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Summary
Molecular Breast Imaging (MBI) is a nuclear medicine technique used to image the breast. In this
review we discuss our experience with this technique and clinical applications for the use of MBI.

Background—Molecular Breast Imaging (MBI) depicts functional uptake of targeted radiotracers
in the breast using dedicated gamma cameras.

Methods—MBI studies were performed under several institutional protocols evaluating the use of
MBI in screening and diagnosis.

Results—Using a single head system, sensitivity for breast cancer detection was 85% (57/67)
overall and 29% for tumors ≤5mm in diameter. Sensitivity improved to 91% (117/128) overall and
69% for tumors ≤5mm.using a dual head system. In 650 high risk patients undergoing breast cancer
screening, MBI detected 7 cancers, 5 which were missed on mammography. In 24/149 (16%) breast
cancer patients MBI detected additional disease not seen on mammography. Sensitivity of MBI was
88% (83/94) for IDC, 79% (23/29) for ILC, 89% (25/28) for DCIS.

Conclusion—MBI can detect IDC, DCIS, and ILC. It has a promising role in evaluating extent of
disease and multifocal disease in the breast for surgical treatment planning.
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Introduction
Breast cancer is one of the most common cancers, with over 180,000 new cases estimated in
2008.1 Early detection of breast cancer can allow treatment at an earlier stage and therefore
minimize morbidity and mortality. Mammography is currently the gold-standard for early
breast cancer detection and several analyses have shown that regular screening mammography
can significantly reduce the mortality rate due to breast cancer.2, 3 While reported overall
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sensitivities of mammography are high (ranging from 71–96%),4 the sensitivity of
mammography is significantly reduced in certain subsets of women, particularly for women
with radiographically dense breasts.5,6,7 To overcome the limitations of mammography, other
modalities for breast imaging such as digital mammography, ultrasound and magnetic
resonance imaging (MRI) are being evaluated to determine their role in both screening and
diagnostic applications.

Another type of imaging that may serve as an adjunct to mammography is nuclear medicine-
based breast imaging, which detects the functional uptake of radiotracers in breast disease.
Scintimammography (SMM) has been in use since the 1990’s, when it was discovered
that 99mTc-sestamibi, a radiotracer commonly used for cardiac perfusion imaging, was also
taken up by breast cancers. An advantage to this functional imaging method is that uptake
appears to be independent of mammographic breast density.8 Studies evaluating SMM for the
diagnosis of breast cancer reported an average sensitivity and specificity of 75% and 83%
respectively9, however, the sensitivity of SMM was poor for lesions less than 1 cm in size,
10 and therefore its prospects for clinical applications appeared to be limited.

The poor sensitivity of SMM techniques to identify small lesions is primarily due to limitations
in the detector technology. SMM uses conventional large field-of-view gamma cameras which
are designed for whole-body imaging. Because these large cameras are unable to be positioned
close to the breast, spatial resolution is significantly degraded. Over the last decade, advances
in detector technology have allowed the development of small field-of-view breast imaging
systems dedicated to imaging the breast, including both positron emission mammography
(PEM) technology and a variety of single-photon gamma camera technologies.11,12,13,14,
15,16,17 These dedicated systems offer improved spatial resolution due to the use of pixilated
detectors and by permitting optimal breast positioning analogous to views acquired with
mammography.

Over the last six years, we have been studying the use of dedicated semiconductor-based
gamma cameras for breast imaging. In order to distinguish this technique from the scintillating
detector technology used in SMM, we have named it Molecular Breast Imaging (MBI). In this
paper, we present a review of MBI studies performed at the Mayo Clinic and discuss the
potential clinical role of MBI in the management of breast cancer patients.

Methods
MBI Technology

In 2001, our first prototype MBI system was constructed. The system comprised a single small
field-of-view semiconductor-based gamma camera (G.E. Medical Systems, Haifa, Israel)
mounted on a modified mammography gantry. The detector, previously described in detail,
17,18,19 was made up of an array of 80 × 80 Cadmium Zinc Telluride (CZT) elements, each
2.5 mm × 2.5 mm, providing a 20 cm × 20 cm field of view. This CZT prototype offered
improved energy resolution and spatial resolution relative to conventional SMM systems. The
detector had only 2–3 mm of dead space between the edge and the active area of the detector,
allowing optimal positioning of the breast on the detector in a manner similar to a conventional
mammography unit.

