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Purpose: The aim was to retrospectively assess the performance
of molecular breast imaging (MBI) as an adjunct diagnostic tool
when symptoms could not be explained by conventional imag-
ing, or when mammography or ultrasound findings were equiv-
ocal. Methods: The analysis was comprised of women who
underwent further testing with MBI after diagnostic mammog-
raphy and/or targeted ultrasound. Outcome measures included
sensitivity, specificity, positive, and negative predictive values.
Receiver-operating characteristic (ROC) curve was constructed
and analyzed as a performance measure. Results: In 301 women
with a complete follow up data, 18 (6.0%) were diagnosed with
cancer. MBI detected cancer in 16 subjects; two interval cancers
occurred. 15 of the 16 cancers detected by MBI were invasive.
Overall sensitivity of MBI in this sample was 88.9 % (95% CI 65.6 -
98.6), with 97.5% specificity (95% CI 95.0 - 99.0). Positive predic-
tive value (PPV) was 69.6%, while negative predictive value for
recall (NPV) was calculated as 99.3%. ROC curves demonstrated
excellent performance (area under the curve = 0.933). Conclu-
sions: MBI is a valuable diagnostic tool for further evaluation or
to guide management when conventional imaging is incomplete.
The majority of tumors in this study were invasive carcinomas
with node negative status.
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D igital mammography is the primary imaging modality for
breast cancer screening and diagnostic workup of breast le-

sions; the technique has made significant contributions towards re-
ducing mortality rates (1-3). However, mammography has limita-
tions in dense breast tissue, postsurgical scar tissue, and contracted
breast implants. Mammography may not be well-suited for the di-
agnosis of isodense and/or slow growing cancers (4, 5). Adjunct
modalities such as targeted ultrasound are often used to correlate to
mammography in cases where images are not conclusive or do not
provide enough information about a potential lesion (6, 7).

Ultrasound differentiates tissue types based on morphology
and echo pattern and can significantly improve characterization of
abnormalities when used in conjunction with mammography (8).
Sonography is frequently utilized as a problem-solving tool in breast
imaging. Targeted ultrasound has been reported to improve detec-
tion of tumors in clinically indicated cases but can be subject to
significant inter-operator variability (9, 10). Breast MRI can also
be used for resolution of inconclusive imaging (11). Though breast
MRI has performed well, (12-14) it is not suitable for all patients
due to numerous possible contraindications such as implanted de-
vices, claustrophobia or allergy to contrast, prohibitive cost, and
restricted payer reimbursements (15). Due to the shortcomings of
current supplemental modalities such as low specificity, the use of
scintimammography, specifically molecular breast imaging (MBI),
for screening and diagnostic purposes was revisited, and MBI has

evolved.

Scintimammography involves the use of a radiotracer such as
99mTc-sestamibi, which is preferentially taken up by hyperme-
tabolic breast cancer cells (16-18). Initially, the technique suffered
from intrinsically low resolution and required a relatively high dose
of 99mTc-sestamibi (19). These limitations have been overcome
by MBI (20), which employs two separate semiconductor gamma
cameras to construct high resolution images. The breast is placed
in light compression (about 5 lbs) between two such detectors en-
abling high resolution, functional imaging of the entire breast with
less than 300 MBq administered dose (21). Our breast care center
adopted this technique in 2011 and has performed over 10,000 MBI
examinations since implementation. In the majority of these cases,
MBI has been used in the supplementary screening of women with
dense breasts (22). This study aims to evaluate the use of MBI as an
adjunct diagnostic tool (problem solver) in patients where conven-
tional imaging provided inconclusive results.

Materials and Methods

This is a retrospective review of patients who underwent MBI
(LumaGEM R©; CMR Naviscan, Carlsbad, CA) for adjunct diag-
nostic imaging between April, 2011 and August, 2014 at ProMed-
ica Breast Care Center. Women aged 25-90 years who presented
with breast symptoms (focal pain, nipple discharge, and/or palpable
lump) or were called back to further evaluate an asymmetry, cal-
cifications, or masses on mammography on 2D digital diagnostic
mammography (Hologic, Bedford, MA) without a sonographic cor-
relate underwent diagnostic MBI and were eligible for inclusion in
this review. Radiologist rating of mammography were BI-RADS
0-3 (indeterminate, benign, or probably benign). This study was
approved by the ProMedica Institutional Board Review; written in-
formed consent was waived.

