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Background: ‘There is lack of consensus regarding the use of breast MRI for routine surveillance for second breast cancer events in
women with a personal history of breast cancer.

Purpose: To compare performance of surveillance mammography with breast MRI.

Materials and Methods: 'This observational cohort study used prospectively collected data and included 13266 women age 18 years
and older (mean age, 60 years = 13) with stage 0—III breast cancer who underwent 33 938 mammographic examinations and 2506
breast MRI examinations from 2005 to 2012 in the Breast Cancer Surveillance Consortium. Women were categorized into two
groups: mammography alone (7 = 11745) or breast MRI (7 = 1521). Performance measures were calculated by using end-of-day
assessment and occurrence of second breast cancer events within 1 year of imaging. Logistic regression was used to compare perfor-
mance for breast MRI versus mammography alone, adjusting for women, examination, and primary breast cancer characteristics.
Analysis was conducted on a per-examination basis.

Results: Breast MRI was associated with younger age at diagnosis, chemotherapy, and higher education and income. Raw perfor-
mance measures for breast MRI versus mammography were as follows, respectively: cancer detection rates, 10.8 (95% confidence
interval [CI]: 6.7, 14.8) versus 8.2 (95% CI: 7.3, 9.2) per 1000 examinations; sensitivity, 61.4% (27 of 44; 95% CI: 46.5%,
76.2%) versus 70.3% (279 of 3975 95% CI: 65.8%, 74.8%); and biopsy rate, 10.1% (253 of 2506; 95% CI: 8.9%, 11.3%) versus
4.0% (1343 of 33938; 95% CI: 3.7%, 4.2%). In multivariable models, breast MRI was associated with higher biopsy rate (odds
ratio [OR], 2.2; 95% CI: 1.9, 2.7; P < .001) and cancer detection rate (OR, 1.7; 95% CI: 1.1, 2.7; P = .03) than mammography
alone. However, there were no differences in sensitivity (OR, 1.1; 95% CI: 0.4, 2.9; P = .84) or interval cancer rate (OR, 1.1; 95%
CI: 0.6, 2.2; P=.70).

Conclusion: Comparison of the performance of surveillance breast MRI with mammography must account for patient characteristics.
Whereas breast MRI leads to higher biopsy and cancer detection rates, there were no significant differences in sensitivity or interval
cancers compared with mammography.

©RSNA, 2019

Online supple [ material is available for this article.

In the United States, more than 3000000 women live
with a personal history of breast cancer (1). Current
guidelines recommend that women with prior breast can-
cer who are asymptomatic undergo annual mammography
for surveillance of second breast cancer events (recurrence
or second primary) (2—4). In observational studies, sur-
veillance mammography is associated with a 31%-69%
reduction in breast cancer mortality (5-8). Among more
than 60000 women in the Breast Cancer Surveillance

Consortium (BCSC), surveillance mammography in
women with previous breast cancer showed lower accuracy
than screening mammography in women without breast
cancer. Overall sensitivity was 65.4% in women with pre-
vious breast cancer (95% confidence interval [CI]: 61.5%,
69.0%) compared with 76.5% (95% CI: 71.7%, 80.7%)
in women without breast cancer (8). Sensitivity was lowest
for women who were younger than 50 years at diagnosis,
had dense breasts, or who underwent chemotherapy or
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Abbreviations

BCSC = Breast Cancer Surveillance Consortium, BI-RADS = Breast
Imaging Reporting and Data System, CI = confidence interval,
OR = odds ratio, PPV, = percentage of examinations with a positive
end-of-day assessment that results in a second cancer diagnosis within 1
year, PPV, = percentage of examinations with a positive final assessment
and biopsy was known to be performed that results in a second cancer
diagnosis within 1 year

Summary

In the Breast Cancer Surveillance Consortium cohort, which in-
volved more than 13000 women with a personal history of breast
cancer, surveillance breast MRI resulted in twofold higher biopsy
rates than mammography alone and increased cancer detection but
showed no difference in sensitivity or interval cancer rates.

Key Points

= For women with a personal history of breast cancer, surveillance
breast MRI in community practice resulted in higher biopsy rates
(odds ratio [OR], 2.2) and cancer detection rates (OR, 1.7) for
second breast cancer events compared with mammography alone.

m Breast MRI was no different than mammography alone in sensi-
tivity (OR, 1.1) for breast cancer detection and in interval cancer
rates (OR, 1.1), indicating that mammography did not miss more
cancers that would become clinically detectable during the 1-year
screening interval.

