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OBJECTIVE. Molecular breast imaging was implemented in routine clinical practice at a
large community-based breast imaging center. The aim of this study was to retrospectively as-
sess the clinical performance of molecular breast imaging as a supplementary screening tool
for women with dense breast tissue.

MATERIALS AND METHODS. Women with dense breasts and negative mammog-
raphy results who subsequently underwent screening with 300 MBq (8 mCi) **™Tc-sestamibi
molecular breast imaging were retrospectively analyzed. Outcome measures included cancer
detection rate, recall rate, biopsy rate, and positive predictive values (PPVs).

RESULTS. Molecular breast imaging screening of 1696 women in this study resulted in
the detection of 13 mammographically occult malignancies, of which 11 were invasive, one
was node positive, and one had unknown node positivity. The lesion size ranged from 0.6 to
2.4 cm, with a mean of 1.1 cm. The incremental cancer detection rate was 7.7%o (95% CI, 4.5—
13.1%o0), the recall rate was 8.4% (95% CI, 7.2-9.8%), and the biopsy rate was 3.7% (95% CI,
2.9%—-4.1%). The PPV for recall (PPV 1) was 9.1% (95% CI, 5.4-15.0%), and the PPV for bi-
opsy (PPV 3) was 19.4% (95% CI, 11.4-30.9%).

CONCLUSION. When incorporated into a community-based clinical practice environ-
ment, molecular breast imaging yielded a high incremental cancer detection rate of 7.7%o at
an acceptable radiation dose. These results show the utility of molecular breast imaging as a

supplementary screening tool to mammography for women with dense breasts.

he value of screening mammog-

raphy in the detection and diag-

nosis of breast cancer has been

validated by single-institution
trials [1], service screening trials [2, 3], and
randomized control studies [4-9]. Although
these investigations used film-screen mam-
mography equipment, which is considered
inferior to current digital technology, follow-
up data as long as 29 years have shown a ben-
eficial effect of screening mammography on
mortality rates [10]. The more recent Ameri-
can College of Radiologic Imaging Network
Digital Mammographic Imaging Screening
Trial [11] showed the relative equivalency of
screen film and digital techniques, with
trends that favored the use of higher-contrast
digital imaging for denser breasts. Nonethe-
less, detecting mammographic signs of
breast cancer in dense breasts presents a
challenge to radiologists interpreting such
studies, with sensitivities that are lower than
those for breasts that contain predominantly
fatty tissue [12—14].

Breast density has been shown to be an in-
dependent risk factor for developing breast
cancer. Although this risk may be overstat-
ed in studies that compare the risk of wom-
en with the most dense breast tissue to those
with the least dense breast tissue [15], when
standardized to average breast tissue, wom-
en with heterogeneously dense breasts have
a 1.2 times greater risk of developing breast
cancer compared with a 2.0 times greater
risk for women with severely dense breasts
[16]. Thus, women with dense breasts—not
adjusting for family history, genetic pre-
disposition, or body mass index—generally
have a higher risk of developing breast can-
cer, and their breast cancer is more difficult
to detect on screening mammography [11].

