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Abstract

Objectives Feasibility studies have shown that contrast-
enhanced spectral mammography (CESM) increases diagnos-
tic accuracy of mammography. We studied diagnostic accura-
cy of CESM in patients referred from the breast cancer screen-
ing programme, who have a lower disease prevalence than
previously published papers on CESM.

Methods During 6 months, all women referred to our hospital
were eligible for CESM. Two radiologists blinded to the final
diagnosis provided BI-RADS classifications for conventional
mammography and CESM. Statistical significance of differ-
ences between mammography and CESM was calculated
using McNemar’s test. Receiver operating characteristic
(ROC) curves were constructed for both imaging modalities.
Results Of the 116 eligible women, 113 underwent CESM.
CESM increased sensitivity to 100.0 % (+3.1 %), specificity
to 87.7 % (+45.7 %), PPV to 76.2 % (+36.5 %) and NPV to
100.0 % (+2.9 %) as compared to mammography. Differences
between conventional mammography and CESM were statis-
tically significant (p<0.0001). A similar trend was observed in
the ROC curve. For conventional mammography, AUC was
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0.779. With CESM, AUC increased to 0.976 (p<0.0001). In

addition, good agreement between tumour diameters mea-

sured using CESM, breast MRI and histopathology was

observed.

Conclusion CESM increases diagnostic performance of con-

ventional mammography, even in lower prevalence patient

populations such as referrals from breast cancer screening.

Key Points

* CESM is feasible in the workflow of referrals from routine
breast screening.

» CESM is superior to mammography, even in low disease
prevalence populations.

* CESM has an extremely high negative predictive value for
breast cancer

* CESM is comparable to MRI in assessment of breast cancer
extent.

* CESM is comparable to histopathology in assessment of
breast cancer extent.

Keywords Breast cancer - Contrast-enhanced spectral
mammography - Contrast media - Screening - MRI

Introduction

Mammography remains the method of choice for breast im-
aging, despite the development and improvement of other
imaging modalities in recent decades. In the field of mam-
mography too, significant technical improvements were real-
ized, mainly owing to the introduction of digital mammogra-
phy. However, even though the diagnostic accuracy of full
field digital mammography (FFDM) is good, it depends
heavily on breast density [1, 2]. Abnormalities become more
difficult to detect with increasing breast density, because of the
latter’s masking effects. Indeed, Carney et al. showed that
sensitivity of screening mammography in extremely dense



Eur Radiol (2014) 24:1668-1676

1669

breasts was 62.9 %, versus 87.0 % in fatty involution breasts.
Specificity was 89.1 % in extremely dense breasts, versus
96.9 % in fatty involution breasts [2].

FFDM allows for new approaches not feasible in the ana-
logue era, such as the use of iodine-based contrast agents. As is
known from breast MRI, breast cancers show enhancement after
administration of contrast agent, because tumoral microvessels
form rapidly and consequently often have ‘leaky’ basement
membranes. This makes the vessels permeable to contrast agent,
resulting in tumour enhancement [3]. Contrast-enhanced spec-
tral mammography (CESM) is based on this principle.

A recent summary review on contrast-enhanced mammog-
raphy techniques found preliminary results encouraging [4]. The
reviewed studies consisted mainly of small study populations
with high breast cancer prevalence. Knowledge of the diagnos-
tic accuracy of CESM in a (clinical) population with a relatively
low pretest probability of breast cancer is currently lacking.

Our study aim was to evaluate the diagnostic performance
of CESM as compared to conventional mammography in a
true clinical population with the lowest disease prevalence
reported thus far. For this reason, we chose to perform CESM
in women referred from the Dutch breast cancer screening
programme for a breast abnormality, for whom breast cancer
prevalence is known to be approximately 31 % [5].

Materials and methods

Patients eligible for this study were women referred to our
hospital from the breast cancer screening programme between
1 January and 1 July 2013. Patients with a known allergy for
iodine-based contrast agents or at risk of developing contrast-
induced nephropathy (as assessed by the guidelines provided
by the Contrast Media Safety Committee of the European
Society of Urogenital Radiology [6]) were excluded. The
remaining patients were eligible to undergo CESM, the re-
quirement for obtaining informed consent having been waived
by our ethics committee.