= Comparisons of new imaging strategies for surveillance of women
with a personal history of breast cancer need to account for differ-
ences in women, incident tumor, and treatment characteristics.

endocrine therapy (8). Some of these characteristics are also as-
sociated with higher interval cancer rates (9,10).

National clinical organizations lack consensus about offering
breast MRI for routine surveillance in asymptomatic women
with a personal history of breast cancer (11). In 2018, the Amer-
ican College of Radiology recommended annual breast MRI for
women with dense breasts and whose breast cancer was diag-
nosed before the age of 50 years. (12). However, there is limited
evidence on the benefits (eg, cancers detected) and harms (eg,
benign biopsies) of breast MRI in this population, although a
small but growing proportion of all women who had breast can-
cer underwent breast MRI as an adjunct to surveillance mam-
mography (13,14). More research about breast cancer imaging
surveillance strategies is needed to understand the implications
of revising the surveillance guidelines.

To understand the role of breast MRI for women with a
personal history of breast cancer and to help inform surveil-
lance imaging guidelines, we compared the performance of
breast MRI to mammography alone. We used data from more
than 13000 women who were 18 years or older and who had
breast cancer in a national, multi-institutional setting of com-
munity-based Breast Cancer Surveillance Consortium radiol-
ogy facilities in, to our knowledge, the largest sample and most
comprehensive study to date.

Materials and Methods
Setting

The BCSC is a network of breast imaging registries that link
data from community-based radiology facilities to state or Sur-
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veillance, Epidemiology, and End Results cancer registries and
databases of pathologic results (15). This study used data from
five registries: Carolina Mammography Registry, Kaiser Perma-
nente Washington, New Hampshire Mammography Network,
San Francisco Mammography Registry, and Vermont Breast
Cancer Surveillance System (16). Our research project is regis-
tered at clinicaltrials.gov (NCT02212834). Data were collected
from women and radiologists at time of imaging performed
during routine clinical care. Registries send standardized data
to a Statistical Coordinating Center for pooling, linking of rel-
evant data files, and statistical analysis.

Each registry and the Statistical Coordinating Center was
granted institutional review board approval for active consent,
passive permission, or a waiver of written informed consent to
enroll participants, link study data, and perform analytic studies.
All procedures were Health Insurance Portability and Account-
ability Act compliant. The study authors had all control of the
data and information submitted for publication.

Study Cohort
The study programmer (with >25 years of experience at the
Statistical Coordinating Center) identified women with a pri-
mary incident breast cancer diagnosis of ductal carcinoma in
situ or American Joint Committee on Cancer (17) stage I-II1
invasive cancer at age 18 years or older between January 2003
and June 2012 from Statistical Coordinating Center data files.
Breast cancer characteristics ascertained included histologic
findings (invasive or ductal carcinoma in situ), American Joint
Committee on Cancer stage, estrogen receptor, progesterone re-
ceptor, and tumor grade. Treatment characteristics included type
of surgical procedure, chemotherapy, and/or radiation therapy.
Detection mode of primary breast cancer was categorized as
screen detected, interval cancer, or clinically detected (18,19). Pre-
operative breast MRI was defined as any MRI performed within
2 months before or 6 months after primary diagnosis date (20).

Surveillance Imaging
The study programmer included all mammography and breast
MRI performed from 2005 to 2012 with an indication for
screening that included the date of examination and assessments
on the basis of the Breast Imaging Reporting and Data System
(BI-RADS). We did not include examinations performed from
2003 to 2004 because breast MRI use was low during this pe-
riod. Assessments by interpreting radiologists at the time of the
examination were recorded as part of routine data collection.
The mammography-only group was restricted to examinations
in women without surveillance breast MRI. The breast MRI
group included women who underwent mammography (94.7%
[1441 of 1521] with any mammography and 64.9% [987 of
1521] with at least one surveillance examination), but only the
breast MRI examinations were included in our analysis.
Exclusion criteria for examinations was as follows (Figure):
incomplete diagnosis date or self-report of previous breast cancer
(1567 mammographic and 90 breast MRI examinations) or with
bilateral mastectomy (778 mammographic and 111 breast MRI
examinations), within 6 months of primary diagnosis (1301
mammographic and 237 breast MRI examinations), within 60
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Original sample identified surveillance mammograms and breast MRI
examinations with a screening indication (2005+) in women diagnosed
with AJCC stage 0-1Il from 2003+ and aged 18+

!

