
For reprint orders, please contact: reprints@futuremedicine.com

33ISSN 1758-1923Breast Cancer Manag. (2015) 4(1), 33–40

part of

Breast Cancer
Management

10.2217/BMT.14.49 © 2015 Future Medicine Ltd

REVIEW

Molecular breast imaging: an emerging 
modality for breast cancer screening

Michael K O’Connor*

*Department of Radiology, Mayo Clinic, 200 1st Street SW, Rochester, MN 55905, USA; Tel.: +1 507 284 7083; Fax: +1 507 266 4461; 

mkoconnor@mayo.edu

January2015January 2015

SUMMARY	 Screening mammography is recognized as an imperfect imaging tool 
that performs poorly in women with dense breast tissue – a limitation which has driven 
demand for supplemental screening techniques. One potential supplemental technique is 
molecular breast imaging (MBI). Significant improvements in gamma camera technology 
allow MBI to be performed at low radiation doses, comparable with those of tomosynthesis 
and mammography. A recent screening trial in women with dense breast tissue yielded a 
cancer detection rate of 3.2 per 1000 for mammography alone and 12.0 per 1000 for the 
combination of mammography and MBI. MBI also demonstrated a lower recall rate than that 
of mammography. MBI is a promising supplemental screening technique in women with 
dense breast tissue.
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The need for supplemental screening techniques
Breast cancer screening programs were established in the USA and some European countries in the 
early 1980s, and evidence from both randomized trials and observational studies has shown that 
screening mammography in women aged 40–70 years has contributed to a substantial reduction 
in breast cancer mortality [1–3]. Despite the success of screening mammography, it is recognized 
as an imperfect imaging tool that has come under strong criticism in recent years for a variety of 
reasons discussed below [4,5].

Mammography is known to underperform in some women, notable those with dense breast tis-
sue [6]. The transition from analog-to-digital mammography and the addition of computer aided 

Practice points

●● 	Improvements in x-ray mammography (from analog to digital to tomosynthesis) have only marginally reduced the 
rates of cancer detection.

●● 	Nuclear medicine techniques in breast imaging have undergone a quantum leap in image quality and sensitivity over 
the last 5–10 years.

●● 	The latest nuclear medicine technique, molecular breast imaging (MBI) can be performed at radiation doses 
acceptable for routine breast cancer screening.

●● 	Addition of MBI to screening mammography in women with mammographically dense breasts increased the cancer 
detection rate from three to 12 cancers per 1000 women screened in two large screening studies.

●● 	Supplemental screening MBI appears to have a comparable or lower recall rate than screening mammography.

●● 	MBI offers a supplemental screening option with a favorable balance of increased diagnostic yield to false-positive 
findings which is well-suited to women with mammographically dense breasts.
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diagnosis has only marginally improved the per-
formance of mammography in this population, 
although it has led to a significant increase in the 
overall cost of breast cancer screening [7]. The 
limitations of mammography in the dense breast 
population are the primary driver for much of 
the legislation that has already passed in 19 states 
and are the focus of a federal bill mandating that 
women with dense breast tissue be informed that 
mammography has a limited ability to detect 
breast lesions in that population [8].

While the incidence of early-stage breast can-
cer has increased since the advent of screening 
mammography, there has been no decrease in the 
incidence of regional and metastatic disease at 
diagnosis, suggesting that much of the increased 
detection represents overdiagnosis [4]. The impli-
cation being that mammography results in the 
detection of indolent cancers that will never pro-
gress to become a lethal disease if left untreated, 
and yet has failed to detect cancers that impact 
survival. However in order to save lives, cancers 
need to be found at an earlier, more treatable 
stage, so early detection of small cancers is very 
important. To solve this conundrum, we need to 
focus on screening technologies that can detect 
cancers with the biological and functional sig-
natures that indicate likelihood to progress to 
aggressive disease [7].

