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Purpose: To assess which patient and magnetic resonance (MR) imag-
ing factors are associated with the likelihood of contralateral 
prophylactic mastectomy (CPM) in patients with newly diag-
nosed breast cancer.

Materials and 
Methods:

The American College of Radiology Imaging Network 6667 
trial was compliant with HIPAA; institutional review board ap-
proval was obtained at each site. All patients provided written 
informed consent. This study was a retrospective review of 
data from 934 women enrolled in the trial who did not have 
a known contralateral breast cancer at the time of surgical 
planning. The authors assessed age, menopausal status, index 
breast cancer histologic results, contralateral breast histologic 
results, breast density, family history, race and/or ethnicity, 
MR imaging Breast Imaging Reporting and Data System (BI-
RADS) assessment, and number of MR imaging lesions for 
association with CPM by using the Fisher exact test, exact x2 
test, and multivariate logistic regression analyses.

Results: Eighty-six of the 934 (9.2%) women underwent CPM and 
were more likely to be younger (mean age, 48 years [range, 
27–78 years] vs mean age, 54 years [range, 25–86 years]; P 
, .0001), be premenopausal (55 of 86 [64%] vs 349 of 845 
[41%], P , .0001), have ductal carcinoma in situ (DCIS) in 
the index breast (31% [27 of 86] vs 19% [164 of 848], P = 
.02), have greater breast density (71 of 86 [83%] vs 572 of 
848 [68%], P = .004), and have a family history of breast 
cancer (44 of 86 [30%] vs 150 of 488 [18%], P = .01) than 
those who did not undergo CPM. Distributions of race and/
or ethnicity, contralateral lesion pathologic results, and 
number of MR imaging lesions were similar in both groups. 
With multivariate modeling, younger age, greater breast den-
sity, DCIS index cancer, and family history remained signifi-
cant, whereas menopausal status did not. Positive MR imaging  
assessments were not significantly more frequent in the CPM 
group than in the group of women who did not undergo CPM 
(14 of 86 [16.3%] vs 113 of 848 [13.3%], P = .43).

Conclusion: In patients with newly diagnosed breast cancer who under-
went breast MR imaging at which a contralateral breast can-
cer was not identified, patient factors and not breast MR im-
aging BI-RADS scores were chief determinants in decisions 
regarding CPM.
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the trial were collected prospectively, 
with the study protocol optimized for 
the primary aim of the study: to as-
sess the diagnostic yield and accuracy 
of MR imaging for the evaluation of the 
contralateral breast in women recently 
diagnosed with breast cancer. Par-
ticipants were recruited for the trial 
from April 1, 2003 to June 10, 2004. 
Women aged 18 years or older who 
had undergone mammography and 
clinical breast examination of the con-
tralateral breast and received results 
negative for cancer within 90 days of 
receiving a diagnosis of breast cancer 
were eligible for the trial. All eligible 
women also underwent breast MR im-
aging of the contralateral breast within 
60 days of their index breast cancer 
diagnosis. The means by which index 
breast cancers were diagnosed was 
not specified in the protocol; however, 
none of the index breast cancers were 
initially detected with breast MR imag-
ing. Neither the clinicians treating the 
patients nor the patients themselves 
were blinded to the results of the MR 
imaging examinations. Clinicians were 
instructed to act on MR imaging find-
ings according to the standard of care 
at their respective institutions. Institu-
tional review board approval was ob-
tained at each center before patient 

help identify otherwise occult cancer in 
the contralateral breast, some authors 
have questioned whether its use also has 
increased CPM rates (13–15).

The question of whether false-pos-
itive MR imaging findings in the con-
tralateral breast of patients with newly 
diagnosed breast cancer cause more 
women to undergo CPM has substan-
tial clinical ramifications. There is in-
adequate evidence that CPM improves 
survival (16), and the annual risk of de-
veloping a contralateral breast cancer is 
low (from 0.3% to 1% per year [17–19]) 
and may be declining in the era of ad-
juvant hormonal therapy (20). Perhaps 
even more importantly, approximately 
6% of women who choose to undergo 
CPM later experience regret regarding 
this decision (21). As a result, further 
elucidation of the relationships of false-
positive breast MR imaging findings and 
other clinical factors with CPM rates 
will better allow physicians to counsel 
patients effectively about the benefits 
and risks of preoperative breast MR 
imaging. Thus, we sought to evaluate 
which patient and MR imaging factors 
are associated with a patient’s decision 
to undergo CPM.

