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Purpose:  To calculate the negative predictive value (NPV) and false-negative rate (FNR) of molecular breast imaging (MBI) performed
in patients who had low-suspicion index findings on mammograms and US images.

Materials and Methods:  This retrospective study included patients who had undergone MBI between January 2015 and July 2017, who
had index findings on screening mammograms and/or US images, and for whom either histopathologic results or a minimum of 1-year
imaging follow-up results were available. A drawn dose of 8 mCi (296 MBq) of technetium 99m sestamibi was administered to all
patients for MBI. The NPV and FNR of MBI was calculated for the cohort of 381 findings among 338 women (median age, 56 years;

age range, 28—89 years) included in this study.

Results:  Overall, 292 of the 381 (76.6%) MBI results were interpreted as negative. Of the 292, 27 patients underwent subsequent bi-
opsies, results of which were negative for cancer; one patient underwent biopsy, and the result was positive for cancer; and 264 patients
had true-negative findings based on follow-up imaging for a minimum of 1 year. Of the 89 MBI acquisitions interpreted as positive,
there were 36 cancers. The NPV was calculated to be 99.7% (291 of 292, 95% confidence interval [CI]: 99.1%, 100%), and the FNR
was 2.7% (one of 37, 95% CI: 0%, 7.9%). Interposing MBI reduced the number of biopsies by 67.5%.

Conclusion:  The concept of the clinical utility of a negative MBI result may be valid but requires further testing.

©RSNA, 2020

Molecular breast imaging (MBI) is a functional imaging
technique for the detection of breast cancer. Extensive
recent literature reported on the success of MBI in supple-
mental screening of dense breasts. For example, it has been
reported that MBI together with digital mammography
detects 8.8 additional cancers per 1000 women compared
with mammography alone (1). Another study found that
MBI detects an additional 7.7 cancers per 1000 women
with dense breasts who were screened (2). In an ongoing
study (3), the preliminary data based on 537 women with
dense breasts showed a cancer detection rate of 11.2 for
MBI, compared with 1.9 for digital breast tomosynthesis,
supporting the conclusion that MBI finds cancers not de-
tected with digital breast tomosynthesis.

Although the benefits of supplemental screening with
MBI in patients with dense breasts can be considered well
established, the clinical utility of a negative MBI result has
not been adequately addressed in the literature. Specifically,
there remains the question of whether a negative MBI re-
sult can obviate a recall for additional evaluation and ul-
timately biopsy of low-suspicion mammographic and US
findings. The utility of a negative MBI result may arise
in a variety of situations, such as when screening mam-
mography and supplemental screening MBI are performed
together, and the mammogram is interpreted as Breast
Imaging Reporting and Data System (BI-RADS) 0 and
the MBI acquisition is interpreted as BI-RADS 1. In this
scenario, it is unclear whether the mammogram finding

can be safely followed for a short interval (6 months). Ad-
ditional situations in which a negative MBI result may
be of clinical help include evaluation of mammographic
and/or US findings at a lumpectomy site to exclude recur-
rence, multiple suspicious findings at mammography and/
or breast US and uncertainty about which ones to biopsy
first, and other clinical scenarios.

The primary objective of this study was to evaluate
the negative predictive value (NPV) and false-negative
rate (FNR) of MBI among patients who had findings on
screening mammograms and/or US images and who were
referred for MBI with a dual-head cadmium zinc telluride
(CZT) solid-state detector camera and a drawn dose of 8
mCi (296 MBq) of technetium 99m (**T¢) sestamibi for
further evaluation.

Materials and Methods

Study Design

We retrospectively reviewed all patients who underwent
MBI at our institution between January 2015 and July
2017. The study was approved by the hospital’s institu-
tional review board, and the requirement to obtain in-
formed consent was waived. This study was conducted
in compliance with current Health Insurance Portability
and Accountability Act regulations. All cases of MBI were
potentially eligible for inclusion in this study. Exclusion
criteria included (2) lack of an index finding at a recent
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Abbreviations

BI-RADS = Breast Imaging Reporting and Data System, CI =
confidence interval, CZT = cadmium zinc telluride, DCIS = ductal
carcinoma in situ, FNR = false-negative rate, MBI = molecular
breast imaging, NPV = negative predictive value, PPV = positive
predictive value

Summary

Molecular breast imaging scans obtained with a dual-head cadmium
zinc telluride detector camera with a drawn dose of 8 mCi (296
MBgq) of technetium 99m sestamibi have a very high negative predic-
tive value and low false-negative rate, which may obviate biopsy of
mammographic and US findings.