Although MRI has been validated as an
effective supplementary screening approach
for mammography for very-high-risk women
[17], it is expensive, has limited availability
in small communities, and may not be ful-
ly reimbursed by insurance for women who
have a calculated lifetime risk of less than
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20-25%, as benchmarked by the Ameri-
can Cancer Society according to mathemat-
ic models [18]. Other screening modalities,
notably whole-breast ultrasound, have been
advocated for women with dense breasts [19,
20]. Recent published studies retrospective-
ly reviewed the implementation of whole-
breast screening ultrasound as a supplement
to mammography for women with dense
breast tissue in Connecticut, which was the
first state to pass the breast density notifi-
cation law [21-23]. These studies found an
increase in cancer detection rate along with
correspondingly large increases in the false-
positive rate, number of biopsies conducted,
and extensive interpretation time. These re-
sults raise serious questions about the utility
and practicality of whole breast ultrasound
for screening dense breast screening [24, 25].
For many years, there has been inter-
est in using **™Tc-sestamibi as a radiotrac-
er to detect breast cancer [26]. Although
99mTc-sestamibi was originally synthesized
for use as a myocardial perfusion imag-
ing agent, it has a stronger affinity to cancer
cells compared with other myocardial perfu-
sion agents [27]. Because **™Tc-sestamibi is
a lipophilic cation, it is driven into the mi-
tochondria by the electron gradient between
plasma and mitochondrial membrane poten-
tials [28]. Consequently, its strong preferen-
tial uptake in cancer cells has been found in
in vitro studies [29]. Ex vivo measurements
of 99™Tc-sestamibi uptake in excised healthy
tissue and tumor tissue from patients under-
going breast surgery confirmed significantly
higher uptake in the samples containing car-
cinoma, with a mean contrast ratio of near-
ly 6:1 compared with that of the surrounding
normal breast or fat tissue [30].
Breast-specific gamma imaging with ded-
icated single-head scintillating gamma cam-
eras using a prescribed dose of 1110 MBq (30
mCi) *™Tc-sestamibi improves the ability to
detect breast lesions as compared with gen-
eral purpose gamma cameras [31]. Molecu-
lar breast imaging, which uses cadmium zinc
telluride detectors in a dual-head configura-
tion, also showed high sensitivity and speci-
ficity to detect cancer at a lowered dose of
740 MBq (20 mCi) [32]. However, these pre-
scribed doses of 740—1110 MBq correspond
to an effective radiation dose to the person
of 6.3-9.4 mSyv, which is too high for routine
clinical use [33]. Improvements in molecular
breast imaging technology, in particular to
the collimator design, reduced the prescribed
dose to 300 MBq (8 mCi), corresponding to
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an effective radiation dose of 2.4 mSv. Re-
cent studies from the Mayo Clinic [34, 35]
found favorable outcomes and cost effective-
ness in using molecular breast imaging with
this lower dose. Here, we describe using mo-
lecular breast imaging in a large community-
based practice with similar equipment, pa-
tient management, and radiation dose as used
in the Mayo Clinic reports, and compare this
experience to other published supplementary
screening modalities.

Materials and Methods
Screening Method

This HIPAA-compliant retrospective study in-
volving human subjects was conducted after in-
stitutional review board approval was received
through the Chesapeake institutional review board
(study number Pro00007668). Informed consent
was waived. Study participants (Table 1) consisted
of asymptomatic women aged 25-90 years with
heterogeneously or extremely dense breasts who
presented for routine screening mammography at
ProMedica Breast Care Center (Toledo, OH) be-
tween May 2011 and August 2014. In response
to the dense breast notification legislation move-
ment, which started in Connecticut in 2009, and
in anticipation of Ohio state legislation that be-
came effective in June 2015, this center had initi-
ated a multitier approach toward screening women
with dense breasts. Under this approach, women
who underwent screening were imaged with digi-
tal mammography (Selenia, Hologic). Breast den-
sity assessment software (Volpara versions 1.2 and
1.59, VolparaSolutions) was used to complement

subjective evaluation by the radiologist to catego-
rize the mammograms according to the BI-RADS
classifications of breast density [36]: A, fatty tis-
sue; B, scattered fibroglandular; C, heterogeneous-
ly dense; or D, extremely dense. Each participant’s
lifetime risk of developing breast cancer was as-
sessed using the Modified Gail and Tirer-Cuzick
models, embedded within commercial mammog-
raphy management software (PenRad version
5, PenRad Technologies). The higher of the two
model scores was used as the basis for recom-
mending supplementary screening. Women with
BI-RADS category 1 or 2 findings on mammog-
raphy, who also had a BI-RADS density category
C or D and whose lifetime risk was 20% or more,
were recommended for adjunct screening with
MRI (Aurora Breast MRI, Aurora Health Care),
whereas women with risk less than 20% were rec-
ommended for molecular breast imaging (Luma-
GEM, Gamma Medica). The molecular breast im-
aging system consists of dual-head cadmium zinc
telluride detectors with 1.6-mm pixel size detec-
tors and tungsten registered collimators.

