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Abstract
OBJECTIVE—The purpose of our study was to evaluate tissue sampling methods used for MRI-
detected suspicious contralateral breast lesions in the American College of Radiology Imaging
Network (ACRIN) 6667 trial.

MATERIALS AND METHODS—Breast MRI was performed at 25 institutions in 969 women
who had a recent diagnosis of unilateral breast cancer and negative contralateral mammography
and clinical breast examinations. Biopsy was recommended for MRI findings in 135 women, and
121 underwent sampling. Frequencies and positive biopsy rates of sampling methods used for
initial diagnosis and imaging guidance techniques were calculated and compared.

RESULTS—Sampling yielded 30 malignant and 91 benign results. Initial sampling used needle
biopsy in 88 of 121 (72.7%) and surgical biopsy in 30 of 121 (24.8%) women. Surgical biopsy
was excisional biopsy in 28 of 30 (93.3%) and mastectomy in two of 30 (6.7%). The remaining
three of 121 (2.5%) women underwent mastectomy, but it was not documented whether this
represented initial tissue sampling. Of imaging-guided procedures, 56 of 106 (52.8%) used MRI;
49 of 106 (46.2%), ultrasound; and one of 106 (1.0%), stereotaxis. MRI-guided sampling was with
needle biopsy rather than wire-localized surgical biopsy in 33 of 56 (58.9%) women, whereas
ultrasound used needle biopsy in 47 of 49 (95.9%). Positive biopsy rates of sampling methods
were 20.5% for needle biopsy, 46.2% for excisional biopsy, and 0% for mastectomy.

CONCLUSION—The majority of initial biopsies for MRI-detected contralateral breast lesions
used needle biopsy rather than surgical biopsy. Contralateral surgery could have been avoided in
most cases had needle biopsy been performed because most excisional biopsy and all mastectomy
results were benign. MRI-guided biopsy was significantly more likely than ultrasound-guided
sampling to use wire-localized surgical biopsy rather than needle biopsy.
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Breast MRI has become an important tool for the detection of breast carcinoma because of
its high sensitivity [1–6] and ability to detect malignancy that is clinically and
mammographically occult. These merits have resulted in the increasing use of breast MRI
for clinical applications that include evaluation of the extent of ipsilateral malignancy [2, 6–
13] and screening of the contralateral breast [6, 8, 13–20] in patients with newly diagnosed
breast cancer, screening of asymptomatic women at high risk for breast cancer [21–30], and
evaluation of patients with metastatic axillary adenopathy and an unknown primary cancer
site [31–36].

Because there is overlap in the imaging features of benign and malignant lesions, variable
and moderate positive biopsy rates have been reported for breast lesions identified with MRI
and deemed to be suspicious [21–30]. Therefore, biopsy is required for definitive diagnosis
of such breast MRI findings. However, there are many potential methods by which tissue
sampling of MRI-detected findings can be performed. A lesion can be sampled by
percutaneous needle biopsy, which has become the preferred method for initial sampling of
findings detected on mammography or ultrasound. Alternatively, a more invasive surgical
excisional biopsy can be performed after wire localization.

In addition, the imaging modalities used to guide tissue sampling can vary. Because lesions
initially identified on breast MRI are not infrequently occult on other imaging tests, tissue
sampling using MRI guidance may be necessary. However, if a suspicious MRI finding can
be detected with targeted ultrasound, ultrasound-guided biopsy can be performed as a less
costly and less time-consuming sampling method. The reported frequencies of sonographic
depiction of MRI-detected findings range from 23% to 67%, with a mean of 51% across
studies [37–42].

Despite the widespread dissemination of breast MRI, data are limited regarding how lesions
identified with MRI undergo biopsy across practice sites. In addition, there are few data
comparing the outcomes, including the positive biopsy rates, of different biopsy methods
across a spectrum of practices. Further understanding of the current methods of tissue
sampling and their outcomes is important to improve clinical decision making regarding
effective biopsy techniques for MRI findings. The purpose of this investigation was to
describe the tissue sampling methods used for MRI-detected contralateral breast lesions
across a range of practice sites participating in the American College of Radiology Imaging
Network (ACRIN) 6667 trial. In particular, we sought to ascertain and compare the
frequencies of use and positive biopsy rates of initial biopsy techniques used for MRI
lesions.