Participants were injected with 300 mBq (8 mCi) of 99mTc-
sestamibi intravenously approximately 5 minutes prior to imaging.
Bilateral mediolateral oblique (MLO) and craniocaudal (CC) views
were collected for each participant under light compression. MBI
images were interpreted by dedicated breast radiologists and as-
signed a BI-RADS score between 0 and 6; MBI BI-RADS cat-
egories parallel those used in mammography (23, 24). MBI BI-
RADS 0-3 were considered test negative, whereas BI-RADS 4 and
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5 were considered test positive. Women with MBI BI-RADS cate-
gorized as 6 (confirmed malignancy) were excluded from analysis.
Women with positive MBI results underwent targeted ultrasound-
guided biopsy; if the lesion was not visible under ultrasound,
stereotactic- or MRI-guided biopsy was pursued. False positive
cases were recommended to undergo follow-up mammography at
6 months, returning to annual screening mammography in the case
of normal results. For those with dense or complex mammograms,
biennial MBI is recommended. Test negative cases were recom-
mended to undergo annual mammography.

Statistical Analysis

Only women whose diagnostic mammography examination was
completed within 100 days of index MBI were included. The pos-
itive reference standard was defined as histopathologic diagnosis
of breast cancer, whereas negative reference standard was defined
as negative biopsy results following index MBI exam or negative
follow-up mammographic examination occurring at least 330 days
following index MBI exam. Participants without a complete refer-
ence standard were excluded from analysis. Cancers detected in any
participant less than 365 days after negative index MBI examination
were considered interval cancers. Descriptive statistics character-
ized the study population; sensitivity, specificity, positive and neg-
ative predictive values, cancer detection rate, and biopsy rate were
calculated utilizing only patients with a complete reference stan-
dard. Breast density category and age were collected as these may
impact risk of breast cancer and confound results. The area under
the ROC curve (AUC) was calculated as an overall measure of the
predictive power for MBI (25, 26). The effect of MBI in breast can-
cer detection is evaluated by the odds ratio estimation in the context
of a logistic regression. Confidence intervals were calculated based
on Wald statistics. All analyses were completed using SAS version
9.2 (SAS Institute Inc., Cary, NC, USA).

Results

In total, 367 women met inclusion criteria; of these, 66 of these
had no additional follow up or imaging information available after
MBI such that 301 included patients had a complete reference stan-
dard available for analysis. The mean age of included subjects was
49.8 ± 11.2 years (range 25 - 80, Table 1). The ethnic and racial
composition of the population is presented in Table 1. The majority
had heterogeneously or extremely dense breasts (260/301, 86.4%).
Performance characteristics of MBI are presented in Table 2. Of
301 included patients, 18 (5.98 %) were ultimately diagnosed with
cancer; 16 of these were detected with MBI yielding a sensitivity of
88.9% (95% CI 65.3 - 98.6). In this sample, 7 false positive MBI
studies were observed, resulting in 97.5% specificity (95% CI 95.0 -
99.0). Positive and negative predictive values are presented in Table
2. Importantly, due to the small sample size of positive results, the
lower limit for estimates of both sensitivity and PPV are low com-
pared to the point estimates.

The data shows the strong predictive power of MBI as a di-
agnostic tool using a logistic regression model (p < 0.0001). The
overall predictive power is 0.933, measured by the AUC of the es-
timated ROC curve, a plot between sensitivity and 1-specificity of
the data. At 95% confidence level, MBI serves as a strong predic-
tor of cancer diagnosis with an estimated odds ratio of 8.01 (95%
CI 3.780 - 17.360 ), suggesting the odds of breast cancer increases
by about 8 - fold among those women with an increasing MBI BI-
RADS category (Figure 1, Table 3). Of the 16 patients with cancer

detected by MBI, 15 (93.8%) were invasive tumors; histopathology
demonstrated ductal carcinoma in situ in 1 patient (6.25%).

