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Interest in nuclear breast imaging is increasing because of technical

improvements in dedicated devices that allow the use of relatively low

doses of radiotracers with high sensitivity for even small breast

cancers. For women with newly diagnosed cancer, primary chemo-
therapy is often recommended, and improved methods of assessing

treatment response are of interest. With widespread breast density

notification, functional rather than anatomic methods of screening are
of increasing interest as well. For a cancer imaging technology to be

adopted, several criteria must be met that will be discussed: evidence

of clinical benefit with minimal harm, standardized interpretive criteria,

direct biopsy guidance, and acceptable cost-effectiveness.
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Two radiotracers have been used widely to depict breast cancer:
the g-emitting 99mTc-sestamibi (99mTc-methoxyisobutylisonitrile),
140 keV, half-life of 6 h, originally developed as a myocardial per-
fusion agent; and the positron-emitting glucose analog 18F-FDG, 511
keV, half-life of 2 h. Standard lead shielding as is used in a mam-
mography suite is sufficient when using 99mTc-sestamibi. Using 18F-
FDG requires much more extensive shielding and may not be feasible
because of workspaces above or below the planned unit. State licens-
ing requirements for nuclear medicine must be considered; typically, a
hot lab with oversight by a trained nuclear medicine technologist and
a physicist is required (1).
Both 99mTc-sestamibi and 18F-FDG were initially studied for

breast cancer using whole-body scanners. Low sensitivity to invasive
cancers smaller than 1 cm was observed with whole-body g-camera
imaging in a prospective multicenter series at 48.2%, compared with
74.2% for larger tumors (2); detection of small cancers, particularly
small invasive cancers, is a major goal of breast imaging. Similar
results were observed with whole-body PET, with sensitivity to in-
vasive tumors 2 cm or smaller of only 30 of 44 (68%) compared
with 57 of 62 (92%) for larger cancers (3).
Dedicated breast g-camera imaging can be performed with single-

detector scintillating-crystal systems such as breast-specific g-imaging
(BSGI) (Dilon Technologies) with a 20 · 15 cm field of view, 3.3-mm

pixel size; or using dual-head cadmium–zinc–telluride detector sys-
tems, often referred to as molecular breast imaging (MBI) (GE
Healthcare, with a 24 · 16 cm field of view and 2.5-mm pixel size;
or Gamma Medica, Inc., with a 20 · 16 cm field of view and 1.6 mm
pixel size). Both approaches use positioning similar to that of mam-
mography, with the breast gently stabilized between a compression
paddle and the detector (BSGI) or between 2 detectors (MBI). It is
important to include mammographic technologists in the positioning
of the patients, at least for a minimum number of cases (e.g., 25), to
ensure full inclusion of posterior tissues for both a craniocaudal and
a mediolateral oblique (MLO) acquisition. Particularly with the dual-
head systems, it can be difficult to prevent skin folds or to ensure that
the nipple is in profile because the opaque detectors block direct
visualization of the breast during positioning.
Typically, imaging begins within 5 min after intravenous radio-