In the Dutch screening programme, women between 50—
75 years undergo mammography biannually. Women are re-
ferred for further analysis to a hospital of their choice when a
breast abnormality is detected independently by two, or in
case of discrepancies three, certified screening radiologists.

Standard reference procedures used to assess true disease
status

When referred to our hospital, women undergo repetition of the
bilateral mammogram according to our national guideline [7].
True disease status (i.e. standard reference procedure or gold
standard [8]) is assessed by one of the following strategies: if
the breast abnormality is caused by superposition of normal
fibroglandular tissue, at least one additional view of the

ipsilateral breast next to the repeated mammogram is taken, in
combination with targeted ultrasound. In agreement with the
NHS Breast Screening Programme (NHSBSP) Clinical Guide-
lines for Breast Cancer Screening Assessment, women are
discharged from further evaluation if all imaging is negative
[9]. The safety of this approach was confirmed by an internal
institutional quality control (see “Discussion”). If the breast
abnormality is caused by cyst(s), an additional targeted ultra-
sound is performed to confirm the diagnosis, together with cyst
aspiration to prove its non-solid state. If the breast abnormality
is caused by microcalcifications or a solid mass, the repeated
mammogram is combined with stereotactic or ultrasound-
guided large core biopsies for histopathological diagnosis.

In some cases of breast cancer, an additional (preoperative)
breast MRI is performed according to national and European
indications [7, 10]. These cases enabled us to carry out a sub-
analysis of tumour diameter agreement using CESM, breast
MRI and histopathology. All breast MRI exams were per-
formed on a 1.5-T system (Intera, Philips Healthcare, Best,
the Netherlands) using a dedicated 16-channel breast coil. The
protocol consisted of a transverse T2w sequence and
diffusion-weighted imaging (DWI), combined with a dynam-
ic, contrast-enhanced T1w sequence in the transverse plane
(consisting of 1.0-mm isotropic voxels and a temporal resolu-
tion 0f 93 s). Tumour diameter measurements were performed
on the first dynamic MRI after contrast administration, i.e. at
peak enhancement of the tumour, using a dedicated work
station (Dynacad, Invivo International, Best, the Netherlands).

Imaging and image analysis

CESM was recently introduced in our hospital as part of the
breast imaging modalities. All referred cases underwent CESM
(SenoBright*, GE Healthcare, UK), in which a non-ionic mo-
nomeric low-osmolar contrast agent (iopromide; Ultravist®
300, Bayer Healthcare, Germany) was administered intrave-
nously (1.5 mL/kg body weight, flow rate 3 mL/s, followed by
saline flush). The imaging protocol of CESM itself is explained
in more detail elsewhere [4, 11]. Following contrast adminis-
tration, CESM acquires a set of low and high energy images in
quick succession while the breast remains compressed. The low
energy image is comparable to a regular mammogram. In post-
processing, both low and high energy images are used to create
a so-called recombined image, in which contrast enhancement
is visible (Fig. 1).

In order to avoid influencing our standard care protocol and
the indication for the performance of additional breast MRI,
preliminary diagnosis was based solely on low energy images
(i.e. regular mammography). Recombined images (with en-
hancement information) were subsequently examined to de-
tect additional lesions of interest.