The next step in the development of MBI technology was the construction of a dual-head MBI
system, in which the breast could be positioned between two opposing dedicated detectors.
Addition of a second detector head ensures that the distance between a breast lesion and one
of the detectors does not exceed half of the breast thickness, which should improve resolution,
thereby improving the sensitivity of MBI. In addition, the collimation for this system was
optimized20 in order to provide higher counts per pixel in the MBI images.
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The dual-head system (shown in Figure 1) comprises two CZT detectors mounted on a modified
mammographic gantry. Two such systems are currently in use at Mayo; one utilizes two of the
same detectors as described in the single-head MBI, and the other dual-head system utilizes
the LumaGem CZT detectors (Gamma Medica-Ideas, Northfield, CA). The LumaGem
detectors also offer superior spatial and energy resolution to a conventional SMM system and
are comprised of 96 × 128 array of CZT elements with pixel size of 1.6 × 1.6 mm2, giving a
total detector area of 15 cm × 20 cm.

Pre-biopsy studies
In order to evaluate the ability of this MBI system to detect small breast lesions, MBI studies
were performed in women prior to biopsy of suspicious breast lesions identified by
mammography and/or ultrasound. An initial study of 100 women was performed using the
single head MBI system and a second study of 150 women was performed with the dual-head
MBI system.

The single-head pre-biopsy study was performed in 100 patients with suspicious breast lesions
less than 2 cm in size identified by mammography and/or ultrasound and scheduled for
biopsy21. MBI was performed 10 minutes after the injection of 740MBq 99mTc-sestamibi.
Craniocaudal (CC) and mediolateral oblique (MLO) views of each breast were obtained with
the breast lightly compressed between the detector and a compression paddle for 10 minutes/
view. MBI studies were examined by a radiologist for the presence of focal uptake, and results
were compared with pathology from core needle biopsy or surgical excision. To evaluate the
incremental value of a second detector head, a second study, comparable to that described
above for the single-head MBI system, was performed in 150 women with suspicious breast
lesions (BI-RADs 4 and 5) using the dual head MBI system22.

Screening study
In order to evaluate the potential role of MBI in screening for breast cancer, we are currently
performing a study in which women presenting for screening mammography also undergo
screening MBI. To be eligible for the study, patients are required to be asymptomatic, have
either heterogeneously dense or extremely dense breast parenchyma and have an increased risk
for breast cancer as defined by at least one of the following risk factors: a personal history of
breast cancer; a family history of one first-degree relative with breast cancer; a family history
of two second-degree relatives with breast cancer; a known BRCA mutation; a personal history
of lobular carcinoma in situ, atypical ductal hyperplasia, or atypical papilloma; an estimated
five-year risk of breast cancer ≥ 1.7% or an estimated lifetime risk of breast cancer ≥ 20% as
calculated by the Gail model.

MBI was performed using the dual-head system following injection of 740MBq 99mTc-
sestamibi. Both CC and MLO views of each breast were acquired for 10 minutes/view. MBIs
were interpreted in isolation by two radiologists who were blinded to the interpretation of the
screening mammogram and all other ancillary patient information. Radiologists reading the
screening mammograms were not aware of the MBI findings.

Results
Single head pre-biopsy study

Of the 100 women in the study, 53 patients had breast cancer confirmed at surgery, and 47
patients had benign findings. In the 53 patients with breast cancer, 59 tumors were initially
identified with mammography and/or ultrasound and 8 additional tumors were identified with
MBI, for a total of 67 tumors in the study. MBI detected 57 of the 67 tumors for a sensitivity
of 85%. Average tumor size was 1.3cm. Thirty five tumors were ≤10 mm in diameter, of which
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26 were detected on MBI (sensitivity 74%). As given in Table 1, sensitivity was 29%, 86%
and 97%, for tumors ≤5, 6–10, and >10mm respectively. In 7 patients with breast cancer there
were discordant findings between MBI and mammography, with MBI indicating 8 additional
tumors not seen on mammography. Four of these were in the contralateral breast. In all 8 cases,
the MBI findings were in agreement with breast MRI and confirmed as true positives at surgery
(6 cases of DCIS, 1 invasive ductal cancer and 1 invasive lobular cancer).