tracer injection and includes 10-min acquisitions in both craniocaudal
and MLO projections of each breast, for a total minimum of 40 min
to examine both breasts. Additional views such as a laterally exag-
gerated craniocaudal view or axillary tail view may be needed to
fully include all breast tissue, and even then the extreme posterior
tissues are difficult to fully include when positioning the breast
between 2 rather bulky detectors on MBI or positron emission
mammography (PEM) (CMR Naviscan). In a series of 149 invasive
cancers imaged by BSGI (4), all cancers 8 mm or larger were visu-
alized, as were all cancers grade 2 or higher; only 3 of 6 grade 1
cancers 7 mm or smaller were seen. In prototype studies of lesions
imaged before biopsy using a single- versus dual-head MBI system
(5), only 2 of 7 (29%) cancers 5 mm or smaller and 24 of 28 (86%)
of those 6–10 mmwere detected on the single-head system compared
with 11 of 16 (69%) 5 mm or smaller and 41 of 45 (91%) 6–10 mm
on the dual-head system. Dual-head systems are generally now used
for clinical MBI. In a more recent series using MBI (6), among 357
invasive cancers for which pathology size was available, 310 (87%)
were seen; sensitivity was reduced for smaller tumors, with 45 of 63
(71%) cancers 5 mm or smaller seen, 64 of 84 (76%) of those 6–
10 mm, 75 of 81 (93%) of those 11–15 mm, 43 of 45 (96%) of those
16–20 mm, and 83 of 84 (99%) of those larger than 2 cm identified
on MBI (Amy L. Conners, personal communication, August 2015;
P , 0.0001 by x2 test). Of 49 MBI-occult cancers, 8 (16%) were
thought to have been outside the field of view (which corresponded
to 8 of 360, 2.2% of all tumor foci) (6). Of note, 99mTc-sestamibi was
first used as a cardiac radiotracer, and it is possible to perform ded-
icated breast g-camera imaging after cardiac imaging using the same
dose of radiotracer (7).
Several dedicated breast PET devices have been developed; and

again, imaging can be performed after PET/CT or PET/MRI using
the same radiotracer dose, although insurance reimbursement
may be denied for the breast PET in that circumstance. The first
PEM system (CMR Naviscan) uses positioning similar to that of
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mammography, with the breast gently stabilized between a trans-
parent compression paddle and the detector, and 10-min craniocaudal
and MLO acquisitions. In direct comparison studies, PEM has shown
greater sensitivity to small cancers than whole-body PET or PET/CT,
although only 10 of 14 (71%) index cancers 6–10 mm in size and 5 of
12 (42%) 5 mm or smaller were seen on PEM in one series (8), as
were 11 of 15 (73%) cancers 1 cm or smaller in another series (9).
Despite direct involvement of mammography technologists in posi-
tioning or at least the initial training of nuclear medicine technologists
in positioning at least the first 25 patients per site, inadequate posi-
tioning was prospectively reported in 36 of 388 (9.3%) participants in
a multicenter PEM trial; another 11 (2.8%) participants had large
breasts, requiring tiled images to include all breast tissue (10). In part
because of the coincidence requirement for counting positron emis-
sions (at 180� from each other), approximately 1 cm of tissue at the
extreme posterior of the breast is not well evaluated on PEM.
Dedicated prone breast PET systems, which should improve visu-

alization of posterior tissues, have also been developed: Mammi-PEM
(Oncovision; Gem Imaging SA), Clear PEM (Crystal Clear Collabo-
ration; CERN), and O-scanner (Shimadzu Medical Systems), as well as
a C-scanner in which the seated patient leans into a C-shaped detector
system (Shimadzu). With 18F-FDG–based imaging, the radiotracer
must circulate for at least an hour before imaging is started, and longer
circulation times of up to 2 h seem to improve lesion-to-background
uptake.
Both 99mTc-sestamibi– and 18F-FDG–based breast imaging ben-

efit from the patient fasting, with greater radiotracer uptake by the
breast tissue in a fasting state (11). For 18F-FDG, a minimum of a
4-h and preferably a 6-h fast is recommended. The patient should be
kept resting and warm to minimize muscle uptake of either radio-
tracer (11). The injection site (typically the antecubital fossa) can be
imaged to ensure lack of infiltration or muscle uptake.
For all medical imaging, it is important to minimize the dose of

ionizing radiation while still providing appropriate diagnostic
information. This is particularly true when imaging younger in-
dividuals who have at least a 10- to 20-y life expectancy during
which radiation-induced cancers could be observed. Women who
are pregnant or lactating should not be imaged with nuclear
breast techniques. Most published articles about BSGI reported
injected doses of 555–1,110 MBq (15–30 mCi). With dual-head

