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Abstract

Background: Screening MRI is recommended for individuals at high risk for breast cancer, based on genetic risk or family
history (GFH); however, there is insufficient evidence to support screening MRI for women with a personal history (PH) of

breast cancer. We compared screening MRI performance in women with PH vs GFH of breast cancer.

Methods: We analyzed case-series registry data, collected at time of MRI and at 12-month follow-up, from our regional
Clinical Oncology Data Integration project. MRI performance was compared in women with PH with those with GFH.
Chi-square testing was used to identify associations between age, prior history of MRI, and clinical indication with MRI
performance; logistic regression was used to determine the combined contribution of these variables in predicting risk of a

false-positive exam. All statistical tests were two-sided.

Results: Of 1521 women who underwent screening MRI from July 2004 to November 2011, 915 had PH and 606 had GFH of
breast cancer. Overall, MRI sensitivity was 79.4% for all cancers and 88.5% for invasive cancers. False-positive exams were
lower in the PH vs GFH groups (12.3% vs 21.6%, P < .001), specificity was higher (94.0% vs 86.0%, P < .001), and sensitivity
and cancer detection rate were not statistically different (P > .99). Age (P < .001), prior MRI (P < .001), and clinical indication
(P < .001) were individually associated with initial false-positive rate; age and prior MRI remained statistically significant in

multivariable modeling (P = .001 and P < .001, respectively).

Conclusion: MRI performance is superior in women with PH compared with women with GFH. Screening MRI warrants
consideration as an adjunct to mammography in women with a PH of breast cancer.

Guidelines for mammographic screening have been estab-
lished and, when followed, have proven to result in earlier
detection of breast cancer and mortality reduction (1). Women
with increased risk of breast cancer may benefit from addi-
tional screening by magnetic resonance imaging (MRI). Current
American Cancer Society (ACS) and National Comprehensive
Cancer Network (NCCN) guidelines recommend annual breast
MRI screening for women who themselves are carriers or have

first-degree relatives with BRCA or other cancer susceptibility
mutations, who have a greater than 20% to 25% lifetime risk of
developing breast cancer based on family history, or who have
had radiation to the chest (2,3). These recommendations are
based on studies in which MRI, added to screening mammogra-
phy, resulted in increased invasive breast cancer yield at accept-
able recall and biopsy rates (4-14). Although women with a
personal history of cancer have statistically significant elevated
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risk of future breast cancer events (15-18), current guidelines of
the American Society of Clinical Oncology (ASCO) recommend
against, and those of the ACS and NCNN recommend neither for
or against, screening MRI because of insufficient performance
data validating its use in this specific patient population and
concerns of morbidity and costs associated with additional
imaging or biopsy of benign lesions identified as suspicious for
malignancy on MRI (2,3,19).

A meta-analysis of 17 randomized trials of a total 10 801
women with a personal history of breast cancer treated with
breast-conserving surgery and radiation therapy reported
10-year breast cancer recurrence rates of 19.3% and 15-year
breast cancer death rates of 21.4% (16). Although advances in
locoregional and systemic therapy have improved, even women
diagnosed with early, hormone receptor-positive breast cancer
remain at statistically significant increased risk of future breast
cancer events (approximately 10% and 20%, respectively, at five-
and 10-year follow up) (20-24).

Despite these risks, clinical studies of breast MRI screening to
date have focused on women at risk because of genetic or fam-
ily history rather than personal history alone. Our study was
designed to assess the diagnostic performance of MRI screening of
women with a personal history of treated breast cancer compared
with those with a genetic or family history of breast cancer and
to inform patient and clinician decision-making regarding best
methods of surveillance after successful breast cancer treatment.

Methods

Data Collection

Institutional review was performed in compliance with the
Health Insurance Portability and Accountability Act (HIPAA)
prior to data analysis. Data were obtained from the Consortium
Oncology Data Integration (CODI) project, which is an institu-
tional review board-approved solid tumor clinical database
developed and maintained by the Fred Hutchinson Cancer
Research Center in collaboration with the University of
Washington. Data in CODI have been obtained in accordance
with all applicable human subject laws and regulations, includ-
ing any requiring informed consent. There are many sources
of data for CODI, including the regional Cancer Surveillance
System (CSS) tumor registry. CSS is a part of the National
Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) program and collects population-based data on the inci-
dence, treatment, and follow-up on all newly diagnosed cancers
(except nonmelanoma skin cancers) occurring in residents of
the 13 counties in the western region of Washington state.

