates (n = 5957)

Variable Odds Ratio p

Age 0.98 (0.97–1.00) 0.027

Background parenchymal enhancement

Minimal-mild Reference

Moderate-marked 1.66 (1.17–2.35) 0.004

Breast density

Fatty, scattered Reference

Heterogeneously, extremely dense 1.21 (0.86–1.71) 0.278

Screening indication

BRCA, thoracic radiation Reference

Family history 0.88 (0.52–1.51) 0.651

High-risk lesion 1.41 (0.77–2.60) 0.271

Personal history 1.17 (0.70–1.94) 0.548

Examination year

2011 Reference

2012 0.59 (0.38–0.92) 0.021

2013 0.38 (0.22–0.65) < 0.001

2014 0.49 (0.30–0.79) 0.003

2015 0.55 (0.36–0.85) 0.007

Baseline MRI status

Nonbaseline Reference

Baseline 4.17 (2.99–5.81) < 0.001

Note—Values in parentheses are 95% CI. The model is used to examine the odds of being assessed BI-RADS 
category 3 as a function of baseline MRI (baseline vs not baseline), age, breast density (dense vs not dense), 
screening indication (family history, high-risk lesion, personal history vs BRCA mutation carrier [BRCA], 
thoracic radiation), background parenchymal enhancement (moderate-marked vs minimal-mild), and year 
(2012, 2013, 2014, 2015 vs 2011). 

TABLE 4: Characteristics of 13 Cases of BI-RADS Category 3 Assessments Yielding Malignancy

Baseline Examination 
Performed 

MRI  
Descriptor

Screening 
Indication

Time to 
Diagnosis (mo) Mode of Diagnosis Diagnosis

Stage at 
Diagnosis

Yes Oval mass BRCA mutation 2 Diagnostic mammography and ultrasound IDC I

Yes Mass Personal history 6 Follow-up MRI IDC III

No Focus Personal history 6 Follow-up MRI IDC I

No Focus Personal history 6 Follow-up MRI IDC I

No Focus Personal history 11 Follow-up MRI IDC I

No Focus Personal history 3 MRI biopsy ILC I

No Focus Personal history 3 Diagnostic mammography and ultrasound IDC I

No Focus Personal history 6 Follow-up MRI IDC, ILC I

No Focus High-risk lesion 6 Follow-up MRI DCIS 0

No Multiple foci Personal history 13 Follow-up MRI DCIS 0

No Regional NME Family history 7 Follow-up MRI IDC I

No Linear NME Personal history 6 Follow-up MRI DCIS with microinvasion I

No NME High-risk lesion 24 Screening MRI DCIS 0

Note—IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma, DCIS = ductal carcinoma in situ, NME = nonmass enhancement.
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In our high-risk screening cohort, 3% of 
examinations were assessed BI-RADS 3. This 
percentage is lower than that found in previous 
studies, in which the frequency of BI-RADS 
3 assessments ranged from 6% to 24% [15–
26]. Most of the prior studies were conducted 
with more heterogeneous cohorts that includ-

ed both screening and diagnostic breast MRI 
examinations. In addition, both breast MRI 
technique and reader experience have nota-
bly improved since earlier studies. Relevant 
studies performed from 2014 to 2017 [15, 18, 
22, 24, 26] showed BI-RADS 3 frequencies of 
5–8.5%. Our frequency of 3% approaches the 

goal of 1–2% recommended in the ACR 2013 
BI-RADS atlas [14] for a mature and experi-
enced MRI screening program.