To assess the diagnostic performance of CESM as
compared to regular mammography, two dedicated
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Fig. 1 Typical example of CESM, showing low energy images in the top
row (i.e. regular mammography) and the recombined images (showing
enhancement of lesions) in the bottom row. In this case, a 54-year-old
patient was referred because of a new irregular density in the craniocaudal
view of the right breast (arrow, top row). CESM demonstrated the true
extent of the disease as well as the multifocal nature of this breast cancer
(bottom row), which was confirmed by histopathological analysis of the
surgical specimen

breast radiologists (blinded to the final diagnosis; both
viewing over 12,000 mammograms annually) retrospec-
tively reviewed all cases by first viewing the low ener-
gy images. Similar to normal clinical practice, they were
allowed to view the letter from the screening institution
in which the referred breast abnormality was indicated in a
drawing, together with the screening radiologists’ BI-RADS
classification. In this re-evaluation, the radiologists provided a
BI-RADS classification for conventional mammography
[12]. Subsequently, the recombined images were viewed
and the radiologists were allowed to up- or downgrade
their BI-RADS classification. In case of discrepancies
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between the two radiologists, a third breast radiologist
provided consensus opinion.

Statistical analysis

BI-RADS classifications 1 to 3 were considered ‘benign’, and
4 and 5 ‘malignant’. On the basis of this cut-off value, sensi-
tivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated for regular mammog-
raphy and CESM. Differences in diagnostic parameters be-
tween regular mammography and CESM were calculated with
corresponding 95 % confidence intervals (CI) for paired pro-
portions. The differences were tested for statistical signifi-
cance using McNemar’s test for paired proportions. Receiver
operating characteristic (ROC) curves were constructed for
both imaging modalities and the areas under the curve (AUC)
with corresponding 95 % CI were calculated and compared
according to the method described elsewhere [8, 13].

Agreement between maximum lesion diameter based on
CESM and MRI, or CESM and surgical specimen was
expressed in Bland—Altman plots for a subgroup of patients
[14]. Measurement of maximum lesion diameter was per-
formed on the entire CESM exam (i.e. viewing low and high
energy images together) or on the first post-contrast dynamic
scan on MRI (approximately 93 s after contrast administra-
tion). For the comparison of maximum lesion diameter found
using CESM and pathology, surrounding ductal carcino-
ma in situ (DCIS) was included in the final maximum
diameter measurement. In case of multifocal breast can-
cer, the maximum diameter of the largest invasive tu-
mour (i.e. primary index tumour) was assessed. Patients
that underwent neoadjuvant chemotherapy (n=3) were
not included in the comparison with histopathological
results, because good or pathological complete response
might render the latter inaccurate.

All statistical analyses were performed using SPSS Statis-
tics (version 20.0, IBM, Armonk, USA), STATA (StataCorp
LP, College Station, USA) and MedCalc (version 12.7.8,
MedCalc Software, Ostend, Belgium). P values of 0.05 or
less were considered statistically significant.

Results

In our study period, 7,703 women were invited to participate in
the regional breast cancer screening programme and 6,384
women attended (82.9 %) (Fig. 2). From these, 116 women
(1.8 %) were referred to our hospital. One patient refused
contrast administration. Two patients did not undergo CESM
because of known allergy to an iodine-based contrast agent (n=
1) and renal insufficiency (estimated glomerular filtration rate of
33 mL/min/1.73 m?) (n=1). Consequently, 98.3 % (113/115) of
eligible patients underwent CESM (median age 54.0 years,
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Fig. 2 Flow chart of patient
inclusion

Patients invited for screening
n=7703

n=1319

No screening participation

Patients attending screening

n=6268

No referral or referred

to other hospital

n=6384

[
v

Patients referred to our hospital

mean 57.2 years, range 4973 years). Only one minor reaction
to contrast administration was observed in the form of a few
urticaria which resolved spontaneously.

Masses or densities were the most frequent cause of
referrals (76.1 %), followed by microcalcifications
(15.0 %), asymmetry (6.2 %) and architectural distor-
tions (2.7 %). The standard reference procedures result-
ed in the following final diagnoses: superposition den-
sities (24.8 %), simple cysts (21.2 %), invasive ductal
carcinoma (20.4 %), fibroadenoma (7.1 %), invasive
lobular carcinoma (4.4 %), ductal carcinoma in situ
(3.5 %, all grade 2 or 3) and other benign causes
(18.6 %). Breast cancer prevalence was 28.3 %. A
detailed overview of patient characteristics is presented
in Table 1.