Materials and Methods
The ACRIN 6667 trial was a multiinstitution study funded by the National Cancer Institute.
The primary aims of the study were to assess the diagnostic yield and accuracy of MRI in
evaluating the contralateral breast of women with a recent unilateral diagnosis of breast
cancer. Data collection for the ACRIN 6667 trial was prospective, with the protocol and data
collection optimized to meet the primary study aims. The cancer yield and measures of
diagnostic accuracy of MRI for this study have previously been reported [43].

Our study is a cross-sectional investigation using the available prospectively collected
ACRIN data regarding the tissue sampling used for the MRI-detected suspicious
contralateral breast lesions. We seek to provide a snapshot description of the varied biopsy
methods during the study interval across the spectrum of practice sites. From April 1, 2003,
through June 10, 2004, 987 patients meeting the inclusion criteria were enrolled at 25
practice sites encompassing a variety of clinical settings from academia to private practice.
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Each participating institution obtained institutional review board approval before patient
accrual.

Study Participants
This study included the ACRIN 6667 trial participants found to have a suspicious MRI-
detected contralateral breast lesion who underwent subsequent tissue sampling of the
suspicious MRI finding. Eligible participants for the ACRIN 6667 trial were women 18
years or older with a diagnosis of unilateral breast cancer within 60 days before the study
MRI. All participants were also required to have negative mammographic and clinical breast
examinations of the study breast within 90 days before the MRI. Women were excluded
from participation if they had undergone breast MRI within 12 months before the study
MRI, had a contraindication to undergoing MRI (e.g., implanted magnetic device or severe
claustrophobia), or were pregnant. Additional exclusion criteria were a remote breast cancer
diagnosis, chemotherapy, or hormonal therapy for breast cancer within 6 months before the
study MRI.

Data Collection
Breast MRI technique—All participants underwent dynamic contrast-enhanced breast
MRI. Minimum standard criteria were required for each MRI performed: 1.5 T or greater
magnet, dedicated breast surface coil, one unenhanced and two contrast-enhanced 3D T1-
weighted gradient-echo sequences (TR/TE, < 60/ < 20). Initial and delayed contrast-
enhanced images were obtained within 4 and 8 minutes of contrast injection. Spatial
resolution criteria included voxel sizes less than 0.9 mm in the frequency encoding direction,
less than 1.8 mm in the phase encoding direction, and less than or equal to 3 mm in the slice
direction, providing full coverage of the breast of interest. Acquisition in the axial, sagittal,
or coronal planes was acceptable, providing minimum specified spatial resolution
requirements were met.

Breast MRI interpretation—Participating radiologists were required to have interpreted a
minimum of 50 breast MRI studies and had to have performed at least five MRI-guided
breast biopsies before the trial. All examinations were interpreted in accordance with the
recommendations of the American College of Radiology Breast Imaging Reporting and Data
System (BI-RADS) [44]. Tissue sampling was recommended for lesions assessed as BI-
RADS category 4 (suspicious abnormality) or BI-RADS category 5 (highly suggestive of
malignancy).

Tissue sampling methods and ascertainment of histopathology outcomes—
The ACRIN protocol specified that all lesions identified as suspicious or highly suggestive
of malignancy on MRI (category 4 or 5) undergo biopsy in the form of a core needle biopsy
(CNB) or excisional biopsy. The methods of tissue sampling were not among the primary
aims of the trial and were not specified by the study protocol. Thus, the techniques used for
biopsy were at the discretion of the participating institutions. The criteria used by sites to
determine their methods of biopsy were not reported, and are thus beyond the scope of our
study. Participating sites were not required to perform targeted ultrasound of study MRI
lesions, and sites did not uniformly report whether ultrasound was or was not performed.

Practice sites reported their biopsy techniques as a component of data collection for the
primary investigation. For this secondary study, we recorded the available tissue sampling
methods and categorized them on the basis of initial sampling techniques using the
following definitions: needle biopsy was defined as initial sampling by CNB, fine-needle
aspiration (FNA), or using percutaneous sampling by miscellaneous means. The category of
CNB included both spring-loaded and vacuum-assisted breast biopsy methods. Surgical
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biopsy was defined as initial sampling by excisional biopsy or mastectomy. An additional
category was defined for those cases in which mastectomy was performed, but it could not
be confirmed that this was the initial sampling method or instead followed a needle biopsy.
Imaging-guided procedures were classified as those using ultrasound, MRI, or stereotactic
biopsy.

Cancer status was followed for 365 days after the study MRI as a component of the ACRIN
6667 trial. In accordance with the study protocol, results of all breast imaging tests, clinical
examinations, and biopsies and surgeries were documented by medical record review and
patient contact. Tissue sampling results were classified as positive for cancer if invasive
carcinoma or ductal carcinoma in situ (DCIS) was histologically verified within 365 days
after the initial study MRI and negative for cancer if the study records showed no diagnosis
of cancer within that period.