Materials and Methods

Our study was an ancillary retro-
spective investigation, and we used 
the available prospectively collected 
American College of Radiology Imag-
ing Network 6667 trial data regard-
ing patient characteristics and MR 
imaging assessments. This trial was a 
multi-institutional study including 25 
academic and private practice sites 
with international representation and 
50 total readers (22–25). The data for 
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Advance in Knowledge

nn The rate of contralateral prophy-
lactic mastectomy in patients 
with newly diagnosed breast 
cancer does not appear to be 
associated with false-positive 
breast MR imaging results 
(16.3% in the women who 
underwent contralateral prophy-
lactic mastectomy vs 13.3% in 
those who did not, P = .43).

Implication for Patient Care

nn Clinicians counseling patients 
with newly diagnosed breast 
cancer should not be deterred 
from recommending bilateral 
breast MR imaging on the basis 
that a false-positive result could 
influence decisions regarding 
contralateral prophylactic 
mastectomy.

There is clear evidence that the in-
cidence of contralateral prophylac-
tic mastectomy (CPM) in patients 

newly diagnosed with breast cancer has 
increased during the past decade (1,2). 
Although the rate of CPM in patients 
with unilateral breast malignancy has 
increased more than 11-fold from 1998 
(0.4%) to 2007 (4.7%) (3), the exact 
cause of this increase is debated. Re-
sults of many studies have shown that 
the greatest increase in CPM rates has 
been observed among relatively youn-
ger, more highly educated white women 
of advanced socioeconomic status with 
a positive family history of breast can-
cer (2–4). Several index cancer charac-
teristics also have been identified to be 
associated with CPM rates, including 
large tumor size, preinvasive disease 
(eg, ductal carcinoma in situ [DCIS]), 
lobular subtype, and the presence of 
multicentric disease (2–5).

The use of breast magnetic reso-
nance (MR) imaging for the preoper-
ative determination of the extent of 
disease in patients with newly diagnosed 
breast cancer also has increased during 
this time frame (6). Authors of multiple 
studies have confirmed that preopera-
tive breast MR imaging can show occult 
cancers in the ipsilateral and contra-
lateral breasts of women with a recent 
unilateral breast cancer diagnosis (7–9); 
however, its effect on patient outcomes 
is less well understood. Although poten-
tial benefits of more accurate diagnosis of 
the extent of disease are acknowledged 
(10–12), there are concerns that false-
positive breast MR images may lead to 
more aggressive therapy than otherwise 
indicated. Specifically, despite the poten-
tial advantage of breast MR imaging to 
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undergo CPM was examined by using 
the exact x2 test. Differences in sizes of 
false-positive lesions suspicious for can-
cer identified in the contralateral breast 
at MR imaging were compared between 
the two cohorts by using the Satterth-
waite t test. Those factors found at uni-
variate analyses to be significantly as-
sociated with CPM rates were further 
assessed with multivariate modeling. 
The accuracy of the univariate and mul-
tivariate models to be associated with 
CPM status was compared by using the 
area under the receiver operating char-
acteristic curve (Az). Correlation of fac-
tors that are at least in part dependent 
on age (breast density and menopausal 
status) was performed by using Spear-
man correlation analyses, and visual in-
spection was performed by using histo-
grams of age versus breast density and 
menopausal status. All computations 
were performed with software (SAS 
9.3; SAS Institute, Cary, NC). P , .05 
was considered indicative of a signifi-
cant difference.

Results

The average age 6 standard deviation 
of the 934 patients in this cohort at 
the time of their MR examinations was 
53.3 years 6 11.4 (range, 25–86 years). 
Eighty-six of the 934 (9.2%) patients 
underwent CPM.

MR Imaging BI-RADS Assessment and 
Number of Lesions and Associations with 
CPM Rates
There was a relatively even distribution 
of MR imaging BI-RADS assessments 
in both the CPM and non-CPM cohorts 
(Table 1). Patients who opted to un-
dergo CPM did not have a significantly 
greater likelihood of receiving a posi-
tive or abnormal MR imaging BI-RADS 
assessment of that breast than did the 
non-CPM cohort (Table 2). This lack of 
correlation was true whether BI-RADS 
category 3 assessments were included 
as negative (14 of 86 [16.3%] patients 
positive in CPM cohort vs 113 of 848 
[13.3%] positive in non-CPM cohort, P 
= .43) or as positive (24 of 86 [27.9%] 
positive in CPM cohort vs 205 of 848 
[24.2%] positive in the non-CPM 

defined as having had a menstrual pe-
riod within 12 months of enrollment.

