S
=
S
<z
=
-
(/]
<<
w
-4
(-]
|
o o
(&5}
cc
oy
wn
(YN
oc
|
<T
=
S
o
(=)

Note: Thiscopy isfor your personal, non-commercial use only. To order presentation-ready copies for
distribution to your colleaguesor clients, contact us at www.rsna.org/rsnarights.

Screening Breast MR Imaging in
Women with a History of Lobular

Carcinoma in Situ’

Janice S. Sung, MD
Sharp F. Malak, MD, MPH
Punam Bajaj, MD
Rebecca Alis, MD

D. David Dershaw, MD
Elizabeth A. Morris, MD

Purpose:

Materials and
Methods:

Results:

Conclusion:

1From the Departments of Radiology (J.S.S., S.FM., D.D.D.)
and Breast Imaging (E.A.M.), Memorial Sloan-Kettering
Cancer Center, 300 E 66th St, New York, NY 10065;
Department of Radiology, Apollo Clinic and Cradle Hospital,
Gurgaon, Haryana, India (P.B.); and Department of Radiol-
ogy, Montefiore Medical Center, Bronx, NY (R.A.). Received
January 14, 2011; revision requested February 25; revision
received May 28; accepted June 6; final version accepted
June 23. Address correspondence to J.S.S.

(e-mail: sungj@mskcc.org).

©RSNA, 2011

To assess the utility of screening magnetic resonance (MR)
imaging in the detection of otherwise occult breast cancers
in women with a history of lobular carcinoma in situ (LCIS).

This HIPAA-compliant study received institutional review
board approval. The need for informed consent was waived.
Retrospective review of the database yielded 670 screen-
ing breast MR studies obtained between January 2003
and September 2008 in 220 women with a history of LCIS.
MR and mammographic findings were reviewed. Number
of cancers diagnosed, method of detection, and tumor
characteristics were examined. The cumulative incidence
of developing breast cancer as detected with MR imaging
and mammography was calculated. Breast density was ex-
amined as a prognostic factor in the cumulative incidence
analysis.

Biopsy was recommended in 63 lesions seen in 58 (9%)
of 670 screening MR studies. Eight additional lesions were
identified at short-term follow-up MR imaging for a total
of 71 lesions in 59 patients. Twelve cancers (20%) were
identified in 60 lesions sampled. Biopsy was recommended
in 26 additional lesions identified at mammography; bi-
opsy was performed in 25 of these lesions and revealed
malignancy in five (20%). Overall, 17 cancers were de-
tected in 14 patients during the study period. Of these,
12 were detected with MR imaging alone, and five were
detected with mammography alone. Of the 12 cancers de-
tected at MR imaging, there were nine invasive cancers
and three cases of ductal carcinoma in situ (DCIS). Of the
five cancers detected at mammography, two were invasive
and three were DCIS.

MR imaging is a useful adjunct modality with which to
screen women with a history of LCIS at high-risk of devel-
oping breast cancer, resulting in a 4.5% incremental cancer
detection rate. Sensitivity in the detection of breast cancers
with a combination of MR imaging and mammography was
higher than sensitivity of either modality alone.

©RSNA, 2011
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Ithough a woman’s average life-

time risk of developing breast

cancer is one in eight, several
factors increase her risk of developing
breast cancer; these include genetic
predisposition to develop breast cancer,
family and/or personal history of breast
cancer, and history of mantle radia-
tion (1-3). A biopsy-proved diagnosis
of lobular carcinoma in situ (LCIS) is
also associated with an increased risk
of breast cancer, resulting in a seven- to
12-fold increased relative risk estimate
(4,5). The true incidence of LCIS is un-
known, as LCIS is rarely mammograph-
ically visible and is usually an incidental
finding at biopsy performed for other
reasons. LCIS is commonly considered
an indicator for risk of developing sub-
sequent breast cancer as opposed to a
precursor of invasive carcinoma (4,6).
The interval between initial diagnosis
of LCIS to development of subsequent
cancer may be long; in fact, it has been
reported to be more than 15 years in
over 50% of cases (3,7).