cadmium–zinc–telluride detector systems and optimized collimator
and energy windows, an injected dose averaging 300 MBq (8.1 mCi)
has been used while maintaining performance characteristics (12).
Unlike mammography, radiation exposure during nuclear breast
imaging is to the whole body, with the greatest accumulation of
99mTc-sestamibi seen in the colon, kidneys, bladder, and gallblad-
der. The effective dose from a 300-MBq (8.1-mCi) injection, con-
sidering the radiation risk to each organ, is 2.4 mSv, compared with
about 0.4 mSv for mammography (13). Use of a 150-MBq (4-mCi)
dose of 99mTc-sestamibi is under study and may be possible with
optimal patient preparation (11) and the use of appropriate sy-
ringes that minimize the adherence of 99mTc-sestamibi (14).
The published literature on PEM has typically used an 18F-FDG

dose of 370 MBq (10 mCi) for an effective dose of 6.2–7.1 mSv
(15), with the highest dose to the bladder.
Importantly, such radiation exposures from nuclear breast imaging

are at or below the 3- to 10-mSv background radiation dose from
living on Earth for 1 y. According to the American Association of
Physicists in Medicine, the risks of medical imaging at effective
doses of less than 50 mSv for single procedures, or 100 mSv for
multiple procedures over short periods, are too low to be detectable
and may be nonexistent (16).

THE EVIDENCE

Many applications of nuclear breast imaging are for the same
indications for which contrast-enhanced breast MRI would be used.
Diagnostic breast imaging can include problem solving when vague
abnormalities persist after additional mammographic views and
ultrasound; but with current ultrasound equipment and tomosyn-
thesis, it is rare to require further diagnostic imaging. Sensitivity is
at least as high as ultrasound with BSGI, but specificity is higher
with BSGI (17,18). In patients presenting with cancer of unknown
primary cause (typically, a metastatic axillary node consistent with
breast cancer), both 99mTc-sestamibi– and 18F-FDG–based imaging
can identify the underlying breast cancer (Fig. 1); however, no series
have been published on this issue. Although papillomas may show
abnormal uptake of either radiotracer, MBI was negative in all 14
patients with bloody nipple discharge in one series, including 2 patients
with papillomas and one with invasive cancer found 17 mo later (19).

FIGURE 1. Use of MBI to identify cancer of unknown primary cause. (A) This 58-y-old woman presented for screening mammography. Craniocaudal

views show heterogeneously dense parenchyma and no suspicious findings. (B) On MLO views, large, dense, suspicious nodes are seen in right axilla

(arrows), without suspicious findings in either breast. Ultrasound-guided core biopsy of one node showed invasive carcinoma consistent with breast

primary. (C) Craniocaudal and MLO 10-min views from dual-head direct-conversion MBI obtained after intravenous injection of 740 MBq (20 mCi) of
99mTc-sestamibi show intense segmental uptake spanning 3.4 cm (arrows) in 9-o’clock position in right breast 6 cm from nipple, which is suggestive of

cancer. Metastatic nodes were not included on these images. Left breast appears normal. (D) Spot magnification right MLO mammogram over area of
99mTc-sestamibi uptake is unremarkable. (E) Targeted ultrasound demonstrates vague mixed-echogenicity irregular 2.6-cmmass (denoted by calipers),

corresponding to abnormality on MBI. Ultrasound-guided core biopsy showed grade 1 ILC that was estrogen receptor–positive, progesterone

receptor–positive, and HER2/neu (ERB-B2)–negative. Patient had primary chemotherapy with little response, with residual disease at surgery mea-

suring 2.2 cm. CC 5 craniocaudal. (Courtesy of Carrie Hruska, PhD, and Amy Conners, MD, Mayo Clinic.)
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EXTENT OF DISEASE

MRI has been widely studied for assessing extent of disease in

women with newly diagnosed cancer. Metaanalyses show additional
ipsilateral mammographically occult disease in 16% of women, with
a positive predictive value (PPV) of additional MRI findings of 66%
(20); and in the contralateral breast, occult disease is found in 4% of

women on average, with a PPV of MRI findings of 48% (21).
A few retrospective studies have evaluated the use of 99mTc-

sestamibi–based breast imaging to assess disease extent. In one

series (22), 9 of 159 (6%) women had additional unsuspected
ipsilateral foci, and 5 (3%) had contralateral foci seen on BSGI,
with a PPV of suggestive findings on BSGI of 14 of 40 (35%). The