To create dichotomous variables 
to facilitate statistical analyses, the 
multiple categories of breast density, 
breast MR imaging BI-RADS assess-
ment, ethnicity, race, and index tu-
mor pathologic results were grouped. 
In the case of breast density, patients 
with breasts composed almost entirely 
of fat (,25% dense) or scattered fi-
broglandular tissue (25%–50%) were 
grouped and compared with those with 
heterogeneously dense (51%–75%) or 
extremely dense (.75%) breasts. For 
MR imaging BI-RADS assessment, cat-
egories 1 (negative for cancer), 2 (be-
nign), and 3 (probably benign) were 
grouped together as negative and cat-
egories 0 (incomplete, additional imag-
ing evaluation needed), 4 (abnormality 
suspicious for cancer), and 5 (highly 
suggestive of malignancy) were grouped 
together as positive, which was in keep-
ing with the grouping in the original 
American College of Radiology Imag-
ing Network 6667 protocol. To assess 
the effect that a less-certain negative 
assessment (probably benign) had on 
CPM rates, a second MR imaging BI-
RADS assessment categorization was 
performed with categories 1 and 2 
grouped as negative and categories 0, 
3, 4, and 5 grouped as positive. Eth-
nicity was divided into Hispanic/Latino 
versus non-Hispanic, and race was di-
vided into white versus nonwhite. Index 
breast malignancy pathologic results 
were grouped as DCIS, invasive (and in-
vasive subtypes), and other categories. 
MR imaging pathologic findings in the 
contralateral breast were divided into 
high risk (containing atypical ductal hy-
perplasia, atypical lobular hyperplasia, 
and/or lobular carcinoma in situ) and 
benign findings.

Associations of CPM rates with MR 
imaging BI-RADS assessment positiv-
ity, patient factors, index breast cancer 
pathologic results, and contralateral 
breast lesion pathologic results were 
assessed by using the Fisher exact test. 
The association between the number 
of false-positive lesions suspicious for 
cancer identified in the contralateral 
breast at MR imaging and the choice to 

recruitment, and every patient enrolled 
provided written informed consent.

Study Cohort
Of the 969 women in the final contralat-
eral breast screening trial study group, 
31 had a contralateral breast cancer di-
agnosed as a result of a Breast Imaging 
Reporting and Data System (BI-RADS) 
category 0, 4, or 5 assessment and were 
excluded from our analyses. Four pa-
tients without definitive surgical or path-
ologic records confirming performance 
of CPM also were excluded. As a result, 
the final cohort included 934 women 
with newly diagnosed breast cancer who 
underwent breast MR imaging of the 
contralateral breast, which did not show 
cancer before surgical planning.

Breast MR Imaging Technique and MR 
Image Interpretation
Contrast material–enhanced breast MR 
imaging was performed at a magnetic 
field strength of at least 1.5 T with a 
dedicated breast coil. Images were ob-
tained both before and after adminis-
tration of a gadolinium-based contrast 
material, with imaging parameters as 
previously described (25). The 50 ra-
diologists interpreting the MR images 
had interpreted at least 50 breast MR 
imaging examinations and performed 
at least five MR imaging–guided breast 
procedures before the study. Readers in-
terpreted the breast MR images by using 
the American College of Radiology BI-
RADS fourth edition criteria (26).

Data Collection, Patient Variables, and 
Statistical Analysis
The following patient variables were 
extracted from the trial database for 
each patient: patient age at MR imag-
ing, menopausal status, breast tissue 
density at mammography, family his-
tory of breast cancer, ethnicity and 
race, tumor histologic results of the 
index breast malignancy, breast MR im-
aging BI-RADS assessment categories, 
number and sizes of lesions suspicious 
for cancer identified at MR imaging, 
and histopathologic results of biopsies 
(core needle or excisional) of lesions 
suspicious for cancer in the contralat-
eral breast. Premenopausal status was 



BREAST IMAGING: Contralateral Prophylactic Mastectomy	 Rahbar et al

56	 radiology.rsna.org  n  Radiology: Volume 273: Number 1—October 2014

any family history of breast cancer also 
was associated with a patient choos-
ing CPM (42 of 86 [48.8%] vs 300 of 
838 [35.8%], P = .02). There was no 
association of Hispanic/Latino ethnic-
ity (two of 84 [2.3%] Hispanic vs 35 
of 843 [4.1%] non-Hispanic, P = .57) 
or nonwhite race (five of 84 [7.0%] 
nonwhite vs 67 of 836 [8.0%] white, 
P = .99) with CPM rates among the 
women for whom race and/or ethnicity 
was known (Table 4).