MBI gave false negative results for 10 tumors in 7 patients. Further analysis of these 7 false
negative patients showed that 5 of the patients had very small tumors (< 5 mm), all 7 patients
had very large breasts (compressed breast thickness of > 5 cm), 5 patients had technically poor
breast positioning during the MBI and 5 patients had a low number of counts in the MBI images.
In larger breasts, it is more likely that a lesion could be located farther from the detector.
Because the resolving power of any gamma camera diminishes with distance from the face of
the collimator, small lesions located far from the detector (>5cm away) appear fainter and may
not be distinguishable above the background activity.

Dual head pre-biopsy study
Of the 150 women in the study, 88 patients had breast cancer and 62 patients had benign
findings. In the 88 patients with breast cancer, 119 were initially identified by mammography
and/or ultrasound, and 9 additional tumors were found with MBI, for a total of 128 tumors
detected in the study. Dual-head MBI detected 117/128 cancers for an overall sensitivity of
91%. The sensitivity of MBI for cancers ≤5 mm, 6–10 mm, and > 10 mm was 69% (11/16),
91% (41/45), and 97% (65/67) respectively (Table 1). Two of the 11 false negative cancers
were not visible on MBI due to inadequate positioning of the patient. Of the 9 other false
negatives, 5 were less than 5 mm in size. In 9 patients, 9 cancers that were occult on
mammography and ultrasonography were found with MBI and confirmed on MRI and at
surgery.

These results with the dual-head MBI system demonstrate high sensitivity for detection of
small breast cancers and an improvement in sensitivity compared to the single head system. In
particular, the sensitivity for the detection of tumors ≤5 mm improved from 29% to 69%.

Screening study
Six hundred and fifty women (of an eventual 2000) have been evaluated with screening dual-
head MBI thus far. A total of nine cancers were detected from blinded interpretation of the
MBIs and mammograms. Five cancers were detected with MBI alone, 1 cancer was detected
by mammography alone, 2 cancers were detected by both mammography and MBI, and 1
cancer was not detected by either modality. The one cancer undetected by both mammography
and MBI occurred in a patient in whom innumerable bilateral clusters of microcalcifications
on mammography were considered probably benign and both MBI and MRI exams performed
on this patient were also interpreted as benign. At a recommended 6 month follow up
mammogram, biopsy was performed and extensive DCIS was found. The one cancer detected
by mammography but not by MBI was a < 5 mm area of DCIS. At this interim analysis, MBI
has detected more than twice as many cancers as mammography.

Histological subtypes detected with MBI
From all MBI studies performed in our laboratory as described above, a total of 181 / 204
tumors have been detected with MBI in 149 patients for an overall sensitivity of 89%. MBI
has detected invasive ductal carcinoma (IDC), invasive lobular carcinoma (ILC) as well as
ductal carcinoma in situ (DCIS). Sensitivity of MBI for each histological subtype was 88%
(83/94) for IDC, 79% (23/29) for ILC, 89% (25/28) for DCIS, 97% (31/32) for IDC with DCIS,
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93% (14/15) for IDC with ILC and 83% (5/6) for other invasive cancers. Table 2 lists the
sensitivity of MBI for each reported study as a function of histological subtype.

Additional Cancers Detected with MBI
Our composite data indicate that in 149 breast cancer patients studied thus far, additional
disease of greater extent that seen on mammography or ultrasound, was detected with MBI in
24/149 (16%) of patients. In all cases, these additional cancers have been confirmed by either
biopsy or surgical resection. Figure 2 shows an MBI study in a patient with a known 20 mm
invasive ductal carcinoma (IDC) seen on mammography. The MBI study demonstrated this
lesion and an additional 10 mm IDC that was occult on mammography.