Prior studies [15–26] have shown a wide 
range (0% to 10%) of malignancy rates 
among MRI BI-RADS 3 lesions. Again, this 
variation likely reflects heterogeneity among 

G

D

A

Fig. 1—50-year-old woman undergoing high-risk screening MRI with history of left breast atypical ductal hyperplasia after excision and family history of breast cancer. 
Only right breast is shown.
A–C, Screening axial contrast-enhanced fat-suppressed T1-weighted subtraction image (A), axial unenhanced fat-suppressed T2-weighted image (B), and axial 
contrast-enhanced fat-suppressed T1-weighted image with kinetic color overlay map (C) show no suspicious findings. Examination was assessed BI-RADS category 2.
D–F, Nonbaseline screening axial contrast-enhanced fat-suppressed T1-weighted subtraction image (D), axial unenhanced fat-suppressed T2-weighted image (E), and 
axial contrast-enhanced fat-suppressed T1-weighted image with kinetic color overlay map (F) obtained approximately 1 year after A–C. Contrast-enhanced images 
show focus of enhancement (D and F) in central right breast without T2 correlate (E) and with persistent kinetics (blue) (F). Focus was assessed BI-RADS 3 with 
recommendation for 6-month follow-up breast MRI.
G–I, Axial contrast-enhanced fat-suppressed T1-weighted subtraction image (G), axial unenhanced fat-suppressed T2-weighted image (H), and axial contrast-enhanced 
fat-suppressed T1-weighted image with kinetic color overlay map (I) obtained 6 months after D–F show increased conspicuity of right breast lesion and washout kinetics 
(red represents washout; yellow, plateau; blue, persistent delayed phase kinetics). Lesion was upgraded to BI-RADS 4 at this examination, and MRI-guided biopsy was 
recommended. Both MRI biopsy and excisional biopsy yielded grade 2 ductal carcinoma in situ.
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the study cohorts. Many of the previous stud-
ies [15, 16, 18, 22, 23, 32] included a com-
bined population of both screening and di-
agnostic examinations. Weinstein et al. [25] 
examined the frequency of malignancy of 
BI-RADS 3 lesions in the prospective ACR 
American College of Radiology Imaging 
Network 6667 cohort and found a very low 
BI-RADS 3 malignancy rate of 0.9%; how-
ever, this cohort included only subjects with 
a recent diagnosis of breast cancer and thus 
was not representative of a true screening 
population. In another study of the malig-
nancy rate among 108 BI-RADS 3 lesions, 
Spick et al. [24] also found a very low ma-
lignancy rate of 0.9%. That study, however, 
also did not reflect a true high-risk screening 
population, because it excluded all subjects 
with a personal history of breast cancer or 
who were at high risk of breast cancer.

To our knowledge, the current study of 
MRI BI-RADS 3 utilization and outcomes in 
a high-risk screening population is the larg-
est to date. We found an overall BI-RADS 
3 cancer yield of 6%. Although this rate is 
somewhat higher than that found in previ-
ous studies, our study population is unique 
in that it is a pure high-risk population based 
on well-established high-risk screening indi-
cations. The 6% cancer yield is also notably 
higher than the ACR recommended target 
ceiling rate of 2%, borrowed from mammo-
graphic and sonographic data. We postulate 
that the 2% or less BI-RADS malignancy 
rate for mammography may not represent the 
ideal malignancy rate for high-risk screening 
MRI. The population undergoing screening 
MRI is at substantially higher risk of breast 
cancer than is the general population under-
going screening mammography; therefore, a 
higher percentage of BI-RADS 3 lesions may 
be expected to ultimately yield malignancy.

As with mammography, the primary goal 
of the BI-RADS category 3 in MRI is to avoid 
unnecessary breast biopsies, that is, to de-
crease the number of biopsies performed for 
findings that cannot definitely be character-
ized as benign but ultimately yield benign 
pathologic results. In our study, 189 of the 202 
BI-RADS 3 assessments did not yield cancer, 
and unnecessary biopsy was therefore avoid-
ed. Thus, 189 of the 6672 patients undergoing 
screening, or 2.8% of the screening popula-
tion, avoided an unnecessary biopsy.

Our data suggest that we may safely ob-
serve BI-RADS 3 MRI lesions and accept a 
higher malignancy rate without risking diag-
nosing malignancy at more advanced stages. 