To identify women for inclusion in our study, we identified all
breast MRIs conducted at our institution between July 2004 and
November 2011 in women age 18 years and older who under-
went screening MRI for either genetic/family history (GFH) or
personal history of treated breast cancer (PH). Details of patient
selection are provided in Figure 1. Exams were excluded from
the study if either a metastatic diagnosis or diagnosis of a non-
breast cancer malignant histology within the breast region (ie,
malignant lymph node, angiosarcoma) occurred within a year of
the MRI. Exams with known data errors or missing data for any
key data items were also excluded. Excluded exams accounted
for less than 2% (61/3019) of consecutive MRI exams performed
for clinical indication of screening MRI for GFH or PH. For each
woman, we selected the first eligible exam occurring during
the study period as the representative examination. For each
patient, cancer outcome was determined within a 12-month
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follow-up period using CSS and institutional pathology data in
the CODI database.

MRI acquisition protocols varied during the study period,
all in keeping with guidelines established by the International
Breast MRI Consortium (IBMC), the American College of
Radiology Imaging Network (ACRIN) MRI trials, and the American
College of Radiology (ACR) Breast MRI Accreditation Program
(8,25,26). MR imaging was performed on a GE LX 1.5T scanner
(GE Healthcare, Waukesha, WI) from 2004 to 2009 or on a Philips
Achieva 3T scanner (Philips Healthcare, Best, the Netherlands)
after January 2010 using a dedicated bilateral breast coil. Our
breast MRI protocols have been described in detail previously
(27-29). Each protocol included a precontrast fat suppressed
T2-weighted fast spin echo sequence followed by a T1-weighted
dynamic contrast-enhanced (DCE) sequence with one precon-
trast and at least three postcontrast fat-suppressed 3D fast gra-
dient echo acquisitions. Prior to October 2005, DCE scans were
performed in the sagittal plane with a field of view (FOV) of 18
to 22cm, depending on patient size, a slice thickness of 3mm,
and a matrix of 256 x 192. From October 2005 through June 2006,
scans were performed in the axial plane with a FOV of 32 to
38cm, slice thickness of 2.2mm, and matrix size of 350 x 350.
From June 2006 through January 2010, scans were performed
in the axial plane with a FOV of 32 to 38cm, slice thickness of
1.6mm, and matrix size of 420 x 420. After January 2010, scans
were performed in the axial plane with a FOV of 22 x 33cm, slice
thickness of 1.3mm, and matrix size of 440 x 660.

For all protocols, initial postcontrast acquisitions were cen-
tered between 90 and 120 seconds after contrast administration,
and delayed acquisitions were centered between 4.5 and 7.5
minutes after contrast administration, depending upon proto-
col. For all examinations, gadolinium contrast material (before
November 2010: Omniscan, GE Healthcare; starting November
2010: ProHance, Bracco Diagnostics, Princeton, NJ) was power
injected (0.1 mmol/kg at 2mL/s) followed by a 20mL saline flush.

MRIinterpretations were performed by one of nine fellowship-
trained breast imaging radiologists using the ACR Breast Imaging
Reporting and Data System (BI-RADS) MRI lexicon (30,31). Each
MRI was given a BI-RADS assessment based on lesion morphol-
ogy and kinetics. Final positive MRIs were those given BI-RADS
4 or 5 assessments. Negative final MRIs were those assessed as
BI-RADS 1, 2, or 3. MRIs with an initial BI-RADS 0 assessment
were reclassified according to the final assessment made on
the recommended follow-up study. Biopsy was performed with
sonographic guidance if a sonographic correlate was present.
In all other women for whom targeted ultrasound was not rec-
ommended or targeted ultrasound did not reveal a sonographic
correlate to the suspicious MRI-detected lesion, MRI-guided, vac-
uum-assisted breast biopsy was performed.

High-risk lesions included atypical ductal hyperplasia, atypi-
cal lobular hyperplasia, lobular carcinoma in situ, and any other
lesions with atypia. Final histology from lesions that were ini-
tially classified as high risk on needle biopsy was determined
from histology at surgical excision. Malignant histology included
ductal carcinoma in situ and/or any invasive breast carcinoma.
Carcinomas in all women were reviewed by a pathologist to con-
firm histology, size, and staging. Available information for prior
cancers in the PH group was recorded.