Discussion
MBI has been studied in over 900 patients at the Mayo Clinic during the last six years. In our
experience, we have found the dedicated semiconductor-based MBI technology to offer
optimal breast positioning analogous to mammography and superior spatial and energy
resolution compared with conventional SMM cameras. From the body of work performed at
Mayo and at other laboratories23 it is clear that MBI has a potentially important role as an
adjunct to mammography in the imaging workup of breast cancer patients.

Because the tracer uptake with MBI is independent of breast density, MBI may serve as a
valuable imaging technique for women with mammographically dense breasts. In both
screening and diagnostic settings, we have found that MBI consistently detects additional
cancers in the breast that are occult on mammography, while maintaining a reasonable false
positive rate that is equal to or less than that of mammography. However, at present the ability
of MBI to detect microcalcifications is unclear and hence MBI must be viewed as an adjunct
technique to mammography rather than an alternative.

In MBI, images obtained of the breast are analogous to those in mammography (craniocaudal
and mediolateral oblique), facilitating interpretation and comparison with mammography. One
advantage of MBI over mammography is that heavy compression of breast tissues is not
required. During MBI, light pain-free compression about 1/3 the pressure of mammography is
applied, primarily to limit patient movement. The MBI procedure is generally well tolerated
with a lower pain score than mammography21, 24

MRI is increasingly being used in breast diagnostic evaluation and has been shown to have
excellent sensitivity (90% or better). However, its variable specificity, high cost, and the high
level of interpretive expertise are deterrents to its widespread use. In a retrospective analysis
of 48 patients that have undergone imaging with both MBI and MRI at Mayo, there has been
97% (47/48) concordance in imaging findings. In one patient, two cancers were undetected on
MBI that were detected with MRI. This concordance has led us to postulate that MBI may be
equally sensitive but more cost-effective than MRI in breast imaging. Currently, a prospective
comparison of MBI with MRI is underway at Mayo Clinic. Figure 3 shows a comparison of
concordant MBI and MRI imaging findings.

An advantage of MBI over MRI is that it can be utilized in patients with contraindications to
MRI, such as allergy to gadolinium, claustrophobia, cardiac pacemakers and implanted
defibrillator, cochlear implants, metal such as aneurysm clips etc. Interpretation of MBI images
is also much less intensive than interpretation of MRI, as bilateral dual-head MBI generates 8
images in comparison to upwards of 1000 images generated by bilateral breast MRI. The most
striking difference between the two modalities is cost; MRI is approximately 10–15 times the
cost of mammography. The cost of MBI study has not been established but is estimated to be
about 3–4 times that of mammography. Medicare charges have been estimated at $1029.69
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and $292.12 for Breast MRI and MBI respectively, making MBI approximately 3 times less
expensive than MRI.

A potential application of MBI is in the evaluation of extent of disease (number of foci, size
of disease, and detection of contralateral breast lesions) for preoperative planning.
Identification of additional lesions is critical to preoperative planning and can alter surgical
recommendations between breast conservation and mastectomy. The occurrence of multifocal,
multicentric, or contralateral breast cancers is not uncommon; however additional cancers other
than the index lesion are often missed or underestimated by mammography. While many
studies have indicated that MRI performs particularly well in the preoperative evaluation of
the breast,25 MRI is not routinely used or available in many institutions at this time. Currently,
a study is under development at our institution to evaluate the role of MBI in delineating the
extent of disease prior to surgical resection.

We have also recently begun evaluating the role of MBI in patients undergoing neoadjuvant
chemotherapy or neoadjuvant hormone therapy. The goal of this work is to determine whether
MBI can accurately assess tumor size pre- and post-neoadjuvant therapy and to see if MBI can
predict response to therapy based on radiotracer uptake and washout in the tumor. Prior studies
examining the ability of SMM to predict the response to neoadjuvant chemotherapy have given
contrasting results, with some authors documenting that a rapid tumor clearance of 99mTc-
sestamibi in early images may predict a lack of breast tumor response to neoadjuvant
chemotherapy,26, 27 whereas others have shown no association between tumor uptake and
washout with respect to response to therapy.28 It remains to be seen whether MBI performed
with the new dedicated technology will allow better response prediction. Preliminary MBI
studies performed in patients undergoing neoadjuvant therapy have indicated that MBI may
also have a role in delineating the extent of disease prior to therapy, as seen in Figure 4.