Key Points

= This study showed a negative predictive value of 99.7% (291 of
292) and false-negative rate of 2.7% (one of 37) for molecular
breast imaging in patients with index findings at mammography
and US.

= The negative predictive value of molecular breast imaging may
become clinically important in light of its increased use for supple-
mental screening.

screening mammography or US and (4) lack of correlating his-
topathologic results from either biopsy or surgery or lack of
minimum 1-year imaging follow-up at our institution. Because
this study was descriptive in nature, a power calculation was
not conducted. There were 575 consecutive findings; 30 were
excluded because of a lack of index finding at screening mam-
mography or US and 164 were excluded because of inadequate
follow-up. Thus, 381 findings among 338 unique women with
a median age of 56 years (age range, 28—89 years) were eligible
for inclusion in this retrospective study. This patient popula-
tion was not previously reported on.

Breast Imaging Protocol and Workflow

In 2015, our institution’s protocol was revised such that com-
bination two-dimensional and tomosynthesis screening and
diagnostic mammography became routine. Therefore, 15 pa-
tients included in this study had only two-dimensional digital
mammograms; 323 had combination two-dimensional and
tomosynthesis mammograms. As a matter of routine, we in-
formed patients of their breast density and, if requested, per-
formed supplemental screening with breast US in extremely
dense and heterogeneously dense breasts. Screening breast US
was performed by sonographers with a handheld transducer,
usually at the same appointment as the screening mammogra-
phy. Six sonographers, each with at least 10 years of experience
with diagnostic breast US, performed breast US included in
this study. The screening mammography and screening hand-
held US were batch interpreted the next day by one of nine
radiologists (including author R.J., 20 years of experience),
ranging in experience from 3 to 20 years.

Prior Screening Evaluation and MBI Protocol

Index findings on screening mammograms were further evalu-
ated with diagnostic mammograms. Screening US findings
were further evaluated with diagnostic US findings unless the

screening study already included images in two orthogonal
planes, a video capture, and color Doppler US. US findings
ranged in size from 2 mm to 27.3 mm (median, 8 mm). Le-
sion size affects MBI visibility, but the smallest size detected at
MBI has progressively become smaller (4). If the interpreting
radiologist concluded after the diagnostic evaluation that the
index mammographic or US finding was possibly a candidate
for BI-RADS 4a or 4b, the mechanism for obtaining an MBI
was available. Whether the patient ultimately underwent MBI
depended on an interplay of several factors, including the pa-
tient’s willingness to travel to another town for the MBI ex-
amination (breast imaging is performed in three facilities in
our service area but MBI examinations are performed at just
one facility), the timely availability of MBI appointments, the
desire to avoid delay of the biopsy, the interpreting radiologist’s
familiarity with availability of MBI, and the patient’s subjec-
tive choice. If no MBI was performed, the subsequent manage-
ment was guided by the appropriate BI-RADS for the index
findings. In instances in which MBI acquisitions were obtained
and interpreted to be negative, the choice of biopsy or short-
interval follow-up and assignment of a final BI-RADS category
depended on the interpreting radiologist. Follow-up was per-
formed at 6 months, 1 year, and 2 years. If the MBI result was
positive, a biopsy was performed.

A dual-head MBI Discovery NM750b camera with CZT de-
tectors, manufactured by GE Healthcare (Chicago, Ill), was used
to obtain all MBI acquisitions. Approximately 8 mCi (296 MBq)
(7.4-8.5 mCi [273.8-314.5 MBq]) of #"Tc sestamibi (Cardio-
lite; Lantheus Medical Imaging, North Billerica, Mass) was drawn
in a syringe. On average, 6.9 mCi (6.5-7.2 mCi [240.5-266.4
MBq]) was injected in the patient’s antecubital fossa; the remain-
der was retained in the dead space of the syringe. Imaging began
within 5 minutes after injection. Standard mediolateral oblique
and craniocaudal views of the breasts were acquired for 8 minutes
each. Additional views were acquired as deemed necessary by the
interpreting radiologist. To increase blood flow to the breasts, the
patient was asked not to engage in vigorous activity or exercise and
to fast for 2 to 4 hours prior to the examination.