Currently, the focus is on tomosynthesis as 
the next step to resolving the problems described 
above. Recent studies indicate that it will provide 
a measurable but small improvement in sensitiv-
ity and specificity [9] but is unlikely to solve the 
problems associated with breast density. There is 
also the issue of cost – mammography went from 
analog to digital with only a nominal increase 
in sensitivity (for certain subgroups), but with a 
factor of 4–5 increase in the cost of the technol-
ogy and a 50% increase in Medicare costs [10,11]. 
Tomosynthesis has recently been introduced at 
an additional equipment cost approximately 
50% that of digital mammography, and with 
a strong recommendation from the American 
College of Radiology that it be reimbursed [12], 
yet there is minimal comparative effectiveness 
evidence that the benefits of tomosynthesis out-
perform digital mammography in a clinically 
important way [13].

Mammography remains the primary screen-
ing tool for breast cancer despite the fact that 
there are supplemental modalities that appear 
to perform significantly better [13]. By definition 
a supplemental technique is something added 

to complete the primary technique and should 
offer a small incremental improvement in either 
sensitivity/specificity or both. If a ‘supplemental’ 
technique is considerably better than the pri-
mary technique then it should no longer be con-
sidered supplemental, but rather as a replacement 
technique. In this article, we discuss one supple-
mental technique that appears to offer a signifi-
cant improvement in tumor detection compared 
with mammography. Is it the ‘best’ technique? 
– probably not, but it is one of several technolo-
gies that may rival or exceed mammography for 
cancer detection. We have moved from analog 
mammography through digital mammography 
to tomosynthesis with only small percentage 
gains – it may be time to seriously consider alter-
native technologies as the primary tools for early 
detection of breast cancer, particularly in women 
with dense breast tissue.

Molecular breast imaging (MBI) is one of sev-
eral promising supplemental techniques, along 
with other technologies such as positron emission 
mammography [14,15], ultra-fast MRI [16] and con-
trast enhanced CT [17] that may be viable alter-
natives to mammography. In considering what 
qualifies as a suitable supplemental technique, 
there are a number of criteria that are highly 
desirable. It needs to be easy to disseminate 
widely, it must allow for rapid interpretation by 
the radiologist, it must have high patient accept-
ance, and it must complement mammography by 
performing well in areas where mammography is 
known to perform poorly. MBI is one technique 
that appears to meet the above criteria and in the 
review below we discuss the strengths and limi-
tations of this technology and the reasons why 
it merits consideration as an important imaging 
tool for women with dense breast tissue.

Historical background to breast imaging 
in nuclear medicine
While a number of different radiopharmaceuti-
cals were known to demonstrate uptake in breast 
cancer [18], it was not until the availability of 
Tc-99m sestamibi in the early 1980s that breast 
imaging in nuclear medicine received serious 
attention. Tc-99m sestamibi was developed as a 
cardiac imaging agent and very rapidly replaced 
Tl-201 in nuclear cardiology [19]. Shortly after 
its introduction, it was noted that sestamibi also 
localized in several types of tumors, primarily 
parathyroid adenomas, lung cancer and breast 
cancer. The first report of avid Tc-99m sesta-
mibi uptake in breast cancer was by Aktolun 
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et al. in 1992 [20]. Another new cardiac imaging 
agent, Tc-99m tetrofosmin, with properties very 
similar to Tc-99m sestamibi, was also reported 
to have avid uptake in breast tumors [21]. These 
serendipitous discoveries of radiopharmaceutical 
uptake in breast cancer led to the development of 
scintimammography, the name given to nuclear 
medicine breast imaging performed with conven-
tional scintillating gamma cameras. Several large 
multi-center trials, along with a meta-analysis of 
scintimammography literature performed prior 
to 1999 reported an overall sensitivity between 
71 and 93%. However this dropped to 40–61% 
when only nonpalpable masses were considered 
[22,23], leading to the overall conclusion that scin-
timammography was not able to provide reliable 
detection of nonpalpable, small breast tumors 
[24,25]. This decreased sensitivity for small breast 
tumors was attributed to the limited resolving 
power of conventional gamma cameras [26]. At 
the time, investigators also suspected that Tc-99m 
sestamibi had poor uptake in some breast cancers 
[26,27]. As a result, breast imaging with nuclear 
medicine was largely abandoned by the late 1990s. 
At the same time, however, researchers were just 
beginning to explore the potential of new dedi-
cated nuclear systems that offered significantly 
improved detection of small breast lesions [28].

