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Breast cancer diagnosis and staging is based on mammography, ultrasound, and magnetic resonance
imaging (MRI). Contrast enhanced spectral mammography (CESM) has gained momentum as an inno-
vative and clinically useful method for breast assessment. CESM is based on abnormal enhancement of
neoplastic tissue compared to surrounding breast tissue. We performed a systematic review of pro-
spective trial to evaluate its diagnostic performance, following standard PRISMA-DTA. We used a
bivariate random-effects regression approach to obtain summary estimates of both sensitivity and
specificity of CESM. 8 studies published between 2003 and 2019 were included in the meta-analysis for a
total of 945 lesions. The summary area under the curve obtained from all the study was 89% [95% CI 86%
e91%], with a sensitivity of 85% [95% CI 73%e93%], and a specificity of 77% [95% CI 60%e88%]. With a pre-
test probability of malignancy of 57% a positive finding at CESM gives a post-test probability of 83% while
a negative finding a post-test probability of 20%. CESM shows a suboptimal sensitivity and specificity in
the diagnosis of breast cancer in a selected population, and at present time, it could be considered only as
a possible alternative test for breast lesions assessment when mammography and ultrasound are not
conclusive or MRI is contraindicated or not available.
© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Contrast-enhanced spectral mammography (CESM) is a recently
developed technique based on visualization of iodinated contrast
agent uptake that has been proposed as a new breast imaging
adjunct [1].

Breast cancer diagnosis and staging are currently based on three
main diagnostic techniques, namely full field digital mammog-
raphy (FFDM), ultrasound (US), and magnetic resonance imaging
(MRI).

Specifically, FFDM is now usually integrated with digital breast
tomosynthesis (DBT) which is a recent improvement generating
quasie3-dimensional images of the breast, improving mammo-
graphic sensitivity and specificity [2] are particularly suitable for
analysing fatty breast but, since fibro-glandular tissue can obscure
mass lesions [3,4], their sensitivity falls in dense breast, possibly
yielding to underdiagnosis [5,6].

On the other hand, while US is particularly suitable for exam-
ining dense breasts, its overall diagnostic efficacy is operator
dependent [5].

During the last two decades, newmethods have been developed
and tested to improve the diagnostic performance of breast imag-
ing [7,8]. They are based on the biological principle of neo-
angiogenesis that render malignancy associated vessels more
permeable to contrast agent than healthy tissue, resulting in
tumour enhancement [7]. MRI characterized by high sensitivity, but
its specificity is affected by a relatively high false positive (FP) rate
(up to 19%) [9]. Furthermore, some studies showed that MRI may
not reduce reoperation rates and lead to unnecessary mastec-
tomies, without any improvement in surgical outcomes or prog-
nosis [10,11]. Finally, MRI is associated with high costs, long-time
examination and the poor performance in detecting micro-
calcifications [12].

In this scenario, CESM has recently gained momentum as an
innovative and clinically useful method for breast assessment
[13,14]. CESM is based on abnormal enhancement of neoplastic
tissue compared to surrounding breast tissue [15], hence the
principle is similar to MRI, the cost of CESM is far lower (similar to
conventional mammography [16]), and the time to image CESM is
considerably less than that required for MRI [17]. Finally, imple-
mentation of CESM is easier than MRI because it can be imple-
mented with a software upgrade to some existing digital
mammography equipment rather than requiring purchase of
entirely new machine [18].

Several studies showed high sensitivity of CESM in breast cancer
detection, even inwomenwith dense breast, suggesting its possible
role in specific scenario like in the breast cancer screening among
high risk patients [13,15,19,20]. However, CESM advantages have to
be balanced against the radiation dose, especially given the
presence of alternative imaging which does not rely on radiation
(i.e. MRI or automated breast ultrasound [50]), and the risk of
contrast agent reactions, which, although low, is greater than that
associated with gadolinium [51].