!

| 67,067 mammograms |

| 3,881 breast MRIs |

!

Exclusions:

* Incomplete diagnosis date
or self-report of prior breast
cancer (n=1,567)

« Bilateral mastectomy (n=778)

* Exam< 6 months after
diagnosis (n=1,301)

« Exam in prior 60 days (n=623)

* BI-RADS assessment 6 or
missing (n=1,585)

» <1 year of available cancer
follow-up (n=13,574)

}
Exclusions:
* Incomplete diagnosis date
or self-report of prior breast
cancer (n=90)
* Bilateral mastectomy (n=111)
* Exam < 6 months after
diagnosis (n=237)
* Exam in prior 60 days (n=19)
* BI-RADS assessment 6
or missing (n=60)
* <1 year of available cancer
follow-up (n=796)

* Facilities with incomplete biopsy
capture or performance cannot
be determined (n =10,501)

l

Exclude mammograms in
women with breast MRI
examination (n=3,200)

]

Mammography only
Number of exams: 33,938
Number of women: 11,745

(none received a breast MRI)

* Facilities with incomplete
biopsy capture or
performance cannot be
determined (n=62)

Breast MRI
Number of exams: 2,506
Number of women: 1,521

(987 also received
mammography)

Consort diagram of study flow, Breast Cancer Surveillance Consor-
tium, 2005-2012.

days after an examination with the same modality (623 mam-
mographic and 19 breast MRI examinations), BI-RADS cat-
egory 6 (known cancer diagnosis) or missing assessment (1585
mammographic and 60 breast MRI examinations), less than
1 year of available cancer follow-up (13 574 mammographic and
796 breast MRI examinations), or from facilities with incom-
plete biopsy ascertainment or performance cannot be determined
(10501 mammographic and 62 breast MRI examinations) (21).
In addition, any mammographic examinations in women who
underwent a breast MRI examination were excluded.

Second Breast Cancer Events

The study programmer used cancer registry and pathologic-re-
sult databases to identify second breast cancer events within the
pooled data to ascertain occurrence of ductal carcinoma in situ
or invasive breast cancer within 12 months of the surveillance
examination. Second breast cancer events included new primary
cancers (contralateral events) and recurrences (ipsilateral events).
Data regarding second cancers events were ascertained irrespec-
tive to and independent from specific imaging examinations.

Performance Measures
Performance measures were calculated by using standard

BCSC definitions on the basis of BI-RADS assessment and sec-
ond breast cancer event (18). BI-RADS end-of-day assessment
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(ie, after any same-day work-up) of 1 or 2 indicated negative
findings and 0, 3, 4 or 5 indicated positive findings (18,22).

The calculation of positive predictive value from biopsy
(PPV)) included examinations with final BI-RADS assessment
category 4 or 5 and biopsy where the final assessment resolves
examinations with BI-RADS category 0 (18,22).

Statistical Analysis

All statistical analyses were conducted by a biostatistician (L.I.,
with >25 years of experience with BCSC data; supervised by
D.M., a professor of biostatistics). Characteristics of women
with personal history of breast were described by the type of
exam received. Missing data regarding cancer characteristics
were imputed by using an open-source program (Imputation
and Variance Estimate Software version 0.2; IVEware, Insti-
tute for Social Research, University of Michigan, Ann Arbor,
Mich, http:/fwww.sre.isr.umich.edulsoftware/) (23). This soft-
ware applies imputation through sequential regression models
on a variable-by-variable basis rather than specifying a joint
distribution to handle complex data structures with variables of
different types. Five imputed data sets were created.

We calculated raw performance measures with 95% Cls by
imaging modality. Logistic regression was used to compare perfor-
mance measures of breast MRI to mammography alone, adjusting
for age at examination, year of examination, age at diagnosis, race/
ethnicity, years since previous surveillance examination, BCSC
registry, American Joint Committee on Cancer stage, histologic
findings, detection mode, preoperative MRI, type of surgical pro-
cedure, radiation, chemotherapy, estrogen receptor and progester-
one receptor status (invasive only), grade, and breast density by
using BI-RADS (22). The models were fit by using a three-step
generalized estimating equation model approach with indepen-
dence working correlation matrix to account for nonnested clus-
ters of women and radiologists (23-25). In a secondary model as
a sensitivity analysis, we calculated results by using a propensity
score model (Appendix E1, Table E1 [online]). We also evaluated
variation in performance measures by facility to assess outliers.