The optimal strategy for screening all
women at increased risk of developing
breast cancer has yet to be established.
Several groups recommend supplemental
screening with magnetic resonance (MR)
imaging in certain subgroups of women
at high risk for breast cancer. The sen-
sitivity of breast MR imaging in the

Advances in Knowledge

B Screening breast MR imaging
performed in women with a his-
tory of lobular carcinoma in situ
(LCIS) resulted in a 4.5% incre-
mental cancer detection rate.

B [n patients with LCIS who had no
additional risk factors for breast
cancer, screening breast MR imag-
ing revealed malignancy in 5% of
patients who underwent screening.

B The 12 mammographically occult
cancers detected at screening
MR imaging included three cases
of DCIS and nine cases of early
T1 invasive cancers.

B Five cancers detected during the
study period were detected only
with mammography.

detection of breast cancer is high, rang-
ing from 94% to 100%; however, specific-
ity is lower, ranging from 37% to 97%
and resulting in additional biopsies that
yield normal findings, increased patient
anxiety, and increased health care costs
(1,8-10). These reasons underscore
the importance of selecting appropriate
patients for supplemental breast MR
screening. On the basis of expert con-
sensus opinion, the American Cancer
Society, American College of Radiology,
and Society of Breast Imaging recom-
mend annual screening MR imaging as
an adjunct to annual mammography in
women with a lifetime risk of developing
breast cancer of 20% or more (11,12).
This recommendation is primarily based
on experience in women who have a high
risk of developing breast cancer because
of a strong family history of disease
or because of a gene mutation. To our
knowledge, only one published study has
been performed to evaluate the utility of
screening breast MR imaging in women
with a history of LCIS and atypical hyper-
plasia (13). Thus, the American Cancer
Society states that there is insufficient ev-
idence to recommend for or against MR
screening in this population (12). The
purpose of this study was to assess the
utility of screening MR imaging in the de-
tection of otherwise occult breast cancers
in women with a history of LCIS.

Materials and Methods

Our institutional review board approved
this Health Insurance Portability and Ac-
countability Act-compliant study, and
the need for patient informed consent
was waived. Retrospective review of the
radiology department database revealed
840 breast MR examinations performed
at our institution between January 2003
and September 2008 in 220 women with
a history of LCIS diagnosis before 2006
at percutaneous or surgical biopsy. Sur-
gical excision is recommended for all

Implication for Patient Care

B Annual screening MR imaging
may be useful as an adjunct to
annual mammography in women

with a history of LCIS.

cases of LCIS diagnosed at percutane-
ous biopsy at our institution. Of these
840 breast MR examinations, 670 were
performed as routine screening studies
and 170 were performed as short-term
follow-up studies.

Breast MR imaging was performed
with the patient in the prone position.
Examinations were performed with a
1.5- or 3.0-T commercially available
system (Sigma; GE Medical Systems,
Milwaukee, Wis) and use of a dedicated
surface breast coil. Imaging sequences
included a localizing sequence, a sagittal
fat-suppressed T2-weighted sequence,
and a Tl-weighted three-dimensional,
fat-suppressed fast spoiled gradient-
echo sequence before and three times
after rapid bolus injection of 0.1 mmol/L
gadopentetate dimeglumine (Magnevist;
Berlex, Wayne, NJ) per kilogram of body
weight. Table 1 outlines our standard
imaging protocol.