Diagnostic accuracy parameters for conventional mam-
mography were (absolute numbers given in parentheses)
sensitivity 96.9 % (31/32), specificity 42.0 % (34/81),
PPV 39.7 % (31/78) and NPV 97.1 % (34/35). After
subsequent CESM, diagnostic accuracy parameters
changed to sensitivity 100.0 % (32/32), specificity
87.7 % (71/81), PPV 76.2 % (32/42) and NPV 100.0 %
(71/71). The 95 % confidence intervals are summarized in
Table 2. In short, sensitivity remained stable when using
CESM, but interestingly, specificity increased by a factor
of more than 2. The observed differences were statistically
significant (Fig. 3, p<0.0001). A similar trend was ob-
served in the ROC curve: for conventional mammography,
the AUC was 0.779: for CESM, the AUC increased to
0.976 (Table 2 and Fig. 4, p<0.0001).

Analysis of agreement between CESM and breast
MRI was possible for 24 breast cancer cases. For the
assessment of agreement between CESM and histopa-
thology 30 cases were available. Bland—Altman plots
showed a mean difference of 1.0 mm with 95 % limits
of agreement of 8.3 mm in tumour diameter measured
using CESM and breast MRI. A mean difference of
1.4 mm was observed between tumour diameters

n=116 Excluded from study

Refused contrast (n=1)

v Known contrast allergy (n=1)

Patients included in study Renal insufficiency(n=1)

n=113

assessed using CESM and histopathology, but with larg-
er 95 % limits of agreement: 25.0 mm (Fig. 5).

In this population, we coincidently encountered five
false-positives based on CESM (enhancement) informa-
tion only: low energy images did not show any suspi-
cious lesions, whereas recombined CESM images
showed an enhanced lesion (Fig. 6). In all five cases,
a solid mass was the cause of enhancement, and subse-
quent biopsy showed four fibroadenomas and one
hamartoma.

Discussion

Contrast-enhanced spectral mammography (CESM) is a new
imaging technique, which uses mammography in combina-
tion with iodine-based contrast agents to increase diagnostic
performance. A recent review on contrast-enhanced mam-
mography techniques found encouraging preliminary results,
with a mean sensitivity of 85.2 % (range 62.0-96.0 %) and a
mean specificity of 66.1 % (range 50.0-83.3 %) [4]. These
studies, consisting mainly of small study populations (mean
size of 47 patients, range 20—120), were enriched with breast
cancer cases (mean disease prevalence was 64.5 %, range
37.5-100.0 %), whereas breast cancer pretest probability in
routine clinical practice is much lower (e.g. patients referred
from the national breast cancer screening programme). Eval-
uating diagnostic performance of CESM in a clinical popula-
tion with lower breast cancer pretest probability than previ-
ously published is the next logical step in the evaluation of
CESM’s imaging efficacy. To our knowledge, ours is the first
study to do so.

CESM is logistically feasible in clinical practice, as is
demonstrated by the high percentage of eligible patients who
underwent CESM (98 %). In addition, our study population
was not enriched with cancer cases, reflecting a true clinical
population. Breast cancer population prevalence was 28 %,
which is in accordance with previously published findings
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Table 1 Patient characteristics

Age (years)
Mean 57.2
Median 54.0
Standard deviation 8.0
Range 49-73
Final diagnosis (%)
Superposition density 24.8
Simple cyst 21.2
Invasive ductal carcinoma 20.4
Fibroadenoma 7.1
Apocrine metaplasia 53
Invasive lobular carcinoma 44
Ductal carcinoma in situ 35
Cylindrical cell changes 3.5
Papilloma 1.8
Intramammary lymph node 1.8
Reactive changes 0.9
Fibrosis 0.9
Inflammatory changes 0.9
Old haematoma 0.9°
Sclerosing adenosis 0.9
Atypical lobular hyperplasia 0.9
Duct ectasia 0.9
Invasive breast cancer subtypes (%)
ER positive 75.0
PR positive 64.3
HER2/neu positive 14.3
Grade 1 7.4
Grade 2 59.3
Grade 3 333