Twelve of the 13 BI-RADS 3 cancers identi-
fied in our study were early-stage node-nega-
tive disease at diagnosis: three cases of stage 
0 and nine of stage I disease. The thirteenth 
cancer was diagnosed at 6-month follow-up 
MRI, and the imaging findings were sugges-
tive of stage III disease at diagnosis. In ret-
rospect, however, this case did not meet cri-
teria for a BI-RADS 3 assessment and was 
likely already at an advanced disease stage at 
initial screening MRI. In addition to a breast 
mass that ultimately yielded malignancy, an 
enlarged internal mammary node ipsilateral 
to the mass was present and was suspicious 
for nodal metastasis. Taken together, our 
data raise the question whether breast im-
agers may safely accept a malignancy rate 
higher than the 2% cutoff borrowed from 
mammography to reduce false-positive biop-
sy recommendations while maintaining an 
early-stage breast cancer diagnosis. Further 
investigation in this arena is warranted.

Our investigation was powered to assess 
differences in utilization of BI-RADS 3 in 
baseline versus nonbaseline examinations. 
The odds of a BI-RADS 3 assessment in a 
baseline examination were approximately 
four times that of a BI-RADS 3 assessment 
in a nonbaseline examination (Table 4). To 
our knowledge, this difference in utilization 
has not previously been examined. This dif-
ference makes intuitive sense given the im-
portant role that stability of a finding plays 
in suggesting benignity at MRI. Further-
more, the results of this study suggest that 
there may be a difference in cancer yield be-
tween BI-RADS 3 assessments in baseline 
and nonbaseline examinations, nonbaseline 
BI-RADS 3 assessments yielding notably 
higher rates of malignancy (9%) than base-
line BI-RADS 3 assessments (2%). Although 
this difference did not quite show statistical 
significance (p = 0.056), the results suggest 
that a larger sample size may definitively 
show higher malignancy rates in nonbase-
line compared with baseline BI-RADS 3 as-
sessments. On the basis of these data, breast 
imagers should exercise greater caution in 
using BI-RADS 3 for nonbaseline exami-
nations. Although use of BI-RADS 3 for 
baseline examinations yields an acceptably 
low malignancy rate, further investigation 
is warranted to determine whether there is 
an appropriate role for safe use of BI-RADS 
3 for nonbaseline examinations, perhaps 
based on specific lesion features, or wheth-
er BI-RADS 3 should be used exclusively in 
baseline examinations.

Finally, our investigation offers insight 
into the optimal timing of follow-up of MRI 
BI-RADS 3 assessments. Given the high cost 
of breast MRI, the variable insurance cover-
age of more than one MRI examination per 
year, and the historically low concordance 
rates between MRI BI-RADS 3 assessments 
and short-interval follow-up imaging recom-
mendations [33], the utility of 6-month fol-
low-up MRI, as opposed to follow-up at 1 
year, is an important clinical question. Ten 
of the 13 malignant BI-RADS 3 lesions were 
identified at or before the 6-month follow-up 
MRI study, suggesting that 6-month follow-
up MRI is critical to early diagnosis.

Although our investigation had the advan-
tages of a large and homogeneous high-risk 
screening population, there were limitations. 
Our data were not linked to a tumor registry. 
Although we reviewed the medical records 
of all patients with BI-RADS 3 assessments 
who did not have follow-up imaging in our 
system, it is possible that we did not identi-
fy all of the malignant BI-RADS 3 lesions. 
In addition, our experience at a tertiary-care 
academic institution may not translate appro-
priately to community breast screening prac-
tices. Finally, over the 5 years of the study 
period, the MRI protocol at our institution 
evolved as the technology improved, we add-
ed a 3-T MRI system, and our experience 
grew. Therefore, some details of the protocol, 
such as the number of contrast-enhanced se-
quences and the exact timing of the sequenc-
es, evolved over the years of the study. The 
heterogeneity of these protocols was a pos-
sible limitation of this research.