Although two meta-analyses and one systematic review on
CESM have already been published [21e23], over the years the
CESM technology kept improving and several new studies on CESM
appeared in the literature, reflecting the interest in the new tech-
nique. Our purpose is to systematically evaluate the diagnostic
accuracy of CESM in women with clinical and/or radiological sus-
picion of breast cancer. The rationale of our systematic review is to
update and further analyse a selection of studies on CESM, also
including literature from 2018 that was not considered in previous
meta-analyses. Notably, having more studies available, we could
perform a meta-analysis based on prospective studies only, which
is a distinctive point compared to previous reviews on CESM.

2. Materials and methods

The reporting of this review follows the standard PRISMA-DTA
[24]. There is no formal protocol of this review published
elsewhere.

2.1. Study identification

We attempted to identify all published studies that reported on
the diagnostic accuracy of CESM in patients with suspected breast
cancer using the PubMed and EMBASE (till 28th Semptember 2019)
electronic databases. The search strategy was developed without
any language or other restrictions, and used a combination of the
following free text words and MeSH/EMTREE terms: ‘’mammog-
raphy’ and ‘contrast enhancement’. We supplemented our search
by manually reviewing the reference lists of all retrieved articles
(“snowballing”).

2.2. Study eligibility

After duplicate records removal two investigators (FP and MS)
independently reviewed titles and abstracts from the initial search
to determinewhether the inclusion criteria were satisfied. After the
first screening process, full-texts of all potential included studies
were assessed according to pre-specified selection criteria. Any
prospective study evaluating the diagnostic performance of CESM
in the diagnosis of patients with a clinical or radiological suspicion
of breast cancer was eligible if it allowed the calculation of sensi-
tivity and specificity for breast cancer diagnosis and the recon-
struction of the original 2x2 table. Case reports and editorials were
excluded. Decisions regarding inclusion were made independently,
the results were compared, and any disagreement was resolved
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through discussion or by involving a third reviewer (AS), when
necessary.

2.3. Data extraction and risk of bias assessment

Two reviewers (MS and FP) independently extracted data on
study and patient’s characteristics, and on the diagnostic accuracy
of CESM in this setting, using a standardized form. Information on
CESM criteria for breast cancer diagnosis, true positive, true nega-
tive, false positive, false negative results were collected. Moreover, a
Radiologist (FP) extracted the following technical characteristics of
CESM: projection used, type of contrast media, and radiation dose
delivered per patient. The Quality Assessment of Diagnostic Accu-
racy Studies 2 (QUADAS-2) checklist was used [25] to assess the risk
of bias of the primary studies. The signalling question number 2 on
the index test (domain 2 of the QUADAS-2) was adapted for this
review as follows: ‘Were CESM criteria pre-specified?‘. An appro-
priate percentage of patients who underwent follow-up without
histological or cytological diagnosis was defined as less or equal to
5%.

Any disagreement concerning the extracted data and risk of bias
assessment was resolved by consensus and, if necessary, by
involving a third reviewer (AS). No attempts tomask for authorship,
journal name, or institution were made here or in any other step of
the review process.

3. Statistical analysis

3.1. Weighted mean prevalence of breast cancer

Weightedmean proportion and 95% confidence intervals (CIs) of
breast cancer prevalence, ducatal carcinoma in situ (DCIS) preva-
lence and its percentage of malignant lesion were calculated; these
data were pooled using a random-effects model (DerSimonian and
Laird method). Statistical heterogeneity was evaluated using the I2

statistic.

3.2. Bivariate analysis for test accuracy

We used a bivariate random-effects regression approach to
obtain summary estimates of both sensitivity and specificity of the
respective CESM while adjusting for sources of bias and variability.
This model assumes that the logit-transformed sensitivities and
specificities of the included CESM studies follow a bivariate normal
Table 1
Study characteristics.

