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Abstract

Objective: The American College of Radiology Imaging Network Trial 6667 showed that MRI can
detect cancer in the contralateral breast that is missed by mammography and clinical examination
at the time of the initial breast cancer diagnosis, based on 1-year follow-up.This study is a continu-
ation of the trial that evaluates the diagnostic accuracy of MRI for contralateral breast cancer after
2 years of follow-up.

Methods: In total, 969 women with a diagnosis of unilateral breast cancer and no clinical or im-
aging abnormalities in the contralateral breast underwent breast MRI. The cancer status of all par-
ticipants was monitored for 2 years after the initial MRI. Follow-up included documentation of
any clinical, imaging, or interventional procedures performed. A study participant was considered
positive for cancer if she had a tissue diagnosis of in situ or invasive breast cancer in the contralat-
eral breast within 730 days of her initial MRI.

Results: Three additional cancers were diagnosed in the study population in the second year
of the trial. The diagnostic yield for MRI for the 2-year period was 3% (31/969). After 2 years of
follow-up, breast MRI has a sensitivity of 86% and specificity of 88% for detection of contralateral
breast cancer. Its negative predictive value was 99%, and its positive predictive value was 22%.
These values did not change significantly from the 1-year data.

Conclusion: A negative contralateral breast MRl has a very high and reliable negative predictive
value over 2 years, and, therefore, is helpful in managing and counseling patients during the
period of initial diagnosis and early treatment.

Key words: contralateral breast cancer; breast MRI; ACRIN trial.

Introduction the general population (1). Conventional diagnostic methods using
mammography, sonography, and clinical breast exam (CBE) identify

Women with a diagnosis of unilateral breast cancer carry a 2- to o o )
synchronous contralateral cancer in 1%-3% of patients (2-7). There

6-fold increased risk of developing a second primary compared with
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Key Messages

e After 2 years of follow-up, breast MRI has a sensitivity of
86%, specificity of 88%, negative predictive value of 99%, and
positive predictive value of 22% for detection of contralateral
breast cancer, indicating no significant change from the first
year data.

* A negative contralateral breast MRI has a very high and reli-
able negative predictive value over 2 years, and, therefore, is
helpful in managing and counseling patients during the period
of initial diagnosis and early treatment.

is increasing evidence in the literature for the use of MRI to screen
the contralateral breast in those with newly diagnosed cancer (8-12).
However, few reports describe the long-term follow-up of these pa-
tients. A meta-analysis of 22 studies evaluating screening MRI of the
contralateral breast reports an incremental cancer detection rate of
4.1%, but only 5 of the 22 studies confirmed the absence of cancer in
those negative on MRI with 1-year clinical or imaging follow-up (13).

In 2007, Lehman et al published the results of American College
of Radiology Imaging Network (ACRIN) Trial 6667, a prospective
multi-institutional MRI screening trial of the contralateral breast
in women with a recent diagnosis of breast cancer (14). The pri-
mary study sought to determine if MRI could improve on CBE and
mammography in detecting contralateral breast cancer. During the
first year after the initial breast cancer diagnosis, MRI detected
mammographically and clinically occult contralateral breast cancer
in 3.1% (30 of 969) of participants. The purpose of this paper is to
report on the second-year follow-up of this cohort of women and
to evaluate the diagnostic accuracy of the initial MRI among these
high-risk patients at 2-year follow-up.

Methods

The trial was conducted by the ACRIN, funded by the National
Cancer Institute, and monitored by a data and safety monitoring
board. It was open to all interested sites that were approved by
ACRIN through a general qualifying application and a protocol-
specific application. Between 1 April 2003 and 10 June 2004, 1007
women with a recent diagnosis of unilateral breast cancer were en-
rolled at 23 sites, including seven private practices and 18 academic
institutions (see the Appendix). Each institution obtained institu-
tional review board approval before patient accrual and was com-
pliant with the Health Insurance Portability and Accountability Act
regulations. Informed consent was obtained from all patients.