All breast MR images were inter-
preted by dedicated breast imaging radi-
ologists in conjunction with review of the
clinical history and other available breast
images. For each case, a final assessment
was assigned by using American College
of Radiology Breast Imaging Reporting
and Data System (BI-RADS) categories
1 to 5 (14). Classification primarily was
based on lesion morphology, which was
characterized as masslike or non-mass-
like enhancement. Kinetic features were
visually assessed on the three contrast
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Table 1

Standard MR Imaging Protocols

Repetition Time (msec)/ Flip Angle Field of Section No. of Signals
Sequence Echo Time (msec) (degrees) View (cm) Thickness (mm) Matrix Acquired
Scout 150/Minimal 70 48 10 256 x 128 1
Sagittal T2 fat saturated 4000/102 90 18-22 3 192 x 256 2
Sagittal T1 nonfat saturated 4000/2.2 10 18-22 3 256 x 192 1
Sagittal T1 fat saturated precontrast 4000/2.2 10 18-22 3 256 x 192 1
Sagittal T1 fat saturated postcontrast x3 4000/2.2 10 18-22 3 256 x 192 1
Axial T1 fat saturated postcontrast 4000/2.2 10 28-36 1at1.5T,08at3.0T 320x320at1.5T, 1
384x384at3.0T

material-enhanced images. Quantitative
kinetic curves were generated in specific
cases at the request of the interpreting
radiologist.

For lesions detected with MR im-
aging that warranted biopsy, targeted
breast ultrasonography (US) was rec-
ommended at the discretion of the ra-
diologist interpreting the MR images
if it was thought that the lesion might
be evident at US, thereby enabling US-
guided biopsy. If the lesion was not
seen at US, MR-guided core biopsy or
needle localization prior to surgical ex-
cision was performed.

Medical records of the 220 women
were reviewed to determine the age at
LCIS diagnosis, the interval between the
LCIS diagnosis and MR examination,
and the presence of additional risk fac-
tors, including family history of breast
cancer, which was defined as breast can-
cer in a first-degree relative. Patients
with a personal history of breast cancer
were excluded.

We reviewed the most recent digital
or screen-film mammographic reports
for each MR imaging study to deter-
mine whether an abnormality identified
at either MR imaging or mammography
was detected with the other modality.
Mammographic findings were reported
according to the American College of
Radiology BI-RADS lexicon.

Pathologic records were reviewed for
the results of biopsies performed with
mammographic, US, or MR guidance.
Biopsy results were used to categorize
lesions as benign, malignant, or high
risk. The number of cancers diagnosed,
the method of detection, and the char-
acteristics of cancers were examined.

Sensitivity and specificity were de-
termined on a per-patient basis. The ex-
act 95% binomial proportion confidence
intervals were calculated by using meth-
ods described by Clopper and Pearson
(15). The McNemar test was used to
evaluate paired data (16). Associations
between categorical variables were as-
sessed by using the Pearson x? test for
large sample sizes and the Fisher exact
test for small sample sizes (whenever
a cell contained fewer than five observa-
tions). Findings were considered signifi-
cant at P < .03. To evaluate the accuracy
of MR imaging and mammography in
the detection of breast cancer, patient-
level analysis was conducted. Diagnostic
test accuracy was evaluated by using
receiver operating characteristics curve
analysis and estimating the area under
the receiver operating characteristics
curve (17). Cumulative incidence of
developing breast cancer as detected
with MR imaging and mammography
were plotted by using the methods of
Fine and Gray (18). The Gray test was
performed to assess the significance of
breast density as a prognostic factor in
the cumulative incidence analysis (19).
All statistical analyses were performed
with commercially available software
(PASW Statistics, version 18.0; SPSS,
Chicago, II).

MR Findings

A total of 840 breast MR imaging exami-
nations were performed in 220 women
with a history of LCIS. Of these, 670
were routine screening studies. A median

of three MR examinations per patient
were performed (range, one to eight ex-
aminations per patient), and a median of
3 years of follow-up screening data were
obtained (range, 0-5.5 years of data).
The median age at LCIS diagnosis was
47 years (range, 25-76 years). The median
age at first MR screening was 51 years
(range, 27-78 years). The median inter-
val between LCIS diagnosis and the first
screening MR examination was 2 years
(range, 0.5-19.0 years). A total of 64 pa-
tients (29%) had a family history of breast
cancer. In the 220 patients, breasts were
extremely dense in 55, moderately dense
in 113, and mildly dense in 52.