Study Patients Lesions BC DCIS Median age
(range)

Projection
used

Cr

Brandan 2016 [26] 18 18 11 1 52 CC CE
Diekmann 2011 ]

28]
70 80 30 5 55 CC CE

Dromain 2011 ]27] 120 133 80 NR 56 (27e86) CC MLO CE

Lewin 2003 [29] 26 26 14 1 51 MLO CE

Łuczy�nska 2016
[30]

193 225 143 16 55 CC MLO CE

Jong 2003 [31] 22 22 10 1 NR (40e74) CC CE

Tohamey 2018 [32] NR 178 104 6 46 Unclear CE
Xing 2019 [33] 235 263 177 6 NR CC MLO CE

Legend: BC breast cancer DCIS ductal carcinoma in situ Gy Grey CC cranio-caudal CE c
imaging MLO mediolateral oblique NR not reported.
distribution around a common mean of logit-transformed sensi-
tivity and specificity, incorporating any correlation that might exist
between logit sensitivity and logit specificity. The number of pa-
tients testing positive among the diseased patients in a particular
study is assumed to follow a binomial distribution, as is the number
of patients testing negative among the non-diseased patients.
Sensitivity and specificity were calculated after exclusion of
inconclusive CESM results.

3.3. Sensitivity analyses

The study from Brandan et al. [26] used two different sets of
prespecified criteria for CESM. As such, the analysis was performed
twice, including data with either criteria. We repeated the analyses
including only studies with low risk of bias for patient selection
according to the QUADAS-2 score in order to highlight potential
distortions in our sensitivity and specificity estimates driven by low
quality studies. We also performed the following subgroup ana-
lyses: number of lesions, number of patients, percentage of DCIS,
year of publication, if CESM was the only methods used in evalu-
ating disease, threshold method for assessing malignancy and
number of projections.

Statistical analyses were performed using the software STATA
(version 14.1, Stata Corp, Austin, Texas) and Review Manager 5.3
(Copenhagen: The Nordic Cochrane Centre, The Cochrane Collab-
oration, 2011).

4. Results

4.1. Study characteristics

A total of 8 studies published between 2003 and 2019 were
included in the meta-analysis analysing a total of 945 lesions, of
which 36 were DCIS (range 18e263) [26e33](see Table 1). Total
number of included patients were 684 in 7 studies (Tohamey and
colleagues did not reported number of included patients and did
not reply to our kind request to provide additional data). Full se-
lection process is detailed in the PRISMA flowchart (Fig. 1). Since in
the final selection there were multiple publications by the same
authors [27,30,34e36] or the same institutions [37e40] with close
publication dates, we contacted the corresponding authors for
those papers, to enquire if there were any overlap in patients be-
tween different publications. As a cautionary measure, given the
absence of a response from the corresponding authors, we decided
iteria evaluated Inclusion criteria Exposure
(Gy)

Contrast media

BI-RADS 4e5 on Mx 6 Optiray 300
þ morphology Suspicious lesion on Mx,

US, MRI
1.76 Ultravist 370

þ morphology Recall from
screening þ Suspicious
lesion on Mx, US, MRI

0.7e3.6 Xenetix 300

Suspicious lesion on Mx 0.7 Omnipaque
350

þ morphology Suspicious lesion on Mx NR NR

þ morphology Suspicious lesion on Mx, US NR Omnipaque
300

þ morphology Unclear NR NR
þ morphology Suspicious lesion on

US or clinical
NR Iohexol

ontrast enhancement Mx mammography US ultrasound MRI magnetic resonance



Fig. 1. The figure shows the workflow for study screening and selection.
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to include only the most recent and numerous paper from each
group of suspected duplicates.

4.2. Risk of bias of the included studies

The studies we included in the meta-analysis had overall
moderate to low risk of bias. Only two studies had a low risk of bias
Table 2
Risk of bias.

Ref. Study Risk of bias

Patient selecion Index Test Reference Standard

26 Brandan 2016 H L L
28 Diekmann 2011 L L L
27 Dromain 2011 L L L
29 Lewin 2003 U L L
30 Łuczy�nska 2016 H L L
31 Jong 2003 L L L
32 Tohamey 2018 U H H
33 Xing 2019 U L L

L Low risk U Unclear risk H High risk.
* percentage of no histology (our threshold ¼ 5%).
in all the applicability domains (Table 2).

