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	 Material/Methods:	 After ethics approval, CESM and MRI examinations were performed in 102 patients who had suspicious lesions 
described in conventional mammography. All visible lesions were evaluated independently by 2 experienced ra-
diologists using BI-RADS classifications (scale 1–5). Dimensions of lesions measured with each modality were 
compared to postoperative histopathology results.

	 Results:	 There were 102 patients entered into CESM/MRI studies and 118 lesions were identified by the combination 
of CESM and breast MRI. Histopathology confirmed that 81 of 118 lesions were malignant and 37 were be-
nign. Of the 81 malignant lesions, 72 were invasive cancers and 9 were in situ cancers. Sensitivity was 100% 
with CESM and 93% with breast MRI. Accuracy was 79% with CESM and 73% with breast MRI. ROC curve ar-
eas based on BI-RADS were 0.83 for CESM and 0.84 for breast MRI. Lesion size estimates on CESM and breast 
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of breast MRI.
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Background

Breast cancer is the most common cancer in women world-
wide, with 1.7 million women diagnosed with breast cancer 
in 2012 [1]. Between 2008 and 2012, worldwide breast cancer 
incidence rates have increased 20% and mortality rates have 
increased 14% [1]. It is important to find an accurate and cost-
effective way to detect and diagnose early breast cancers in 
women across various ages, races, risk levels, economic lev-
els, and geographic settings.

In the last few years, new methods have been developed us-
ing contrast media to detect breast cancers via tumor angio-
genesis using dedicated breast computed tomography (CT) and 
breast magnetic resonance imaging (MRI) systems. Contrast-
enhanced breast imaging techniques like CT and MRI are used 
for detection of angiogenesis by following contrast agent up-
take in suspicious breast lesions [2–4]. Dedicated breast CT, 
however, is not yet widely available in developed or develop-
ing countries, and breast MRI is relatively expensive and avail-
able primarily in developed countries.

Contrast-enhanced breast MRI is currently the most sensitive 
technique to detect and stage breast cancer [5–8]. While appro-
priate indications for breast MRI are controversial, breast MRI 
is a viable option in developed countries for high-risk screen-
ing and a number of diagnostic indications, including detec-
tion and characterization of breast cancer, assessment of lo-
cal extent of the disease, evaluation of treatment response, 
and guidance for biopsy and localization [9–11]. Breast MRI 
sensitivity values reported in high risk screening studies range 
from 77% to 100%, higher than those of other imaging mo-
dalities [12,13].

Interpretation of breast MRI exams has been aided by the 
American College of Radiology’s breast-MRI-specific report-
ing and data system (BI-RADS) atlas and lexicon that illus-
trates and ranks the degree of suspicion of many of the mor-
phological findings seen in contrast-enhanced breast MRI. The 
BI-RADS MRI lexicon also aids in the uniformity of reporting of 
breast MRI findings [14–18].

Despite its high sensitivity, breast MRI has been reported to 
have variable specificity, ranging from 81% to 99% in interna-
tional multicenter studies of high risk women [19]. Other lim-
itations of breast MRI include high equipment and examina-
tion costs, limited scanner availability, the inability to detect 
breast cancers based on calcifications, and variable sensitivi-
ty to in situ cancers [19–22].

Concurrent with the development of breast MRI and dedicat-
ed breast CT, the evolution of digital mammography has pro-
vided new opportunities for examination of the breast using 

high-resolution digital imaging combined with iodinated con-
trast agents. Two different approaches have been advanced. 
One, like breast MRI, is based on temporal subtraction of pre- 
from post-contrast images. In digital subtraction mammogra-
phy (DSM), both pre- and post-contrast images are acquired 
during a single breast compression. DSM has the advantage 
of being able to acquire multiple post-contrast phases to study 
potential uptake and washout of contrast agent in suspicious 
lesions. DSM has the disadvantages of requiring long breast 
compression times (5–10 minutes) and as a result, patient dis-
comfort, high likelihood of patient motion causing image mis-
registration, and the need for additional injections of contrast 
agent to acquire more than a single view of a single breast.

A second approach, the one pursued in this study, is dual-en-
ergy contrast-enhanced spectral mammography (CESM), which 
has the advantage of enabling acquisition of multiple views 
of both breasts after a single injection of contrast agent. In 
CESM, after administration of contrast agent each view con-
sists of a rapidly acquired pair of low- and high-energy imag-
es. Low-energy images are normal mammograms with the x-
ray beam spectrum set entirely below the k-edge of iodine 
(33.2 keV) by setting kVp to be less than 33 kV; high-energy 
images use 45–49 kVp and extra x-ray filtration to ensure that 
the x-ray beam spectrum is almost entirely above the k-edge 
of iodine. Low-energy images are acquired at the same dose 
as a normal digital mammogram, while high-energy images 
have only about 20% of the dose of a normal digital mammo-
gram. A weighted subtraction of low- and high-energy images 
produces an image that maximizes the conspicuity of iodin-
ated contrast agent in the breast while minimizing the struc-
tured noise of non-enhancing fibroglandular tissue, thus re-
vealing lesions with higher neovascularity and extracellular 
leakage of contrast agent. The high spatial resolution of the 
digital detector reveals lesion details with approximately 10 
times the spatial resolution of breast MRI.

