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Breast cancer (BC) is the most common malignancy and the
second leading cause of cancer death in females, accounting in
the USA for 29% of the total new cancer cases and 14% of the
total cancer deaths in 2012 [1]. Early diagnosis and treatment
are of the utmost importance to improve prognosis.

For detection and characterization of primary breast
lesions, anatomical imaging including mammography, ultra-
sonography, and MRI are commonly employed. Scintimam-
mography is a molecular nuclear medicine technique for
breast imaging which uses single-photon radiopharmaceut-
icals such as 99mTc sestamibi and 99mTc tetrofosmin. It is a
functional imaging modality so some of the main drawbacks
of mammography are resolved [2]. It was developed almost
20 years ago with standard large field-of-view (FOV) gam-
ma cameras. Certainly, the principal limiting factor in the
clinical acceptance of scintimammography has been its low
sensitivity for cancers of ≤1 cm in size, mainly because of
the lack of suitable equipment specifically designed for
breast imaging.

Dedicated gamma cameras specifically built for breast im-
aging are now available. The use of these breast-optimized,
small FOV, high-resolution cameras allows both greater flex-
ibility in patient positioning (improving breast imaging by
limiting the FOV and reducing image contamination from
other organs, i.e. liver and heart) and breast compression, with

an important increase in the target-to-background ratio [3]. In
fact, the detector can be placed directly against the chest and a
mild compression is possible, to reduce breast thickness and
improve the camera’s sensitivity. Moreover, by design, these
specific cameras are also able to provide better intrinsic and
extrinsic spatial resolution than standard ones, with an en-
hancement in contrast resolution for small lesions [4], and to
acquire projections similar to those of mammography (cranio-
caudal, mediolateral oblique and true lateral).

Studies comparing standard and breast-specific cameras
have provided clinical evidence that the dedicated ones show
better accuracy in molecular breast imaging, especially in
increasing the sensitivity for subcentimetre lesions [4–6]. It is
worth noting that a recent retrospective review of one institu-
tion’s experience with breast-specific gamma imaging (BSGI)
has indicated that this test is not only both sensitive (93%) and
specific (79%) for the identification of BC, but it is also helpful
as an adjunct to standard breast imaging modalities for prob-
lem solving in indeterminate cases [7]. Moreover, in this study
including 416 cases, BSGI was demonstrated to be useful in
evaluating lesions difficult to biopsy and in patients who
desired further testing rather than biopsy or short term
follow-up of their breast abnormality.

These interesting data have been then confirmed in a
multicentre clinical patient registry analysis, which aimed
to quantify the impact of BSGI on the management of
patients with BC in clinical practice, and to identify the
subgroups benefiting more from the use of this examination
[8]. A total of 1,042 patients were evaluated. All of them
had at least one (the majority two or more) of the following
indications: equivocal mammography or ultrasonography
findings; a personal history of BC; a family history or other
factors establishing a high risk of developing BC; a recent
positive mammogram; clinical findings such as a palpable
mass, breast pain or bloody nipple discharge; dense breast
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tissue difficult to image by mammography. BSGI was positive
in 408 patients (227 malignant or high-risk lesions requiring
additional intervention), negative in 634 patients (23 with
malignant or high-risk lesions), and indeterminate in 69
patients (all benign lesions), with an overall sensitivity of
91% and a specificity of 77%. In particular, BSGI significantly
contributed to the detection of malignant and high-risk lesions
in patients with a negative or indeterminate mammogram, and
it improved management in patients with indeterminate mam-
mographic findings when compared with ultrasonography.

Although BSGI is still not widely available or routinely
used, in 2010 the Society of Nuclear Medicine (SNM) pub-
lished a practice guideline for BSGI to assist breast imaging
practitioners in selecting patients, and for performing, inter-
preting and reporting this examination [9]. In the SNM guide-
line, interpretation criteria for BSGI are included, suggesting
the importance of having a common language for the descrip-
tion of findings. This issue is clearly highlighted in the paper
by Conners et al. [10] published in the current issue of the
European Journal of Nuclear Medicine and Molecular Imag-
ing, which proposes a lexicon for standardized interpretation
of BSGI, selecting cases from a database of more than 3,000
examinations.

The need for consistent and universally understood termi-
nology in breast imaging was recognized by the American
College of Radiology (ACR), which, in an attempt to achieve
uniformity in mammographic interpretation, proposed the
Breast Imaging Reporting and Data System (BI-RADS) to
describe the radiologist’s level of suspicion about the mam-
mographic findings [11]. This initiative was the first practice
management system developed for imaging, and it was begun
to address the lack of standardization in mammography prac-
tice reporting. An important component of the BI-RADS is the
lexicon, a dictionary of descriptors of specific imaging fea-
tures, but it also contains a suggested reporting structure (with
final assessment categories and accompanying management
recommendations), and a framework for data collection and
auditing. The establishment of this lexicon has provided new
opportunities for communication, quality assurance, research
and improved patient care.