4.3. Weighted mean prevalence of breast cancer

The pooled prevalence of malignancies was 55% (95% CI 48%e
63%) with a pooled prevalence of DCIS in all the lesions and only in
malignant ones of 5% (95% CI 3%e7%) and 9% (95% CI 6%e12%)
Applicability concerns

Flow and Timing* Patient selecion Index Test Reference Standard

L(0%) H L L
H(17%) H L L
H(10%) L L L
L(1%) L L L
L(0%) H L L
L(5%) H L L
L(8%) H H H
L(0%) U L L



Fig. 2. The plot shows the summary bivariate ROC curve for CESM diagnostic accuracy.
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respectively.
4.4. CESM accuracy

The summary area under the curve obtained from all the study
was 89% [95% CI 86%e91%], with a sensitivity of 85% [95% CI 73%e
Fig. 3. The figure shows the scatterplot obtained using logit sensitivit
93%], a specificity of 77% [95% CI 60%e88%] and a diagnostic odds
ratio of 20 [95% CI 7e60] with a substantial amount of observed
heterogeneity (I2 94, 95% CI ¼ [89e99], p < 0.001) (Fig. 2).

There was no evidence of a threshold effect (Spearman
Rho �0.07, p value 0.87) as suggested also by visual inspection of
the bivariate box-plot obtained plotting logit sensitivity and spec-
ificity and the symmetric aspect of the SROC curve for CESM (Fig. 3).

The Fagan plot and the probability modifying plot (Fig. 4) show
that with a pre-test probability of malignancy as in our sample of
57% a positive finding at CESM gives a post-test probability of 83%
while a negative finding a post-test probability of 20%.

The analysis on the ROC curve were conducted including the
results from the study by Brandan according to the first set of types
of timeeiodine curves used to define malignancy, as it was the
better regarding all variables (specificity, sensitivity, positive and
negative predictive value). The analysis performed using the sec-
ond set of types of timeeiodine curves used to define malignancy,
available on request, did not significantly differ from those carried
out with the first set.

The influence analysis found the study by Luczynska et al. [30] to
be the most influential and an outlier compared to the rest of the
studies included in the meta-analysis (Fig. 5). This is due to two
factor: the study by Luczynska et al. is the only one without false
positive, making it the onewith the highest specificity by far; this is
coupled with the second highest number of lesions analysed,
making the result unlikely to be influenced by study size and giving
it high weight in any analysis performed.
4.5. CESM safety

All studies but those by Luczynska et al. and Tohamey et al.
[30,32] had exclusion criteria to minimize the risks linked to the
administration of iodinated contrast medium. Lewin et al. [29]
y vs logit specificity suggesting no evidence of a threshold effect.



Fig. 4. The Fagan plot (a) and the probability modifying plot (b) show that with a pre-test probability of malignancy as in our sample of 57% a positive finding at CESM gives a post-
test probability of 83% while a negative finding a post-test probability of 20%.

Fig. 5. The figure shows influence analysis and outlier analysis based on Cook’s distance and standardized predicted random effects. The study by Luczynska et al. resulted to be
both an outlier and the most influential.

M.B. Suter et al. / The Breast 53 (2020) 8e17 13
considered general contraindications to iodinated contrast me-
dium, while Brandan, Diekmann, Dromain, Jong and Xing
[26e28,31,33]all specify allergy, known or suspected, as a key
exclusion criteria. Brandan, Diekmann and Xing [26,28,33]excluded
also patient with known renal disease. The only paper to mention a
safety event, namely an allergic reaction requiring intensive care
treatment, is Diekmann et al. [28].