All analyses used commercially available software (SAS ver-
sion 9.2; SAS Institute, Cary, NC) and the Mianalyze procedure
was used to combine results across the five imputed data sets.
Two-sided P values less than .05 were considered to indicate
statistically significant differences.

Results

We included 33 938 surveillance mammographic examinations
(in 11745 women) and 2506 surveillance breast MRI exami-
nations (in 1521 women) in a total of 13266 women who had
previous breast cancer (Figure). The total study population was
77.0% (10 189 of 13 226) white, non-Hispanic; 9.0% (1187 of
13266) black, non-Hispanic; 3.2% (427 of 13226) Hispanic;
and 10.8% (1423 of 13266) Asian, Pacific Islander, mixed,
or other race/ethnicity. A majority (70.0%; 7943 of 11342)
had at least some post—high school education. Annual income
was evenly distributed into quartiles from less than $47000
to at least $86000. Of the mammographic examinations with
known type, 79.5% (26 829 of 33728) were digital and 20.4%
(6899 of 33728) were film (data not shown).

313



Surveillance Breast MRI versus Mammography

Table 1: Study Characteristics

A: Demographics of Women with a Personal History of Breast

Cancer by Mammography Alone or Breast MRI

Mammography

Characteristic Alone MRI

No. of women 11745 1521

Age at diagnosis (y)
18-39 353 (3.0) 157 (10.3)
40-49 2038 (17.4) 500 (32.9)
50-59 3168 (27.0) 530 (34.8)
60—69 3037 (25.9) 276 (18.1)
70-79 2172 (18.5) 53 (3.5)
=80 977 (8.3) 5(0.3)
Mean age at diagnosis 61 + 13 51 = 10

Race/ethnicity*
White, non-Hispanic 8954 (76.5) 1235 (81.3)
Black, non-Hispanic 1132 (9.7) 55 (3.6)
Hispanic 389 (3.3) 38 (2.5)
Asian or Pacific Islander 986 (8.4) 142 (9.3)
Mixed or other 245 (2.1) 50 (3.3)
Missing 39 1

Education
Less than high school 795 (8.0) 26 (1.8)
High school or GED 2405 (24.2) 173 (12.3)
Some college, technical 2732 (27.5) 278 (19.8)
College graduate 4004 (40.3) 929 (66.1)
Missing 1809 115

Annual income®
<$47000 3063 (26.2) 221 (14.7)
$47000-$62999 2959 (25.3) 368 (24.5)
$63000-$85999 2967 (25.4) 358 (23.9)
=$86000 2704 (23.1) 552 (36.8)
Missing 52 22
Median income ($) 61903 72856

Table 1 (continues)

Characteristics of women, her primary breast cancer, and ex-
amination differed by imaging modality. Characteristics associ-
ated with use of breast MRI included the following: younger
age at diagnosis (<50 years), more white non-Hispanic women,
higher education level (college graduate), residence in a higher-
income area, more recent breast cancer diagnosis (after 2008),
interval- versus screen-detected primary breast cancer, diagno-
sis of invasive carcinoma and higher stage (>1IIb), preoperative
breast MRI for primary breast cancer diagnosis, chemotherapy
for primary breast cancer, and dense breasts (Table 1A-1C).
Almost half (48.2%; 1207 of 2506) of surveillance MRIs were
performed within 1 year of a previous surveillance examination
of any type compared with 12.1% (4119 of 33 938) in the mam-
mography-only group (Table 1C).

Among the 33938 surveillance mammographic examinations,
397 second breast cancer events occurred within 1 year of the ex-
amination, and 279 were detected at mammography (Table 2).
Among 2506 surveillance breast MRI examinations, there were
44 second breast cancer events, and 27 were detected at MRI.
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Table 1: (continued) Study Characteristics

B: Primary Breast Cancer Characteristics of Women with a Personal
History of Breast Cancer by Mammography Alone or Breast MRI