Patients aged at least 18 years, of any ethnic background, with a
recent history (within 60 days of the initial MRI) of biopsy-proven
ductal carcinoma in situ (DCIS) or invasive cancers of the breast
were eligible for inclusion. In addition, a negative or benign mam-
mogram and a normal CBE of the contralateral breast were required
within 90 days of the initial MRI. The following women were ex-
cluded: those with a current or recent history of chemotherapy or
hormonal therapy for cancer, those with a previous biopsy in the
study breast, those with a remote history of breast cancer in either
breast, those with a history of an MRI exam of the study breast
within 12 months, and those with new breast symptoms within the
past 60 days that utilized MRI as part of the evaluation.

All participants underwent dynamic contrast-enhanced breast
MRI. The standard criteria for each MRI study performed were as

follows: a 1.5-T or stronger magnet, a dedicated breast surface coil,
one sequence obtained before and two sequences obtained after the
administration of contrast material, with 3-D, fat-suppressed T1
weighted, gradient-echo sequences (repetition time of less than 60
msec; echo time of less than 20 msec). Initial and delayed images
were obtained within 4 and 8 minutes after the injection of contrast
material. Spatial-resolution criteria included voxels smaller than
0.9 mm in the frequency-encoding direction, smaller than 1.8 mm in
the phase encoding direction, and 3 mm or smaller in the slice direc-
tion, providing full coverage of the breast.

The cancer status of all participants was followed for 730 days
after the study MRI. Follow-up included documentation of any
breast procedures (CBE, imaging, or interventions) performed in
the months following the initial MRI. For all procedures with re-
sults that were positive, additional follow-up for 6 months (in total,
30 months following enrollment) data were collected, including add-
itional imaging and any available pathology results. The study parti-
cipants were classified as positive for cancer if a contralateral breast
cancer was histologically verified within 730 days after the initial
MRI, and negative for cancer if the study records at the end of the
2-year follow-up period showed no diagnosis of contralateral cancer
within that period. The participants who did not have any follow-up
imaging nor CBE, and even those lost to follow-up, were considered
negative if the ACRIN had not received confirmation of a diagnosis
of cancer from participating institutions.

All examinations were interpreted according to the American
College of Radiology Breast Imaging Reporting and Data System
(BI-RADS) (15).The initial MRI assessment was classified on a six-
point scale (0, “needs additional imaging evaluation”; 1, “negative”;
2, “benign”; 3, “probably benign”; 4, “suspicious abnormality™;
and 5, “highly suggestive of malignancy”). For examinations scored
as 0 or 3, additional imaging was performed to determine the final
BI-RADS assessment. For receiver-operating-characteristic (ROC)
curve analysis, readers rated the study MRI on a five-point malig-
nancy scale (with a score of 1 indicating “definitely not malignant,”
and a score of 5 indicating “definitely malignant”). A diagnosis of
cancer was based on histological examination of a biopsy specimen
and included all cases of invasive carcinoma or DCIS.

The Center for Statistical Sciences at Brown University
(Providence, RI) analyzed the data for the study. The aim of the
second-year follow-up study was to report the results of 2 years
of clinical and imaging follow-up using a new reference standard:
cancer status as reported anytime up to 2 years from initial contra-
lateral MRI examination. The final BI-RADS MRI assessment
score was used to derive estimates of the diagnostic yield, sensi-
tivity, specificity, negative predictive value (NPV), positive pre-
dictive value (PPV), and associated positive biopsy rate. Participants
with an initial score of 0 or 3 were assigned a final score that took
into account the results of the workup after the initial MRI when
performed. Not all women underwent recommended additional
workup. For estimation of the diagnostic yield, sensitivity, and spe-
cificity, a final BI-RADS score of 1, 2, or 3 was considered to be
negative, whereas a final score of 0, 4, or 5 was considered to be
positive. The same classification of the test results was used to esti-
mate the PPV of a final positive score. The PPV was defined as the
percentage of positive examinations that resulted in a histological
diagnosis of cancer within 2 years. Diagnostic test data from all
sites were pooled for the analysis. Exact 95% confidence intervals
(CIs) for the binary test measure (diagnostic yield, sensitivity, speci-
ficity, NPV, and PPV) were constructed.
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Results