Patient characteristics and final diagnosis as assessed by standard refer-

ence procedures

ER oestrogen receptor, PR progesterone receptor, HER2/neu human
epidermal growth factor receptor 2. Tumour grade according to Bloom
and Richardson

#Old haematoma: caused by recent vehicle accident and seat belt injury,
confirmed by tissue sampling

Table 2 Overview of the diagnostic performance of mammography
versus contrast-enhanced spectral mammography (CESM)

Mammography CESM

96.9 (83.7-99.5)
42.0 (31.1-53.5)
39.7(28.8-51.5)  76.2 (60.6-87.9)
97.1 (85.0-99.5)  100.0 (94.9-100.0)
0.779 (0.707-0.851) 0.976 (0.954-0.999)

100.0 (89.0-100.0)
87.7 (78.5-93.9)

Sensitivity (%)

Specificity (%)

Positive predictive value (%)
Negative predictive value (%)
Area under the ROC curve

95 % confidence intervals are in parentheses

@ Springer
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Fig. 3 Diagnostic parameters for conventional mammography (grey
bars) and CESM (black bars)

NPV

(31 %) [5], and much lower than other previously published
studies (mean 64. %, lower limit 37.5 %) [4]. We found the
diagnostic accuracy of CESM to be excellent and superior to
conventional mammography alone. Although sensitivity and
NPV were found to be high for conventional mammography,
both reached 100 % upon using CESM. More importantly,
specificity and PPV were found to be low for conventional
mammography, and to significantly increase upon using
CESM.

The increased sensitivity of mammography owing to
CESM was recently demonstrated by Jochelson et al. In their
study, sensitivity of mammography was increased from 81 %
to 96 % owing to CESM [15]. Similar observations were
recently published by Fallenberg et al., who showed that
mammography’s sensitivity (82.5 %) increased to 100.0 %
owing to CESM [16]. The increased specificity found in our
study underscores the contribution CESM may make towards
eliminating the false-positives observed in conventional mam-
mography. The NPV of 100 % found in this study population
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tional mammography (grey line) and CESM (black line)
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suggests that a negative CESM exam can rule out breast
cancer.

Whilst both conventional mammography and CESM have
excellent cancer detection scores, CESM may be recommend-
ed even if breast cancer is highly suspected from the screening
mammography. CESM might theoretically replace breast
MRI in the preoperative evaluation of breast cancer patients,
both techniques being based on the same principle. Although
still under debate, preoperative evaluation of disease extent is
one of the most frequent indications for breast MRI [12].

«+1b
>
L]
S 40
-]
£
® 30
(-9
o *
c
& 20 - .
=
i .
W10 . .
5 LI I . .
e 99 e °
8 e, °
© -
5.10 o o °
g 0
E 20 4
2
b
€ 30 °
[
[
£.

T T T T T T T
[} 20 40 60 80 100 120

Mean tumour diameter CESM and pathology

measurements, dotted lines represent upper and lower limits of 1.96 times
the standard deviations of differences

Jochelson et al. were the first to compare CESM with MRI
in a study of 52 index tumours and found that CESM and MRI
were equally accurate in the detection of breast cancer, detect-
ing 96 % of tumours [15]. A well-known limitation of breast
MRI is the occurrence of false-positives, and indeed 13 false-
positives were observed in the MRI exams, compared to only
two false-positives using CESM. On the other hand, breast
MRI proved to be more accurate in detecting ipsilateral addi-
tional foci of tumour cells: 88 % of additional foci were
detected using breast MRI, against only 56 % using CESM.

Fig. 6 False-positive finding owing to CESM use. Top row shows low
energy images, bottom row shows recombined images (only left side
shown). No abnormalities were detected on the low energy images.

However, a small enhancing round mass was detected only on the
recombined images (arrows). Biopsy results showed fibroadenoma

@ Springer
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The number of multifocal breast cancer cases in our popula-
tion was too small to study the reproducibility of these
findings.