A total of 504 (75%) MR studies
were assigned to BI-RADS category
1 or 2. Short interval follow-up was
recommended in 108 studies (16%),
mainly for diffuse stippled enhancement.
Follow-up images were obtained in all
but four cases. For the other 104 stud-
ies assigned to BI-RADS category 3, the
abnormalities were either resolved or
unchanged, and none of the studies re-
sulted in a diagnosis of cancer. In the
remaining 58 studies (9%), 63 lesions
(five bilateral lesions) were assigned to
BI-RADS category 4. Biopsy was also
recommended in eight additional le-
sions identified at follow-up imaging.
Thus, biopsy was recommended for 71
lesions in 59 (27%) of 220 patients at
some time during the study period. Of
these 71 lesions, 47 (66%) had masslike
enhancement and 24 (34%) had non-
masslike enhancement, including 20 with
clumped enhancement and four with lin-
ear enhancement.

Of the 71 BI-RADS category 4 le-
sions, mammography was performed
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within 1 month after MR imaging in
37 (52%) of the 71 lesions, between 1
month and 6 months after MR imag-
ing in 25 (35%) lesions, and between
7 and 12 months after MR imaging in
eight (11%) lesions. One patient did
not undergo mammography within 1 year
after MR imaging. A mammographic
correlate was identified in two (3%) of
71 lesions. Targeted US was performed
at the discretion of the radiologist in
47 (66%) of 71 lesions that were deemed
suspicious at MR imaging. A US cor-
relate was identified in 19 (40%) of 47
lesions. The US correlates were masses
in 18 cases and distortion in one case.

Biopsy was performed in 60 of the
71 lesions. We used MR imaging guid-
ance in 44 (73%) lesions, US guidance
in 14 (23%), and mammographic guid-
ance in two (3%). Eleven lesions were
not sampled. In three cases, MR-guided
biopsy was cancelled because the lesion
was not seen when the biopsy was to
be performed. Seven lesions underwent
short-term interval follow-up once no
correlate or a benign-appearing corre-
late was seen on targeted US images.
The initial abnormality either resolved
or was stable at follow-up examina-
tions, which were performed 6 months
to 5 years after the initial examination.
One patient was lost to follow-up.

In the 60 lesions biopsied on the
basis of MR findings, pathologic analy-
sis yielded benign results in 27 (45%),
high-risk lesions in 21 (35%), and ma-
lignancy in 12 (20%), including one case
of a high-risk lesion that was malignant
(ductal carcinoma in situ [DCIS]) at
subsequent excision. Of the 12 cancers,
seven were invasive ductal carcinoma,
two were invasive lobular carcinoma,
and three were DCIS. Ten of 12 cancers
identified at MR imaging manifested as
masslike lesions, and two manifested as
clumped non-masslike enhancement.
The high-risk lesions included 13 cases
of LCIS, five papillary lesions, two cases
of atypia, and one radial scar. At least
2 years of follow-up data were avail-
able for 39 of the 48 lesions classified
as benign or high risk at biopsy, which
enabled us to confirm that they were
stable. For the remaining nine lesions,
between 1 and 2 years of follow-up data

were obtained in five lesions, less than
1 year of follow-up data were obtained
in two lesions, and no follow-up data
were available in two lesions.

Mammographic Findings

In an additional 25 patients, mammo-
grams showed suspicious calcifications,
whereas MR images did not. In one pa-
tient, bilateral suspicious calcifications
were present; therefore, a total of 26
suspicious lesions were seen on mam-
mograms. In 20 of these cases, MR im-
aging was performed within 6 months of
mammography, and both examinations
were performed within 12 months of
each other in all cases (median interval
between examinations, 1 month; range,
<1 day to 12 months). Stereotactic bi-
opsy was performed in 25 lesions and
revealed invasive carcinoma in two and
DCIS in three.