About 15 years ago, the first compact gamma 
camera system optimized for breast imaging 
became commercially available. Known as 
breast-specific gamma imaging (BSGI), this 
technology achieved a substantial improvement 
in spatial resolution by enabling the gamma cam-
era to be positioned close to the breast in a man-
ner analogous to mammography. Technical fac-
tors limited pixel size in these systems to greater 
than 3 mm and these systems had poorer energy 
resolution than conventional gamma cameras 
[29–31] which degraded image contrast. However, 
because of the greatly reduced lesion-to-detector 
distance, these systems achieved a substantial 
improvement in the sensitivity for the detection 
of small breast cancers (<10 mm), with reported 
sensitivities ranging from 67 to 87% [26,32].

Over the last 10 years, a new generation of 
dedicated breast imaging systems has emerged 
based on solid-state detectors that utilize mate-
rials such as cadmium zinc telluride. These 
detectors provide better energy resolution and 
smaller pixel sizes than the earlier BSGI systems 
[33,34]. Usually referred to as MBI systems, these 
employ two opposing small cadmium zinc tel-
luride detectors in a dual-head configuration. 

This allows the breast to be lightly compressed 
between the two detectors as with BSGI. MBI 
systems can achieve an intrinsic resolution down 
to 1.6 mm, with the possibility of even finer reso-
lution in the future [35]. While a dual-head con-
figuration is more expensive than a single-head 
system, this arrangement has the advantage of 
ensuring that a breast lesion can never be more 
than half of the breast thickness from either 
detector. This results in improved sensitivity for 
the detection of small breast tumors, particularly 
those located in the upper inner quadrant of the 
breast [36], with reported sensitivities of 82–91% 
for tumors less than 10 mm in size [36,37].

Radiation dose concerns
Concern about the radiation risk associated with 
nuclear medicine breast imaging is one of the pri-
mary factors that have limited its clinical adop-
tion. The breast is considered one of the most 
radiosensitive organs in the body [38]. Hence 
there will always be considerable scrutiny of any 
breast imaging procedure that involves ionizing 
radiation. Numerous reports have documented 
the very low risk of any harmful effects associ-
ated with radiation received from mammography, 
and that risk is even lower with today’s digital 
mammography detectors [39]. Hence, in order to 
compete against mammography with respect to 
radiation dose, various technological enhance-
ments and dose reduction strategies have been 
implemented that allow MBI to be performed at 
radiation doses comparable with mammography.

Scintimammography initially employed 
doses of Tc-99m sestamibi in the range of 740–
1110 MBq resulting in an estimated absorbed 
dose to breast tissue of up to 2 mGy. While this 
is less than the mean glandular dose to the breast 
with digital mammography (∼4 mGy), most of 
the radiation burden from Tc-99m sestamibi is 
to organs other than the breast, mainly the upper 
and lower intestines. Hence it is more appropri-
ate to utilize effective dose when comparing the 
two modalities. Using an administered dose of 
1110 MBq, the comparable effective dose to a 
patient from Tc-99m sestamibi is 8.1 mSv [40]. 
By comparison, the effective dose from digital 
mammography is 0.5 mSv and that from mam-
mography combined with digital breast tomos-
ynthesis is 1.2 mSv – a factor of approximately 
seven-times less [41,42].