Mammography
Characteristic Alone MRI
Year of diagnosis
2003-2004 2920 (24.9) 249 (16.4)
2005-2006 3036 (25.8) 428 (28.1)
2007-2008 2751 (23.4) 474 (31.2)
2009-2010 2232 (19.0) 279 (18.3)
2011-2012 806 (6.9) 91 (6.0)
Mode of detection
Screen detected 6228 (66.1) 553 (47.8)
Interval detected 2300 (24.4) 474 (41.0)
Clinically detected 887 (9.4) 130 (11.2)
Missing 2330 364
AJCC stage
0 2614 (22.3) 250 (16.4)
I 5170 (44.0) 657 (43.2)
Tla 2035 (17.3) 308 (20.2)
IIb 1066 (9.1) 146 (9.6)
III (a—c) 860 (7.3) 160 (10.5)
Histologic findings
DCIS 2614 (22.3) 250 (16.4)
Invasive ductal 7741 (65.9) 978 (64.3)
Invasive lobular 611 (5.2) 151 (9.9)
Invasive ductal & lobular 749 (6.4) 134 (8.8)
Invasive other 30 (0.3) 8 (0.5)
Preoperative MRI*
Yes 1574 (13.4) 670 (44.0)
No 10171 (86.6) 851 (56.0)
Surgical procedure
None 180 (1.5) 20 (1.3)
Breast conserving therapy 8298 (70.9) 1085 (71.5)
Unilateral mastectomy 3229 (27.6) 413 (27.2)
Missing 38 3
Radiation therapy
Yes 6613 (58.4) 961 (64.7)
No 4702 (41.6) 524 (35.3)
Missing 430 36
Chemotherapy
Yes 3463 (30.5) 703 (47.7)
No 7878 (69.5) 770 (52.3)
Missing 404 48
ER/PR for invasive cancer only
ER— and PR— 1546 (17.6) 223 (18.1)
ER+ or PR+ 7245 (82.4) 1008 (81.9)
Missing 2954 290
Grade
1 2279 (20.9) 301 (21.2)
2 4758 (43.7) 626 (44.0)
3 3856 (35.4) 496 (34.9)
Missing 852 98

Table 1 (continues)
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Table 1: (continued) Study Characteristics

C: Surveillance Imaging Examination Characteristics by
Mammography Alone or Breast MRI

Mammography

Characteristic Alone MRI

No. of examinations 33938 2506

Year of examination
2005-2006 3778 (11.1) 137 (5.5)
2007-2008 7248 (21.4) 449 (17.9)
2009-2010 10780 (31.8) 819 (32.7)
2011-2012 12132 (35.7) 1101 (43.9)

BI-RADS breast density®
Almost entirely fat 3278 (9.8) 57 (2.4)
Scattered 16490 (49.5) 777 (32.9)
Heterogeneously dense 12100 (36.4) 1144 (48.4)
Extremely dense 1413 (4.2) 387 (16.4)

Missing 657 141
Time since primary breast
cancer diagnosis (y)

<1 4463 (13.2) 265 (10.6)
1to <2 6692 (19.7) 558 (22.3)
2t <3 6033 (17.8) 489 (19.5)
3 to <4 4879 (14.4) 408 (16.3)
4 to <5 3949 (11.6) 306 (12.2)
=5 7922 (23.3) 480 (19.2)
Time since prior surveillance

examination (y)

No prior examination 11488 (33.8) 715 (28.5)
<1 4119 (12.1) 1207 (48.2)
1to <2 16642 (49.0) 478 (19.1)
2t <3 1273 (3.8) 75 (3.0)
=3 416 (1.2) 31(1.2)

Note.—Unless otherwise indicated, data in A and B are numbers
of women and data in C are examinations. Data in parentheses
are percentages. Mean data are * standard deviation. This study
included 13266 women (age at diagnosis, =18 years; mean age,
60 years = 13) in the Breast Cancer Surveillance Consortium
from 2003 to 2012. AJCC = American Joint Committee on
Cancer, BI-RADS = Breast Imaging Reporting and Data System,
DCIS = ductal carcinoma in situ, ER = estrogen receptor, GED =
general equivalency diploma, PR = progesterone receptor.

* Race/ethnicity from self-report with missing information filled
in from cancer registry.

" Annual income was on the basis of median at census block
group level or zip code if census block group was not available.

¥ Preoperative MRI defined as any MRI within 2 months before
or 6 months after diagnosis.

$ Breast density is from mammography data; missing information
is filled in from closest mammographic examination at least 6
months after primary cancer diagnosis.

Ductal carcinoma in situ (American Joint Committee on Can-
cer stage 0) or stage 1 invasive breast cancer accounted for 79.2%
(236 of 298) of second cancer events in the mammography-only
group and 79% (26 of 33) of second cancer events in women
with breast MRI and known stage. Bilateral cancers were detected
on 7.9% of mammograms only (30 of 380) and at 5% of breast
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MRI examinations (two of 40) with known laterality. Of the 17
cancers missed at breast MRI, one was subsequently diagnosed at
screening mammography, seven were detected at diagnostic mam-
mography (either short interval follow-up or evaluation of a breast
problem), one was detected at subsequent breast MRI, and eight
underwent no additional imaging with a positive finding observed
subsequent to the surveillance breast MRI (data not shown).