After the initial creation of BI-RADS for mammography
in 1992 [11], three more editions were published in 1995,
1998 and 2003 [12]. Subsequently, the need for a breast
ultrasonography lexicon was recognized by the ACR, and
using techniques similar to those for the mammography BI-
RADS, agreement on terminology and assessment categori-
zation was reached by consensus of an expert working
group and its subcommittee on lexicon development. As a
result of similar problems in reporting breast abnormalities
on MRI, a lexicon for contrast-enhanced breast MRI was
also developed. The objective of the ACR BI-RADS lexicon
for MRI is to standardize the language in breast MRI report-
ing, to aid clinicians in understanding the results of breast

MRI for subsequent patient management, and in scientific
research to aid comparison of studies using similar termi-
nology [12].

The BI-RADS assessment has been shown to be very
useful for improving the quality of breast image interpretation
(mammography, ultrasonography and MRI) by providing a
standard language which can be adopted to compare findings
across multiple scientific studies and enable all radiologists to
describe imaging findings in a consistent manner. Moreover,
the BI-RADS final assessment categories and their accompa-
nying management recommendations have become the stan-
dard by which physicians determine breast care on the basis of
imaging [12]. Therefore, the implementation of a lexicon for
describing BSGI as proposed by Conners et al. [10] is highly
advisable for the development of this technique, because it is
necessary that the terminology is easy to understand and
consistently used by interpreting nuclear medicine physicians.
On the other hand, a similar lexicon has recently been pub-
lished for the standardized reporting of the findings of positron
emission mammography (PEM), an emerging molecular im-
aging technology which produces high-resolution tomograph-
ic images of 18F-FDG uptake in the breasts [13].

With increasing use of BSGI, there is clearly a need for
standardized terminology to describe its outcomes, for in-
terpretation and to provide management recommendations,
similar to the standardized classification that already exists
for other breast imaging modalities. The lexicon of Conners
et al. [10] includes descriptors of lesion type, location, size,
features and radiopharmaceutical uptake both in lesions and
background parenchyma, and associated findings, and it was
developed by three fellowship-trained, dedicated breast
radiologists (blinded for review). It was constructed taking
into account the terms adopted for the other BI-RADSs and
with the aim of being unified with the lexicon for PEM [13].

Variability in BSGI interpretation can be due both to
differences in detection of lesions and to variations in lesion
characterization and subsequent management. The descrip-
tors in the lexicon should be selected on the basis of their
ability to discriminate between benign and malignant find-
ings, in order to achieve a high sensitivity (true-positive
rate) that is not at the expense of a low specificity (false-
positive rate). In the study by Conners et al. [10], for six
independent observers, the median sensitivity was 100%,
the specificity was 88%, the negative predictive value was
100% and the positive predictive value was 85%. The six
breast imaging radiologist observers did not have any prior
experience in interpreting BSGI and had only attended a 2-
h didactic BSGI training session. These findings are clearly
of value, and indicate that dedicated breast imaging radiol-
ogists, newly trained to evaluate BSGI using the proposed
lexicon, are able to obtain a high diagnostic accuracy.

However, it is important for wider clinical acceptance of
the standardized interpretation, that a similar study should
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be performed in a larger series of patients, in particular includ-
ing a high number of BCs <1 cm in size. In their patient
population, Conners et al. [10] evaluated BCs ranging in size
from 1 to 6.3 cm, but BSGI also has the potential to yield an
improved sensitivity in the detection of subcentimetre malig-
nant lesions. In a group of 124 patients with BC, BSGI was
able to detect 41 out of 45 (91.1%) malignant lesions ≤1 cm
and 98/98 (100%) malignant lesions >1 cm, and in relation to
palpability, the examination identified 38 out of 41 (92.7%)
nonpalpable lesions and 101 out of 102 (99%) palpable
lesions [14]. Moreover, it will surely also be interesting to
evaluate and validate the use of this new lexicon among
nuclear medicine physicians with previous experience in stan-
dard scintimammography and/or in BSGI but not dedicated
only to breast imaging.