Statistical Analysis

To determine screening MRI performance, we followed the
guidelines of the American College of Radiology Breast Imaging
and Reporting Data System (ACR BI-RADS) and those of the
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Exam inclusion criteria:
Screen MRI conducted between 7/2004 - 11/2011
Exam conducted in woman age 18+

3019 exams in 1545 women

Exclude exams for following reasons:
Exam linked to metastatic or non-breast cancer in the breast region
14 Exams
Exam assessment and recommendation discordant
35 Exams
Exam did not receive a final assessment
4 Exams
Data errors in key items (MRI date, pathology date, clinical indication, subject id)
8 Exams

Total exams excluded: 61 (2%)

Following application of exclusion criteria there are
2958 exams in 1521 women remaining

Exam selection:
The earliest exam that meets study inclusion criteria and is not excluded for
reasons above is then selected to represent a woman

1521 exams in 1521 women

%
=3
0
a
£

Women with personal
history but no
genetic/family history of
breast cancer
N=915

Figure 1. Study exam selection.

Breast Cancer Surveillance Consortium (30-33). Examinations
associated with a cancer were defined as those with a tissue
diagnosis of ductal carcinoma in situ or invasive breast cancer
within one year and before the next screening MR examination.
Examinations not associated with a cancer were those without
a tissue diagnosis of ductal carcinoma in situ or invasive breast
cancer within one year or before the next MR screening exami-
nation, whichever occurred first. We computed initial recall
percent, initial false-positive rate, cancer detection rate, posi-
tive predictive value, sensitivity, and specificity. Examinations
with an initial BI-RADS assessment of 0, 3, 4, or 5 were posi-
tive for initial recall. Initial false-positive rate was computed
by identifying examinations positive on initial recall (for either
additional imaging or biopsy) but with no cancer. Cancer detec-
tion rate was calculated as a cancer diagnosed after an initial
positive MRI and confirmed by pathology. True negatives (TN)
were defined as women with a final negative MRI with verified
absence of breast cancer within 12-month follow-up using CSS
and institutional pathology data in the CODI database. False
negatives (FN) were defined as those women with a final nega-
tive MRI and a tissue diagnosis of cancer. True positives (TP)
were defined as women assessed with a final positive MRI with
diagnosis of breast cancer. False positives (FP) were examina-
tions in women with a final positive MRI with no breast cancer

Women with a genetic/family
history of breast cancer
N=606
(64 with GFH and PH)

diagnosis. Sensitivity was defined as TP/(TP + FN), and specific-
ity was defined as TN/(TN + FP), as per ACR BI-RADS and BCSC
guidelines (30-33).

Diagnostic performance metrics were compared between
the PH and GFH groups and between groups with and without
prior MRI using the two-sided Chi-squared test with continu-
ity correction. Age was compared between PH and GFH groups
using the independent samples t test. Logistic regression was
used to determine the impact of age, clinical indication of PH vs
GFH, and prior history of breast MRI on the initial false-positive
rate. All computations were done using SAS statistical software
version 9.3 (SAS Institute, Cary, NC) and R version 3.1.1 (Vienna,
Austria). A two-sided P value of less than .05 was considered sta-
tistically significant.

Results

A total of 1521 women age 18 years and older underwent MRI for
the sole clinical indication of screening, based on either genetic
family history and/or personal history during the study interval
and met all study eligibility criteria. Of these, 915 women had
elevated risk based on PH of breast cancer and 606 had elevated
risk because of GFH of breast cancer (64 women with PH and
GFH were included in the GFH group) (Figure 1).
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The majority of women in both the PH and GFH groups
were between age 40 and 60 years at the time of MRI although
women in the PH group were older on average (P < .001). The dis-
tribution of mammographic density was similar across the two
groups, with the majority of women having heterogeneously or
extremely dense breast tissue. Of interest, a minority of women
in both groups had moderate or marked MRI breast parenchy-
mal enhancement. Women in the PH group were statistically
significantly more likely to have had a prior breast MRI (54.2% vs
20.5%, P < .001) (Table 1).