Women undergoing a molecular breast im-
aging evaluation received 300 MBq (8 mCi) of
99mTe-sestamibi via IV injection. Syringes (3 mL;
Monoject, Covidien) were used to inject the radio-
tracer, resulting in 30 MBq (0.8 mCi) to 52 MBq
(1.4 mCi) left behind in the syringe [37]. There-
fore, the administered dose to the individual was
generally between 248 MBq (6.6 mCi) and 270
MBq (7.2 mCi). Imaging commenced immediate-
ly after injection using only light breast compres-
sion in the mediolateral oblique and craniocaudal
views, with exposures of 7-10 minutes per view.

TABLE I: Study Participant Characteristics

Characteristics

Age atindex molecular breastimaging (y)
Median (interquartile range)
Range
Mean (SD)
Mammographic breast density
Almost entirely fatty
Scattered areas of fibroglandular density
Heterogeneously dense
Extremely dense
Not reported or unknown
Risk category
Risk >20%
Risk <20%

Unknown

Eligible Women (n=2900) | Analysis Set(n=1696)
49 (43-57) 49 (43-57)
25-90 25-87
50.8(10.6) 50.2(9.7)
22(2) 0(0)
86(8) 34(6)
437(43) 264 (42)
468 (46) 319(52)
1887 1079
86 (9) 45(8)
884(91) 553(92)
1930 1098

Note—Except for age, data are number (%) of patients, with percentages calculated as a fraction of the

reported values, not as a fraction of the total population.

451



Downloaded from www.agjronline.org by 24.154.253.186 on 02/28/20 from | P address 24.154.253.186. Copyright ARRS. For personal use only; all rights reserved

The molecular breast images were interpreted
by one of four breast radiologists at the facility,
who also had access to the participants’ mammo-
grams, other pertinent studies, and clinical infor-
mation. The molecular breast image findings were
assessed as BI-RADS categories 0 through 6, us-
ing the standard BI-RADS scoring system. Mo-
lecular breast imaging BI-RADS assessments of
categories 0, 3, 4, or 5 are considered test positive,
and categories of 1 or 2 are considered test nega-
tive. Women with a finding of BI-RADS category
6 (confirmed malignancy) were excluded from the
analysis. Test-positive molecular breast imaging
findings triggered additional diagnostic evaluation
by methods such as ultrasound or additional mam-
mographic views, whereas the test-negative find-
ings were recommended for annual mammogra-
phy follow-up. Biopsies were primarily conducted
using sonographic guidance, but stereotactic- or
MRI-guided biopsies were performed in women
whose lesion was not visible with ultrasound.

Study Population and Reference Standard
Analysis of this study was restricted to women
aged 25 through 90 years who had a mammograph-
ic study that was considered negative or benign
within 100 days of the index molecular breast im-
aging. The positive reference standard was a histo-
pathologic diagnosis of breast cancer. Because this
study was a retrospective evaluation of a large clini-
cal practice, follow-up information was missing on
anumber of women; thus, complete data on interval
cancers were unavailable. Therefore, absolute sen-
sitivity and specificity could not be calculated.

Statistical Analysis

For women with verified cancer status, analy-
sis included the cancer detection rate, recall rate,
biopsy rate, positive predictive value (PPV) for re-
call (PPV 1), and PPV for biopsies (PPV 3). PPV
1 was defined as the number of malignancies per
abnormal screening examinations (BI-RADS cat-
egories 0, 3, 4, and 5). PPV 3 was defined as the
number of malignancies per total biopsies per-
formed within 60 days of the index molecular
breast imaging. The 95% CI computations were
two sided, with a statistical significance level of
0.05 calculated using the Wilson score method.