Raw measures of performance of breast MRI versus mam-
mography included the following, respectively: cancer detection
rates, 10.8 (95% CI: 6.7, 14.8) versus 8.2 (95% CI: 7.3, 9.2) per
1000 examinations; sensitivity, 61.4% (95% CI: 46.5%), 76.2%)
versus 70.3% (95% Cl: 65.8%, 74.8%); specificity, 88.2% (95%
CI: 86.9%, 89.5%) versus 88.5% (95% CI: 88.1%, 88.8%);
and biopsy rate, 10.1% (95% CI: 8.9%, 11.3%) versus 4.0%
(95% CI: 3.7%, 4.2%) (Table 3).

In fully adjusted models, breast MRI versus mammogra-
phy resulted in higher cancer detection rate (odds ratio [OR],
1.7; 95% CI: 1.1, 2.7; P = .03) and more than two-fold
higher biopsy rate (OR, 2.2; 95% CI: 1.9, 2.7; P < .001),
with no difference in sensitivity (OR, 1.1; 95% CI: 0.4, 2.9;
P = .84) or interval cancer rate (OR, 1.1; 95% CI: 0.6, 2.2;
P =.70) (Table 4). Although not statistically significant, the
percentage of examinations with a positive end-of-day as-
sessment that resulted in a second cancer diagnosis within
1 year (PPV,) was higher for breast MRI relative to mam-
mography alone. This suggested an increased proportion of
examinations with interpretation of abnormal findings that
resulted in a second cancer event (OR, 1.6; 95% CI: 0.9, 2.8;
P = .10). However, the proportion of examinations with a
second cancer event in women who had undergone biopsy fa-
vored mammography alone compared with breast MRI (OR,
0.6; 95% CI: 0.3, 1.2; P = .15). Biopsy rates were highest
in women at first examination regardless of imaging modal-
ity compared with subsequent examinations. At first exami-
nations, biopsy rates were 5.2% in women who underwent
mammography and 11.9% in women who underwent breast
MRI. At subsequent examinations, biopsy rates were 3.3% in
women who underwent mammography and 7.3% in women
who underwent breast MRI (data not shown).

In our sensitivity analysis with propensity score match-
ing, models included at least 82% of women in the breast
MRI group except PPV, which included 75% of women.
The ORs in these models provide a comparison of results if
women in the mammography-only group had undergone
breast MRI. Results from the propensity score analysis re-
mained similar to our fully adjusted model for performance
measures with attenuated Cls (Table E1 [online]). Further,
by evaluating facility differences, we found increased use of
BI-RADS assessment category 3 at mammography at one
practice (with two facilities) in the first 3 years after cancer
diagnosis per surveillance guidelines at this practice. After re-
coding this subset of examinations from positive findings to
negative findings at sensitivity analysis, there was decreased
specificity for breast MRI compared with mammography
(adjusted model OR, 0.7; 95% CI: 0.5, 0.9). Therefore, we
cannot be certain that there is no difference for specificity
between imaging examinations.
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Table 2: Characteristics of Second Breast Cancer Events
Detected at Mammography Alone or at Breast MRI
within 1 Year of Surveillance Imaging Examination
Characteristic Mammography Alone  MRI
No. of cancers 397 44
No. of cancers detected 279 27
Cancer histologic analysis
Invasive 286 (72.6) 30 (69.8)
DCIS 108 (27.4) 13 (30.2)
Unknown 3 1
AJCC stage
0 108 (36.2) 13 (39.4)
I 128 (43.0) 13 (39.4)
ITa 33 (11.1) 4(12.1)
IIb 9 (3.0) 3(9.1)
III (a—) 13 (4.4) 0(0.0)
v 7 (2.3) 0 (0.0)
Missing 99 11
Tumor size
=10 mm 101 (46.3) 9 (42.9)
11-15 mm 42 (19.3) 4(19.0)
16-20 mm 32 (14.7) 2 (9.5)
>20 mm 43 (19.7) 6 (28.6)
Missing 179 23
Laterality
Contralateral 163 (42.9) 16 (40.0)
Ipsilateral 187 (49.2) 22 (55.0)
Bilateral 30 (7.9) 2 (5.0)
Missing 17 4
Note.—Data are number of second breast cancers; data in paren-
theses are percentages. AJCC = American Joint Committee on
Cancer, DCIS = ductal carcinoma in situ.

