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IMPORTANCE Younger women (aged �50 years) who underwent breast conservation
therapy may benefit from breast magnetic resonance imaging (MRI) screening as an adjunct
to mammography.

OBJECTIVE To prospectively determine the cancer yield and tumor characteristics of
combined mammography with MRI or ultrasonography screening in women who underwent
breast conservation therapy for breast cancers and who were 50 years or younger at initial
diagnosis.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, prospective, nonrandomized study
was conducted from December 1, 2010, to January 31, 2016, at 6 academic institutions. Seven
hundred fifty-four women who were 50 years or younger at initial diagnosis and who had
undergone breast conservation therapy for breast cancer were recruited to participate in the
study. Reference standard was defined as a combination of pathology and 12-month
follow-up.

INTERVENTIONS Participants underwent 3 annual MRI screenings of the conserved and
contralateral breasts in addition to mammography and ultrasonography, with independent
readings.

MAIN OUTCOMES AND MEASURES Cancer detection rate, sensitivity, specificity, interval cancer
rate, and characteristics of detected cancers.

RESULTS A total of 754 women underwent 2065 mammograms, ultrasonography, and MRI
screenings. Seventeen cancers were diagnosed, and most of the detected cancers (13 of 17
[76%]) were stage 0 or stage 1. Overall cancer detection rate (8.2 vs 4.4 per 1000; P = .003)
or sensitivity (100% vs 53%; P = .01) of mammography with MRI was higher than that of
mammography alone. After the addition of ultrasonography, the cancer detection rate was
higher than that by mammography alone (6.8 vs 4.4 per 1000; P = .03). The specificity of
mammography with MRI or ultrasonography was lower than that by mammography alone
(87% or 88% vs 96%; P < .001). No interval cancer was found.

CONCLUSIONS AND RELEVANCE After breast conservation therapy in women 50 years or
younger, the addition of MRI to annual mammography screening improves detection of
early-stage but biologically aggressive breast cancers at acceptable specificity. Results from
this study can inform patient decision making on screening methods after breast
conservation therapy.
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W omen who are treated with breast conservation sur-
gery and radiotherapy (BCT) remain at an in-
creased risk for second breast cancers, which can be

either a local recurrence or a new primary in the conserved and
contralateral breast at 5-year (approximately 10%) and 10-
year (approximately 20%) follow-up visits.1-3 Because early de-
tection of second breast cancers at the asymptomatic phase
in breast cancer survivors can improve their relative survival
by 27% to 47%,4 the American Society of Clinical Oncology and
the National Comprehensive Cancer Network recommend an-
nual mammography screening or surveillance for women who
received BCT.5-7 However, although mammography screen-
ing detects early-stage second breast cancers, lower sensitiv-
ity and higher interval cancer rates were observed in women
with a personal history of breast cancer compared with women
without, especially in women 50 years or younger and those
with extremely dense breasts.8

The American Cancer Society guideline suggests that there
is insufficient evidence to recommend or advise against an-
nual magnetic resonance imaging (MRI) screenings for women
with a personal history of breast cancer, while MRI screening
is recommended as an adjunct to mammography for women
with genetic mutations or women with more than a 20% to 25%
lifetime risk of breast cancer.9 Women with a personal history
of breast cancer, however, have a heterogeneous risk for devel-
oping a second breast cancer.10 According to a model of cancer
risk, women with early-stage, hormone receptor–positive breast
cancer who were not BRCA mutation carriers fit a 20% lifetime
cancer-risk threshold for developing a second breast cancer if
they were 50 years or younger and had undergone BCT but not
a total mastectomy.11 As MRI or ultrasonography screenings to
detect second breast cancers in women after BCT have been in-
creasingly used12-15 despite limited evidence regarding their
comparative effectiveness, it has been reported that 45% to 54%
of women who were screened for breast cancer using MRI or ul-
trasonography had a personal history of breast cancer.14,15 Ret-
rospective studies have shown similar cancer detection rates but
significantly lower false-positive screening, defined as an un-
necessary recall, biopsy, or short-term follow-up of MRI or ul-
trasonography screening in women with a personal history of
breast cancer compared with those without a personal history
of breast cancer or those with a genetic risk for or a family his-
tory of breast cancer.15,16