With the development of BSGI systems, 
image quality was improved but the admin-
istered dose of Tc-99m sestamibi remained 
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comparable to that employed by conventional 
scintimammography [26]. Considerable work 
has been done over the last few years to improve 
the sensitivity of MBI through innovations in 
the technology and through optimization of 
patient preparation [43–45]. This has allowed 
the administered dose of Tc-99m sestamibi 
to be reduced to approximately 150 MBq, 
and promising work with some of the newer 
radiopharmaceuticals may yield an additional 
factor of 2–3 reduction [46]. This would bring 
the effective dose down below that of digital 
mammography, which is generally considered 
to deliver an effective dose of approximately 
0.5 mSv [41]. Administered doses of approxi-
mately 150 MBq Tc-99m sestamibi result in a 
breast dose of 0.25 mGy and an effective dose 
of approximately 1.1 mSv to the body. At these 
dose levels, it is now reasonable to consider the 
incorporation of MBI into a screening regime. 
Note: the US FDA Mammography Quality 
Standards Act and Program requires that a sin-
gle mammographic exposure not exceed 3 mGy, 
equivalent to an effective dose of 1.4 mSv for a 
standard two-view mammogram [47].

It is helpful to note that despite radiation scare 
articles that occasionally appear in the scientific 
press [48–50], the major scientific organizations 
that oversee radiation protection have provided 
a consistent message that speculative estimates 
of radiation induced mortality at doses at or 
below worldwide background levels (2–10 mSv) 
using hypothetical models with extrapolation 
from high dose studies is both unsound sci-
ence and inappropriate use of these risk models 
[51–54]. The risk of breast cancer is real (one in 
eight women will develop breast cancer over 
their lives) and the radiation doses associated 
with mammography and tomosynthesis have 
been determined to be of very low risk com-
pared with the expected mortality reductions 
achievable through mammographic screening. 
The hypothetical deaths from background 
radiation are more than 50-times greater than 
those from the cumulative effects of 40 years of 
screening mammography [42]. With improve-
ments in instrumentation and better radiophar-
maceuticals, we believe that nuclear medicine 
procedures are capable of achieving comparable 
or lower effective doses than that from mam-
mography, thereby minimizing the impact of 
radiation concerns as a barrier to widespread 
application of nuclear medicine technologies in 
breast imaging.

Evaluation of MBI as a supplemental 
screening technique
The first screening trial evaluating MBI in 
women with dense breast tissue was reported 
by Rhodes et al. in 2011 [55]. This single-center 
trial compared the efficacy of MBI and screen-
ing mammography in 936 asymptomatic women 
with dense breasts and additional risk factors for 
breast cancer. Results showed that the addition of 
a one-time or prevalence screen MBI, performed 
using 740 MBq Tc-99m sestamibi, to incident 
screening mammography significantly increased 
diagnostic yield from 3.2 per 1000 with mam-
mography alone to 10.7 per 1000 with the com-
bination of tests (p = 0.016). Although the speci-
ficity of incident mammography and prevalent 
MBI used independently was similar (91 vs 93%, 
respectively), the specificity of the combination 
of techniques was reduced to 85% (p < 0.001 
when compared with mammography alone).

The major limitation of this pilot study was 
the high administered dose of Tc-99m sestamibi, 
and it raised the valid question as to whether or 
not the technology would perform in a similar 
manner at lower doses. Following implementa-
tion of many of the technical improvements to 
MBI mentioned above, a second large screen-
ing trial has now been completed using a lower 
administered dose of approximately 240 MBq 
Tc-99m sestamibi [56]. This trial again recruited 
an asymptomatic population of women with 
dense breast tissue, although it differed slightly 
from the first trial in that no other risk factors 
were considered for entry into the trial. A total 
of 1587 women were successfully screened with 
MBI and followed up for 1 year in order to 
determine a reference standard comparable to 
that used in similar trials such as ACRIN 6666 
[57]. Again the cancer detection rate per 1000 
screened was 3.2 (95% CI: 1.3–7.4) for mam-
mography alone and 12.0 (95% CI: 7.7–18.6; p 
< 0.001) for the combination of mammography 
and MBI, with a supplemental yield of 8.8 (95% 
CI: 4.3–13.3) – results that were almost identical 
to those reported in the first trial [50]. The speci-
ficity of incident mammography and prevalent 
MBI used independently was again very simi-
lar (89 vs 94%, respectively). The specificity of 
mammography with adjunct MBI was 83.4% 
(p < 0.001 when compared with mammography 
alone). We would anticipate that with repeated 
MBI screening, the specificity would improve, 
as some of the more common false positives seen 
with MBI, such as uptake in fibroadenomas or 
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intramammary lymph nodes, can be ruled out 
when a prior MBI can be referenced.