PPVof additional suggestive findings was 15 of 25 (60%) in a series
of 138 women studied by Zhou et al. (23), and 7 of 18 (39%) (in-
cluding one ductal carcinoma in situ [DCIS] excised) in a series of 82

women reported by Killelea et al. (24). The PPVof additional suspi-
cious findings of only 35%–60% underscores the importance of per-
cutaneous biopsy of additional suspicious findings before converting a

patient to mastectomy.
In a series of 66 women who underwent BSGI and MRI (25),

specificity was higher for BSGI, at 90%, than for MRI, at 39% (P,
0.0001). In a series of 118 women anticipating breast-conserving
therapy, 14 (11.9%) were appropriately converted to mastectomy on
the basis of BSGI; another 15 of the 104 (14.4%) remaining women

thought to be candidates for breast-conserving therapy required
mastectomy (underestimated extent on BSGI), with more than half
of those being underestimated because of a greater extent of DCIS
than seen on BSGI (26). In a series of 286 patients with 390 in-

vasive tumor foci imaged by MBI (6), 341 (87.4%) foci were seen
on MBI, although ascertainment of missed cancers depends on de-
tailed pathologic analysis exceeding that in routine practice.
PEM has been compared with MRI for assessing local disease

extent in a prospective multicenter series of 388 women with newly
diagnosed breast cancer (10,27). PEM showed comparable but com-

plementary sensitivity in the ipsilateral breast and higher specificity
than MRI, with a PPVof additional suspicious ipsilateral findings on
PEM of 47 of 71 (66%) compared with 61 of 116 (53%) for MRI

(P5 0.016). In the same series of 388 women, 15 (3.9%) had contra-
lateral cancer identified after study entry, with 14 of 15 (93%) seen
on MRI, only 3 of 15 (20%) prospectively seen on PEM, and only 11

of 15 (73%) visible even in retrospect on PEM. The PPV of PEM-
prompted contralateral biopsies (3 of 14, or 21%) was not different
from that of MRI (15 of 54, or 28%) (P 5 0.58) (27).
The dilemma with imaging the extent of disease is that, despite

extensive study, MRI generally has not been shown to reduce the
risk of local or distant recurrence (28), and no studies have been

conducted to show such an impact with nuclear breast imaging, but
similar issues likely apply. Further studies with molecular subtypes
may prove more fruitful and are ongoing. In breast cancers lacking
estrogen, progesterone, and HER2-neu (ERB-B2) receptors—that

is, triple negative—lack of exposure to pretreatment breast MRI has
been shown to independently correlate with an increased risk of
recurrence at a median follow-up of 6.1 y, with a hazard ratio of

2.66 (95% confidence interval, 1.49–4.75), comparable in magni-
tude to dense breasts and lymphovascular invasion (29). Unlike
series across all tumor types (30,31), MRI did not increase the rate

of mastectomy in women with triple-negative disease (29). Reexci-
sion rates are generally not reduced by preoperative MRI (31,32),
although MRI has been shown to be beneficial in presurgical plan-

ning for invasive lobular carcinoma (ILC) (33,34). Size of unifocal

carcinoma is better assessed by imaging than is detailed mapping
of multiple foci of disease (10), in which it can be difficult to trans-
late imaging findings to intraoperative positioning and excision.
Neither 99mTc-sestamibi– nor 18F-FDG–based imaging is reliable

at identifying metastatic axillary adenopathy; only 10 of 78 (13%)
metastatic axillae were prospectively identified by PEM (10). The
axilla cannot be reliably included on devices that use positioning
similar to that of mammography. Normal nodes can show mild ra-
diotracer accumulation, but small metastatic deposits may not. Extrav-
asation of radiotracer during injection of 99mTc-sestamibi can produce
abnormal uptake in ipsilateral nodes, which is more intense than that
due to metastasis (35).
The use of nuclear medicine methods to assess residual disease