MBI Interpretation

Three radiologists (including the author R.J., 20 years of experi-
ence) interpreted the MBI acquisitions using the published lexicon
(5). Their breast imaging experience ranged from 6 to 20 years.
‘The images and reports of other breast imaging examinations were
available to the interpreting radiologist. Invasive cancers, ductal
carcinoma in situ (DCIS), and some benign and high-risk lesions
appeared as “hot spots” on the images; these were evaluated in
grayscale as well as color. Separate images for each detector were
available, as were combined geometric-mean images of the two
detectors. Finally, clinically actionable BI-RADS scores were as-
signed by the interpreting radiologist, combining the MBI results
with all the other available imaging and clinical information. In-
dex findings were biopsied or were followed with imaging for a
minimum of 1 year. The images and reports of other breast imag-
ing examinations, including the MBI, were available to the inter-
preting radiologist for subsequent imaging.
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Table 1: Demographic Data

Characteristic Data (2 = 381)
Median age at the time of index examina- 56 (28-89)
tion (y)
Median days between index examination 17 (1-283)
and MBI
Breast density
Extremely 48 (12.7)
Heterogeneously 223 (57.8)
Fibroglandular 101 (26.8)
Fatty 9 (2.7)
Index finding modality
(0N 183 (45.7)
Mammography 198 (49.6)
Median US lesion size (mm) (7 = 183) 8 (2-27.3)

Note.—Unless otherwise indicated, data are numbers with
percentages in parentheses. Median and range in parentheses are
shown for age, days between index examination and molecular
breast imaging, and US lesion size. Mammogram and molecular
breast imaging (MBI) lesion size was not routinely measured.
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detected within 1 year after a normal mammographic screening;
the 1-year follow-up likewise has been used in evaluating diag-
nostic breast MRI performance (6). False-negative MBI results
were defined as those which were interpreted as negative, but
a cancer was found in the index finding within 1 year of the
MBI study. False-positive MBI results were those which were
interpreted as positive but subsequent biopsy or surgery of the
index finding showed a noncancerous histopathologic finding.
The NPV of MBI was the primary outcome measure. Secondary
measures included positive predictive value (PPV), FNR, and
additional descriptive statistics. All analyses were performed us-
ing JMP version 13.1 (SAS Institute, Cary, NC). All authors
were responsible for data analysis.

Results

Patient Overview, PPV, NPV, and FNR

During the study period, there were 575 findings, of which
381 were included after applying exclusion criteria, as previ-
ously outlined. Table 1 details demographic data. Table 2 char-
acterizes MBI interpretations by the kind of index finding for

each of the two modalities: mammography

Table 2: MBI Interpretation by Index Finding

and US.

PPV and False-Positive Findings at MBI

MBI True- MBI False- MBI True- MBI False-
Index Finding  Negative Finding Negative Finding Positive Finding Positive Find- Overall, 89 of the 381 MBI examinations
and Modality (12 =291) (n=1) (= 36) ing (n = 53) (23.4%) were interpreted as positive. All
US mass (= 141 (77.0) 0(0.0) 16 8.7) 26 (14.) positive MBI cases had l.listopat.hologic re-
183) éults. "[hlrt.y—su( cancers in the m'dex ﬁ1.1d—
Mammogram (= 150 (75.8) 1(0.5) 20 (10.1) 27 (13.6) ullgs were identified with MBI, mcludmg
- 198) six that were DCIS only and 30 that were
Distortion 23 (11.6) 0 (0.0) 6 (3.0) 5(2.5) either invasive cancers only or invasive can-
Mass 10 (5.1) 0 (0.0) 1(0.5) 1(0.5) cers and DCIS. Thus, the overall PPV was
Asymmetry* 63 (31.8) 1(0.5) 6 (3.0) 11 (5.6) 40.4% (36 of 89; 95% confidence interval
Calcification 54 (27.3) 0(0.0) 7(3.5) 10 (5.1) [CI]: 30.2%, 50.6%). The PPV for US find-

modality. MBI = molecular breast imaging.
* Includes asymmetry and focal asymmetry.