During the study period, we diag-
nosed 17 breast cancers in 14 patients
(Table 2). Breast cancer developed in
the same breast as LCIS in five patients
and in the contralateral breast in eight
patients. In one patient, bilateral DCIS
was initially diagnosed when lesions were
detected in the left breast at MR imag-
ing and in the right breast at mammog-
raphy; this patient underwent treatment
and invasive left breast cancer was sub-
sequently diagnosed at MR imaging per-
formed at 8-month follow-up. Of the 17
cancers detected, 12 (71%) were de-
tected with MR imaging alone and five
(29%) were detected with mammogra-
phy alone. Four of the cancers detected
with MR imaging were identified at the
first screening MR examination; these
represented incidental cancers. The in-
terval between the MR examination in
which the cancer was detected and the
prior MR examination was 6 months
for three cancers, 8 months for one
cancer, 12 months for two cancers, 18
months for one cancer, and 4 years for
one cancer. Of the 12 cancers detected
with MR imaging alone, negative mam-
mographic findings had been obtained
within 1T month of MR imaging in seven
cases and between 1 and 6 months of
MR imaging in five cases. The 12 mam-
mographically occult cancers were clas-
sified as either DCIS or T1 invasive

cancers. Three patients had axillary
nodal involvement. Eight of nine inva-
sive cancers manifested as masslike
enhancement, and one cancer mani-
fested as non-masslike enhancement.
Two cases of DCIS manifested as mass-
like enhancement, and one manifested
as non-masslike enhancement. Of the
10 patients with mammographically oc-
cult breast cancer, three had extremely
dense breast tissue and seven had het-
erogeneously dense breasts. Screening
MR imaging revealed mammographically
occult cancers in 10 (4.5%; 95% con-
fidence interval: 2%, 8%) of the 220
patients. MR imaging revealed mammo-
graphically occult cancers in eight (5%;
95% confidence interval: 2%, 10%) of
156 patients with a history of LCIS and
no additional risk factors.

In addition to the 12 cancers de-
tected at MR imaging, five additional
cancers were detected at mammography
alone. MR images had been obtained
within 6 months of the abnormal mam-
mogram. These five cancers appeared as
calcifications on mammograms. Breasts
were heterogeneously dense in four pa-
tients and extremely dense in one pa-
tient. Biopsy of calcifications was per-
formed in 20 additional patients in whom
no abnormality was identified on MR
images.

The biopsy recommendation rate
per patient was higher for MR imag-
ing than for mammography (27% [59
of 220 patients] vs 12% [25 of 214
patients|, P < .0001). Although more
cancers were detected with MR imag-
ing, the cumulative incidence was not
significantly different between varying
breast densities, as shown by competing
risk analysis (MR imaging, P = .62; mam-
mography, P = .86) (Figure). Overall,
MR imaging resulted in higher sensitiv-
ity, lower specificity, and higher accu-
racy when compared with mammogra-
phy (Table 3).

Early detection of breast cancer with
mammographic screening has resulted
in increased survival (20). Supplemen-
tal screening with annual breast MR im-
aging has been shown to enable detection
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Table 2