Another fundamental outcome of the study by Conners et
al. [10] is the interobserver agreement for final assessment
of BSGI alone, i.e. without mammography, with a mean
kappa of 0.8, and the agreement of observers with expert
consensus (kappa 0.83). This interobserver agreement is
higher than that reported in validation studies of other breast
imaging modalities [10], including PEM [15], and also
when compared to a previous BSGI report evaluating BC
screening in women with mammographically dense breasts
[16]. In this latter study, two observers retrospectively ex-
amined images obtained with a dedicated dual-head gamma
camera for the presence of abnormal radiopharmaceutical
uptake, using a five-point score (10no abnormality, 50
highly suspicious for malignancy). Nevertheless, the patient
population evaluated in this screening study was completely
different from that included in the study by Conners et al.
(11 BCs in 936 women vs. 20 malignant lesions in 50
breasts, respectively). Finally, it is also of the utmost impor-
tance to validate the use of the new lexicon among observers
from different institutions.

When we look at the results of lexicon agreement in
specific fields, there was a substantial interobserver agree-
ment for lesion type, distribution of non-mass lesions and
lesion intensity, but it was only fair for background paren-
chymal uptake (kappa 0.31). The limits of the description of
the degree of radiopharmaceutical uptake in the normal
breast parenchyma, with the subcutaneous fat as reference,
could be overcome by the quantification of uptake. Recent-
ly, the development of a dual-head camera for BSGI has
allowed the simultaneous acquisition of opposing breast
views, providing the quantification of lesion parameters
including size, depth to the collimator face and relative
tracer uptake [17]. Validation of the methods by Monte
Carlo and phantom simulations have shown that using the
measured lesion diameter and measurements of counts in the
lesion and background breast region, relative radiotracer
uptake and tumour to background ratio can be accurately
calculated [18].

In the final assessment of BSGI interpreted with correlating
mammograms the agreement was almost perfect (kappa 0.87).
The fact that only four cases were given an assessment of 3 (i.e.
probably benign) when BSGI was interpreted in conjunction
with mammography clearly indicates that nuclear breast imag-
ing techniques should be performed only as an adjunct to
mammography in specific clinical indications, and not as a
first-line test to detect BC, and that the integration of functional
and anatomic images is also able to improve the diagnostic
accuracy of breast imaging.

Additionally, the introduction of the subcategories 4a, 4b
and 4c has been beneficial in stratifying the likelihood of
malignancy in lesions recommended for biopsy. In fact, the
lesions of category 4 are suspicious abnormalities which do
not have the characteristic morphologies of BC, but have a
definite low to moderate probability of being malignant.
BSGI may result in sufficient concern for the breast imaging
practitioner to urge a biopsy, and if possible the relevant
probabilities should be cited so that the patient and her
physician can make the decision on the ultimate course of
action. The agreement among observers for the presence of
associated findings should be further evaluated, especially
regarding the uptake in the axilla, which can be related to
the presence of lymph-node metastases. The possible clini-
cal role of BSGI in detecting such metastases deserves more
studies [19].

Because interobserver agreement with the proposed lex-
icon is good, its use may provide accurate and consistent
descriptions and assessment for BSGI. All other systems
which were previously used often contain subjective and
undefined terms. This new lexicon provides a standardized
language for the interpretation of BSGI, so reducing confu-
sion, and it is a quality assurance tool also designed to
standardize reporting and facilitate outcome monitoring.
Nevertheless, only the development and large availability
of BSGI will allow this modality to really become routine in
breast imaging. Moreover, to be clinically important, BSGI
will need to show equivalent performance at decreased
radiation doses [20]. Therefore, multicentre studies in larger
series should be performed before BSGI can be definitively
proposed as a diagnostic modality for BC detection, partic-
ularly at an early stage, taking into account the possible
future role of PEM in this clinical scenario.

In conclusion, the addition of the lexicon proposed by
Conners et al. for BSGI [10] is helpful and could be used with
good agreement among nuclear medicine physicians, even
those without previous specific training in this new terminol-
ogy, after validation in this specific group. In the near future, it
will be important to determine whether training in this
lexicon’s feature analysis would improve observer agreement
with experienced breast imagers in BSGI lesion description
and final assessments (management recommendations). It is
worth noting that even experienced breast imagers show
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improved agreement in feature analysis and final assessment
following BI-RADS training [21]. Moreover, continued de-
velopment of methods to improve standardization of BSGI
interpretation is needed. However, the lexicon should be ar-
ranged so as to be adopted in everyday practice, and its
constant use should make it possible to issue meaningful,
unambiguous breast BSGI reports. The dissemination of
knowledge of the BSGI lexicon could also facilitate the crea-
tion of databases for longitudinal studies relating imaging
findings with pathological outcomes. Once established, the
lexicon will facilitates the comprehension of BSGI results by
all members of the multidisciplinary breast care team (radiol-
ogists, surgeons, pathologists, oncologists, radiation oncolo-
gists and others), so improving patient care.
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