The feasibility of CESM was demonstrated in 2003 by Lewin 
et al. using a prototype system. In a group of 26 subjects with 
mammographic or clinical findings warranting biopsy, 13 of 
which were invasive cancers, CESM showed strong enhance-
ment in 11 cancers, moderate enhancement in 1 and weak en-
hancement in the other [23]. A larger clinical study by Dromain 
et al. that included 80 breast cancers showed that digital mam-
mography plus CESM had higher sensitivity and superior re-
ceiver operating characteristic (ROC) curve areas than mam-
mography alone or mammography plus ultrasound [24]. A 
multireader study using the same dataset showed that CESM 
added to mammography and ultrasound had significantly high-
er ROC curve areas than mammography and ultrasound [25].

The aim of this study was to see whether CESM is as effec-
tive as breast MRI in detecting and showing the full extent of 
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breast cancer – a question raised by Thibault et al. [26] and 
also addressed by 2 other recent papers, discussed later [27,28].

Material and Methods

Patients included in the study

The study was approved by an ethics committee and all en-
rolled patients provided written informed consent. CESM and 
MRI examinations, followed by histopathology verification, 
were performed between July 2012 and January 2013 in 102 
patients who had suspicious lesions described in convention-
al mammography. Before the examinations, the level of urea 
in the blood, creatinine, and estimated glomerular filtration 
rate (eGFR) were determined. Exclusion criteria were an eGFR 
less than 30 mL/min, allergic reaction to iodinated or gadolin-
ium-based contrast agents, claustrophobia, implanted pace-
makers or metallic implants.

All patients were examined with CESM first, followed by breast 
MRI 1–7 days after CESM. In pre-menopausal women, the breast 
MRI exam was performed between the 5th and 12th day after 
the start of the menstrual cycle [29,30].

All visible lesions were evaluated by 2 experienced radiologists 
with 15 years of interpretation experience in mammography, 2 
years in CESM, and 3 years in breast MRI (the evaluation was 
blinded, radiologists interpreted each modality independent-
ly, each assessing a similar number of MRI and CESM exams).

Digital Mammography (MG)

Conventional digital mammography was usually performed 
outside our hospital – all mammograms were evaluated ret-
rospectively before the following examination by 1 of the 2 
radiologists interpreting CESM and breast MRI.

Contrast Enhanced Digital Mammography (CESM)

All CESM exams were performed with a digital mammogra-
phy device developed by GE Healthcare allowing dual-energy 
CESM acquisitions (SenoBright®). It consists of a full-field dig-
ital mammography system (Senographe Essential) using a flat 
panel detector with a cesium iodide (CsI) absorber, field size 
24×31 cm, del pitch of 100 µm, image matrix size 2394×3062, 
and specific software and hardware adaptations for acquisi-
tion and processing of dual-energy images [31].

For the exam itself, a mammography technologist prepared 
patients by explaining the steps of the procedure and ensur-
ing that the patient had no contraindications to iodine con-
trast. A nurse prepared patients for intravenous injection and 

placed a catheter into the antecubital vein of the arm contra-
lateral to the breast of concern. A single-shot intravenous in-
jection of 1.5 ml/kg of body mass of non-ionic contrast agent 
(Iopromide 370) was then performed, using a power injector 
(Covidien, Optistar™ Elite Injector) at rate of 3 ml/s with a bo-
lus chaser of 30 ml of saline.

After a 2-minute delay, the mammography technologist posi-
tioned the patient and compressed the breast as for a conven-
tional mammography exam mediolateral oblique (MLO) view. 
The breast without a suspected lesion was imaged first, fol-
lowed by the breast with the suspected lesion, to increase the 
likelihood of contrast uptake in the breast of interest. For each 
breast, the MLO view was collected first, followed 1 minute lat-
er by the craniocaudal (CC) view. The CESM mode automati-
cally collected 2 images in each view orientation: a low-ener-
gy acquisition at 26–30 kVp and a high-energy acquisition at 
45–49 kVp, with kVp settings within those ranges depending 
on breast thickness and density. Low- and high-energy imag-
es were typically acquired within 1 second (s) of one another, 
with a maximum time separation of 3 s. For each high-ener-
gy acquisition, the SenoBright® application used a proprie-
tary multi-layer x-ray filter to shape the resulting spectrum to 
maximize x-ray absorption by iodine. For each low- and high-
energy pair, a weighted subtraction was performed automat-
ically, generating an image that maximized the conspicuity of 
iodine contrast agent uptake [32].