To our knowledge, there has been no prospective study to
compare, among the same participants, the performance of a
combination of imaging techniques for breast cancer screen-
ing: mammography and MRI or ultrasonography vs mammog-
raphy alone for women after BCT. Thus, the purpose of our
study was to compare outcomes of a combined mammogra-
phy and MRI or ultrasonography screening in women who had
received BCT for breast cancer before age 50 years.

Methods
Study Participants and Study Conduct
For this prospective, nonrandomized, multicenter, observa-
tional cohort study (clinicaltrials.gov Identifier: NCT01257152),

we recruited asymptomatic women who were 50 years or
younger at the initial diagnosis of breast cancer, who had un-
dergone BCT, and who came in for a mammogram at 6 differ-
ent academic centers (Seoul National University Hospital, Sam-
sung Medical Center, Asan Medical Center, Seoul St Mary's
Hospital, Severance Hospital, and Seoul National University
Bundang Hospital) between December 1, 2010, and January 31,
2016. Each facility met the American College of Radiology
Imaging Network (ACRIN) MRI trial standards17 and the Ameri-
can College of Radiology Breast MRI Accreditation Program
standards. This study was approved by the respective institu-
tional review board of Seoul National University Hospital, Sam-
sung Medical Center, Asan Medical Center, Seoul St Mary's Hos-
pital, Severance Hospital, and Seoul National University
Bundang Hospital. Written informed consent was obtained
from all participants.

The inclusion criteria were as follows: women 20 years or
older and 50 years or younger at the initial diagnosis of ductal
carcinoma in situ or invasive breast cancer; women whose fi-
nal margins were negative, defined as no ink on tumor and who
had finished radiotherapy at least 6 months before the study;
women with no history of a breast biopsy within 6 months prior
to the study; women who had not had contralateral mastec-
tomies; women who had no known metastatic disease; women
who were not pregnant or lactating; women who had no pres-
ent signs or symptoms of breast cancer; women with no con-
traindications to MRI examinations; and women with no prior
breast MRI, breast ultrasonography, or mammography screen-
ings within 6 months before the study. Radiotherapy and sys-
temic treatment protocol was standardized across the aca-
demic centers according to the National Comprehensive Cancer
Network guidelines.7 Annual mammography, breast ultraso-
nography, and breast MRI were performed for both con-
served and contralateral breasts during the 3-year study pe-
riod—from December 1, 2010, to January 31, 2016—with a
maximum interval of 2 months between each imaging modal-
ity. Clinical breast examinations were performed every 6
months.5,6 Two-view mammograms, including mediolateral
oblique and craniocaudal view, were performed using full-
field digital mammography units. Whole-breast screening ul-
trasonography was performed by radiologists (N.C., B.-K.H.,

Key Points
Question What are the screening yield and tumor characteristics
detected by combined mammography and magnetic resonance
imaging (MRI) or ultrasonography in women diagnosed at 50 years
or younger who underwent breast conservation and radiotherapy
for breast cancer?

Findings In this multicenter comparison study of 754 women,
MRI screening detected 3.8 additional cancers and
ultrasonography detected 2.4 additional cancers, most of which
were stage 0 or stage 1, per 1000 women and increased sensitivity
over mammography alone.