Note.—The number of patients and percentage in parenthesis shown by finding and

ings was 38.1% (16 of 42) and for mam-
mographic findings was 42.6% (20 of 47)
(Table 2). The highest PPV was for the find-

Statistical Analysis

Cases were analyzed on the basis of findings (ie, lesions on index
examination). Therefore, a single patient could have more than
one index finding and, in fact, some women had both mam-
mographic and US findings that were deemed to be different
lesions. Different index findings in the same location (eg, fo-
cal asymmetry and calcifications) were treated as one finding.
In such cases, the finding was classified under the modality in
which it was of higher suspicion. Mammographic findings in-
cluded asymmetry (this common term was used for all asymme-
try), mass, distortion, and calcifications; US findings included
masses. The MBI results were compared with biopsy or surgery
histopathologic results, when available, or with a minimum of
1 year of follow-up imaging. Interval breast cancers in an an-
nual mammography screening program are defined as cancers

Radiology: Imaging Cancer Volume 2: Number 52020 = radiology-ic.rsna.org

ing of distortion on mammograms (six of
11 [54.5%]), and the lowest was for mam-
mogram asymmetry (six of 17 [35.3%]).
However, these numbers should be interpreted with caution
because of the small sample size.

There is interest in the size and grade of cancers depicted by
the dual-head CZT camera using the low dose because it has
been demonstrated that the size and grade of cancers affects the
PPV of MBI studies (7). The cancers in our study ranged in size
from 2 mm to 11 mm, with a median of 6 mm. Two cancer le-
sions were grade 3; six were grade 2; and the remaining 28 were
grade 1. False-positive findings included seven atypical hyperpla-
sias; some of the other 46 findings included fibroadenoma (7 =
8), papilloma (7 = 7), fat necrosis (z = 2), and phyllodes tumor
(n = 2), and the rest (n = 27) were other benign entities such
as fibrocystic changes, infectious and/or inflammatory process,
hamartoma, benign lymph node, radial scar, pseudoangioma-
tous stromal hyperplasia, and other benign conditions.
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Figure 1:
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Of note, there were seven patients in whom MBI results were
interpreted as positive in unexpected locations (ie, not corre-
sponding to the index mammogram or US findings). All un-
derwent biopsy after targets were found at traditional imaging
or MRI. One patient had atypical ductal hyperplasia, one had
atypical lobular hyperplasia, and five had benign results, includ-
ing fibroadenoma. Although we did not find an unexpected
cancer, in three patients the extent of disease as indicated with

Images in a 64-year-old woman. (@) The mammogram shows a
new mass in the lateral right breast (arrow, coned magnification craniocaudal
[CC] view). There is no US correlate. (b) The MBI result is negative. The mam-
mogram remained sfable for 2 years. MBI = molecular breast imaging, MLO
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MBI was more than that at mammography or US and was later
confirmed with MRI or surgery.

NPV, FNR, and Reduction in the Biopsy Collection from MBI

Overall, MBI examinations of 292 of the 381 findings
(76.6%) were interpreted as negative. Of the 292, 27 patients
underwent subsequent biopsies, results of which were nega-
tive for cancer. One underwent biopsy of the index lesion,

radiology-ic.rsna.org ® Radiology: Imaging Cancer Volume 2: Number 5—2020
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the result of which was positive for cancer, and 264 were
true-negative findings based on follow-up imaging for 1 to
1.5 years (146 of 264 [55.3%]), or at least 2 years (118 of
264 [44.7%]). Thus, the NPV was 99.7% (291 of 292; 95%
CI: 99.1%, 100%), the FNR was 2.7% (one of 37; 95%
CIL: 0%, 7.9%), sensitivity was 97.3% (36 of 37; 95% CI:
92.1%, 100%), and specificity was 84.6% (291 of 344; 95%
ClI: 80.8%, 88.4%).