Statistical Methods
The ACRIN Biostatistics Center at the Center for Statistical Sciences at Brown University
performed the data analysis. We calculated frequencies of initial tissue sampling methods
and imaging guidance techniques, estimated the corresponding rates, and derived 95% exact
CIs for rates of interest. The positive biopsy rate for a patient group undergoing biopsy was
defined as the percentage of patients in the group whose biopsy resulted in a finding of
malignancy. Cases of atypical ductal hyperplasia at initial needle biopsy that were upgraded
to malignancy at subsequent surgical excision were counted as negative at needle biopsy.
We derived 95% exact CIs for each positive biopsy rate and used the exact test to compare
positive biopsy rates for tissue sampling methods. Computations were carried out using SAS
software (version 9.2, SAS Institute).

Results
Patients and Overall Histopathology Outcomes

Biopsy was recommended for contralateral breast MRI findings in 135 women. The 121
patients who underwent tissue sampling comprise our study population. The mean age of the
121 women was 53 years (SD, 11.1 years). The MRI maximum lesion size was available for
76 of 121 cases and ranged from 3 to 72 mm with a mean size of 10 mm. Histopathology
outcomes were malignant in 30 of 121 (24.8%) and benign in 91 of 121 (75.2%) women.
Malignancies were invasive ductal carcinoma (IDC) not otherwise specified (NOS) in 12 of
30 (40.0%), DCIS in 12 of 30 (40.0%), invasive lobular carcinoma (ILC) in four of 30
(13.3%), and IDC specified as tubular type in two of 30 (6.7%) patients. Two of the 30
malignancies were atypical ductal hyperplasia at initial needle biopsy but were upgraded to
cancer at subsequent surgery (one case was upgraded to ILC and one case to DCIS).

Tissue Sampling Methods, Positive Biopsy Rates, and False-Negative Rates
Initial tissue sampling was performed using needle biopsy in 88 of 121 (72.7%; 95% CI,
63.9–80.4%) and surgical biopsy in 30 of 121 (24.8%; 17.4–33.5%) women. The remaining
three of 121 (2.5%; 0.5–7.1%) women underwent mastectomy, but it could not be
ascertained whether this was the initial tissue sampling method (Table 1). The needle biopsy
techniques were ultrasound-guided CNB in 47 of 88 (53.4%; 42.5–64.1%), MRI-guided
CNB in 33 of 88 (37.5%; 27.4– 48.5%), and miscellaneous other needle biopsy methods
without other details specified in eight of 88 (9.1%; 4.0–17.1%) patients (one by stereotactic
biopsy, two by vacuum-assisted breast biopsy NOS, two by CNB NOS, one by percutaneous
biopsy NOS, and two by FNA). Among the 33 MRI-guided CNB cases, data were not
available regarding whether the technique was spring-loaded or vacuumassisted breast
biopsy. However, data regarding needle gauge were reported for the 33 cases. There were 24
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of 33 (72.7%) 9-gauge, one of 33 (3.0%) 10-gauge, three of 33 (9.1%) 11-gauge, two of 33
(6.1%) 14-gauge, one of 33 (3.0%) 18-gauge, and two of 33 (6.1%) gauge-unknown
biopsies. Assuming that the 9-, 10- and 11-gauge biopsies were vacuum- assisted breast
biopsies, they comprised 84.8% of all MRI-guided CNB cases. Initial surgical biopsy was
via excisional biopsy in 28 of 30 (93.3%; 77.9–99.2%) and mastectomy in two of 30 (6.7%;
0.8–22.1%) cases.

Imaging guidance was reported to have been used in 106 of the 121 participants undergoing
tissue sampling. Of these, 56 of 106 (52.8%; 42.9–62.6%) used MRI, 49 of 106 (46.2%;
36.5–56.2%) used ultrasound, and one of 106 (1.0%; 0.0–5.1%) used stereotactic guidance
(Table 2). MRI-guided sampling was performed with needle biopsy rather than surgical
biopsy in 33 of 56 (58.9%; 45.0–71.9%), whereas ultrasoundguided sampling was
performed with needle biopsy in 47 of 49 (95.9%; 86.0–99.5%) patients. Wire-localized
surgical excisional biopsy accounted for the remaining 23 MRI- and two ultrasound-guided
procedures.

