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Dual-energy contrast-enhanced spectral mammography 
(CESM) is a novel imaging modality. It enables anatomical 
and functional imaging of the breast (1). At CESM two 
images of each view are obtained, at two energy levels. The 
first is a low-energy image depicting breast morphology. 
This image is equivalent to standard 2D mammography. 
The second image is a subtracted image highlighting 
areas of contrast uptake that can indicate malignant 
neovascularization (2).

First introduced in 2003 by Lewin et al. (3) CESM has 
gained increasing interest in the literature with promising 
results (4). In 2011 the Food and Drug Administration 
approved CESM as a supplemental imaging tool for 
diagnostic purposes, to localize known or suspected breast 
lesions (5). CESM has since been implemented in clinical 
care mainly in the diagnostic setting, as a problem-solving 
tool for inconclusive findings (6), for evaluation of disease 
extent and for breast cancer staging (7-9). A few recent 
publications have also assessed CESM for breast cancer 
screening (10-13). 

In a retrospective study published recently in Radiology 
(2019), Sung et al. assessed CESM as an alternative to 
standard mammography for breast cancer screening (13).  
The authors compared between the whole CESM 
examination (both low energy and subtracted images) 
and the low energy images alone. In their analysis, they 
included 858 baseline CESM examinations, which is the 
largest published cohort for CESM screening to date. 

Their study population had increased risk for breast cancer, 
including a majority of women with dense breasts and a 
large proportion of women with family or personal history 
of breast cancer. Sung et al. used biopsies or imaging follow 
up of one year as their standard reference. There were a 
total of 15 cancers in 14 women detected at the time of 
screening. Those included six ductal carcinomas in situ 
(DCIS), six invasive ductal carcinomas (IDC), two invasive 
lobular carcinomas and one invasive adenosquamous 
carcinoma. Three additional interval cancers (two DCIS 
and one IDC) in two women were detected at the first year 
of follow-up. 

There are several key results to the Sung et al. study (13).  
The addition of contrast-enhanced images depicted 
seven malignant lesions that were not detected at the low 
energy images. The sensitivity as compared to standard 
mammography significantly increased from 50% to 87.5% 
(P=0.03). Respectively, the negative predictive value also 
increased from 99.0% for standard mammography to 99.7% 
at CESM (P=0.02). Specificity on the other hand decreased 
from 97.1% at standard mammography to 93.7% at CESM 
(P<0.001). As a consequence, there was an increase in false 
positive findings from CESM and a resultant increase in the 
number of benign biopsies performed. 

Looking at the characteristics of cancers from the Sung 
et al. study (13), the lesions detected only at CESM include 
two DCIS, three IDC and two invasive lobular carcinomas 
(ILC). As previously reported by Kuhl et al. breast MRI 
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could improve DCIS diagnosis, and specifically high-grade 
DCIS lesions (14). Theoretically, this could also be the 
case for CESM, as it can depict areas of increased contrast 
uptake at the subtracted images and calcifications at the 
low-energy images. CESM can therefore depict DCIS even 
in the absence of calcifications at 2D mammography. There 
are two published studies that assess CESM utility for 
calcifications (15,16), but none yet to assess DCIS lesions 
that do not calcify. 

It is interesting to note that the two ILCs in this study 
were depicted only at contrast-enhanced images (13). 
ILC can be challenging for diagnosis both clinically and 
radiologically. That is because these lesions often do not 
form a palpable mass, and they can be elusive or have 
atypical appearance at standard mammography (17). Breast 
MRI and US perform better when imaging ILC and 
are used as supplemental modalities (18). The reported 
sensitivity of MRI for ILC is around 93% (19). MRI is 
the preferable imaging modality for preoperative disease 
extent assessment of ILC due to the frequent incidence of 
multifocal and bilateral disease (20). As CESM also provides 
functional imaging and highlights areas of hypervascularity, 
it may be suitable for ILC imaging. One recent study 
by Patel et al. examined CESM for the assessment of 
disease extent in women with known ILC lesions (21). 
They reported the superiority of CESM over standard 
mammography at this task. We can only speculate that 
CESM may outperform standard mammography at ILC 
detection in screening as well. It remains to be a topic of 
interest for future studies and we hope that those are soon 
to come. 

Another parameter we would like to highlight from 
the Sung et al. study is their reported incremental cancer 
detection rate for CESM, which was 6.6/1,000 (13). In a 
different study assessing CESM for screening, incremental 
cancer detection rate was as high as 13.1/1000 (11). Using 
CESM over standard 2D mammography therefore has 
the potential to detect about 6-13 additional cancers in 
every 1,000 women. These numbers exceed what was 
previously reported for the addition of whole breast US 
as a supplement to screening mammography, which is 
in the range of 1.7–7.7/1,000 (22). They also exceed the 
numbers reported for digital breast tomosynthesis. Breast 
tomosynthesis is another fairly recent technological advance 
that enables a type of “three-dimensional” mammographic 
image when multiple thin image slices are acquired. The 
incremental rate for tomosynthesis was reported to be around 
1.2–2/1,000, with no increase in detection of DCIS (23-25). 

It is important to keep in mind that Sung et al. in their 
study, evaluated women with dense breasts and increased 
risk for breast cancer, a population for which screening with 
standard mammography has limited sensitivity. Women 
at intermediate breast cancer risk (15–20% lifetime risk) 
fall in a gap in which there are no conclusive guidelines 
for breast cancer screening. There is however increased 
interest into personalized screening, adjusted for risk. 
Recently “density notification” laws were established in the 
United States (26). These laws require informing women 
of their breast density, and some require informing that 
additional imaging modalities can detect cancers not visible 
at standard mammography. The basis for these regulations 
is that diagnosis of cancers before their clinical presentation 
is more likely to result in successful intervention. With 
these new legislative requirements, there is an increase in 
supplemental breast US and MRI, as well as an increase 
in confusion among physicians regarding the preferable 
imaging work-up for these women. We certainly believe 
that as Sung et al. suggest there may be an important role 
for CESM in breast cancer screening of certain women. 
CESM imaging however needs to be standardized with 
guidelines that are still astonishingly lacking. Unfortunately, 
CESM is yet to be included in the latest BI-RADS atlas. 
There is a consequent lack of standardization for reporting, 
and it is customary to report the low energy images 
according to standard mammography guidelines, and the 
subtracted images according to guidelines for MRI (27).

The question therefore arises, should women with dense 
breasts and increased risk for breast cancer be referred to 
CESM? Possibly. Screening standard 2D mammography 
currently remains the only imaging modality proved to 
reduce breast cancer mortality (28). Although CESM 
increases cancer detection over standard mammography, 
as of today there are no studies to assess whether the cost 
of CESM screening is in balance with mortality benefit. 
As Sung et al. showed CESM results in an increased rate 
of false positive outcomes and overdiagnosis of clinically 
insignificant lesions (13). These may not only lead to an 
increase in benign biopsies, but also increase stressful 
situations for healthy women. CESM requires an increased 
radiation dose (29) and the administration of intravenous 
iodinated contrast agent. These human costs remain to 
be assessed in an equation with the benefits of CESM 
as a substitute to mammography screening in different 
populations. 

The study by Sung et al. contains clinically relevant 
results that are in one line with the results of other 
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studies published on this subject. With the Breast Cancer 
Awareness Month behind us, we are hopeful that findings 
from this study will help clinical management of women at 
increased risk for breast cancer. It is also time to establish 
guidelines regarding the use of CESM in general and in 
screening in particular, and include CESM in the BI-RADS 
lexicon. 
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