Meaning In younger women who had undergone breast
conservation therapy, the addition of MRI screening or
ultrasonography to mammography can be considered.
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M.S.B., E.S.K., E.Y.C., S.H.K., B.J.K., E.-K.K., H.J.M., S.M.K.,
H.H.K., and W.K.M.). Breast MRI was performed using a 1.5-T
or 3.0-T scanner with a dedicated breast coil according to pre-
viously detailed protocols.18

Image Interpretation and Outcome Measures
Radiologists with at least 5 years of breast MRI experience at
each site and blinded to the results of the other studies (N.C.,
B.-K.H., M.S.B., E.S.K., E.Y.C., S.H.K., B.J.K., E.-K.K., H.J.M.,
S.M.K., H.H.K., and W.K.M.) interpreted mammography, ul-
trasonography, and MRI data and recorded the American
College of Radiology Breast Imaging Reporting and Data Sys-
tem (BI-RADS) final assessment category and likelihood of ma-
lignancy score (score range, 0%-100%; higher scores indicate
higher possibility of malignancy).19 Although radiologists were
blinded to the other modality images, previous images were
allowed to be compared within the same imaging modality;
thus, preoperative MRIs were compared for interpretation
of MRIs. Then, a site investigator (N.C., B.-K.H., M.S.B., E.S.K.,
E.Y.C., S.H.K., B.J.K., E.-K.K., H.J.M., S.M.K., H.H.K., or W.K.M.),
a breast radiologist who did not participate in the initial
interpretation of images, recorded a combined category after
reviewing both mammogram and ultrasonogram, mammo-
gram and MRI, and a combination of the 3 modalities, respec-
tively. A clinical recommendation was made on the basis of
combined interpretations. For lesions with BI-RADS final as-
sessment category 4 or more, image-guided needle biopsy was
performed. Guidance modality was determined at the discre-
tion of the radiologists who interpreted images. The MRI-
guided, vacuum-assisted biopsy was performed for lesions
identified on MRI alone. Determination of cancer was made
on the basis of the biopsy or imaging follow-up results within
365 days after the imaging examinations. Cancer detection rate
(CDR), sensitivity, specificity, recall rate, positive predictive
value for recall (PPV1), short-term follow-up rate, biopsy rate,
PPV for biopsy (PPV3), and diagnostic accuracy assessed by area
under the (receiver operating characteristic) curve (AUC) were
calculated for each imaging modality and its respective
combinations.20 The CDR was defined as the number of de-
tected cancers per 1000 examinations. A negative examina-
tion result was defined as a BI-RADS category of 1 or 2, and a
positive examination result was defined as a BI-RADS cat-
egory of 3, 4A, 4B, 4C, or 5. An interval cancer was defined as
a breast cancer diagnosed after the last negative examination
result because of clinical symptoms but before the next sched-
uled examination.

Statistical Analysis
We compared screening outcomes between each image
modality and its combinations using generalized estimating
equations, where a participant was defined as a cluster, or
McNemar test. The independence working correlation struc-
ture was used for PPV or negative predictive value, and the ex-
changable correlation structure was used for the other out-
comes in the generalized estimating equation. The AUCs were
estimated and compared using the method accounting for the
correlations.21 The 95% CIs of CDR, specificity, recall rate, PPV1,
short-term follow-up, and biopsy rate were estimated consid-

ering a participant as a cluster.22 Because the number of de-
tected or diagnosed cancers was small, exact CI for sensitiv-
ity was estimated by the Wilson score method. The adjusted
P values for multiple testing were calculated using the Sidak
method for each screening outcome. Clinicopathologic fea-
tures and treatment data of the initial breast cancers were also
obtained and compared between the women with and with-
out second breast cancers using the Fisher exact test. The fea-
tures showing P < .20 were included for multivariable logis-
tic regression analysis to identify independent factors
associated with second breast cancers. The stepwise variable
selection method was applied. Statistical analyses were per-
formed using SAS software, version 9.2 (SAS Institute Inc). A
2-sided P < .05 was considered to indicate a significant differ-
ence, and CIs are shown at the 95% confidence level.