Positive biopsy rates of initial sampling methods were 20.5% for needle biopsy (18
malignancies in 88 biopsies) compared with 42.9% (12 malignancies in 28 biopsies) for
excisional biopsy (p = 0.03) and 0% (zero malignancies in two biopsies) for mastectomy.
Examples of lesions sampled with varied biopsy methods and their benign versus malignant
results are shown in Figures 1–3.

Discussion
The ACRIN 6667 trial was performed to evaluate the ability of MRI to detect otherwise
occult contralateral breast malignancy in women with a recent unilateral breast cancer
diagnosis. Data were obtained from 25 participating sites encompassing a variety of clinical
settings from academia to private practice. Our study used the available prospectively
collected data regarding tissue sampling methods used for the suspicious MRI-detected
breast lesions found in the ACRIN 6667 trial. This secondary cross-sectional investigation
describes the varied biopsy methods and positive biopsy rate outcomes during the study
interval across the spectrum of practice sites. There are many potential biopsy methods for
MRI-detected lesions, but sparse data are available regarding their frequencies of use and
outcomes across varied practice sites. To our knowledge, our investigation is the first to
study biopsy methods and results across a broad array of centers.

In our study, we found that the initial tissue sampling method was needle biopsy rather than
surgical biopsy in the majority of women (72.7% vs 24.8%). The use of needle biopsy as an
alternative to surgical biopsy for sampling of lesions detected using mammography or
ultrasound has been thoroughly studied and is well established. Needle biopsy is the
preferred method of initial tissue sampling for such findings because compared with surgical
biopsy it is faster, less expensive, less invasive, and improves surgical management in cases
found to be malignant. In particular, diagnosis by needle biopsy has been shown to increase
the frequency of negative margins and decrease the number of required surgical procedures
[45–47] for breast malignancies. Thus, it is reassuring that most women in the study
underwent needle biopsy rather than surgical biopsy for their MRI-detected findings.
Multiple investigations have now confirmed the safety and accuracy of needle biopsy for
MRI-detected breast lesions [48–52], and it is reasonable to expect that the evident cost and
outcome advantages of needle biopsy for mammographic or sonographic findings are also
true for initial diagnosis of MRI-detected lesions. Further, needle biopsy yielding a benign
and concordant diagnosis allows women to avoid an unwarranted surgery.
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In our study, the overall positive biopsy rate for concerning MRI findings was 24.8%. A
spectrum of positive biopsy rates have previously been described for suspicious contralateral
breast MRI findings in this patient population. Ours is within the range of 18.8–61.5% for
positive biopsy rates that have been reported in the largest prior studies [6, 8, 12, 14–17, 20,
53–62]. Although we found that sampling by excisional biopsy had a higher positive biopsy
rate than that by needle biopsy (42.9% vs 20.5%), the majority of surgical biopsy results,
including excisional biopsy, were benign. Thus, most women who underwent initial surgical
biopsy could potentially have avoided surgery in the contralateral breast had needle biopsy
been performed.

Of particular note, neither of the MRI-detected lesions in the two of 121 (1.7%) women in
the study who underwent mastectomy without prior tissue sampling was found to be
malignant. In the published Comparative Effectiveness of MRI in Breast Cancer trial [63],
16 of 50 (32.0%) participants with suspicious MRI-detected lesions underwent
pathologically avoidable mastectomy for false-positive MRI findings, and at least six of 16
(37.5%) of these women did not undergo tissue sampling before mastectomy. This
constituted a considerable limitation in study methodology and patient impact. A much
smaller proportion of women in our study underwent mastectomy without antecedent tissue
sampling of their MRI findings. Although women with breast cancer may decide to undergo
contralateral mastectomy for a variety of reasons, our results regarding the lack of
malignancy at mastectomy underscore the importance of counselling women that a
suspicious MRI finding is not definitively a malignancy and to make surgical decisions
accordingly.

MRI and ultrasound were used with similar frequencies to guide biopsies in our study.
However, sampling using MRI guidance was significantly more likely than ultrasound
guidance to use wire-localized surgical biopsy rather than needle biopsy. The preponderance
of MRI-guided localization for surgical biopsy compared with MRI-guided needle biopsy
may reflect a lack of training or equipment for needle biopsy at the time of the study, given
the enrollment period of 2003 through 2004. It is also possible that some MRI-detected
lesions were thought to be inaccessible for needle biopsy because of factors such as far
posterior location, which could prompt sites to instead perform wire localization as close to
the lesion as possible. The recently opened ACR Breast MRI Accreditation Program
requires that facilities perform MRI-guided intervention or create a referral arrangement
with a cooperating facility that could provide these services. Given the benefits of needle
biopsy over surgical biopsy previously discussed, our results suggest that MRI-guided
needle biopsy is the more desirable MRI-directed intervention, in particular given
improvements in lesion accessibility with newer breast biopsy coils.