The ACRIN 6667 trial recruited 1007 women; 969 women com-
prised the final study group. Of the 1007 recruited women, 20 were
deemed ineligible; 4 patients withdrew consent; and 14 did not
undergo the study MRI. Subsequently, 77 patients had a contralat-
eral mastectomy: 7 of those procedures were in patients with a diag-
nosis of contralateral breast cancer, and 70 were prophylactic. The
remaining 892 participants were followed for 730 days, and most
had a combination of conventional imaging (mammography and/or
sonography), MRI, CBE, and intervention when indicated. Although
MRI follow-up was not a requirement per protocol, 120 patients
received an MRI examination as part of their follow-up during the
second year. Eighteen patients had no imaging assessment recorded
but were known to be alive. Two patients died. The cause of death
in each case was not related to the initial diagnosis of breast cancer.
No information was available on clinical or imaging follow-up for
107 patients by the end of the second year. Based on the study de-
sign, these participants were categorized as negative for contralateral
breast cancer in the statistical analysis.

In total, the study discovered 36 contralateral breast cancers in
2 years, 33 within year 1 and 3 in year 2. Of the 36, 31 were asso-
ciated with a positive MRI, and 5 with a negative MRI. Of the 5
false negative MRI, 3 were interpreted as BI-RADS 1, and 1 each
was interpreted as BI-RADS 2 and 3. Of these 5 patients, 3 (2 with a
BI-RADS 1 study and 1 with a BI-RADS 3 study) opted for a prophy-
lactic mastectomy during year 1 of the trial with cancers identified
in the mastectomy specimens. These 3 tumors were pure ductal
carcinomas in situ and were 1, 3, and 4 mm in diameter, respectively
(14). The 2 remaining patients were diagnosed with breast cancer
during the second year of follow-up, as discussed in details below.

In the first cancer case, the patient carried no family history of
breast cancer. She was diagnosed with DCIS in the index right breast
after stereotactic biopsy of microcalcifications found on routine
screening mammography. She was treated with a lumpectomy and
radiation therapy. The initial MRI of the contralateral left breast
was interpreted as BI-RADS 1 (negative). She returned for a rou-
tine follow-up mammogram 322 days later, which was assessed as
BI-RADS 4 because of two new groups of microcalcifications, 1 cm
in total area, in the contralateral left breast. Stereotactic needle bi-
opsy showed 2 foci of DCIS. An MRI performed after the DCIS
diagnosis in the contralateral left breast was assessed as BI-RADS
5 for 2 foci of enhancement separate from the biopsy-proven sites.
A left simple mastectomy was performed confirming multiple foci of
DCIS 452 days after the initial study MRI examination. The extent
of DCIS was not reported by the pathologist. For statistical analysis,
this case was categorized as true negative in year 1 and false negative
in year 2.

The second cancer, a DCIS, was discovered 457 days after the ini-
tial study MRI, based on the pathology review of the tissue obtained
during a mastopexy procedure. The size of the DCIS was not re-
ported. The initial MRI was interpreted as BI-RADS 3. A short-
interval follow-up MRI 220 days after the initial MRI was performed
and was considered benign (BI-RADS 2). Additional MRI performed
after the diagnosis of DCIS was nonrevealing, but was graded as
BI-RADS 6 (ie, biopsy-proven malignancy).

A total of 3 cancers were diagnosed during the second year of
follow-up. In addition to the two cases described above, a third
cancer was discovered in a participant whose study MRI was inter-
preted as BI-RADS 4 (ie, suspicious). She underwent an MR-guided

core needle biopsy. Biopsy results indicated sclerosing adenosis
with clusters of microcalcifications, but no evidence of cancer. The
pathologic and MRI results were deemed concordant, as sclerosing
adenosis can have patterns of enhancement that cause false positive
MRI interpretations. Routine follow-up was advised. One year later,
the patient’s CBE was abnormal, and she was referred for imaging.
Mammography and ultrasound findings were suspicious for malig-
nancy. A second MRI was again interpreted as BI-RADS 4, with an
abnormality identified at the same site as the previously biopsied
finding. A second core biopsy revealed malignancy, and the patient
underwent mastectomy. The mastectomy was performed 379 days
from the study MRI. The pathology specimen showed invasive
cancer with intraductal spread, measuring 60 mm in maximal di-
mension with the invasive and intraductal disease combined. For
statistical analysis, this case was categorized as false positive in year
1 and true positive in year 2.