Comparison between the results of these 
two trials and those with other supplemental 
screening techniques is difficult as the reference 
population differs in terms of risk factors, breast 
density, and so on. Nevertheless, with this caveat, 
Table 1 shows the supplemental yield from the 
MBI study described above and recent studies on 
handheld ultrasound [57], MRI [58], tomosynthe-
sis [9,58], and most recently, automated ultrasound 
[59]. Supplemental yield with MBI is higher than 
that with either ultrasound or tomosynthesis 
and is approaching the level seen with contrast-
enhanced breast MRI. MBI offers a significant 
advantage over ultrasound as it can be interpreted 
rapidly and requires minimal radiologist training 
to achieve substantial interobserver agreement 
for BI-RADS final assessment category [60,61]. 
Figure 1 shows examples of the complete image 
sets in a normal study and in two cases of inva-
sive carcinoma. The small number of images 
(typically eight) and compact datasets, should 
allow this technology to be rapidly disseminated 
into community practices without requiring the 
investment in data storage and network band-
width required of competing technologies such 
as tomosynthesis and contrast-enhanced breast 
MRI. The lower cost of the MBI technology and 
its small footprint provide additional advantages 
of MBI over contrast-enhanced breast MRI in 
this type of practice.

Relative to the issues discussed above with 
screening mammography, consider that approx-
imately 80% of cancers seen only on MBI were 
invasive, suggesting that MBI is not selectively 
detecting clinically unimportant cancers (over-
diagnosis) [56]. Four-fifths (9/11) of the invasive 
cancers seen only on MBI were node negative, 
suggesting that MBI contributes to early detec-
tion of clinically important cancers [56]. MBI 
also detected larger and node-positive invasive 
cancers that were mammographically occult, 
suggesting a role for MBI in identifying cancers 
masked on repeated mammographic screenings 
by dense breast parenchyma.

Like every technology, MBI has its limita-
tions. False-positive findings can occasionally 
be observed in intramammary lymph nodes 
and in a number of benign conditions such 
as fibroadenomas, papillomas, fat necrosis etc. 
[63]. Lesions less than 4–5 mm in size are usu-
ally poorly seen [36] and any lesion close to the 
chest wall may be missed as it is difficult to 
position the breast in the detector such that 
tissue adjacent to the chest wall is well seen. 
Similar to background parenchymal enhance-
ment seen on MRI, physiologic background 
uptake of Tc-99m sestamibi can occur in nor-
mal breast glandular tissue, and is typically 
observed in 10–20% of studies. Scheduling the 
MBI study at a favorable time in the patient’s 
menstrual cycle can help minimize this effect 
[64].

Table 1. Comparison of the cancer yield (cancers detected/1000 women screened) for mammography and various adjunct 
screening techniques (ultrasound, MRI, tomosynthesis and molecular breast imaging).

Supplemental screening modality Cancers detected (n) per 1000 
women screened

Cancers detected (n) per 1000 
women screened + adjunct 

Supplemental 
yield†

Increase in 
cancers 
detected (%)

Ref.