Results

The review of the clinical data for molecu-
lar breast imaging performed between May
24,2011, and August 29, 2014, was conduct-
ed by polling the clinic’s patient database on
September 4, 2014. Figure 1 shows the de-
tailed breakdown of the selection criteria.
The data comprised 2905 individuals, but
one was male and four women did not meet
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Fig. 1—Flowchart

showing selection
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l

13 Histologically
confirmed cancers

the age criteria; thus, 2900 individuals were
eligible. Of these eligible women, 561 were
excluded because they did not have an index
mammogram in the system or their mam-
mogram was conducted more than 100 days
before the molecular breast imaging exami-
nation. Of the remaining 2339 women, 641
had an index mammogram with BI-RADS
category 0, 3, 4, or 5 findings and therefore
were excluded from this analysis. Two wom-
en had a molecular breast imaging examina-
tion with BI-RADS category 6 findings and
were excluded from the analysis. Therefore,
1696 women had an index mammogram with
BI-RADS category 1 or 2 findings followed
by molecular breast imaging within 100 days
and were included in our analysis.

Women ranged in age from 25 through 90
years, with a median age of 49 years (inter-
quartile range, 43—57 years) (Table 1). Of the
women with documented breast density, 94%
(581/617) had breasts that were heteroge-
neously dense or extremely dense. The 6% of
the women who had a lower density assess-
ment had complex parenchymal pattern with
multiple asymmetries and therefore were re-
ferred for secondary screening. Ninety-two

percent (553/598) of women in the study with
documented data had mathematically deter-
mined lifetime risk of less than 20%. The
8% of women who had risk greater than 20%
were contraindicated for MRI.

Of the 1696 women in the analysis set,
1553 (91.6%) had benign or negative molecu-
lar breast imaging findings. Figure 2 shows
an example of a molecular breast imaging
negative finding. Molecular breast imaging
had a positive finding in 143 (8.4%) women,
which triggered additional diagnostic evalu-
ation by ultrasound or additional mammo-
graphic views. Of these 143 women with
positive molecular breast imaging findings,
13 malignancies were histopathologically
proven. Eleven (85%) of these malignancies
were invasive. As shown in Table 2, two of
these findings were ductal carcinoma in situ
(DCIS), six were invasive ductal carcino-
ma, three were invasive lobular carcinomas,
one was bilateral cancer of invasive lobular
carcinoma and DCIS, and one was invasive
mammary carcinoma with ductal and lob-
ular features (Fig. 3). Seven malignancies
were found in heterogeneously dense breasts
and six in extremely dense breasts.
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Fig. 2—63-year-old woman with mammographically dense breasts and negative molecular breastimaging findings.
A, Right mediolateral image from digital screening mammogram.
B, Left mediolateral image from digital screening mammogram. Ovals denote ROIs.

C, Right mediolateral molecular breastimage.
D, Left mediolateral molecular breastimage.

The lifetime risk, as measured by the high-
er of the Modified Gail and Tirer-Cuzick
models, ranged between 6.1% and 17.2%. The
average size of the longest diameter of the in-
vasive component was 1.1 cm and ranged from
0.6 to 2.4 cm. Only one woman among the 12

with reported nodal information had positive
nodal involvement. One woman had a 2.4-cm
invasive lobular carcinoma in one breast and
DCIS on the contralateral side.

Table 3 tabulates the performance metrics
of molecular breast imaging along with their

TABLE 2: Summary of the 13 Cancers Identified in 13 Women

two-sided 95% Cls. Because 13 malignant
lesions were found by supplemental screen-
ing with molecular breast imaging, the in-
cremental cancer detection rate was 7.7%o
(13/1696). Positive molecular breast imaging
findings occurred in 143 of the 1696 women

Pathology Size (cm) Nodes Patient Age (y) Breast Density Breast Risk (%)
IDC 0.9 Negative 58 Extremely Left 14.90
IDC 0.9 Negative 87 Heterogeneous Left
DCIS Negative 48 Extremely Right 10.60
DCIS 1.0 Negative 60 Heterogeneous Left 750
IDC 1.2 Positive 52 Extremely Right 15.24