Of the 120 additional MRIs performed during the second year,
110 studies were interpreted as BI-RADS 1 or 2, with no contra-
lateral cancer identified. Seven patients were assessed as BI-RADS
0 or 3. Of these 7 patients, 4 underwent further evaluation with
a combination of CBE and mammogram or CBE and ultrasound.
The remaining 3 of the 7 patients did not have additional im-
aging study. No contralateral cancer was identified in these 7 pa-
tients either. Three of the 120 additional MRIs were interpreted
as BI-RADS 4 or 5. One was followed with core needle biopsy,
revealing fibrocystic changes. One was evaluated with CBE and
chest computed tomography with normal results. One participant
underwent mastectomy, with pathology revealing atypical ductal
hyperplasia, not cancer.

For the entire population at 2 years, the diagnostic yield of
MRI for contralateral mammographically and clinically occult
cancers was 3% (31/969) (Table 1). The year-2 estimated sensi-
tivity of breast MRI was 86% (95% CI: 71-95), and the specificity
was 88% (95% CI: 86-90). The NPV of MRI was 99% (95% CI:
99-100). The estimated PPV of MRI was 22% (95% CI: 15-29).
The estimated mean area under the ROC curve (+/- standard error
(S.E.) was 0.924/-0.2 (95% CI: 0.88-0.94) (Table 1; Figure 1).
Because only 3 additional cancers were diagnosed in the second year,
these values do not significantly vary from the year-1 data (14).

Discussion

In our study, the estimated sensitivity and NPV of the initial MRI
did not change between 1 and 2 years of follow-up. Of the 3 contra-
lateral cancers found in 3 patients in the second year, diagnosis
was made by means other than MRI: 1 was diagnosed by biopsy
of mammographic microcalcifications; 1 was detected on the tissue
removed during mastopexy, and 1 was detected by abnormal CBE
and confirmed by mammogram and ultrasound. The MRIs during
the second year for these 3 patients were performed for the purpose
of staging and evaluation of extent of disease.

Among the 120 participants undergoing MRI during the second
year, no contralateral breast cancers were identified. One of the
MRIs was assessed as BI-RADS 3, leading to a mastectomy that re-
vealed only atypical ductal hyperplasia. Another MRI interpreted as
BI-RADS 4 led to a core needle biopsy with a benign result (fibro-
cystic changes). Therefore, the additional MRI in year 2 provided
no cancer yield and probably caused some harm to the participants
because of the unnecessary intervention.
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Figure 1. Fitted ROC Curves for Initial Study MRI. A: ROC curve for year 1. B: ROC curve for year 2.

negative for contralateral breast cancer at the end of 2 years, if
ACRIN did not receive a report from the participating institutions
of a cancer diagnosis. Some of these participants may have devel-
oped contralateral breast cancer by the end of 2 years, and this may
decrease the accuracy of our data, although the number of such cases
is likely not significant. Our “lost to follow-up” rate of 107 partici-
pants (12.3%) is comparable with rates reported in similar studies.
For example, Benndorf et al report a “lost to follow-up” rate of 10.8
% in 216 consecutive patients referred for breast MRI as an adjunct
to mammography where negative findings were followed for a mean
time of 26.7 months (33).

Conclusion

A negative contralateral breast MRI at the time of initial cancer
diagnosis has a very high and reliable NPV, and, therefore, is very
helpful in managing and counseling patients during the period of ini-
tial diagnosis and early treatment. We demonstrate that patients do
not benefit from additional MRI of the contralateral breast during
the second year of surveillance following the initial diagnosis.
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