Results
Participant Characteristics
From December 1, 2010, through January 31, 2016, a total of
754 eligible women participated in the study. Of these women,
2 (0.3%) did not undergo mammography but underwent ul-
trasonography and MRI in the first round, completed the sec-
ond and third rounds, and were included for the second-year
and third-year analyses but excluded from the first-year analy-
sis (Figure). Systemic metastasis was found in 7 women (0.9%),
and they were excluded from the study. No MRI examination
results were excluded because of poor image quality. Thus, a
total of 754 women with reference standards completed 2065
screenings: 752 screenings in the first year, 689 in the second
year, and 624 in the third year (Table 1). Six hundred ninety-
three participants (91.9%) underwent a preoperative MRI.
Sixty-one women (8.1%) underwent genetic testing and 17
(2.3%) were found to be BRCA mutation carriers, and 2 of the
17 had second breast cancers. Characteristics of the study co-
hort, including clinicopathologic features and treatment data
of initial breast cancers, can be found in eAppendix in the
Supplement.

Cancer Detection, Interval Cancer Rate,
and Tumor Characteristics
A total of 17 breast cancers were identified in 17 women (2.3%):
12 identified in the first year, 3 in the second year, and 2 in the
third year. The mean time from the initial surgery to the de-
tection of a second breast cancer was 17.8 (range, 6-41) months
(range, 6-41 months). All cancers were detected by 1 of 3
imaging modalities. No cancer was detected on clinical breast
examinations. No cancer was found during the intervals be-
tween screenings and at the 12-month follow-up after the third-
year interpretation.

Of the 17 women with detected cancers, 10 (58.8%) were
diagnosed with cancer in the ipsilateral breast and 7 (41.2%)
were diagnosed with cancer in the contralateral breast, and 13
(76.5%) were in stage 0 or stage 1. Only 1 cancer (5.9%) had
nodal micrometastasis, and 10 (58.8%) were invasive ductal
carcinomas with a median (interquartile range) size of 10.5
(14.5) mm. Two cancers (11.8%) were detected by mammog-
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raphy alone, 0 by ultrasonography alone, 3 (17.6%) by MRI
alone, 1 (5.9%) by mammogram and MRI, 5 (29.4%) by ultra-
sonography and MRI, and 6 (35.3%) by all 3 imaging modali-
ties (eTable 1 in the Supplement). Two cancers detected by
mammography alone presented with suspicious calcifica-
tions on mammography, but they did not show suspicious en-
hancement on MRI. The clinicopathologic features and treat-
ment data of initial breast cancers in women with recurrent
cancers and the characteristics of the detected cancers are sum-
marized in eTable 2 in the Supplement. Most of the detected
cancers (12 [70.6%]) were biologically aggressive hormone re-
ceptor–negative and/or ERBB2/HER2 (OMIM 164870)–
positive tumors.

Incremental Cancer Detection Yield
The overall CDR was 8.2 per 1000 examinations (17 of 2065)
(Table 2). The CDR of mammography with MRI was higher
than that of mammography alone (8.2 vs 4.4 per 1000;
P = .003). The CDR of mammography with ultrasonography
was higher than that of mammography alone (6.8 vs 4.4 per
1000; P = .03).

When MRI was added to mammography, 3.8 more can-
cers per 1000 women (95% CI, 2.8-4.9; P = .003) were de-
tected. When ultrasonography was added to mammography,
2.4 more cancers per 1000 women (95% CI, 1.7-3.1; P = .03)
were detected.

Regarding the yield for invasive carcinoma, when MRI was
added to mammography, 2.4 more cancers per 1000 women
were detected (95% CI, 1.5-3.3; P = .03). When ultrasonogra-
phy was added to mammography, 1.5 more cancers per 1000
women were detected (95% CI, 0.9-2.0; P = .12) (eTable 3 in the
Supplement).