Table 1. Study participant characteristics

Participant characteristics n = 301

Age at Index MBI, years ±SD (range) 49.8 ±11.2 (25-80)

Race, n ( % )
Asian 1 (0.3%)

Black or African American 12 (4.0%)
Hispanic 6 (2.0%)

White 266 (88.4%)
Other 6 (2.0%)

Unknown 10 (3.3%)

Breast Density, n ( % )
Almost entirely fatty 1 (0.3%)

Scattered fibroglandular densities 40 (13.3%)
Heterogeneously Dense 160 (53.2%)

Extremely Dense 100 (33.2%)

Mammogram BI-RADS n (%)
BI-RADS 0 163 (54.2%)
BI-RADS 1 47 (15.6%)
BI-RADS 2 27 (9.0%)
BI-RADS 3 64 (21.2%)

Table 2. Performance Characteristics of Molecular Breast Imaging
at participant level

Parameter Number of patients Estimate
vs. total (95% CI)

Cancer prevalence rate 18/301 5.98 (3.58-9.29)
Sensitivity (%) 16/18 88.9 (65.3-98.6)
Specificity (%) 276/283 97.5 (95.0-99.0)
Biopsy rate (%) 23/301 7.64 (4.91-11.3)

PPV (%) 16/23 69.6 (51.9-82.9))

Table 3. Logistic regression of factors relating to breast cancer
diagnosis and receiver operator characteristic analysis with AUC
(c=0.933)

Odds Ratio Estimates

Effect Point p-value 95% Wald
estimate confidence limits

MBI result 8.101 < 0.0001 3.780 - 17.360
Density 2.190 0.1725 0.710 - 6.756

Age 1.059 0.0914 0.991 - 1.131
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Table 4. Tumor characteristics of cancers; true positives were detected on diagnostic MBI; false negatives were interval cancers occurring at
332 and 218 days after MBI examination

Pathology ER PR HER2/Neu Size Nodes Age Breast Breast Risk Mamm. MBIk

status f statusg statush (cm) yrs. comp.i (%) results results

True Positives

IDCa Positive Positive Equivocal 0.9 Negative 56 C Left 10.00 0 4
DCISb Negative Negative N/A N/A Negative 31 D Left 15.10 0 1
IDC Positive Positive Negative 0.6 Unknown 78 B Left 8.20 0 4
IDC Positive Positive Negative 0.8 Negative 80 B Right 2.00 0 4

ILCc/LCISd Positive Positive Negative 2.1 Negative 47 C Right 7.90 3 4c
IDC/DCIS Positive Positive Negative 1.7 Positive 53 C Left 9.60 3 4

IDC Positive Positive Negative 0.8 Negative 51 D Right 15.55 0 4c
IDC/DCIS Positive Negative Equivocal 1.1, 1.3 Positive 59 C Bilateral 5.70 0 4c

IDC Positive Positive Negative 1.1 Negative 67 B Left 6.48 0 4c
IDC/DCIS Positive Positive Negative 2.2 Negative 42 D Left 13.50 0 5
IPCe/IDC Positive Positive N/A 2.8, 0.8 Negative 73 C Bilateral 4.80 0 5

IDC Positive Negative Negative 1.1 Negative 38 D Right 11.60 0 4a
IDC/DCIS Positive Positive Negative 0.5 Negative 68 C Right 34.63 0 4b

ILC Positive Positive Equivocal 3.3 Positive 47 C Right 9.40 0 4c
IDC Positive Positive Negative 1.2 Negative 73 C Right 11.00 0 4c
ILC Positive Positive Negative 2.0 Positive 65 C Left 9.50 0 4

False Negatives

IDC Positive Positive Positive 2.2 Negative 47 D Left 7.31 0 1
IDC/DCIS Negative Negative Negative 2.7, 1.3 Negative 45 C Left N/A 3 1

a IDC - invasive ductal carcinoma, b DCIS - ductal carcinoma in situ, c ILC - invasive lobular carcinoma, d LCIS - lobular carcinoma in situ,
e IPC - intracystic papillary carcinoma, f ER status - estrogen receptor status, g PR status - progesterone receptor status, h HER2/neu - human

epidermal growth factor receptor status. i breast composition: A - almost entirely fatty, B - scattered areas of fibroglandular density; C -
heterogeneously dense; D - extremely dense. j mammography results: reported as BI-RADS, k MBI results, reported as BI-RADS.

Two women had bilateral disease (12.5%). Two interval can-
cers were not detected on MBI. The majority of tumors occurred in
heterogeneously dense breasts (86.4%, Table 2). In patients whose
tumors were detected by MBI, 8 (50.0%) tumors were less than 10
mm. Furthermore, the majority of cancers detected by MBI pre-
sented with no involvement of the lymph nodes (Table 4).

Discussion

In this study, we found that MBI detected cancer in 16 of
18 (88.9%) patients when conventional imaging was exhausted.
93.75% (15/16) of patients with cancer detected by MBI were found
to have invasive disease; the average tumor size detected by MBI
was 1.35 cm (range 0.5 - 3.3 cm). Importantly, the majority of can-
cers detected by MBI presented with node negative status (68.8%).