before reexcision in patients with initial breast-conserving surgery
for cancer with positive margins has not been studied. 18F-FDG
uptake is increased by prior biopsy or surgery; thus, the area near
the surgical site cannot be acutely evaluated with breast PET. Scars
lacking inflammation from fat necrosis typically do not show uptake
after about 2 y, and PET can be used to help distinguish scarring from
recurrence (36).

SCREENING

The perfect screening test would detect clinically important breast
cancers only when they can be easily treated, would not detect any
other lesions or induce any malignancies, and would be widely
available and well tolerated. Because mammography is the only
screening method that has been studied in randomized controlled trials
and shown to reduce mortality from breast cancer (37), any other
methods of screening are still viewed as supplements to mammogra-
phy. Annual screening with MRI is recommended for women at a
high risk for breast cancer because of known or suspected pathogenic
mutations in the BRCA1 or BRAC2 gene or other less common mu-
tations (for which screening may begin at age 25–30 y); because of a
history of chest radiation therapy at least 8 years earlier and before age
30 y; or, based on models that predict the risk of being a mutation
carrier, because of a strong family history that carries at least a 20%–
25% lifetime risk of breast cancer (38). Dense breast tissue reduces
mammographic sensitivity and specificity (39,40) but does not
reduce the sensitivity of 99mTc-sestamibi–based imaging (41).
Most women in the United States (42) are being notified of their
breast density: there is increasing discussion of supplemental
screening in women with dense breasts (heterogeneously dense
or extremely dense by BI-RADS [Breast Imaging Reporting and
Data System] categories) (43).

99mTc-sestamibi–based breast imaging using BSGI has been ex-
plored for screening high-risk women who cannot tolerate MRI (44),
although radiation exposure is of greater concern in young women and
in BRCA1-, BRCA2-, or TP53-mutation carriers with impaired DNA
repair. More extensively, a Mayo Clinic group has explored using
99mTc-sestamibi and dual-head cameras for supplemental screening
in women with dense breasts (45,46). As shown in Table 1, the sensi-
tivity and specificity of MBI compare quite favorably with other meth-
ods of supplemental screening. In an analysis of induced costs from
such screening, the Mayo Clinic group concluded that the cost
per cancer diagnosis for mammography plus MBI was actually
lower than that of mammography alone (47). As a result of these
studies, across its multistate system, the Mayo Clinic is now offer-
ing biennial screening with MBI to women with dense breasts to
supplement annual mammography or tomosynthesis. Monitoring
outcomes will be important.
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In addition to concerns about radiation exposure, patient prepara-
tion, licensing requirements, and patient throughput when a minimum
of 40 min is required for the examination, there are other current
limitations to nuclear medicine approaches to screening. The cancer
detection rates from annual or biennial 99mTc-sestamibi–based screen-
ing have not been reported; and there is no method of direct biopsy for
findings detected on MBI, although stereotactic BSGI-guided biopsy
is available. The logistics and radiation dose incurred when using 18F-
FDG preclude interest in breast PET for screening, although direct
PEM-guided biopsy is readily performed (48).