Index Malignancy and Contralateral 
Breast Pathologic Factors and 
Associations with CPM Rates
Patients who had an index breast can-
cer diagnosis of DCIS without an in-
vasive component were more likely to 
choose CPM than those who had in-
vasive or other types of breast cancer 
(27 of 86 [31.4%] patients vs 164 of 
848 [19.3%] patients, P = .02, Table 5).  
Patients with a diagnosis of invasive lob-
ular carcinoma in the index breast were 
no more likely to undergo CPM than 
were those with a diagnosis of other 
malignancies (10 of 86 [11.6%] patients 
vs 149 of 848 [17.6%] patients, P = .99; 
Table 5).

In the non-CPM cohort, 11 biopsies 
(either core needle or excisional) were 
performed within the first 6 months af-
ter the MR imaging study that yielded 
a high-risk pathologic result (four atyp-
ical lobular hyperplasia, five atypical 
ductal hyperplasia, and two lobular 
carcinoma in situ lesions). In the CPM 
cohort, one patient received a diagnosis 
of a high-risk lesion (atypical ductal hy-
perplasia) on the basis of a core needle 
biopsy in the contralateral breast that 
corresponded to a BI-RADS category 4 
lesion. In two other patients with MR 
imaging results that were positive for 
cancer (one BI-RADS category 0 and 
one BI-RADS category 3), a high-risk 
lesion was identified at mastectomy 
(atypical ductal hyperplasia and atyp-
ical lobular hyperplasia, respectively). 
Because the original study protocol only 
required that the most definitive path-
ologic results be reported, it cannot be 
excluded that these patients underwent 
biopsies before mastectomy. Nonethe-
less, even when these two lesions are 

difference in false-positive mass lesion 
size in the contralateral breast between 
the two cohorts (P = .74) at MR im-
aging; however, nonmass lesions could 
not be compared because of limitations 
in the original study protocol (Table E1 
[online]).

Patient Factors and Association with CPM 
Rates
The mean age of women who opted 
for CPM was lower than that for the 
non-CPM cohort (48 years [range, 
27–78 years] vs 54 years [range, 25–86 
years], P , .001). Similarly, patients 
in the CPM cohort were more likely 
to be premenopausal (55 of 86 [64%] 
vs 349 of 845 [41%], P , .0001) and 
have greater breast density (71 of 86 
[82.6%] vs 571 of 845 [67.5%], P = 
.004) (Table 4).

Of the women for whom a fam-
ily history could be obtained, those 
who opted for CPM were more likely 
to have a first-degree relative with 
a history of breast cancer (26 of 70 
[37.1%] vs 150 of 688 [21.8%], P = 
.01) (Table 4). In fact, the presence of 

cohort, P = .41). The number of false-
positive lesions suspicious for cancer 
identified at MR imaging in the contra-
lateral breast ranged from zero to five 
in the non-CPM cohort and from zero 
to three in the CPM cohort (Table 3), 
and there was no significant difference 
in the number of false-positive lesions 
between the two cohorts (P = .16). 
In addition, there was no significant 

Table 2

BI-RADS Assessments Grouped as Positive versus Negative

MR Imaging BI-RADS Assessment CPM (n = 86) Non-CPM (n = 848) P Value

Group 1 .430
  Positive (0, 4, and 5) 14 (16.3) 113 (13.3)
  Negative (1, 2, and 3) 72 (83.7) 735 (86.7)
Group 2 .410
  Positive (0, 3, 4, and 5) 24 (27.9) 205 (24.2)
  Negative (1 and 2) 62 (72.1) 643 (75.8)

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. 

Table 1

Distribution of MR Imaging BI-RADS Assessments 

MR Imaging Assessment CPM (n = 86) Non-CPM (n = 848)

BI-RADS 0 7 (8.1) 62 (7.3)
BI-RADS 1 45 (52.3) 432 (50.9)
BI-RADS 2 17 (19.7) 211 (24.9)
BI-RADS 3 10 (11.6) 92 (10.8)
BI-RADS 4 7 (8.1) 51 (6.0)
BI-RADS 5 0 (0) 0 (0)

Note.—Data are numbers of patients, with percentages in parentheses.