ILC/DCIS 2.4 Negative 63 Heterogeneous Bilateral 6.10
ILC 1.2 Unknown 46 Extremely Right 17.22
ILC 1.0 Negative 53 Extremely Left 12.40
IDC 1.2 Negative 57 Heterogeneous Right 11.70
ILC 1.0 Negative 67 Heterogeneous Left 6.40
IMC 0.9 Negative 68 Heterogeneous Right 10.80
IDC 1.5 Negative 66 Heterogeneous Left 16.50
IDC 0.6 Negative 42 Extremely Right 15.80

Note—IDC =invasive ductal carcinoma, DCIS = ductal carcinoma in situ, ILC = invasive lobular carcinoma, IMC = invasive mammary carcinoma.
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(14 BI-RADS category 0, 73 BI-RADS cat-
egory 3, 55 BI-RADS category 4, and one
BI-RADS category 5), resulting in a recall
rate of 8.4% (143/1696) and PPV 1 of 9.1%
(13/143). Women with BI-RADS category 3
lesions were typically referred for a 6-month
follow-up, unless they requested biopsy in-
stead of surveillance. One of the true-posi-
tive cases was a BI-RADS category 3 lesion,
which resulted in a 6-month follow-up with
ultrasound and biopsy after our 60-day bi-
opsy criteria. Therefore, it was discounted in
the PPV 3 calculations, which was calculated
as 19.4% (12/62).

Discussion

Of the 1696 participants in this study, 143
(8.4%) had a positive finding on molecular
breast imaging. Positive findings led to short-
term diagnostic follow-up by ultrasound- or
stereotactic-guided biopsy (62 women) or
MRI-guided biopsy (three women). The 13
cancers found in this study were confirmed by
ultrasound-guided biopsy in nine women and
by stereotactic-guided biopsy in four women.

Fourteen (< 1%) molecular breast imag-
ing image sets in this dataset were assessed
as BI-RADS category 0: incomplete analy-
sis that required additional evaluation. Of the
11 women who underwent MRI examination,
five had no evidence of suspicious contrast
enhancement with MRI and six had positive
MRI findings that led to further diagnostic
workup. Seven of these 14 women under-

Shermis et al.

TABLE 3: Performance Characteristics of Molecular Breast Imaging at

Participant Level

Characteristic

Cancer detection rate (%o)

Invasive cancer detection rate (%o)
Recall rate (%)

Recall rate, BI-RADS category 4 or 5 (%)
Biopsy rate (%)

Positive predictive value 1(%)

Paositive predictive value 3 (%)

No./Total of Patients Estimate (95% Cl)
13/1696 7.7(4.5-13.1)
11/1696 6.5(3.6-11.6)
143/1696 8.4(7.2-9.8)
56/1696 3.3(2.6-4.3)
62/1696 3.7(2.9-4.7)
13/143 9.1(5.4-15.0)

12/62 19.4(11.4-30.9)

went biopsies, of which five were performed
using ultrasound and returned negative re-
sults. One positive MRI finding led to an
MRI-guided biopsy with benign pathologic
findings. One woman underwent stereotac-
tic biopsy, which was positive for malignan-
cy. Thus, of the 14 indeterminate molecular
breast imaging findings, one (7%) returned a
malignant result.