STANDARDIZED INTERPRETIVE CRITERIA

AND QUANTIFICATION

Lexicons to describe findings on g-camera
imaging (49) and on breast PET (50) have
been developed, and both have shown ease
of use and substantial reproducibility for
most terms (51,52). Whenever possible, the
same terminology and format used in BI-
RADS for mammography (43), ultrasound
(53), and MRI (54) have been adopted for
nuclear breast imaging, with assessments be-
ing scored on a 5-point scale: 1, negative; 2,
benign; 3, probably benign; 4, suspicious;
and 5, highly suggestive of malignancy. Nu-
clear breast imaging must be interpreted to-
gether with current mammography, any
other prior breast imaging, and a thorough
biopsy history; as a result, interpretation
should be performed by, or at least include,
radiologists who meet experience require-
ments for breast imaging. Indeed, in the mul-
ticenter PEM–MRI trial (10), 7 of 82 (9%)
breasts with additional tumor foci were iden-
tified only on review of mammography and
ultrasound. Any focal radiotracer uptake
should be viewed with suspicion except when
there is a known benign correlate such as a
mammographically stable intramammary or
axillary lymph node; a normal nipple; or a
known area of fat necrosis, fibroadenoma,
abscess, or other benign process. The use of a

“probably benign” assessment on nuclear breast imaging is discour-
aged because the rate of malignancy approaches 5% for such findings
(50), exceeding the accepted 2% threshold used in other breast imag-
ing (55).
For 99mTc-sestamibi–based imaging, although a method of quan-

tification with dual-head systems has been described (56), intensity
of uptake is not routinely quantified with current software. Sub-
cutaneous fat is used as the reference standard, with background-
parenchyma uptake and lesion uptake described qualitatively as
photopenic (less than subcutaneous fat), mild, moderate, or marked.
Background uptake of 99mTc-sestamibi can be greater in the luteal
phase of the menstrual cycle (57) and in postmenopausal women
using hormonal replacement therapy (58) and tends to be greater
in dense breasts (57,58), although 72 of 164 (44%) women with

TABLE 1
Summary of Prevalence Screening, Cancer Detection, and Recall Rates by Modality After Digital Mammography

If 1,000 women

with dense breasts
are screened with…

Number of additional

women found to have
cancer will be… Using…

At a relative
cost of…*

And number of women

recalled for additional
testing will be…

MBI 8 Intravenous radioactive

agent

$400 Another 65

Tomosynthesis 1–2 Ionizing radiation $60 18–30 fewer

Ultrasound 2–4 Sound waves $165 Another 130

Contrast-enhanced MRI 10 Magnetic field and intravenous

contrast material

$1,000 Another 90

*Based on estimated average reimbursement as of August 2015.

Data are from Wendie A. Berg, MD, PhD; adapted from http://densebreast-info.org/Technology.aspx. Accessed October 12, 2015.

FIGURE 2. Monitoring response to primary chemotherapy with MBI. This 45-y-old woman

presented with palpable lump in left breast. (A) Initial MLO mammogram shows irregular, dense

2.3-cm mass (arrow). Ultrasound-guided core biopsy showed grade 3 IDC, weakly positive for

estrogen and progesterone receptors (,5% each) and HER2-negative. Patient began primary

chemotherapy. (B) Follow-up mammogram at completion of primary chemotherapy shows

smaller mass with clip (arrow). It is uncertain from mammography how much of residual mass

represents tumor vs. fibrosis. (C) Pretreatment MLO MBI image after intravenous injection of

300 MBq (8 mCi) of 99mTc-sestamibi shows intense uptake in irregular 2.5-cm mass correspond-

ing to known cancer (arrow), with patchy moderate background uptake. (D) Follow-up MLO MBI

image after 4 cycles of chemotherapy shows reduction in size and intensity of uptake in tumor

(arrow), compatible with partial treatment response. (E) Follow-up MLO MBI image at completion

of chemotherapy (same day as mammogram in B), shows no detectable residual tumor, suggest-

ing complete response. At histopathology 1 mo later, microscopic focus of high-nuclear-grade

DCIS was found with no residual invasive tumor. Functional imaging with nuclear breast imaging

can improve assessment of treatment response earlier and with greater confidence than ana-

tomic imaging. (Courtesy of Carrie Hruska, PhD, Mayo Clinic.)
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extremely dense parenchyma showed photopenic background in the
Mayo series (58). As with MRI, in which increased background-
parenchyma enhancement in the contralateral breast is indepen-
dently associated with breast cancer (59,60), it is possible that
increased background-parenchyma uptake of 99mTc-sestamibi
could predict an increased risk of breast cancer, but further study
is warranted.
On breast PET, uptake can be quantified by drawing a region of

interest with comparison typically to a region of normal background
parenchyma. Background-parenchyma uptake of 18F-FDG increases
with increasing breast density, with about a twofold average differ-
ence between extremely dense breasts and fatty breasts (61). In one
series, the uptake ratios of tumor to normal tissue on PEM were
higher than those seen on PET/CT for small tumors (9), but quan-
tification is generally similar for PEM and PET/CT (8,9) despite the
lack of attenuation correction on PEM.