Sensitivity, Specificity, and AUC
The sensitivity of mammography with MRI screening (100%
[17 of 17]; 95% CI, 81.6%-100%) was higher than that of
mammography alone (52.9% [9 of 17]; 95% CI, 31.0%-73.8%;
P = .01) (Table 2). However, the sensitivity of a screening

with mammography and ultrasonography (82.4% [14 of 17];
95% CI, 59.0%-93.8%) was not different from that of mam-
mography alone (52.9% [9 of 17]; 95% CI, 31.0%-73.8%;
P = .07).

The specificity of mammography with MRI (87.0% [1781
of 2048]; 95% CI, 85.2%-88.7%) or mammography with ultra-
sonography (87.6% [1794 of 2048]; 95% CI, 85.9%-89.3%) was
lower than that of mammography alone (96.0% [1966 of 2048];
95% CI, 94.9%-97.1%; P < .001 vs P < .001) (Table 2).

The AUC increased from 0.79 (95% CI, 0.65-0.93) to 0.99
(95% CI, 0.94-1.00) (P = .01) when MRI was added to mammog-
raphy; however, the AUC was not significantly differently
increased from 0.79 (95% CI, 0.65-0.93) to 0.92 (95% CI, 0.84-
1.00) (P = .18) when ultrasonography was added to mammog-
raphy (Table 2).

Recall, Biopsy, and Short-term Follow-up Rates
After the addition of MRI to mammography, there was an
increase in the recall rate from 4.4% (91 of 2065; 95% CI,
3.3%-5.5%) to 13.8% (284 of 2065; 95% CI, 12.0%-15.5%;
P < .001), in the biopsy rate from 0.5% (11 of 2065; 95% CI,
0.2%-0.8%) to 2.7% (56 of 2065; 95% CI, 2.0%-3.4%;
P < .001), and in the short-term follow-up rate from 3.6%
(75 of 2065; 95% CI, 2.6%-4.7%) to 10.2% (210 of 2065; 95%
CI, 8.6%-11.8%; P < .001) (Table 2). After the addition of
ultrasonography to mammography, the recall rate, biopsy
rate, and short-term follow-up rate (each of which has
P < .001) also increased (Table 2).

PPV for Recall and Biopsy
The PPV1 for the recall was not different after the addition of
MRI (9.9% [9 of 91]; 95% CI, 3.6%-16.2% vs 6.0% [17 of 284];
95% CI, 3.2%-8.8%; P = .09), although the PPV1 was signifi-
cantly decreased when ultrasonography was added to mam-
mography alone (9.9% [9 of 91]; 95% CI, 3.6%-16.2% vs 5.2%
[14 of 268]; 95% CI, 2.5%-7.9%; P = .007). The PPV3 for bi-
opsy decreased after the addition of MRI (72.7% [8 of 11]; 95%
CI, 43.4%-90.3% vs 28.6% [16 of 56]; 95% CI, 18.4%-41.5%;

Figure. Flowchart of Study Protocol

801 Participants enrolled

762 Participants had complete data for ≥1 of 3 screenings

752 Included in the screening
1 analysis

689 Included in the screening
2 analysis

624 Included in the screening
3 analysis

39 Withdrew consent

8 Excluded (did not have
reference standard)

5 Excluded (did not have
reference standard)

12 Excluded (did not have
reference standard)

760 Completed screening 1
mammogram, ultrasonography,
and MRI

2 Did not complete screening
1 mammogram (but were
included in screening 2)

Screening 1
694 Completed screening 2

mammogram, ultrasonography,
and MRI

Screening 2
636 Completed screening 3

mammogram, ultrasonography,
and MRI

Screening 3

MRI indicates magnetic resonance
imaging.
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P = .006) or ultrasonography (72.7% [8 of 11]; 95% CI, 43.4%-
90.3% vs 37.9% [11 of 29]; 95% CI, 22.7%-56.0%; P = .03) to
mammography alone (Table 2).