MRI was primarily used when molecular
breast imaging showed findings for which
there were no conventional imaging cor-
relates. Of the 1696 participants studied,
MRI was used in 17 instances (1%) to help
resolve a positive molecular breast imaging
finding not visible on mammogram or tar-
geted ultrasound. Eleven of these involved
BI-RADS category 0 findings on molecular
breast imaging, as already discussed. Three
MRI studies were performed to follow up on

molecular breast imaging BI-RADS catego-
ry 4 results, which led to one diagnosis of fat
necrosis and two MRI-guided biopsies that
showed no malignancy. In three women with
BI-RADS category 3 findings on molecular
breast imaging, MRI was used as the short-
term follow-up modality, of which one led to
an ultrasound-guided biopsy. The limited use
of MRI to complement molecular breast im-
aging provides a less-expensive approach to-
ward cancer screening and diagnosis and has
been addressed previously [35]. False-posi-
tives with proven pathology in our cohort in-
cluded 25% (11/44) fibroadenoma, 7% (3/44)
papilloma, 5% (2/44) atypical ductal hyper-
plasia, 2% (1/44) phyllodes tumor, 2% (1/44)
hamartoma, 2% (1/44) pseudoangiomatous
stromal hyperplasia, 2% (1/44) fat necrosis,
and 55% (24/44) fibrocystic change, such as
apocrine metaplasia or fibrosis.

Fig. 3—68-year-old woman with mammographically occult invasive mammary carcinoma detected by molecular breastimaging.
A, Left mediolateral image from digital screening mammogram was interpreted as negative.
B, Adjunct mediolateral molecular breastimage shows intense uptake.

C, Sonographic image shows lesion (between calipers) detected by molecular breastimaging.
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Previously, when whole-breast ultrasound
was used for supplementary screening in
high-risk cohorts as part of the American
College of Radiologic Imaging Network 6666
trial, an incremental cancer detection rate of
3.7%0 was reported [20]. In supplementary
screening for dense breasts for general popu-
lations using ultrasound, an incremental can-
cer detection rate of 1.8-3.3%0 was reported
[21-23]. However, the PPV for biopsy (PPV 3)
of this approach ranges from 11% in the high-
risk cohort to 5-6% in non-high-risk women
with dense breasts. This trade-off between re-
source-intense biopsy, which improves sensi-
tivity but entails higher out-of-pocket expense
for the individual, has been criticized in the

clinical community [24, 25]. Thus, our find-
ing of an incremental cancer detection rate of
7.7%0 and PPV 3 of 19.4% shows that molecu-
lar breast imaging significantly improves the
results of screening breast ultrasound.
Hruska et al. [35] from the Mayo Clinic re-
ported that the use of molecular breast imag-
ing to supplement mammography lowered the
cost per cancer detected compared with mam-
mography alone. Our findings for the incre-
mental cancer detection rate (7.7%c), recall
rate (8.4%), biopsy rate (3.7%), PPV 1 (9.1%),
and PPV 3 (19.4%) broadly match the Mayo
Clinic study results, which were incremental
cancer detection rate over mammography of
8.8%, molecular breast imaging recall rate of

7.5%, biopsy rate of 3.2%, PPV 1 of 14.3%,
and PPV 3 of 33.3% [34]. One caveat in this
comparison is that the Mayo Clinic study was
a controlled prospective study, whereas the
current report is a retrospective analysis of our
clinical experience.

Our study responds to the need for supple-
mentary screening modality for women with
dense breasts whose mammograms are diffi-
cult to interpret, and who may be at elevated
risk for breast cancer, but who do not have
a sufficient risk profile to qualify for reim-
bursed breast MRI. However, any discussion
of a method requiring the systemic injection
of radiotracers needs to address the issue of
radiation exposure and weigh the potential

TABLE 4: Total Effective Radiation Dose for Different Tissues From Mammography and Molecular Breast Imaging