TUMOR SUBTYPES

ILC can be notoriously difficult to identify on mammography
because it tends to grow in single-file columns of cells rather than
forming a discrete mass or causing distortion, and calcifications are
quite rare with ILC (62). ILC is generally seen well on 99mTc-
sestamibi–based breast imaging (63). Uptake is less intense in ILC
than in invasive ductal carcinoma (IDC); and in one large MBI series
(6) sensitivity to ILC foci, at 38 of 55 (69%), was lower than that to
IDC, at 210 of 227 (92.5%; P 5 0.0062). The sensitivity of 99mTc-
sestamibi–based imaging to DCIS is estimated at 60%–91% on the
basis of small series (64) and unpublished results (Deborah Rhodes,
written communication, 2014).
Quantitative uptake of 18F-FDG is lower in ILC and DCIS than

in IDC (3,8). PEM sensitivity to newly detected DCIS foci has
been found to be 23 of 56 (41%) in women with cancer elsewhere
who underwent mammography and MRI (10).
High-grade IDC is seen well on nuclear breast imaging. Quanti-

tatively higher 18F-FDG uptake has been observed with estrogen
receptor–negative, HER2-receptor–positive tumors and triple-negative
tumors than with estrogen receptor–positive disease (65–67). Higher
18F-FDG uptake in the primary breast cancer is predictive of an in-
creased risk of recurrence (68).

FUTURE

For g-camera breast imaging to be widely adopted for screen-
ing, at a minimum there should be proof that women receiving
MBI have lower rates of clinically detected cancers in the in-
terval between screenings (interval cancers) and lower rates of
advanced-stage breast cancer than a control group not receiving
MBI. Ideally, there also would not be increased rates of low-
and intermediate-grade DCIS in the MBI group. Incidence screen-
ing results are unknown. Direct MBI-guided breast biopsy is
needed so that MRI is not required to sort out abnormalities seen
only on MBI; this process is under development and does exist
for BSGI systems.
One area of great, but largely unrecognized, potential for nuclear

breast imaging is in predicting and assessing response to primary
(neoadjuvant) chemotherapy (Figs. 2 and 3). In a pilot study of 19
patients imaged sequentially with MBI, a decrease in the tumor-to-
background ratio 3–5 wk after the initial round of chemotherapy
was shown to predict response to treatment; larger studies are in
progress (69). Lack of a substantial decrease in 18F-FDG uptake
after 2 cycles of chemotherapy has been shown to predict residual

tumor at the conclusion of chemotherapy and a high risk of recur-
rence for triple-negative breast cancer (70).
Promising work is ongoing with many other radiotracers not

currently approved for clinical use in the United States, including
99mTc-tetrofosmin (71,72) and a 99mTc-labeled angiogenesis
agent (NC100692, a peptide that binds to receptors of the integrin
class) (73). 18F-fluoroestradiol binds to estrogen receptors and is
being explored for characterization of metastatic lesions outside
the liver in women with estrogen receptor–positive breast cancer
(74); 18F-fluoroestradiol may have a role in predicting early re-
sponse to treatment in the breast, with initial flare in responders
(75). 39-deoxy-39-18F-fluorothymidine (18F-FLT) is an analog of
thymidine that is phosphorylated by thymidine kinase, the activ-
ity of which is increased in rapidly dividing cells. 18F-FLT cannot
be incorporated into DNA but rather is trapped in the cytoplasm.
18F-FLT shows high liver and bone uptake but low brain uptake
and can be used to assess for brain metastases. Use of 18F-FLT in
early studies assessing treatment response has been reviewed by
Kong et al. (76).