Characteristics of Women With Second Breast Cancers
Characteristics of women with second breast cancers and
women without second breast cancers are summarized in
eTable 4 in the Supplement.

Discussion

In this study, the results showed that for women who had re-
ceived BCT for breast cancer at 50 years or younger, the addition
of MRI to a mammography increased screening sensitivity (100%
vs 52.9%; P = .01) and detected 3.8 (95% CI, 2.8-4.9; P = .003)
more cancers per 1000 women compared with mammography

Table 1. Characteristics of the Study Participants and Their Initial Cancers

Characteristic

No. (%)
Screening 1
(n = 752)

Screening 2
(n = 689)

Screening 3
(n = 624)

Participants

Age at imaging examinations, mean (SD), y 43.0 (5.7) 44.1 (5.7) 45.2 (5.6)

Median (IQR), y 44.0 (8) 45.0 (8) 46.0 (8)

Age group at imaging examinations, y

<40 184 (24.5) 134 (19.4) 84 (13.5)

40-54 568 (75.5) 555 (80.6) 540 (86.5)

Menopausal status

Premenopausal 326 (43.4) 284 (41.2) 241 (38.6)

Perimenopausal 14 (1.9) 13 (1.9) 12 (1.9)

Postmenopausal 412 (54.8) 392 (56.9) 371 (59.5)

BRCA1 or BRCA2 mutation

Positive 17 (2.3) 12 (1.7) 8 (1.3)

Negative 44 (5.9) 35 (5.1) 30 (4.8)

Unknown 691 (91.9) 642 (93.2) 586 (93.9)

Family history of breast cancer

Absent 577 (76.7) 534 (77.5) 490 (78.5)

Present 70 (9.3) 65 (9.4) 58 (9.3)

Unknown 105 (14.0) 90 (13.1) 76 (12.2)

Mammographic breast density

Fatty 7 (0.9) 11 (1.6) 11 (1.8)

Scattered fibroglandular 109 (14.5) 120 (17.4) 128 (20.5)

Heterogeneously dense 442 (58.8) 402 (58.3) 355 (56.9)

Extremely dense 194 (25.8) 156 (22.6) 130 (20.8)

Initial Cancer

Stage

DCIS 57 (7.6) 50 (7.3) 43 (6.9)

Invasive

Stage I 356 (47.3) 332 (48.2) 300 (48.1)

Stage II 292 (38.8) 265 (38.5) 241 (38.6)

Stage III 47 (6.3) 42 (6.1) 40 (6.4)

Histologic grade

Low to intermediate 420 (55.9) 396 (57.5) 360 (57.7)

High 247 (32.8) 220 (31.9) 197 (31.6)

Unknown 85 (11.3) 73 (10.6) 67 (10.7)

Hormone receptor statusa

Positive 554 (73.7) 512 (74.3) 470 (75.3)

Negative 196 (26.1) 176 (25.5) 153 (24.5)

Unknown 2 (0.3) 1 (0.1) 1 (0.2)

HER2 statusb

Positive 91 (12.1) 84 (12.2) 75 (12.0)

Negative 649 (86.3) 597 (86.6) 541 (86.7)

Unknown 12 (1.6) 8 (1.2) 8 (1.3)

Abbreviations: DCIS, ductal
carcinoma in situ; HER2, human
epidermal growth factor receptor 2;
IQR, interquartile range.
a Hormone receptor–positive status

was estrogen receptor positive or
progesterone receptor positive. It
was defined as the presence of 10%
or more positively stained nuclei at
×10 magnification.