Discussion

Use of surveillance breast MRI resulted in increased biopsy
and subsequent cancer detection rate relative to the use of
mammography alone, as measured by odds ratios (ORs) ad-
justed for relevant confounders. However, there was no dif-
ference in the interpretation of breast MRI for second cancers
compared with mammography (ie, sensitivity, OR, 1.1) or in
interval cancer rate (ie, rate of false-negative findings, OR,
1.1). Therefore, the radiologic interpretation of mammogra-
phy does not appear to miss more second cancer events that
would become clinically detectable during the screening in-
terval of 12 months compared with the radiologic interpreta-
tion of breast MRI. Our raw measure of sensitivity (70.3%)
in our sample was higher than previous Breast Cancer Sur-
veillance Consortium (BCSC) results (65.4%) on the basis
of film mammography in women with a personal history of
breast cancer (8). However, sensitivity remained lower than
the greater-than-80% benchmark standard for mammogra-
phy screening (26), which reinforced the need for improved
surveillance strategies.

Previous studies have suggested that breast MRI might be
relevant in expanding multimodality surveillance imaging, of-
ten on the basis of sensitivity measures of breast MRI. However,
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our results indicated that breast MRI sensitivity was 61.4%,
which is both lower than the 75%-100% sensitivity in previous
surveillance breast MRI studies (27-32) and not statistically dif-
ferent from mammography. Our measure of breast MRI sensi-
tivity may differ from previous studies for several reasons. First,
our results represent diverse, community-based breast imaging
settings, where radiologists may be more variable (33) than in
single-institution or academic environments. However, BCSC
radiologists achieved quality standards and met screening breast
MRI benchmarks in women both with and without breast can-
cer (21). Second, previous studies in women with a personal his-
tory of breast cancer may not have identified all false-negative
results, so previous sensitivity measures could be overestimates
(27-32). Cancer registries do not report ipsilateral second cancer
events, which is a challenge for studying women with prior breast
cancer. Our study used pathologic-results databases maintained
by BCSC registries to ascertain second breast cancer events. We
excluded facilities with low biopsy data ascertainment to avoid
missing breast cancer diagnoses. It is uncertain from other stud-
ies whether they evaluated cancer outcomes up to 1 year from
examination because the time frame of evaluation was not speci-
fied. Finally, because breast MRI is used as an adjunct to mam-
mography, multimodality breast imaging may lead to more false-
negative findings at breast MRI if the cancer event was detected
at mammography. We did not observe a high proportion of
missed cancers depicted at subsequent screening mammography.
Furthermore, previous observational studies (27-32) did not
incorporate the effect of mammography in their performance
measures. Finally, our results also indicated no difference in the
interval cancer rate on the basis of adjusted models.

Previous studies of breast MRI performance did not con-
sider differences according to characteristics of women, pri-
mary cancer diagnosis, and treatment. Women who under-
went surveillance breast MRI were more educated and lived
in wealthier neighborhoods, consistent with disparities in ac-
cess to screening breast MRI for women without breast cancer
(34). BCSC data on women with a less than 20% lifetime risk
of breast cancer and without breast cancer showed that white
women and college graduates are 1.7 to 3.0 times more likely
to undergo screening breast MRI. Compared with women
who underwent mammography alone, women who underwent
breast MRI had higher-stage primary cancers and higher likeli-
hood of chemotherapy, which suggested a greater risk of sec-
ond breast cancer events. Therefore, understanding the effect of
the latest imaging tests for surveillance of second breast cancer
events requires an understanding of the baseline cancer rate
in the evaluated population and characteristics in women to
obtain accurate performance estimates.

The effect of additional and potentially unnecessary biopsies
should be considered in evaluating modifications to surveillance
strategies in women with a personal history of breast cancer. On
a population level, the universal use of breast MRI for surveil-
lance could have a profound effect; if all 235020 US women
diagnosed with stage 0—1II breast cancer in 2018 underwent one
MR, an estimated 14336 more would undergo biopsy than if
they had undergone mammography alone. On an individual
level, our previous work (35) in the BCSC determined that
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of Breast Cancer

Table 3: Mammography and Breast MRl Performance in Women with a Personal History

Performance Measure

Mammography Alone

Breast MRI

Cancer rate*

Cancer detection rate*
Interval cancer rate*
Biopsy within 1 year (%)