Recently, Fallenberg et al. confirmed the potential of
CESM as a replacement or alternative for breast MRI in
the preoperative assessment of disease extent [16]. In
their study, tumour diameter as measured on mammog-
raphy, CESM, MRI and histopathology were compared.
The Pearson’s correlation coefficient (PCC) between
CESM and MRI was highly significant: 0.943, p=
0.000. However, good correlation does not automatically
imply good correlation between two measurements [17].
If there is a systematic over- or underestimation be-
tween measurements, PCC can be very high, but agree-
ment is low. Therefore, analysis of agreement between
two measurements, for example by using the Bland—
Altman plots presented in this study, is recommended
in the discussion on whether CESM can replace breast
MRI for tumour size measurements.

As opposed to the studies by Jochelson et al. (who present-
ed a descriptive analysis of their findings) and Fallenberg et al.
(who studied only correlation between tumour size measure-
ments), we studied maximum tumour diameter agreement
measured using CESM and breast MRI. We found a good
agreement between CESM and breast MRI-based measure-
ments (Fig. 5).

In addition, we studied maximum tumour diameter
agreement as measured using CESM and pathology.
Although the agreement found was slightly less than
that found for the CESM and breast MRI-based mea-
surement, it was still considered good (Fig. 5). To the
best of our knowledge, only three other studies evalu-
ated these measurements. In the first, a pilot study,
Dromain et al. evaluated 20 histologically proven breast
cancers and concluded that correlation between tumour
diameters assessed using contrast-enhanced mammogra-
phy and using histopathological results was good: r*=
0.743 [18]. In the second study, Dromain et al. evalu-
ated 142 breast lesions, assessing mean lesion size with
mammography, ultrasound and a combination of mam-
mography and CESM [19]. Mean differences between
maximum tumour diameters found using these imaging
techniques as compared to pathology were 1.3 mm,
5.3 mm and 0.7 mm, respectively. The third study by
Fallenberg et al. consisted of 80 patients with newly
diagnosed breast cancer. The PCC between CESM and
histopathology was statistically significant: 0.733, p=
0.000 [16]. We observed a mean difference between
CESM and pathology of only 1.4 mm.

Breast cancer screening programmes suffer from an
important number of false-positive findings. The intro-
duction of digital breast tomosynthesis might be able to
increase cancer detection while decreasing the number
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of false-positive referrals, as was demonstrated recently
by Skaane et al. [20].

Nonetheless, women that are still referred need a reliable
diagnostic work-up to establish their final diagnosis. Zuley
et al. showed that digital breast tomosynthesis might play an
important role in this work-up, because they showed that it
significantly improved the diagnostic accuracy of non-
calcified lesions when compared with supplemental mam-
mography views [21]. Michell et al. recently showed that in
women referred from a breast cancer screening programme,
digital breast tomosynthesis increased the diagnostic accuracy
of the exam when compared to mammography [22]. In their
study, AUC values were significantly higher with the addition
of digital breast tomosynthesis combined with FFDM and
film-screen mammography (AUC 0.967) when compared to
FFDM plus film-screen mammography (AUC 0.895) and
film-screen mammography alone (AUC 0.788). Although
these numbers are in line with our current observations using
CESM, we are of the opinion that CESM might be the more
suitable technique (despite the use of intravenous contrast
agent and a higher dose), because its accuracy reached
100 % for 113 cases and because it might be an alternative
for the entire conventional work-up, in contrast to digital
breast tomosynthesis, which is only an alternative for the
mammographic work-up. For example, tomosynthesis would
be highly suitable to rule out superposition densities in false-
positive referrals, but many masses would still require further
evaluation using ultrasound. As shown in our study, CESM
has the potential to rule out superposition densities as well as
tomosynthesis can, but it has the additional benefit that many
masses caused by cysts can also be safely ruled out without
the need for further imaging. In superposition densities, no
enhancement whatsoever occurs in the region of interest, and
in cysts a specific ‘void’ is seen, which strongly resembles a
solar eclipse (Fig. 7). We hereby suggest the introduction of
the term ‘eclipse’ for this medical sign of cysts.