Overall, 274 (18.0%) were recalled and 164 (10.8%) recom-
mended for biopsy, with women in the PH group having statisti-
cally significant lower recall rates and biopsy recommendations
than women in the GFH group (14.3% vs 23.6%, P <.001 and 7.7%
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vs 15.5%, P < .001) (Table 2). There were no statistically signifi-
cant differences across the groups in cancer detection rate (P
> .99), positive predictive value (P = .19), or sensitivity (P > .99).
The PH group had a measurably higher specificity of 94.0% com-
pared with the GFH group at 86.0% (P < .001). Among women
screened for PH, cancer was found in 16 of 64 women who
underwent biopsy (PPV = 25.0%), vs 11 cancers in 75 GFH women
who underwent biopsy (PPV = 14.7%). Cancer detection rate by
screening MRI was 1.7% and 1.8% in the PH and GFH groups,
respectively (Table 2). All statistical conclusions reported in
Table 2 were unaffected by exclusion of patients with a prior
MRI (data not shown).

Multivariable analysis was conducted to further explore why
the initial false-positive rate was lower in the PH group than in
the GFH group (12.3 vs 21.6%, P < .001) (Table 2). Older age, his-

Table 1. Characteristics of study population by clinical indication for tory of prior (comparison) breast MRI, and clinical indication of g
screening MRI* PH (vs GFH) were all found to be individually associated with =
i a woman'’s decreased risk of a false-positive interpretation on o
. G.enet'm/ screening MRI (data not shown). When combined in a multiple :-;-
Personal history family history logistic regression, both age and prior MRI history remained =
. (n = 9015) (n= 6?6) statistically significant predictors (P = .001 and P < .001, respec- g
Characteristic No. (%) No. (%) tively), while clinical indication did not. A test for interaction =
Age,y between age and prior history was not statistically significant §
<40 104 (11.4) 170 (28.1) (data not shown). >
40-49 278 (30.4) 207 (34.2) Overall, 620 (40.8%) women had undergone prior MRI for 8
50-59 317 (34.6) 148 (24.4) either screening (prior to study period) or reasons other than &
60-69 178 (19.5) 72 (11.9) screening, such as to evaluate extent of disease prior to surgery %
70+ 38 (4.2) 9(1.5) or to evaluate response to neoadjuvant chemotherapy. Women e
Mammographic breast density with a prior comparison MRI were less likely to undergo benign <
Fatty/scattered 162 (17.7) 89 (14.7) breast biopsy (67/620, 10.8%) compared with women without a S
Heterogeneous/ 395 (43.2) 290 (47.9) prior MRI (185/901, 20.5%, P < .001). In women without a prior =
extremely dense MRI, more cancers were diagnosed and a greater percentage of f\)'
Missing data 358 (39.1) 227 (37.5) biopsies were positive compared with women with a prior MRI, 2
Breast parenchymal enhancement though these differences did not reach statistical significance )
None/minimal 334 (36.5) 165 (27.2) (data not shown). =
Mild 180 (19.7) 174 (28.7) Within the PH group, the influence of a prior MRI on per- %
Moderate 59 (64) 85 (14.0) fi f ing MRI was demonstrated by reduced false g
Marked 18 (2.0) 63 (10.4) OTMBAIICe Of Scresning V. v 7 . S
Missing data 324 (35.4) 119 (19.6) positives and higher specificity. Twenty percent of women in the X
Prior breast MRI PH group with no prior MRI received an initial recall, while 9.5%
No 419 (45.8) 482 (79.5) in PH women .w1th prior MR.IS were .reFalled (P < .001) (Tall)lle .3).
Yes 496 (54.2) 124 (20.5) Cancer detection rate, positive predictive value, and sensitivity g
did not vary statistically significantly across the prior/no prior 3
* MRI = magnetic resonance imaging. groups within the PH women, although specificity was found to E
<
Table 2. Performance of screening breast MRI
Personal Genetic/family >
Total history history -5
(n =1521) (n=915) (n = 606) Difference N
Performance statistic No. (%) No. (%) No. (%) (95% CI), % P* IN
Initial recall 274/1521 (18.0) 131/915 (14.3) 143/606 (23.6) 9.3 (-13 to 5) <.001
(assessment 0, 3, 4, or 5)
Final positive 164/1521 (10.8) 70/915 (7.7) 94/606 (15.5) 7.9 (-11 to 4) <.001
(assessment 4 or 5)
Initial false-positive rate 244/1521 (16.0) 113/915 (12.3) 131/606 (21.6) -9.3(-13t0 5) <.001
Cancer detection ratet 30/1521 (1.8) 18/915 (1.7) 12/606 (1.8) -0.1(-1to 1) >.99
Positive predictive valuet 27/139 (19.4) 16/64 (25.0) 11/75 (14.7) 10 3 (-4 to 25) .19
Sensitivity§ 27/34 (79.4) 16/20 (80.0) 11/14 (78.6) 4 (-28 to 31) >.99
Specificity§ 1350/1487 (90.8) 841/895 (94.0) 509/592 (86.0) .0 (5to11) <.001