Table 3

False-Positive Lesions Detected 
in the Contralateral Breast at MR 
Imaging

No. of Lesions CPM (n = 86)
Non-CPM  
(n = 848)

0 55 (64.0) 528 (62.3)
1 19 (22.1) 251 (29.6)
2 8 (9.3) 50 (5.9)
3 4 (4.7) 12 (1.4)
4 0 (0) 6 (0.7)
5 0 (0) 1 (0.1)

Note.—Data in parentheses are percentages.
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breasts (54% with density .50% vs 
46% with density .50% among those 
aged 65 years), suggesting that the 
relationship between age and density 
was not strong in this cohort. The fac-
tors found in univariate analyses to be 
significantly associated with CPM rates 
(including patient age, menopausal 
status, breast density, index tumor 
pathologic results [DCIS vs invasive], 
and family history of breast cancer) 
were further assessed by means of mul-
tivariate modeling (Table 6). All factors 
assessed except menopausal status re-
mained significant. With receiver op-
erating characteristic curve analyses, it 
was found that a model incorporating 
age, breast density, index tumor pa-
thology, and family history provided a 
greater discriminative accuracy (Az = 
0.70) than did the individual variables 
alone (Az = 0.65, 0.56, 0.57, and 0.56, 
respectively) (Figure).

Discussion

We found that MR imaging BI-RADS 
assessment (after exclusion of pa-
tients in whom MR imaging showed 
a cancer) did not have a significant 
association with CPM rates, whereas 
patient factors of younger age, greater 
breast density, family history, and in-
dex breast cancer pathologic results of 
DCIS showed a significant association 
with CPM rates.

The results of our study suggest 
that a false-positive MR imaging as-
sessment of the contralateral breast is 
not an important factor when a patient 
with a newly diagnosed breast cancer 
decides whether or not to undergo 
CPM. The proposed relationship of 
breast MR imaging with CPM (27) is 
predicated on the assumption that the 
additional examinations and biopsies 
resulting from positive MR imaging as-
sessments in the contralateral breast 
add anxiety for a patient already deal-
ing with a new cancer diagnosis. This, 
in turn, influences women to choose 
CPM even if biopsy results from this 
chain of events yield benign pathologic 
results. Although this hypothesized link 
often has been cited as a potential ex-
planation for increasing CPM rates, 

.001) than breast density was corre-
lated with age (r = 0.24, P , .001) or 
menopausal status (r = 0.21, P , .001). 
A visual inspection of the relationship 
among age, menopausal status, and 
breast density showed that although 
age and menopausal status do appear to 
be closely related, a fair proportion of 
young women had lower density breasts 
(21% with density 50% vs 79% with 
density .50% among those aged ,40 
years) and older women had dense 

included, there was no significant dif-
ference in the fraction of women in 
the CPM (3.5%, three of 86 patients) 
versus non-CPM (1.3%, 11 of 848 pa-
tients) cohorts with a high-risk lesion in 
the contralateral breast (P = .13).

Correlation and Multivariate Analyses of 
Factors Associated with CPM Rates
Menopausal status was correlated more 
highly with patient age (Spearman rank 
correlation coefficient, r = 0.75; P , 

Table 4

Distribution of Patient Factors

Patient Factor CPM Non-CPM P Value

Age (y)* 48 (27–78) 54 (25–86) ,.001
Menopausal status ,.001
  Premenopausal 55 (64.0) 349 (41.2)
  Postmenopausal 31 (36.1) 496 (58.5)
  Unknown† 0 (0.0) 3 (0.4)
Family history of breast cancer .010
  1 first-degree relative 44 (30.2) 150 (17.7)
  0 first-degree relative 26 (51.2) 538 (63.4)
  Unknown† 16 (18.6) 160 (18.9)
Mammographic breast density .004
  50% glandular 15 (17.4) 276 (32.6)
  .50% glandular 71 (82.6) 572 (67.5)
Ethnicity .570
  Hispanic/Latino 2 (2.3) 35 (4.1)
  Not Hispanic/Latino 84 (97.7) 808 (95.3)
  Unknown† 0 (0) 5 (0.6)
Race .99
  White 80 (93.0) 769 (90.7)
  Not white 6 (7.0) 67 (7.9)
  Unknown† 0 (0) 12 (1.4)

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. 