CESM also suffers from some disadvantages, of which an
increase in breast radiation dose is probably the most impor-
tant one. Badr et al. recently showed that compared to FFDM,
CESM dose increased by 54 % to 2.65 mGy per image [23].
This increase in dose should be taken into account when
considering the benefits that CESM would have over conven-
tional mammography, especially in young women. In addi-
tion, CESM will result in higher costs, because contrast is
used and more time is needed to perform and read the exams.
Future studies should also focus on the cost-effectiveness of
this new technique.

This study has some limitations. First, our sample size was
limited to 113 women in the final analysis and consisted of a
population with a disease prevalence lower than published
before. However, the population is preselected at the referral
stage from the screening programme. Consequently, it is not
possible to investigate how CESM would have performed in
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Fig. 7 Example of a simple cyst as a true negative finding in a 50-year-
old patient referred because of a well-defined, dense mass in the right
breast (a, arrow, upper row). No enhancement was observed (a, bottom
row). More specifically, an enhancement void was observed (b, detail of
white box), resembling a solar eclipse (¢). Final diagnosis was confirmed
by ultrasound (d) and cyst aspiration

cases that were not included in the study population. Different
screening radiologists might have resulted in different refer-
rals, resulting in a different study population. The limited
number of women might suggest that these study results are
underpowered. Underpowered studies could have two impor-
tant consequences: (1) undetected effects of practical impor-
tance, and (2) large variance of the parameter being measured.
Even in this limited sample size, however, results were statis-
tically significant to a high degree and therefore extremely
unlikely to be based on chance. On the other hand, statistical
significance does not contain information on the true differ-
ences between imaging modalities, and increasing the sample
size would improve results with respect to approaching the

‘true’ effect of the parameters studied, and decrease variance.
Furthermore, the number of breast cancer cases is small (par-
ticularly in situ cancers). Since sensitivity and specificity are
correlated, this small number of abnormal cases might also
influence specificity. For future studies, it would be recom-
mendable to use a larger sample size, preferably evaluated by
multiple readers.

A second potential limitation is that we were not able to
assess breast density. As previously mentioned, breast density
can influence mammography’s diagnostic accuracy. However,
current commercially available (semi)automated breast
density analysis software tools have not been validated
for use in advanced mammography techniques, such as
CESM. Visual inspection of breast density is inaccurate
and observer-dependent [24]. Consequently, we could
not perform a reliable analysis of breast density for
this study.

A third potential study limitation is that no follow-up
occurred in patients with abnormalities presumably caused
by superposition of fibroglandular tissue. A follow-up period
of at least 2 years would be preferable in order to rule out any
malignancies occurring in the time frame between screening
rounds. However, our standard reference procedure of diag-
nosing superposition densities is in line with the NHSBSP’s
Clinical Guidelines for Breast Cancer Screening Assessment.
Furthermore, a recently performed institutional quality control
of this approach showed that this approach can be
safely used to rule out breast cancer (Van Roozendaal
et al., internal publication). In this institutional quality
control, 582 referrals from breast cancer screening were
analysed. Of these, 95 were diagnosed as ‘superposition
cases’ with the before mentioned approach. Follow-up
results were collected for these cases, divided into
groups according to their follow-up policy: single breast
MRI (37 cases), mammographic follow-up in 6 (41
cases) or in 12 months (4 cases), or no follow-up (13
cases). None of the superposition lesions proved to be
malignant (median follow-up 26 months).

Conclusion

CESM is logistically feasible as a breast imaging tool in
clinical practice. CESM significantly increases diagnos-
tic accuracy in patients referred from breast cancer
screening as compared to conventional mammography.
Our study showed that diagnostic accuracy of CESM is
high, even in populations with lower pretest breast
cancer probability than previously published. The good
agreement found between tumour diameters based on
CESM, MRI and pathology supports CESM as a poten-
tial replacement for breast MRI in the preoperative
evaluation of breast cancer patients.
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