11.7 (10.6, 12.8) [397/33 938]
8.2 (7.3,9.2) [279/33938]
3.5 (2.9, 4.1) [118/33938]
4.0 (3.7, 4.2) [1343/33938]

Sensitivity (%) 70.3 (65.8, 74.8) [279/397]
Specificity (%) 88.5 (88.1, 88.8) [29669/33 541]
Recall (%) 12.2 (11.9, 12.6) [4151/33938]
PPV, (%) 6.7 (6.0, 7.5) [279/4151]

PPV, (%) 30.5 (27.0, 34.0) [202/663]

17.6 (12.4, 22.7) [44/2506)
10.8 (6.7, 14.8) [27/2506]
6.8 (3.6, 10.0) [17/2506]
10.1 (8.9, 11.3) [253/2506]
61.4 (46.5, 76.2) [27/44]
88.2 (86.9, 89.5) [2172/2462]
12.6 (11.3, 14.0) [317/2506]
8.5 (5.4, 11.6) [27/317]
19.5 (12.3, 26.7) [23/118]

results in a second cancer diagnosis within 1 year.

* Unit of measure was per 1000 examinations.

Note.—Data are from the Breast Cancer Surveillance Consortium (2005-2012). Data in parentheses are
95% confidence intervals; data in brackets are numerator/denominator. PPV, = percentage of examina-
tions with a positive end-of-day assessment that results in a second cancer diagnosis within 1 year, PPV,
= percentage of examinations with a positive final assessment and biopsy was known to be performed that

Table 4: Logistic Regression Results Comparing Performance of Breast MRI Relative to
Mammography Alone in Fully Adjusted Models

3

Measure No. of Examinations ORX* P Value
Cancer rate 36444 1.5 (1.0, 2.1) .03
Cancer detection rate 36444 1.7 (1.1, 2.7) .03
Interval cancer rate’ 36444 1.1 (0.6, 2.2) .70
Biopsy within 1 year 36444 2.2(1.9,2.7) <.001
Sensitivity" 441 1.1 (0.4, 2.9) .84
Specificity 36003 1.2 (0.7, 2.0) 49
PPV, 4468 1.6 (0.9, 2.8) .10
PPV 781 0.6 (0.3, 1.2) .15

Note.—Data in parentheses are 95% confidence intervals. P values less than .05 were considered to
indicate statistical significance. AJCC = American Joint Committee on Cancer, CI = confidence interval,
OR = odds ratio, PPV, = percentage of examinations with a positive end-of-day assessment that results in a
second cancer diagnosis within 1 year, PPV3 = percentage of examinations with a positive final assessment
and biopsy was known to be performed that results in a second cancer diagnosis within 1 year.

* Odds ratios adjusted for age at diagnosis, Breast Cancer Surveillance Consortium registry, AJCC stage,
histologic findings, mode of detection, preoperative MRI, surgical procedure, radiation therapy, chemo-
therapy, estrogen receptor and progesterone receptor status (invasive only), grade, breast density, age at
examination, year of examination, years since prior surveillance examination, and race/ethnicity.

T Because of convergence issues with interval cancer rate and sensitivity, we used a reduced model, which
did not adjust for surgical procedure, radiation, year of examination, or race/ethnicity.

women with a personal history of breast cancer had mixed re-
sponses to additional biopsy. In our qualitative study with more
than 40 women in focus group discussions, we found that some
women perceive biopsies with negative results as assurance that
cancer was not missed. However, other women want to avoid ad-
ditional work-up, anxiety, and false-positive work-up costs (35).
Patient preferences balanced by population health needs may
guide the consideration of multimodality surveillance strategies.

Our study had limitations, including an inability to adjust for
other confounders such as 5-year breast cancer risk, human epi-
dermal growth factor receptor 2 tumor biology, and referral reason
for breast MRI order. However, we adjusted for the most relevant

Radiology: Volume 292: Number 2—August 2019 = radiology.rsna.org

confounders, including stage and treatment, and minimized re-
sidual confounding (36). Our analysis did not specifically identify
subgroups of women in whom breast MRI might be more effec-
tive than mammography for surveillance because of the limited
number of second breast cancer events and limited power.

In conclusion, for women with a personal history of breast
cancer, the potential benefits and harms, specifically the effect of
increased biopsies, should be carefully considered when incorpo-
rating breast MRI into surveillance imaging strategies. Further
research may identify subgroups of women who benefit from
undergoing breast MRI, especially in minimizing the effect of
unnecessary benign biopsies.
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