Modality, Tissue

Mammography

Breasts

Total for 5.3 cm thickness compressed breast
Molecular breastimaging

Adrenal glands

Bladder

Bone surfaces

Brain

Breasts

Colon

Gallbladder

Heart wall

Kidneys

Liver

Lungs

Muscles

Esophagus

Ovaries

Pancreas

Red marrow

Remaining organs

Salivary glands

Skin

Smallintestine

Spleen

Stomach

Thymus

Thyroid

Uterus and cervix

Total for 255 MBq (6.9 mCi) administered dose

ICRP 80 Tissue Dose (mGy) ICRP 103 Weighting Factor Effective Dose (mSv) | Contribution (%)
4.6 0.1200 0.56 100
0.56
1.91 0.0092 0.0177 1
2.81 0.0400 0.1123 5
2.09 0.0100 0.0209 1
1.33 0.0100 0.0133 1
0.97 0.1200 0.1164 5
6.13 0.1200 0.7353 32
9.96 0.0092 0.0919 4
1.61 0.0092 0.0148 1
9.19 0.0092 0.0848 4
2.81 0.0400 0.1123 5
1.17 0.1200 0.1409 6
0.74 0.0092 0.0068 0
1.05 0.0400 0.0419 2
2.32 0.0800 0.1859 8
1.97 0.0092 0.0181 1
1.40 0.1200 0.1685 7
1.00 0.0092 0.0092 0
3.57 0.0100 0.0357 2
0.79 0.0100 0.0079 0
3.83 0.0092 0.0353 2
1.66 0.0092 0.0153 1
1.66 0.1200 0.1991 9
1.05 0.0092 0.0097 0
2.02 0.0400 0.0807 4
1.99 0.0092 0.0184 1
2.2933

Note—Doses were calculated using the International Commission on Radiological Protection (ICRP) report 80 [38] effective tissue doses and the ICRP report 103 [40]
tissue-weighting factors for mammography and molecular breastimaging.
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risks versus the benefits of early detection
of cancer. It is well known that conventional
mammography also exposes individuals to a
very small radiation dose, but this risk is gen-
erally accepted as negligible compared with
the benefit of early detection [33].

Comparison of radiation dose from a mam-
mogram to that of a molecular breast imaging
procedure is a source of ongoing confusion in
the breast imaging community. The metric to
compare radiation risks across different ra-
diation imaging modalities is effective dose,
which is measured in units of milliseverts. For
mammography, the radiation dose is adminis-
tered only to the breasts, with minimal scat-
tered radiation surrounding the breast, and
is typically reported in units of milligrays.
To calculate the effective dose, this adminis-
tered radiation dose in milligrays is multiplied
by the International Committee on Radiation
Protection (ICRP) Standard 103 (ICRP 103)
[38] tissue-weighting factor of 0.012 for the
breasts. The typical effective dose to the body
is 0.56 mSv for average size breasts in digi-
tal mammography [33]. The typical effective
dose to the body from tomosynthesis varies by
manufacturer and imaging protocol but rang-
es from 0.5 to 1.2 mSv [39].

To calculate the effective dose to the body
from %™Tc-sestamibi, we calculated the con-
tributions of total effective dose from different
tissues using the ICRP Standard 80 effective
tissue doses. In this study, the prescribed dose
of ™Tc-sestamibi was 300 MBq (8 mCi), but
taking into account the residual dose in the
syringe, the mean administered dose was 255
MBq (6.9 mCi). Using the ICRP 80 effective
tissue doses and the ICRP 103 tissue-weight-
ing factors [40], we calculated the total effec-
tive dose to the body as approximately 2.3
mSv (Table 4). The largest contributor to the
effective dose was the colon at 32%, whereas
the breast contributed only 5% to the total ef-
fective dose. Internal organs that contributed
to the total effective dose were stomach (9%),
ovaries (8%), red marrow (7%), lungs (6%),
bladder (5%), liver (5%), gallbladder (4%), kid-
neys (4%), and thyroid (4%).

Although the effective dose to the body
from molecular breast imaging (2.3 mSv) is
four times the dose from digital mammogra-
phy (0.56 mSv), it is still lower than the an-
nual radiation exposure from natural sources
in the United States, which is about 3 mSv,
predominantly from radon gas escaping from
granite rock underground [41]. This calcula-
tion also revealed that the effective dose for
molecular breast imaging is only twice that of
2D or 3D mammography. Taking into consid-
eration the policy statement from the Amer-
ican Association of Physicists in Medicine,
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which advises that radiation risk is too low to
be detected for imaging procedures where the
effective dose is less than 50 mSv or 100 mSv
for a single procedure or multiple procedures
over a short time, respectively [42], we con-
clude that the risks associated with molecu-
lar breast imaging at these low administered
radiation doses are acceptable in light of the
benefit of early detection of breast cancer.