* Based on two-sided Chi-square test with continuity correction. CI = confidence interval; MRI = magnetic resonance imaging.

1 Based on initial positive assessment of 0, 3, 4, 5.

# Positive predictive value for biopsies recommended and performed (Breast Imaging Reporting and Data System positive predictive value,).
§ Sensitivity and specificity computed using final assessment.
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Table 3. MRI performance in women with a personal history of breast cancer: impact of prior MRI

Prior MRI
No Yes
(n =419) (n =496) Difference
Performance statistic No. (%) No. (%) (95% CI), % p*
Initial recall 84/419 (20.0) 47/496 (9.5) 10.6 (6 to 15) <.001
(assessment =0, 3, 4, or 5)
Final positive 41/419 (9.8) 29/496 (5.8) 3.9(0to ) .04
(assessment = 4 or 5)
Initial false-positive rate 75/419 (17.9) 38/496 (7.7) 10.2 (6 to 15) <.001
Cancer detection ratet 9/419 (1.9) 9/496 (1.6) 0.3(-2to2) .93
Positive predictive valuef 8/38 (21.1) 8/26 (30.8) -9.7 (-35 to 15) .56
Sensitivity§ 8/9 (88.9) 8/11 (72.7) 16.2 (-27 to 60) 74
Specificity§ 377/410 (92.0) 464/485 (95.7) -3.7 (-7 to -0) 03

* Based on two-sided Chi-square test with continuity correction. CI = confidence interval; MRI = magnetic resonance imaging.

1 Based on initial positive assessment of 0, 3, 4, 5.

+ Positive predictive value for biopsies recommended and performed (Breast Imaging Reporting and Data System positive predictive value).

§ Sensitivity and specificity computed using final assessment.

be statistically significantly higher in women with a prior MRI
experience (95.7% vs 92.0%, P = .03) (Table 3).

Thirty-four of the 1521 women in our study were diagnosed
with breast cancer, 27 after a positive MRI and seven after a
negative MRI (overall sensitivity of 79.4%) (Table 2). Histologic
findings of the 27 women diagnosed with cancer by MRI screen-
ing included ductal carcinoma in situ (DCIS) as the most severe
histology in four women and invasive disease in the remaining
23 (sensitivity for invasive cancers was 88.5%). Four of seven FN
exams were cases of DCIS, which presented as calcifications on
mammography within one year of a negative MRI (three of these
were mammograms performed on the same day as the MRI, and
one was a mammogram performed four months following the
negative MRI). The remaining three FN cases were assessed on
MRI as BI-RADS 3, with invasive cancer diagnosed within one
year (Tables 4 and 5).

For women in the PH group in whom a new cancer was
detected, average age at the time of the prior, original cancer
diagnosis was 48 years (range = 33-65). The following informa-
tion was obtained regarding the original tumor: mean tumor
size was 16 mm (range = 2-30mm), and 36.0% were node nega-
tive. Of the 14 prior cancers with detailed receptor status avail-
able, 57.0% were estrogen receptor (ER)/progesterone receptor
(PR) positive and HER2 negative, 7.0% were ER/HER2 positive
and PR negative, 7.0% were HER2 positive (ER/PR negative),
and 29.0% were triple negative (ER/PR/HER2 negative) (Table 4).
Breast conservation surgery with radiation was performed to
treat the prior breast cancer in 91.0% of women, and mastec-
tomy was performed in 9.0%.