4.6. Sensitivity analysis and meta-regression

We investigated the possible effect of the following covariates
on CESM diagnostic accuracy though with the limit of having a low
number of studies included in the meta-analysis (<10): number of
lesions, number of patients, number of DCIS, year of publication, if
CESM was the only methods and threshold method for assessing
malignancy and number of projections. We also did a sensitivity
analysis comparing the studies with high quality in all domains of
applicability according to QUADAS-2 to the others with higher risk
of bias. None of the covariates were associated with an effect on
specificity or sensitivity nor study with no evidence of bias in
applicability domains did statistically significant differ from the
others with higher risk of bias (Fig. 6). We did not perform a meta-
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analysis including only the studies with low risk of bias in all do-
minion of QUADAS-2 (Table 2) since these were only two.
4.7. Publication bias

There was evidence of borderline significance for small study
effect (p value 0.08, see Fig. 7).
Fig. 7. The figure shows the funnel plot with no evidence of small study effect.
5. Discussion

Combining an iodinated contrast agent with FFDM (utilising a
dual energy exposure undertaken during a single breast compres-
sion), CESM may improve diagnostic accuracy in the diagnosis and
staging of primary breast cancer, particularly in womenwith dense
breasts, due to its ability to identify breast cancer that might
ordinarily be masked by the dense parenchymal background (DPB)
patterns on a FFDM [13,19,20,27,41,42].

Our systematic review showed that CESM may detect a breast
cancer with a 85% sensitivity and a 77% specificity in women with
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clinical or radiological suspicion. Compared with a previous sys-
tematic review by Tagliafico et colleagues [43], our review shows a
more even picture, with a lower sensitivity but a higher specificity.
The slightly lower results in sensitivity is probably due to the
stricter paper selection, including prospective studies only,
excluding those performed only in breast cancer patients. The
higher specificity could be explained with an increased experience
with CESM, and better pre-specified criteria evaluating both the
standard morphological/architectural features and the contrast
enhancement’s features, although we did not find any paper
addressing this specific matter. All the studies considered in the
present analysis, with the exception of Lewin et al. [29] who
considered only the presence of contrast enhancement, assessed
both morphological and contrast kinetic features. Brandan et al.
[26] clearly showed an increase of specificity in the same data set by
7% using iodine uptake alongside contrast kinetic features.

All the papers included in our systematic review analysed pa-
tients with a clinical or radiological suspicion of breast cancer, used
CESM as second line diagnostic assessment. This is, at the present
time, the field where CESM is gaining more momentum.

Other applications seem burdened with various concerns.
Firstly, CESM showed a better performance than conventional
mammography in screening breast cancer [39,42], especially in DPB
in which the FFDM’s sensitivity is reduced from 75%e85% to 35%e
45% [42,44]. CESM may decrease FNs especially for women with
dense breasts [42]. Nevertheless, the administration of iodinated
contrast agent is fundamental to the CESM and its routinely use as a
screening procedure poses problems for allergic reaction and
contrast-induced nephropathy, even if the risk of both these
adverse reactions were demonstrated to be low [45,46].

Secondly, high-risk patients (e.g. BRCA mutated) may prefer
CESM over screening MRI, especially if ongoing trials
(NCT02479100; NCT02275871; NCT03517813; EudraCT:2012-
002784-10) demonstrate screening CESM to be clinically non-
inferior breast MRI [12]. Discomfort, claustrophobia and time
constraints are concerns of patients undergo breast MRI possibly
leading to declination from patients indeed (up to the 42% reported
by the ACRIN 6666 trial in women eligible to receive a screening
with MRI after mammography and US) [47]. Thirdly, patients with
pacemakers or metallic implants may be excluded from MRI
screening. CESM is quicker to perform, the iodinated contrast agent
is cheaper than gadolinium ones, and so the procedure is poten-
tially more cost-effective [48]. Fourthly, CESM can detect micro-
calcification, in contrast with breast, playing an additional help to
the contrast enhancement in the detection and staging of breast
cancer. Data from studies of women with known breast cancer,
CESM approaches the sensitivity of breast MRI and it showed
higher specificity, fewer false positives, and a superior positive
predictive value (PPV) of biopsy [13,49].

Finally, physiological benign background parenchymal
enhancement can be seen with CESM in a similar manner to that
observed in breast MRI. Although timing the CESM with the men-
strual cycle is unlikely to be such an issue as it is with MR, since no
clear pattern in variation of parenchymal background enhance-
ment across the menstrual cycle has yet been demonstrated for
CESM [52], we have no information about the timing of examina-
tion in the studies we analysed, except from Tohamey et al. [32]
who assessed that in their study themenstrual phasewas not taken
into consideration and therefore its impaction and bias could not be
analysed.