Early studies of the use of MBI suggest sensitivity of approxi-
mately 85% - 91% (20). A study published in 2011 reported a cumu-
lative sensitivity of mammography with MBI in a screening popula-

tion as approximately 91%, with MBI’s specificity being 93%(27).
Later studies showed that the three fold reduction in radiation dose
did not negatively impact the sensitivity nor specificity (21, 28). The
diagnostic performance characteristics calculated from this sample
agrees well with previous reports, with a high sensitivity such that
unnecessary biopsy can be avoided. Ultrasound and MRI are of-
ten used in the resolution of indeterminate mammograms and have
demonstrated high sensitivity in dense breasts. The addition of
each modality results in reductions in specificity as reported in the
ACRIN 6666 trials (29). Meissnitzer et al reported that ultrasonog-
raphy exhibited sensitivity of 99%, however, the specificity was un-
satisfactorily low at 20%, similar to previous studies (30, 31). More-
over, in a diagnostic setting, ultrasonography was unable to resolve
inconclusive mammography in nearly 40% of cases (32). In our
study, only 4 (1.3%) cases resulted in an MBI BIRADS 0 diagnosis
requiring additional work-up with MRI.

Reports comparing BSGI and MRI have shown the techniques
performed similarly in terms of sensitivity, however, results suggest
less variable specificity of BSGI (33, 34). Furthermore, in a report
from a community breast care center, MRI suggested similar sensi-
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tivity with lower specificity compared to BSGI (54% vs. 73%) (35).
Based on this information, a study of direct comparison of diagnos-
tic performance of MBI and MRI merits consideration, particularly
because MBI is much less expensive, requires fewer resources to
complete, has fewer contraindications, and is much quicker to inter-
pret than MRI examinations.

Of particular importance is the extremely high negative predic-
tive value (99.3%) of MBI in this diagnostic context. These pa-
tients were experiencing symptoms such as pain or discharge, or
had imaging findings that were not explained by mammography or
ultrasound. In such situations, biopsy would be performed or the pa-
tient would be recommended to have follow up imaging in 6 months,
which results in increased patient anxiety and unnecessary cost. Be-
cause the NPV is so high, radiologists and patients can be confident
that a negative MBI result ensures that cancer is not present and fur-
ther action is not needed, preventing needless worry and expense,
as well as the potential risks associated with biopsy.

 

Figure 1: Logistic regression on MBI with receiver operator char-
acteristic analysis, area under the curve (AUC) (c=0.933). This is
a statistical analysis exercise to gain insight into the robustness of
MBI findings. Here we change the threshold for positive findings
from BIRADS 0 through 5 and observe the shape of the curve. AUC
> 0.9 signifies a robust/excellent test

This study is subject to a number of limitations. This is a single-
institution study, albeit community based, and the wider application
of this technology may help to validate or modify our reported re-

sults. Due to its retrospective nature, it was not possible to locate
all necessary data, particularly in some women who may have been
diagnosed in our health system but underwent surgery at another
facility. Moreover, because the study site is a referral center for
multiple screening sites within a large integrated healthcare system,
18% of identified women did not have one year follow up data in our
center. Additionally, while all women with inconclusive diagnostic
imaging are recommended to undergo MBI in our center to further
characterize suspicious lesions and/or direct management, it is not
possible for us to determine the proportion who ultimately did un-
dergo the test. Moreover, due to the small number of positive results
in the cohort, the study may be underpowered to estimate sensitiv-
ity and positive predictive value as observed by the wide confidence
intervals. Finally, we did not collect detailed information about ul-
trasound or other imaging performed prior to MBI, such that a direct
comparison of the results of each imaging modality cannot be made.

Conclusion

Our study showed that MBI performed extremely well as an ad-
junct diagnostic tool in women where mammography and adjunct
imaging were indeterminate. Our results support previous studies
which estimate high sensitivity and specificity of MBI in the de-
tection of breast cancer, even in women with dense breast tissue.
Factors related to breast cancer are relatively complicate and inter-
twining. Such factors include breast density, hormone level, age,
menopause, and use of estrogen. This technique detected small,
invasive tumors requiring treatment, in most cases prior to the in-
volvement of lymph nodes. This leads us to conclude that MBI is
a valuable tool to gain diagnostic information when mammography
results are lacking.
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