Ultrasound ACRIN 6666 year 1 dense 
breast + additional risk

7.5 12.8 5.3 71  [57]

Ultrasound ACRIN 6666 year 2, 3 
dense breast + additional risk

8.1 11.8 3.7 46 [62]

MRI ACRIN 6666 year 3 dense breast 
+ additional risk

8.2 26.1 17.9 220 [62]

Tomosynthesis (Skaane) age 50–69 
years all densities

6.1 8.0 1.9 31 [9]

Tomosynthesis (Ciatto) age ≥48 
dense subset

4.1 6.6 2.5 61 [58]

Automated ultrasound (Brem) dense 
breasts

5.4 7.3 1.9 35 [59]

Standard dose MBI dense breasts 3.2 10.7 7.4 231 [55]

Low-dose MBI dense breast 3.2 12.0 8.8 275 [56]
†Supplemental yield is given as (number of cancers detected per 1000 women screened + adjunct) - (number of cancers detected per 1000 women screened). MBI: Molecular 
breast imaging.
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Figure 1. (A) Example of a complete molecular 
breast imaging (MBI) image set in a patient with 
no known breast disease. Images are presented 
in the standard mammographic orientation - 
cranio-caudal (CC) and mediolateral oblique 
(MLO). Each column shows the images acquired 
from the two opposing detectors. (B) Complete 
MBI image set in a patient with invasive ductal 
carcinoma. Patient presented with a small 
palpable mass in the right breast that was 
negative on diagnostic mammogram. MBI 
showed a small focal area of increased uptake 
(arrows) best seen on the upper detector CC and 
MLO views.  Target ultrasound showed a 6 mm 
× 7 mm × 5 mm hypoechoic nodule. Pathology 
indicated an infiltrating ductal carcinoma, 
Nottingham grade II (of III), measuring 0.7 cm in 
greatest linear extent. (C) MBI study in a patient 
with invasive mammary carcinoma. Patient had 
heterogeneously dense breast tissue on a recent 
mammogram with no evidence of malignancy. 
A mass was noted in the left breast as an 
incidental finding on a CT scan of the chest. 
Targeted ultrasound showed a 14 mm × 9 mm 
hypoechoic mass in the left breast at 11 o’clock 
middle depth 5 cm from the nipple. MBI showed 
a 14-mm lesion in the upper inner left breast 
(solid arrows), as well as intense uptake in the 
left axilla corresponding to axillary lymph node 
metastases (open arrow). Pathology indicated 
mixed infiltrating ductal/lobular carcinoma, 
Nottingham grade III (of III), measuring 1.4 cm in 
diameter. 
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Conclusion & future perspective
US Preventative Services Task Force’s last 
recommendation on breast cancer screening, 
released in 2009, sparked immediate contro-
versy after it rescinded the group’s recommen-
dation that women in their 40s receive routine 
mammography screening [65]. As 5 years have 
now passed, their policy is again due for review. 
With the controversy on mammography con-
tinuing unabated, the next set of recommenda-
tions from this task force are unlikely to quell 
this debate and may further downgrade the reli-
ance on mammography as the primary screening 
modality. Coupled with the expanding legisla-
tion on breast density [8], this is likely to increase 
the demand from patients and clinicians for 
supplemental screening techniques. This then 
poses the question, which supplemental screen-
ing technique has the best balance of increased 
cancer detection to false-positive findings and 
which will best be accepted by patients and 
providers?

While two clinical trials have demonstrated 
the value of MBI, it is likely that a head-to-head 
comparison of MBI, ultrasound and tomosyn-
thesis in a multi-trial setting will be required to 
confirm the findings of these two single-center 
trials. The key outcomes that will be scruti-
nized from such a trial are the invasiveness 
and node negativity of the cancers detected by 
each modality, as these outcomes will begin to 
directly address issues related to overdiagnosis 
and failure to reduce the rate at which women 
present with advanced disease. We suspect that 
of all the modalities tested, mammography will 
be the poorest performer, which may ultimately 
raise the question of why this should remain the 
primary screening modality. Only an appropri-
ately powered multicenter screening trial set in 
both academic and community practice setting 
will eventually resolve this question.
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