Average age at time of secondary breast cancer diagnosis
was 53 years (range = 36-69). The second breast cancer event
was observed within two years in 14.0% of women; in 57.0% of
women, more than five years had elapsed since their original
cancer diagnosis. Of the women treated with breast conserva-
tion who had a second breast cancer event, six were diagnosed
with cancer in the ipsilateral breast on screening MRI (60.0%),
and four were diagnosed with cancer in the contralateral breast
(40.0%). Of the invasive cancers diagnosed by MRI in the PH
group, the average tumor size was 9mm (range = 1-18 mm), and
all were node negative (Table 4). Of the 16 PH women diagnosed
with cancer by screening MRI, 13 had a recent mammogram at
our institution, all of which were negative.

Discussion

The current recommendations by ASCO, the ACS, and the NCCN
for women with a PH of breast cancer are mammographic and
clinical surveillance after treatment (2,3,19). Although the use of
MRI is supported by the ACS and NCCN to screen women with
greater than 20% risk of breast cancer based on familial and
genetic models, their current guidelines recommend neither for
nor against MRI surveillance in women with a PH of breast can-
cer based on lack of published scientific evidence, and those of
ASCO recommend against MRI surveillance (2,3,19). Our study
comprises the largest cohort published to date of screening MRI
in women with a personal but no known genetic or family his-
tory of breast cancer. We found significantly lower rates of biopsy
recommendations in our patients with a personal history of
breast cancer and equally high cancer detection rates compared
with patients with a genetic or family history of breast cancer.
There are several possible explanations for the lower false-
positive rate of MRI in patients with a PH compared with GFH of
breast cancer. While a prior MRI reduced false positives in both
groups and patients with a personal history of MRI are more
likely to have a comparison MRI if obtained during the pre-oper-
ative staging period, the statistically significantly lower false-
positive rates in the PH group we identified were maintained
when we assessed only those patients without prior MR exams
for comparison. It is also possible that the treatment (whether
mastectomy, radiation, or hormonal therapy) could render the
MRIin the patient with a personal history of breast cancer easier
to interpret. For example, in a patient with mastectomy there
might be fewer “lesions” available to raise concern. In addi-
tion, benign breast parenchymal enhancement can be chal-
lenging to distinguish from suspicious areas of enhancement,
and both radiation treatment and hormonal treatment (such as
tamoxifen or aromatase inhibitors) decrease breast parenchy-
mal enhancement. Alternatively, these changes after treatment
could raise more challenges for the interpreting radiologist as in
the mastectomy patient the natural internal control to compare
the breasts for symmetry in enhancement is gone, as is the case
with unilateral radiation treatment. Finally, the impact of hor-
monal therapy on parenchymal enhancement is variable and
can create fluctuations in enhancement patterns depending on
dosing, compliance, and individual responses to the therapy.
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Table 5. Characteristics of cancers diagnosed in women with a genetic/family history of breast cancer (n = 14)

BI-RADS

Study ID Age at MR assessment Outcome Histology TNM Size, mm ER PR HER2
1 66 5 TP IDC; DCIS T2N1aMO0 29 pos pos neg
2 58 5 TP IDC T1cNOMO 11 pos pos neg
3 46 4 TP IDC T1bNOMO 7 neg pos neg
4 68 4 TP IDC T1aNOMO 3 pos pos —
5 54 4 TP IDC; DCIS T2NOMO 27 neg neg pos
6 60 4 TP DCIS TisNOMO 120 neg — —
7 31 4 TP IDC T2NOMO 25 pos pos neg
8 31 4 TP DCIS TisNOMO 7 pos — —
9 53 4 TP IDC T1aNOMO 4 pos pos neg
10 59 4 TP IDC; DCIS T1bNOMO 7 pos neg neg
11 44 4 TP IDC T1bNOMO 8 pos pos pos
12 49 3 FN IDC — — neg neg neg
13 40 2" FN DCIS TisNOMO 2 pos — —
14 45 2* FN DCIS TisNOMO — — — —
* Ductal carcinoma in situ diagnosed by calcifications on mammography performed after benign breast magnetic resonance imaging. — = data was not available in insti-

tutional Consortium Oncology Data Integration or regional Cancer Surveillance System databases; BI-RADS = Breast Imaging Reporting and Data System; DCIS = ductal
carcinoma in situ; ER = estrogen receptor; FN = false negative; HER2 = human epidermal growth factor receptor 2; IDC = invasive ductal carcinoma; ILC = invasive lobular

%
=3
0
a
£

carcinoma; MRI = magnetic resonance imaging; neg = negative; NOS = not otherwise specified; pos = positive; PR = progesterone receptor; TP = true positive.