FIGURE 3. PEM response to primary chemotherapy. This 53-y-old

woman presented with lump in left breast, corresponding to 4.3-cm irreg-

ular mass on mammography (not shown). Ultrasound-guided core biopsy

showed grade 3 IDC that was weakly estrogen receptor–positive (,4%),

progesterone receptor–negative, and HER2-positive, with axillary node

metastasis. (A) Initial PEM craniocaudal (upper) and MLO (lower) 10-min

images (day 0) obtained 1 h after intravenous injection of 370 MBq

(10 mCi) of 18F-FDG show intense uptake in irregular mass corresponding

to known cancer (arrows), with tumor-to-normal tissue ratio of 13.8. (B)

Seven days after first chemotherapy treatment with docetaxel, carbopla-

tin, and trastuzumab, PEM study was repeated using 370 MBq (10 mCi) of
18F-FDG, showing smaller mass (arrows) with less intense uptake and

tumor-to-normal tissue ratio of 5.9. (C) Fourteen days after first chemo-

therapy treatment, PEM study was repeated again using 370 MBq (10 mCi)

of 18F-FDG, showing further reduction in size of tumor mass (arrows) and

in intensity of uptake and tumor-to-normal tissue ratio of 4.5. At comple-

tion of treatment, lumpectomy showed residual 0.8-cm cancer and 1 of 10

axillary nodes were metastatic, consistent with partial treatment response.

Response to treatment within 7 d shown on PEM is predictive of overall

response. (Courtesy of Mary K. Hayes, MD, Memorial Healthcare System.)
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SUMMARY

Standardized technique and interpretive criteria are in place for
99mTc-sestamibi– and 18F-FDG–based dedicated breast imaging.
Evidence from women with cancer and screening studies to date
suggests that 99mTc-sestamibi–based breast imaging using dedicated
dual-head detector systems has sensitivity comparable to that of
MRI but higher specificity. Results to date may be biased by the
lack of direct MBI-guided biopsy and the resulting need for MRI of
equivocal findings. Importantly, direct stereotactic biopsy is avail-
able for BSGI. Efforts are ongoing to reduce radiotracer dose and
time to complete imaging, but 99mTc-sestamibi–based imaging has
been shown to be cost-effective for screening.
Breast PET also shows comparable sensitivity to MRI but higher

specificity, and direct PEM-guided biopsy is available. Both 99mTc-
sestamibi– and 18F-FDG–based breast imaging benefit from the pa-
tient fasting and sitting in warm conditions after the injection of a
radiotracer, but 99mTc-sestamibi imaging can begin essentially im-
mediately after injection, whereas breast PET requires a minimum
of a 1-h circulation time. PET tracers are high-energy and require
substantial shielding. Breast PET can be used in assessing the local
extent of breast cancer, and single-center results show some benefit
from 99mTc-sestamibi–based imaging, but neither has been shown
to reduce positive margins or recurrence; further study is needed.
Both methods show promise in assessing the response to primary
chemotherapy. Comparison of both methods with contrast-enhanced
mammography (77,78) is needed.
Importantly, although specificity appears favorable with nuclear

breast imaging, false-positives are not uncommon and can include fat
necrosis, fibroadenomas, papillomas, normal lymph nodes, abscesses,
phyllodes tumors, lobular carcinoma in situ, atypical ductal hyper-
plasia, and sometimes even fibrocystic change (61,79). Therefore,
it is important to correlate findings with mammography, other
breast imaging, and prior biopsy history and therefore to include
breast imaging specialists in interpreting nuclear breast imaging
studies. Percutaneous biopsy should be performed of any suspicious
findings on nuclear breast imaging that would change patient
management, and a “probably benign” assessment should be
avoided because of a malignancy rate exceeding 2%.
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