The radiation dose of CESM is well within European and UK
quality assurance guidelines for mammography [51] as it uses the
same X-ray energy spectrum as a standard FFDM. Moreover, when
CESM is planned, the FFDM can safely be omitted since no addi-
tional information are provided [51]. Considering that the mean
average glandular dose for FFDM is in the range 0.5e3.5 mGy
[53,54], only one study [26] reported a higher average glandular
dose per CESM exposure (6 mGy).

As for safety concern linked to the administration of iodinated
contrast medium, only 1.4% of severe allergic reactionwas reported
[28]. However, one should keep in mind that most of the other
papers did not explicitly stated the absence of safety events, and
that no study was designed to follow up on renal function to verify
any episode of contrast induced renal damage.

The studies we analysed had limited the use of CESM to women
presenting with a clinical or radiological suspicion of breast cancer.
In such second level setting, we found a pre-test probability of
breast cancer that is higher than in the general population, as was
in the studies, at 57%. It should be kept inmind that all these studies
were designed to perform CESM with any grade of suspicion of
breast cancer, thus increasing the pre-test probability of breast
cancer beyond that of a usual population undergoing second level
imaging. In these patients, positive post-test probability gave 83%
chance of malignancy, while negative finding meant a post-test
probability of 20% of malignancy. These values, at the present
time, fall short of clinical need, especially regarding a 20% of FN.

An accepted reason for a FN is when the lesion is not included on
the mammographic field of view [55,56]. However, false negatives
include different tumour types. The diffuse infiltrative nature of
lobular tumours makes detection more difficult with conventional
imaging and can challenge MRI staging, so it is likely that they are
more prone to false-negative results with CESM [51]. In addition,
mucinous carcinomas can show no enhancement or be mis-
interpreted as a cyst [57].

Areas of DCIS usually show subtle or no enhancement on the
recombined images [57,58], and the mammographic detection of
DCIS is essentially based on the depiction of microcalcifications,
which are a frequent but not obligatory findings.

We tried to further investigate the FN results we analysed,
especially given the possibility that most of themmay be low grade
DCIS [59]. Unfortunately, most of the papers did not provide suf-
ficient information for this analysis.

All our sub-analysis did not detect any factor that could affect
CESM performance, such as bias in patient selection, the use of
single or double projection for mammogram, or being blinded to
other imaging results for the same patient. This could be due to the
small number of studies analysed (<10), possibly not giving enough
power to detect differences between the different settings, one of
the limitations of our review. Another limitation is the high het-
erogeneity among studies, which probably reflect the fact that
CESM is still an evolving diagnostic technique, and also the low
number of included studies (only two) with a low risk of bias in all
the applicability domains. Finally, a main limitation in performing
sub analysis is due to the fact that this is a study levelmeta-analysis.
A patient level analysis, pooling together data from some of the
main groups performing CESM could answer many of the open
question presented here.

On the other hand, the strength of our work lies in the rigorous
selection of papers including only prospective studies.

Other analyses will be required to assess the value of CESM in
other settings, such as screening programmes, especially for groups
of women at increased risk of breast cancer who do not currently
qualify for MRI screening, and those with dense mammographic
background patterns [58]. In addition, the CESM monitoring
response to neoadjuvant chemotherapy for patients who are un-
able to undergo MRI may offer a useful alternative [60,61]. Finally,
computer-aided diagnosis systems are being developed using
CESM, which may further help the unexperienced reader inter-
preting images [62].
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6. Conclusions

CESM shows a suboptimal sensitivity and specificity in the
diagnosis of breast cancer in a selected population with clinical or
radiological suspicion of disease, and it could be considered only as
a possible alternative test for breast lesions assessment when FFDM
and US are not conclusive or when MRI is contraindicated or not
available. Moreover, being possibly more accessible, cheaper, and
preferred by patients than breast MRI, CESM may be considered as
primary imaging test in symptomatic patients, providing improved
diagnostic information at the first clinic visit.
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