Weighing the need to minimize radiation
exposure against the benefit of early breast
cancer detection, we currently recommend an-
nual screening with mammography and bian-
nual supplementary screening with molecular
breast imaging. Further studies, comparing in-
terval cancer rates and breast cancer sizes be-
tween women who elect molecular breast im-
aging and those who do not, are needed to
evaluate the appropriateness of this periodicity.
The cost of the molecular breast imaging in-
strument is similar to that of a mammography
instrument and has similar room requirements.
The Current Procedural Terminology code
under which this procedure is billed is 78801
(“Radiopharmaceutical localization of tumor,
multiple areas”) and is covered by Medicare
[43]. In Ohio, most private insurance compa-
nies cover the procedure, provided that we have
applied for prior authorization. Despite the low
cost, low radiation dose, and other favorable
factors compared with other tests, we estimate
about 10% of women recommended for mo-
lecular breast imaging in this study underwent
the procedure. This number is expected to rise
as awareness of molecular breast imaging and
breast density legislation increases, but further
studies to investigate reasons for nonparticipa-
tion are warranted.

Our study has several limitations. This is
a single-institution study, albeit community
based, and the wider application of this tech-
nology may help to validate or modify our re-
ported results. Selection bias may be present
by those who accepted a molecular breast im-
aging study, and the availability of molecular
breast imaging may have influenced the ra-
diologist’s decision to recommend it. As re-
ported by other investigators [35], we depend-
ed on MRI to permit image-guided biopsies
when the lesion could not be correlated to a
sonographic finding because nuclear imaging-
guided tissue sampling techniques for molecu-
lar breast imaging are not commercially avail-
able. The lack of 1-year follow-up information
on a number of image sets (966 of 1696) pre-
cluded our ability to determine the total num-
ber of interval cancers and determine the ab-
solute sensitivity and specificity of molecular
breast imaging. Of these 966 image sets, 926
(96%) had negative mammogram and molecu-
lar breast imaging findings. Because the study

site is not only a screening site but is also a re-
ferral center for multiple screening sites within
the integrated health care system, the incentive
to return to this center for follow-up molecu-
lar breast imaging was likely lacking after a
negative study, either by the referring center,
the woman, or both. One-year follow-up in-
formation was available on 627 women who
had negative molecular breast imaging assess-
ments. Two malignancies, one of which was a
DCIS, were discovered by mammography at
their next annual screening, on days 356 and
357 after molecular breast imaging, and may
be considered as interval cancers. Therefore,
in this subset of data the negative predictive
value for recall approximates 99.7% (625/627).

Tomosynthesis has shown reduced recall
rates and improved cancer detection rates
and may in the future replace 2D mammog-
raphy [44]. Since our study period ended, the
study site upgraded to 3D mammography
(Genius 3D Mammography, Hologic) with
the 2D images synthesized from the 3D pro-
jections (C-view) as the primary screening
modality. The screening workflow remains
the same as that described here in the Mate-
rials and Methods section, even after imple-
mentation of 3D mammography as the pri-
mary screening modality.

In summary, this study in a communi-
ty-based mammography screening center
shows that the use of molecular breast im-
aging detects additional cancers in women
with dense breasts at an acceptable radiation
exposure dose. Molecular breast imaging is
well tolerated and provides an alternative to
MRI for claustrophobic or obese persons.
Molecular breast imaging is relatively easy
to perform and interpret and is associated
with low biopsy rates, thus overcoming some
of the major limitations of screening ultra-
sound. As such, molecular breast imaging is
a suitable supplementary screening modality
for women with dense breast tissue.
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