Of the 381 findings included in this study, 117 underwent bi-
opsy. In addition, seven biopsies were performed in unexpected
positive MBI locations, resulting in 124 total biopsies. Thus, in-
terposing MBI reduced the number of biopsies by 67.5% ([381
- 124] + 381). We found 37 cancers in 381 index findings (ie,
a rate of cancer of 9.7% in our cohort). Some typical cases are
shown in Figures 1-4. All cases in the figures had true-negative

Radiology: Imaging Cancer Volume 2: Number 52020 = radiology-ic.rsna.org
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Figure 2:
the right breast. The mammogram in 2016 was negative. (a) US image

Images in a 7 1-year-old woman, after lumpectomy in

obtained several days later shows a mass with posterior shadowing
at eight o'clock position (arrow) in the left breast. (b) The molecular
breast imaging result was negative. The subsequent MRI, mammo-
graphic, and US results were negative for 2 years. CC = craniocaudal,
MLO = mediolateral oblique.
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MBI results: case one shows a new mammogram mass; case two
shows a mass detected with US; case three shows distortion on
the mammogram; and case four shows calcifications.

Case Examples

In only one case, the MBI result was interpreted as negative,
but the biopsy results of the index finding showed cancer. This
case related to a very posterior asymmetry on the mammo-
gram. Routine positioning of the breast on the MBI camera
did not include this finding in the field of view. This short-
coming did not come to light until after the patient had left
the department. We considered this a limitation of the MBI
modality and included this case as a false-negative finding. We
did not encounter any other case in which the MBI result was
outright falsely negative (ie, an index finding turned out to be
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Figure 3:
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cancer even though the MBI result was technically adequate
and interpreted as negative).

In one other patient, MBI was performed to evaluate a mass
depicted at US in the left breast and was interpreted as negative.
Six months later, the patient underwent annual mammography
which showed new right breast calcifications which were proven
to be malignant at biopsy. The original mass depicted at US
disappeared subsequently. Yet another patient had a new mass
identified at a routine US 1 year from a negative result at MBL

Images in a 55-year-old woman with (@) distortion in left breast
(circle, coned magnification mediolateral oblique [MLO]) but (b) with nega-
tive molecular breast imaging. The faint activity seen on left craniocaudal (CC)
of the molecular breastimage was tissue bunching. There was no US correlate.
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The new mass was proven to be malignant at biopsy. We did not
count these two cases as false negative for the purposes of this
study which was done to evaluate the NPV and FNR of MBI
in the index findings. However, these two cases may have been
considered false negative in a screening MBI study.

Discussion

This article reports our initial results of the NPV and FNR of
MBI in cases which had low-suspicion findings at screening

radiology-ic.rsna.org ® Radiology: Imaging Cancer Volume 2: Number 5—2020
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mammography or US. We found that MBI had a very high
NPV of 99.7% (291 of 292, 95% CI: 99.1%, 100%) in our
cohort of patients.

Previous reports of NPV for MBI included 94.3% (50 of
53) (4) and 96% (611 of 634) (8) based on single-head sodium
iodide crystal technology. The interval leap in technology to
cameras with dual-head CZT solid-state detectors is expected to
result in improved detection of cancers (9). A preliminary study
(10) regarding the accuracy of MBI in suspicious calcifications
on mammograms, using a dual-head CZT detector camera, re-
ported the NPV of MBI was only 81% (48 of 59). In this study,
20 of 24 cancers found were DCIS (10). Substantial heterogeneity
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Images in a b4-year-old woman with (@) new grouping of calcifications
in left breast (circled, coned magnification craniocaudal [CC]) but (b) with negative re-
sult at molecular breastimaging. No change on first short-interval follow-up (not shown);
increased calcifications in the grouping 1 year later (not shown) led to stereotactic bi-
opsy, results of which were negative for cancer.
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in the lesions associated with mammographic calcifications may
contribute to discordant conclusions about the performance of
MBI. We speculate that invasive cancer and DCIS lesions vary in
metabolic needs and bulk-forming tendency, resulting in varying
visibility at MBI. However, calcifications have been difficult to
characterize even with breast MRI (11).