Conclusion
Our study results confirm that it is feasible 

for a mature breast MRI screening program 
to use BI-RADS category 3 at a low over-
all rate of 3%, approaching the 1–2% recom-
mendation for mammography. Our data also 
establish that baseline screening MRI ex-
aminations are associated with a significant-
ly higher rate of BI-RADS 3 assessments 
than nonbaseline examinations and suggest 
that BI-RADS 3 lesions in nonbaseline ex-
aminations have a higher cancer yield than 
do those in baseline examinations. Given 
that most cancers diagnosed during follow-
up of BI-RADS 3 lesions are early stage, 
there is strong evidence that judicious use of 
short-interval follow-up MRI is an appropri-
ate method for identifying early-stage breast 
cancer while avoiding unnecessary biopsies 
of benign breast lesions. However, greater 
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High-Risk Screening Breast MRIprudence is warranted in the assessment of 
BI-RADS category 3 in nonbaseline exami-
nations, and further investigation is warrant-
ed to better guide appropriate utilization.
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*Please note that the authors of the Study Guide are distinct from those of the companion article.

Study Guide

Frequency and Cancer Yield of BI-RADS Category 3 
Lesions Detected at High-Risk Screening Breast MRI
Alan Mautz1, Joseph J. Budovec2

1The Aroostook Medical Center, Presque Isle, ME.
2Medical College of Wisconsin, Milwaukee, WI.
amautz@emhs.org, jbudovec@mcw.edu*

Introduction
1. What is the estimated cancer risk of BI-RADS 3 lesions at mammography? Does this estimated cancer risk translate to similar risks at 

breast MRI? What cancer risk or malignancy rate is currently suggested in the most recent BI-RADS atlas for breast MRI?
2. What are the clinical questions that the study attempts to answer?
3. What are the indications for breast MRI? Which of these indications is the most common indication for breast MRI?

Methods
4. What study design was used? How were imaging studies selected? Which types of imaging studies were excluded from analysis in this 

study and why?
5. What data were collected from the included imaging studies?
6. How were data regarding breast density for the included imaging studies collected?
7. What are the limitations of this study? Are these limitations adequately discussed?

Results
8. How often was a BI-RADS 3 assessment made? Between baseline and nonbaseline studies, when was BI-RADS 3 more often used?
9. What characteristics at breast MRI were most commonly associated with a BI-RADS 3 assessment? Of the BI-RADS 3 examinations, 

which breast imaging features were associated with subsequently diagnosed breast cancer?
10. What were the most common indications for the BI-RADS 3 examinations with subsequent diagnosis of malignancy?

Discussion
11. How often do you use the BI-RADS 3 assessment during breast MRI interpretation? What rate does the American College of Radiology 

2013 BI-RADS atlas suggest for an established MRI screening program?
12. What caution does the study suggest regarding the use of the BI-RADS 3 assessment for nonbaseline MRI examinations?
13. The study results suggest that a 6-month follow-up window for BI-RADS 3 examinations yields the best results for detecting  malignancy. 

How would you convey this information to clinicians in the setting of health insurance companies’ possible hesitation about allowing 
breast MRI more often than every 12 months?

Background Reading 
 1. Chikarmane SA, Birdwell RL, Poole PS, Sippo DA, Giess CS. Characteristics, malignancy rate, and follow-up of BI-RADS category three lesions identified at breast 

MRI: implications for MR image interpretation and management. Radiology 2016; 280:707–715
 2. Eby PR, DeMartini WB, Gutierrez RL, Saini MH, Peacock S, Lehman CD. Characteristics of probably benign breast MRI lesions. AJR 2009; 193:861–867
 3. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA. Breast cancer screening in women at higher-than-average risk: recommendations from the 

ACR. J Am Coll Radiol 2018; 15:408–414
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