* Data are average, with range in parentheses.
† Excluded from analyses.

Table 5

Index Breast Cancer Pathologic Results

Index Breast Cancer Pathologic Result CPM Non-CPM P Value

DCIS vs invasive or other .020
  DCIS 27 (31.4) 164 (19.3)
  Invasive (ductal, lobular, or mixed) 59 (68.6) 661 (78.0)
  Others 0 (0) 23 (2.7)

Invasive lobular vs other .99
  Invasive lobular 10 (11.6) 149 (17.6)
  All others 76 (88.4) 699 (82.4)

Note.—Data in parentheses are percentages. 
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MR imaging use became more preva-
lent, also suggests that the relationship 
of breast MR imaging with increasing 
CPM rates is not likely causal. Our re-
sults demonstrate that abnormal but 
false-positive breast MR imaging as-
sessments of the contralateral breast 
in patients with newly diagnosed breast 
cancer were not associated with CPM 
rates.

In all likelihood, a patient’s decision 
to undergo CPM is based on multiple 
factors, and our results based on ex-
amining additional patient factors as-
sociated with CPM rates support this 
concept. In this study, those who opted 
for CPM were more likely to be youn-
ger and premenopausal, which is in 
agreement with previously published 
findings. Patients in the CPM cohort 
were also more likely to have greater 
breast density.

We also found that women who 
have a family history of breast cancer 
(whether in a first-degree or more dis-
tant relative) are more likely to opt for 
CPM, which is consistent with previously 
published findings. We did not find an 
elevated rate of CPM based on ethnic-
ity or race in our cohort, which conflicts 
with previously reported increased rates 
of CPM among white women. However, 
our study included relatively few non-
white patients (73 of 922 [7.9%]), with 
race unknown for 12 patients; thus, our 
study was underpowered to fully allow 
assessment this relationship.

The relationship of increased CPM 
rates in patients with DCIS in the index 
breast is in agreement with the results of 
two previously published studies (2,3); 
however, the exact cause of this relation-
ship remains unclear. The incidence of 
DCIS has increased most in the popula-
tion older than 50 years (28), making it 
unlikely that this relationship correlates 
with younger age. Because the cure rates 
for this heterogeneous disease approach 
100% with current therapies (29), it is 
surprising that a greater fraction of pa-
tients with DCIS opt for CPM than do 
patients with invasive breast cancer. It 
is possible that many patients with DCIS 
lack a clear understanding of their prog-
nosis and the long-term effect on their 
health and future risk. Finally, although 

specific MR imaging recommendations 
(13–15). The fact that CPM rates have 
been increasing since 1998 (1), at least 
3 years before the time at which breast 

authors of the few published studies 
who assert this causality did not con-
trol for known confounding clinical fac-
tors, nor did they assess the effect of 

Table 6

Individual and Multivariable Logistic Regression Analyses 

Covariate P Value Odds Ratio

Individual variable model results
  Decreasing age , .0001 1.05 (1.03, 1.08)
  Post- vs premenopausal , .0001 2.51 (1.58, 3.98)
  Dense vs fatty breast parenchyma  .0052 2.27 (1.28, 4.04)
  Family history vs no family history*  .0053 2.02 (1.23, 3.30)
  Index cancer DCIS vs other histologic result  .0092 1.91 (1.17, 3.10)
  BI-RADS 4 or 5 vs 0, 1, 2, or 3  .44 1.39 (0.61, 3.16)
Multivariate best-fitting model results
  Intercept  .27 NA
  Decreasing age , .0001 1.05 (1.03, 1.07)
  Dense vs fatty breast parenchyma  .029 1.93 (1.07, 3.48)
  Index cancer DCIS vs other histologic result  .0228 1.79 (1.08, 2.94)
  Family history vs no family history*  .0020 2.23 (1.34, 3.71)

Note.—Data in parentheses are 95% confidence intervals. NA = not applicable.

* In a first-degree relative.

Graph of receiver operator characteristic curves shows accuracy of individual 
and multivariate models for identifying patients who underwent CPM. Model 
incorporating age, mammographic breast density, index breast DCIS pathologic 
results, and family history (Hx) of a first-degree relative with breast cancer pro-
vide the greatest A

z
. Note that curves for DCIS and family history are so similar 

that they are virtually indistinguishable.
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