b HER2-positive status was defined as
ERBB2/HER2 gene amplification
(fluorescent in situ hybridization) or
was scored as 3+ on
immunohistochemical staging for
ERBB2/HER2, which was scored as
0, 1+, 2+, or 3+.
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alone. Most detected cancers (13 of 17 [76.5%]) were stage 0 or
stage 1, and all but 1 invasive cancer was node negative. Only 1
cancerwasstageIIB,whichwascomparabletotheresultsofother
screening MRI studies performed for high-risk women.23-27 No
cancer was detected on clinical breast examinations. In addition,
no interval cancer was found during the study period, contrary
to the reported 7.5 interval cancers per 1000 women that were
detected in a mammography screening study in women younger
than 50 years with a personal history of breast cancer.8 A reduc-
tion in biologically aggressive, interval breast cancer rates and
advanced-stage breast cancer rates can be a useful intermediate
surrogate measure for screening benefits.28,29

Regarding the overall CDR, our rate of 8.2 per 1000 exami-
nations (17 of 2065) is lower than the CDR range of 16 to 30 per
1000forwomenwhohavefamilialbreastcancerorareBRCAmu-
tation carriers.23-27 The relatively lower CDR in this study might
be because 91.9% (693 of 754) of our participants had undergone
preoperative MRI that had been reported to be associated with
a reduced second breast cancer incidence in contralateral
breasts.30 In addition, women at the highest risk of recurrence
(whose final margins were positive or who did not receive radio-
therapy) were excluded from the study. In previous retrospec-
tivestudiescarriedoutinsinglecenterforwomenwithapersonal
history of breast cancers, a highly selected population with nega-
tive mammography or nonblinded interpretation of mammog-
raphy results and MRI might have overestimated CDR for MRI
screenings.

One of the major drawbacks of MRI screening is its high
false-positive rate and, as a result, the associated costs and mor-
bidity. Compared with mammography alone, the addition of
MRI increased the recall rate (from 4.4% to 13.8%; P < .001),
biopsy rate (from 0.5% to 2.7%; P < .001), and short-term fol-
low-up rate (from 3.6% to 10.2%; P < .001), which led to de-
creased specificity (from 96% to 87%; P < .001). However, 47.1%
(8 of 17) of cancers might have been missed with mammogra-
phy alone. Considering the harms caused by false-negative
findings, the false-positive findings caused by MRI screening
examinations might be within acceptable ranges if informed
women choose them.31

The addition of ultrasonography to mammography screen-
ing tended to increase sensitivity of the screening from 52.9%
(9 of 17) to 82.4% (14 of 17); however, this difference was not
significant at P = . 07. Therefore, when women who received
BCT at 50 years or younger, especially those with dense breasts,
are unable to undergo MRI screenings, ultrasonography might
be considered.15,32

Limitations
There are several limitations to this study. First, as there was
no control group undergoing mammography alone, we were not
able to compare the interval cancer rate or advanced stage cancer
rate among mammography, ultrasonography, and MRI screen-
ing. Second, we could not evaluate the cost-effectiveness and
effect of MRI or ultrasonography screening on survival ben-
efit. The use of MRI screening with a 2-year or 3-year interval
with abbreviated MRI sequences33 would be more cost-
effective. Metastasis-free survival is better in an annual MRI
screening group for women with BRCA mutations or familial riskTa
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compared with matched controls.34 Third, there were 17 women
who were BRCA mutation carriers, and 2 of these women had
second breast cancers, which may be an overestimated CDR in
women after BCT. The National Comprehensive Cancer Net-
work recommends genetic counseling for women 45 years or
younger with a personal history of breast cancer.35 However, in
this study, only 8.1% (61 of 754) of women underwent genetic
testing before making a treatment decision. Last, only 17 recur-
rent breast cancers were diagnosed during the study period. The
small number of detected cancers caused wide 95% CIs; thus,
precise estimate for sensitivity was difficult.

Conclusions

This study suggests that the addition of MRI to mammogra-
phy screening improved the detection of early-stage breast can-
cers at acceptable specificity in women who had BCT at 50 years
or younger. Our study results can be used not only to inform
patient and clinician decision making regarding the best meth-
ods of screening after BCT but also to develop more person-
alized screening guidelines and recommendations for women
at increased risk for breast cancer.
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