Our study has limitations. Although it is the only investigation to assess biopsy methods and
outcomes of suspicious MRI lesions across multiple practice sites, the tissue sampling
techniques used were at the discretion of the participating institutions. Considerations
influencing biopsy decisions may have included BIRADS assessment categories, patient or
practitioner preferences, or technical considerations but are beyond the scope of this cross-
sectional study. However, the lack of standardized criteria regarding selection of sampling
methods may make our descriptive results more generalizable across practice types.
Alternatively, factors that may decrease broad generalizability include our particular study
cohort of women with a known contralateral breast cancer. Furthermore, although this was a
multiinstitutional study of both academic and nonacademic sites, there may be a selection
bias in that sites that have chosen to participate in an ACRIN trial may have higher relative
expertise compared with nonparticipating sites.
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In summary, our study showed a variety of sampling methods, and imaging-guidance
techniques were used for suspicious MRI-detected contralateral breast lesions. Most lesions
were sampled using needle biopsy rather than surgical biopsy, an encouraging result given
the multiple advantages of needle biopsy over surgery even in patients undergoing surgery
for the opposite breast. We found that most initial excisional biopsy and all mastectomy
results were benign, indicating that contralateral surgery could potentially have been
avoided had needle sampling been performed. Sampling guided by MRI was more likely to
be used for surgical biopsy than for needle biopsy when compared with biopsy guided by
ultrasound, revealing an opportunity for practice sites to improve patient care by increasing
the proportion of MRI-guided procedures that use needle biopsy.
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Fig. 1.
Sagittal T1-weighted fat-suppressed immediate contrast-enhanced MR image of right breast
in 78-year-old woman with newly diagnosed left breast cancer shows irregular mass
measuring 6 mm in lower breast (arrow). MRI-guided core needle biopsy showed invasive
ductal carcinoma.
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Fig. 2.
Sagittal T1-weighted fat-suppressed immediate contrast-enhanced MR image of right breast
in 54-year-old woman with newly diagnosed left breast cancer shows lobular mass
measuring 15 mm in upper breast (arrow). Ultrasound-guided core needle biopsy showed
invasive ductal carcinoma.
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Fig. 3.
Sagittal T1-weighted fat-suppressed immediate contrast-enhanced MR image of right breast
in 60-year-old woman with newly diagnosed left breast cancer shows nonmasslike
enhancement in anterior breast (arrow). MRI-guided core needle biopsy showed benign
sclerosing adenosis and fibrocystic changes.
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TABLE 1

Frequencies of Use of Tissue Sampling Methods

Biopsy Type No./Total 95% CI

Initial needle biopsy 88/121 (72.7) 63.9–80.4

  Ultrasound core needle biopsy 47/88 (53.4) 42.5–64.1

  MRI core needle biopsy 33/88 (37.5) 27.4–48.5

  Miscellaneousa 8/88 (9.1) 4.0–17.1

Initial surgical biopsy 30/121 (24.8) 17.4–33.5

  Excisional biopsy 28/30 (93.3) 77.9–99.2

  Mastectomy 2/30 (6.7) 0.8–22.1

Unspecified mastectomyb 3/121 (2.5) 0.5–7.1

Note—Data in parentheses are percentages.

a
One by stereotactic biopsy, two by vacuum-assisted breast biopsy not otherwise specified (NOS), two by core needle biopsy NOS, one by

percutaneous biopsy NOS, and two by fine-needle aspiration.

b
Mastectomy performed but unspecified if after needle biopsy.
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TABLE 2

Frequencies of Use of Imaging-Guidance Techniques

Biopsy Type No./Total 95% CI

MRI-guided biopsy 56/106 (52.8) 42.9–62.6

  Needle biopsy 33/56 (58.9) 45.0–71.9

  Excisional biopsy 23/56 (41.1) 28.1–55.0

Ultrasound-guided biopsy 49/106 (46.2) 36.5–56.2

  Needle biopsy 47/49 (95.9) 86.0–99.5

  Excisional biopsy 2/49 (4.1) 0.5–14.0

Stereotactic biopsy 1/106 (0.9) 0.0–5.1

Note—Data in parentheses are percentages.
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