Another important area of investigation in our laboratory is the study of dose reduction
techniques for MBI. The radiation dose to the breast from MBI is less than that from
mammography (0.13 rad/ 20 mCi for MBI vs. 0.75 rad for a screening mammogram). However,
unlike mammography, the administration of a systemic radiotracer during MBI also presents
a radiation dose to the entire body. The 20 mCi dose of Tc-99m sestamibi for diagnostic
purposes presents a reasonable risk with an extremely low probability of harmful effects to the
patient. As a reference, this dose is approximately 1/3 the dose used in routine cardiac perfusion
imaging. However, if MBI was to be considered as a regular screening technique, it would be
critical to reduce this dose by a factor of 5–10. Various image processing techniques, technical
improvements to the MBI system, and the study of alternative radiotracers are under
development in our laboratory in order to achieve the use of this lower dose while also
maintaining image quality.

In the studies reviewed here, we have found that MBI performed with a small view of field
dual head detector can detect small breast cancers with a sensitivity of >90%. Molecular breast
imaging appears to have comparable sensitivity for the three primary types of breast cancer,
IDC, DCIS, and ILC. This new technique may be of particular value as an adjunct diagnostic
tool to mammography, in evaluating extent of disease for treatment planning and in determining
response to neoadjuvant therapy.
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Figure 1.
Dual-head Molecular Breast Imaging system comprising two cadmium zinc telluride detectors
mounted on a modified mammographic gantry.
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Figure 2.
Mammogram (MLO view at left) demonstrating a 20 mm invasive ductal carcinoma (IDC).
The corresponding MBI study (MLO view at right) demonstrated an additional 10 mm IDC
occult on mammogram.
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Figure 3.
An example of a patient with concordant MBI (left) and breast MRI (Right) findings. MBI
shows linear focal abnormal tracer uptake in the posterolateral left breast with orientation
towards the nipple. There are 3 foci of intense tracer uptake suggesting a combination of
invasive breast cancer and DCIS. MRI shows an irregular enhancing mass in the outer breast
measuring 4.6cm × 1.8cm × 2.2cm.

Hruska et al. Page 11

Am J Surg. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
A 38-year-old female presented with palpable left breast mass. Biopsy revealed IDC. Shown
are the dual-head MBI images, which demonstrate a focal area of intense tracer uptake, with
an associated tail of segmental tracer uptake extending posteriorly away from the mass,
consistent with IDC and associated DCIS. Additionally a second focus of biopsy proven IDC
is seen by the moderate focal uptake in the posterior lower outer quadrant of the left breast.
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Table 1
Sensitivity of MBI as a function of tumor size.

Tumor Size (mm) Single-head pre-biopsy study Dual-head pre-biopsy study Screening study All studies combined
0–5 0.29 (2/7) 0.69 (11/16) 0.00 (0/1) 0.54 (13/24)
6–10 0.86 (24/28) 0.91 (41/45) 1.00 (3/3) 0.89 (68/76)
>10 0.97 (31/32) 0.97 (65/67) 0.90 (4/5) 0.96 (100/104)
All tumors 0.85 (57/67) 0.91 (117/128) 0.91 (117/128) 0.89 (181/204)
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Table 2
Sensitivity of MBI as a function of histological subtype.

Histological subtype Single-head pre-biopsy study Dual-head pre-biopsy study Screening study All studies combined
IDC 0.84 (37/44) 0.91 (41/45) 1.00 (5/5) 0.88 (83/94)
ILC 0.71 (5/7) 0.81 (17/21) 1.00 (1/1) 0.79 (23/29)
DCIS 1.00 (8/8) 0.94 (16/17) 0.33 (1/3) 0.89 (25/28)
IDC with DCIS 0.67 (2/3) 1.00 (29/29) — 0.97 (31/32)
Mixed IDC/ILC 1.00 (4/4) 0.91 (10/11) — 0.93 (14/15)
Other subtypes 1.00 (1/1) 0.80 (4/5) — 0.83 (5/6)
IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma, DCIS = ductal carcinoma in situ
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