Clinical and Imaging Features of Patients with Breast Cancer

Patient  AgeatLCIS  Age at Breast Side of  Side of Additional
No. Diagnosis (y) ~ Cancer Diagnosis (y) ~ LCIS Breast Cancer  Risk Factor Detection Method  Imaging Finding Pathologic Finding®  Nodal Status
1 49 59 R R Family history MR imaging Masslike Invasive ductal Negative
enhancement carcinoma (NAY)
2 40 52 L L None MR imaging Masslike Invasive ductal NA*
enhancement carcinoma (NA¥)
3 55 56 R L None MR imaging Masslike Invasive ductal Negative
enhancement carcinoma (0.5)
4 44 48 L L None MR imaging Masslike DCIS None
enhancement
48 L None Mammography Calcifications DCIS None
48 L L None MR imaging Masslike Invasive ductal Negative
enhancement carcinoma
5 49 53 L L None MR imaging Masslike DCIS None
enhancement
57 L L None MR imaging Masslike Invasive ductal Positive
enhancement carcinoma (1.2)
6 61 61 L R None MR imaging Calcifications Invasive lobular Negative
carcinoma (1.3)
7 46 59 L R Family history MR imaging Masslike Invasive lobular Positive
enhancement carcinoma (0.5)
8 38 39 L None MR imaging Calcifications DCIS None
9 43 43 L None MR imaging Masslike Invasive ductal Negative
enhancement carcinoma (0.9)
10 39 40 R R None MR imaging Masslike Invasive ductal Positive
enhancement carcinoma (0.8)
1 42 47 R R Family history ~ Mammography Calcifications Invasive ductal Negative
carcinoma (0.4)
12 38 45 L R None Mammography Calcifications DCIS None
13 51 52 L Family history ~ Mammography Calcifications DCIS None
14 51 54 L Family history ~ Mammography Calcifications Invasive lobular Positive
carcinoma (NA*)

Note.—Data in parentheses are diameters. L = left, NA = not applicable, R = right

* Data in parentheses are diameter (in centimeters).
T No residual carcinoma identified at time of surgical excision.

* Lumpectomy was not performed at our institution. No additional information available in medical records.

of otherwise occult breast cancers in
women who are at high risk of develop-
ing breast cancer because of a strong
family history of the disease or because
of a genetic mutation (1,21-24). To
date, however, there is little evidence
to support use of screening MR imag-
ing specifically in this subset of women
at high risk of developing breast can-
cer because of a history of LCIS. To
our knowledge, there has been only
one published study in which research-
ers evaluated the utility of screening
breast MR imaging in women with LCIS;
the study included 135 patients with
LCIS who were enrolled in a screening

program for women who had a high
risk of developing breast cancer (13). In
that study, MR imaging depicted mam-
mographically occult cancers in 4% of
patients who underwent screening. In
our study, MR imaging and mammogra-
phy resulted in an incremental cancer
detection rate of 4.5% (10 cancers de-
tected in 220 patients; 95% confidence
interval: 2%, 8%), which is within the
2%-7% range of cancers detected only
at MR imaging in other high-risk popu-
lations (1,23,24).

The interval between diagnosis of
LCIS and development of carcinoma is
unclear. In one study, researchers found

that the risk of breast cancer is greatest
in the first 15 years after LCIS diagno-
sis; in another study, researchers found
that more than 50% of subsequent can-
cers develop more than 15 years after
LCIS diagnosis (4,7,25). In our study,
the median interval between diagnosis
of LCIS and the first invasive cancer
was 4 years; the interval was less than
15 years in all patients. Subsequent
breast cancer developed in the ipsilat-
eral breast in five patients and in the
contralateral breast in eight patients.
One patient developed bilateral breast
cancer. Although the risk of subsequent
breast cancer in patients with LCIS is

418

radiology.rsna.org = Radiology: \lolume 261: Number 2—November 2011



>
i

S
=

S
s

BREAST IMAGING: Lobular Carcinoma in Situ

Sung et al

Table 3

MR and Mammographic Performance in Detection of Breast Cancer

Result of Pathologic Examination™

Test Performance’

Diagnostic Test and Result Breast Cancer No Breast Cancer Sensitivity (%) Specificity (%) Positive Predictive Value (%) Negative Predictive Value (%)
MR imaging (n = 220) 71 (42,91) 76 (70, 82) 17 (8,29) 98 (94, 99)
Positive findings 10 (5) 49 (22) .. ..
Negative findings 4(2) 157 (71)
Mammaography (n= 214) 36 (13, 65) 90 (85, 94) 20(7,41) 95 (91, 98)
Positive findings 5(2) 20 (9)
Negative findings 9(4) 180 (84)

* Data are numbers of patients with the given finding. Data in parentheses are percentages.