A limitation of our study is that we did not have detailed treat-
ment history on all patients, nor sufficient numbers to compare
smaller subgroups within the personal history cohort. These
areas are important topics for further study.

As in our study, prior reports have found similar increased
cancer detection rates with MRI in patients with a personal his-
tory of breast cancer (34-37). Gweon et al. studied 932 surveil-
lance breast MRI examinations in 607 women in Korea after
breast conservation therapy (36). Ninety-two percent of women
in their study had undergone pre-operative breast MRI. The
cancer detection rate for prevalence imaging was 18 per 1000
women (95% CI = 16 to 21 per 1000 women). Geiss et al evalu-
ated 1194 MRI examinations in 691 women with a personal his-
tory of breast cancer, in which 12 second breast cancers were
detected by MRI surveillance (35). The cancer detection rate for
MRI was 17 per 1000 women, and the average time from primary
breast cancer diagnosis to second breast cancer detection was
6.2 years (range = 1-23 years). Neither study compared perfor-
mance of MRI in women with a personal history compared with
women with genetic or family history.

Schacht et al. compared MRI screening in 208 patients with
a personal history of breast cancer to 345 who had a family his-
tory as the sole risk factor (37). They found the relative risk of
breast cancer detection by MRI given a personal history was 1.42
(95% CI = 0.48 to 4.17) compared with family history.

In their report of 144 women with prior breast cancer but
no family history of breast cancer, Brennan et al. reported
higher biopsy rates (31%) and higher cancer detection rates
(12%) compared with our study (34). These differences may be
explained by differences in study design and patient popu-
lations. For example, the Brennan study was less restrictive
in identifying cancers to calculate cancer detection rate:
Any cancers in the breast (eg, sarcoma) were included, as
were multiple years and exams, in including cancer rates in
the cohort. In our study, only breast histology cancers were
included in our performance measures and only cancers
identified within the year of the first MRI were included to cal-
culate rates of detection after a single breast MR exam. In our
study, patients with a known genetic mutation were excluded
from the personal history cohort; this was not reported in the
study by Brennan et al.

There are limitations to our study. Our results are from a
single center, where breast MRI surveillance in women with a
personal history of breast cancer is used based on individual
discussions of patients with their care providers. At our institu-
tion, decisions regarding MR surveillance are made on a case-by-
case basis and after discussion of potential benefits and harms.
In general, MRI tends to be offered more to women with dense
breast tissue who are young and whose primary breast cancer
was mammographically occult, but the decisions vary based on
provider and patient-shared decision-making. Currently, given
the equivocal recommendations by organizations with guide-
lines for surveillance of women following treatment, there is
likely variation in practice of surveillance MRI after successful
breast cancer treatment both within and outside of our center.
At our institution, surveillance MRI may be more common,
while at other institutions MRI may be reserved for those con-
sidered at the very highest risk for recurrence (ie, patients with
prior high-risk cancers or patients who did not receive radiation
after breast-conserving surgery or who did not complete recom-
mended hormonal therapy).

In the PH group, we found a wide range in the interval between
the first and second diagnoses of breast cancers. However, most
(57%) of the second breast cancer diagnoses occurred more than
five years after initial diagnosis and 21% occurred after 10 years
of initial diagnosis. This finding is in keeping with previously
published studies showing that breast cancer recurrences occur
well beyond the first five post-treatment years, even in women
who receive adjuvant treatment (15-18).

In our study, the majority (88%) of cancers identified by
screening MRI in women with a personal history of breast can-
cer were invasive, all were node negative, and all were less than
2cm. It is beyond the scope of our study to measure the impact
of MRI on quality-adjusted life-years in women with a personal
history of breast cancer or to analyze cost-effectiveness of
screening MRI in this population. Our results can help inform
those modeling studies by providing test performance measures
in a large cohort of women with a personal history of breast can-
cer. Prior studies have found MRI cost-effective in patients with
BRCA mutations and other high-risk women (38-40).

In conclusion, our study shows that the diagnostic performance
of screening MRI is superior for women with PH of breast cancer
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compared with women with GFH. The cancers detected by MRI
were predominantly invasive carcinomas, and more than half were
detected more than five years after treatment. Our findings suggest
that MRI can enhance surveillance in women with a personal his-
tory of breast cancer by detecting mammographically occult inva-
sive breast cancers while they are small and node negative.
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