We found a 67.5% reduction in the number of breast bi-
opsies, compared with if all index findings had undergone
biopsy. On the basis of a FNR of 8%, Weigert et al (8) con-
cluded that a negative breast gamma imaging examination
could not replace biopsy. Our FNR was 2.7% (one of 37).
The use of an adjunct diagnostic test to reduce the number
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of breast biopsies is controversial (12). An imaging-guided
breast biopsy is considered relatively safe and simple. Con-
versely, in the United States, approximately 75% (12) of the
1.6 million annual (13) breast biopsies triggered by screening
mammographic findings are negative for cancer (12). There
is growing literature regarding false-positive mammographic
results (14) and the emotional, physical, and monetary cost
of biopsies triggered by false-positive screenings (15). Most of
the negative breast biopsy findings are BI-RADS 4a and 4b,
which have a chance of malignancy of 7.6% and 22%, respec-
tively (16). There is interobserver variability in assignment
between the BI-RADS categories, specifically with respect to
BI-RADS 3 and 4a (17-20). Some patients with BI-RADS
3 findings choose to undergo biopsy rather than endure the
anxiety of waiting 6 months for follow-up imaging. Further-
more, some patients may be repeatedly placed in BI-RADS 3
or 4 in consecutive years with ultimately a benign outcome,
which can erode patient confidence in the process. Research-
ers have attempted to decrease unnecessary breast biopsies by
radiomic image assessment (21) and contrast material-en-
hanced mammography (22). Efforts using other techniques
and modalities to downgrade BI-RADS 4a and 4b findings
have been reported (23), including through the use of breast
MRI (24). Zuley et al (25) found an NPV of 98.3% for con-
trast-enhanced digital mammography adequate for reducing
the number of benign biopsies.

If an imaging test like MBI is found to be reliable in exclud-
ing cancer in certain mammographic and US findings, it would
be a positive step forward for patients. The use of MBI may
become more widespread for several reasons: the passing of the
federal breast density law may further heighten the awareness
of the need for supplemental screening in patients with dense
breasts; US screening is not ideal because while it helps in detec-
tion it also adds substantially to the false-positive pool (26); and
because many small- to medium-size hospitals cannot afford to
dedicate an MRI unit solely to breast imaging. Additionally, the
radiation dose concerns with MBI may recede (27,28), and MBI
may come to be perceived as safe. It is therefore necessary to look
at the potential benefits of a negative MBI result.

Some have cautioned about the radiation risk posed by MBI.
They used a theoretical benefit-to-radiation risk metric to com-
pare MBI to mammography-based techniques (29,30), con-
cluding that MBI fell short on the metric. However, there are
substantial challenges to the validity of this metric and the use
of a linear nonthreshold model for risk calculations (28). The
whole-body effective dose of 2 mSv from an MBI examination is
at or below the natural background radiation.

Our study had several limitations. It was conducted at a single
institution with a relatively nondiverse patient population. We
did not collect detailed data on patients who underwent biopsy
but not MBI. The factors that contributed to whether a patient
underwent MBI may have affected the proportions of BI-RADS
category 4a and 4b lesions in the MBI group, compared with
the entire 4a and 4b population at our institution. However, our
work was not aimed at examining a particular mix of 4a and 4b
lesions. Indeed, the proportion may likely vary between institu-
tions. A multi-institutional trial is needed to assess whether the

NPV is as high among thousands of 4a and 4b lesions as it was
among our cohort. In addition, the sample size of our study was
relatively small compared with screening MBI studies, although
it was similar to those in published MRI studies (6,24).

Our results can be considered as the initial proof of concept.
Future research will recruit patients headed for biopsy based
on mammographic findings to participate in a prebiopsy MBI
study to directly compare the MBI and biopsy results in a va-
riety of BI-RADS 4 findings. If this work continues to show
very high NPV, a multi-institutional trial would be needed. In
summary, MBI with dual-head CZT detector camera and with
a drawn dose of 8 mCi (296 MBq) of " Tc—sestamibi had a
very high NPV, which may obviate biopsy of mammographic
and US findings.
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