* Data in parentheses are 95% confidence interval.

1.0
— SFD and HD MRI
--- ED MRI
- SFD and HD Mammography
0.8 --- ED Mammography
2 0.6+
%
[u]
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o
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0.0 ]
0 20

Months

Graph shows estimated cumulative incidence curves for detection with MR
imaging and detection with mammography as competing events for each type
of breast density. £D = extremely dense, HD = heterogeneously dense, SFD =

scattered fibroglandular density.

known to be bilateral, some authors
have reported that cancer is three times
more likely to develop in the ipsilateral
breast (4,5).

All 12 mammographically occult can-
cers detected only at MR imaging were
either DCIS or T1 invasive cancers.
Axillary lymph nodes were involved in
three patients. These results support
existing evidence that MR imaging is
more sensitive than mammography in
the detection of early invasive breast
cancers in women who are at high risk

of developing breast cancer because
of a genetic mutation or a strong fam-
ily history of the disease (22,26). This
may be because patients with early in-
vasive breast cancers have subtle mam-
mographic findings that are obscured
by the underlying breast density. In our
study, the five cancers that were de-
tected mammographically and were not
evident at MR imaging all manifested
as microcalcifications. Calcifications are
more common in patients with in situ
carcinomas and are less likely to be

obscured by dense breast tissue than
are masses or architectural distortions.
Our data are consistent with those of
prior reports in which the authors con-
cluded that screening in patients with a
hereditary risk of breast cancer by using
a combination of MR imaging and mam-
mography is more effective than screen-
ing with either modality alone (27).

The biopsy recommendation rate was
higher for MR imaging than for mam-
mography. Biopsy was recommended on
the basis of MR findings in 59 (27%) of
220 women (positive predictive value,
17%). Our biopsy recommendation rate
was higher than the range (2.9%-15.8%)
reported when MR imaging was used
to screen other women at high risk for
developing cancer; in those studies, the
positive predictive value varied widely,
ranging from 17% to 89% (1,21,22,26).
As in prior studies, the improved can-
cer detection yield with MR imaging was
associated with additional false-positive
outcomes, resulting in benign biopsy
findings. Thus, physicians should discuss
with patients the possibility that they
may have to undergo a biopsy that yields
benign findings or a series of short-term
follow-up examinations in addition to an-
nual MR screening.

Our study had several limitations.
This was a retrospective study, and our
sample size was small. The number of
MR examinations performed per pa-
tient and the timing of mammography
and MR imaging relative to one another
varied. At our institution, screening
breast MR imaging is not routinely rec-
ommended in any patient with LCIS.
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The decision to perform screening MR
examinations is at the discretion of the
referring physician and the patient and
may have contributed to a selection bias.
Although the majority of mammograms
were obtained with the digital technique,
screen-film mammograms were also ob-
tained; this might have affected cancer
detection, particularly in younger pa-
tients. The potential harms associated
with breast cancer surveillance should
be considered. The cost-effectiveness
of screening with a combination of
mammography and MR imaging has
been demonstrated in women with a
hereditary risk of breast cancer (28).
False-positive MR imaging results lead
to additional biopsies and increased
patient anxiety. Also, while supple-
mental MR screening may increase
detection of early breast cancers, it is
unclear whether this translates to re-
duced morbidity and mortality within
this population.

In conclusion, MR imaging is a use-
ful adjunct modality with which to per-
form screening in women with a history
of LCIS who are at high risk for breast
cancer, resulting in a 4.5% (95% con-
fidence interval: 2%, 8%) incremental
cancer detection rate. In patients with
LCIS and no additional risk factors for
breast cancer, MR imaging revealed
malignancy in 5% (95% confidence in-
terval: 2%, 10%) of patients screened.
However, MR imaging should be used
in addition to and not in place of mam-
mography in this population, as sensi-
tivity in the detection of breast cancers
with a combination of MR imaging and
mammography was higher than that of
either modality alone.
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