Compression time for each view (i.e., low-energy, high-ener-
gy pair) was a maximum of 15 s. Total duration of the exam 
was no longer than 10 minutes. Both low-energy and weight-
ed subtraction images in each view were immediately trans-
ferred to the workstation for radiologist viewing. A mam-
mography workstation (GE’s IDI Mammography Diagnostic 
Workstation) was used for viewing of processed images inter-
preted with knowledge of clinical history, with previous find-
ings from mammography and US.

The total X-ray dose delivered to the patient for a pair of low- 
and high -energy images ranged between 0.7 and 3.6 milli-
gray (mGy) depending on breast thickness and tissue com-
position. This dose level corresponds to about 1.2 times the 
dose delivered for a standard digital mammogram in “con-
trast” automatic optimization of parameters (AOP) mode on 
the Senographe Essential system. The average glandular dose 
(AGD) for the low-energy image was equal to that of a con-
ventional mammogram, while the high-energy image had ap-
proximately 20% the dose of a conventional mammogram in 
AOP contrast mode.

After the CESM examination, patients were observed for 30 
minutes to confirm that they had no allergic reaction to io-
dinated contrast agent.
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MRI Protocol

All contrast-enhanced MRI examinations were performed with 
a 1.5T Avanto MRI system (Siemens, Erlangen, Germany). All 
patients underwent MRI examinations in the prone position 
using parallel imaging with an acceleration factor of 2.0. A 
dedicated 4-channel (Siemens) breast coil was used with the 
following acquisition protocol: T1-weighted turbo spin-echo 
(TSE) sequence, echo-planar diffusion-weighted imaging with 
apparent diffusion coefficient (DWI/ADC), T2-weighted TSE, 
and T2-weighted TSE with fat saturation (SPAIR) in the trans-
verse plane. A 3D FLASH T1-weighted gradient-echo dynamic 
sequence with fat saturation (SPAIR) was performed before 
the administration of contrast agent, followed by 8 repetitions 
of the same sequence with a 20 s delay after starting the con-
trast injection (TR 5.16 ms, TE 2.38 ms, flip angle 10°; base res-
olution 384, phase resolution 75%, slice resolution 75%; FOV 
read 400 mm, FOV phase 59.4% with anterior-posterior phase 
encoding direction and voxel size 1.4×1.0×1.1 mm). Duration 
of each post-contrast acquisition was about 1 minute, depend-
ing on breast size. Post-contrast dynamic MR images were ac-
quired after administration of 0.1 mmol/kg of body mass of 
gadolinium contrast agent (gadobutrol; 604.72 mg/ml) through 
a cannula positioned in an antecubital vein. Contrast medium 
was injected with the use of a power injector (Medrad) at a 
rate of 2 mL/s and was followed by administration of 20 mL 
of saline at the same rate.

MR images were processed by Brevis software (Siemens), 
and subtraction images, signal intensity-time curves (mean 
curves), and angiogenesis maps were obtained. Acquired 
images were transferred to a workstation (LEONARDO and 
SyngoVia, Siemens) for analysis and were interpreted with 
knowledge of clinical history and previous findings from mam-
mography and US.

Evaluation of CESM and MRI

CESM was assessed using a BI-RADS-like classification (scale 
1–5) [33].

The evaluation forms for MG and CESM included as appro-
priate the following data for each enhancing lesion found by 
the readers: 
1.	Lesion location (quadrant).
2.	Degree of enhancement (none, slightly, medium, high).
3.	Enhancement pattern: 
	 a.	�non-mass-like enhancement with no focal findings (lin-

ear, ductal, segmental, regional);
	 b.	�focal enhancement (form, margin, and distribution ac-

cording to BI-RADS) [33].

The MR imaging level of suspicion for the presence of malig-
nant lesions was assigned a score from 1 to 5 using the MRI 
BI-RADS scale for suspicion of malignancy [14,16,17]. For both 
CESM and MRI interpretations, lesions receiving a BI-RADS score 
of 4 or higher were considered positive for cancer. Lesion size 
in both modalities was measured in 2D images. To account 
for geometric magnification of lesion size in CESM images, we 
corrected lesion sizes back to the mid-plane of the breast by 
multiplying lesion size at the image receptor by 0.94.

Statistical analysis

To compare MRI and CESM findings, receiver operating char-
acteristic (ROC) per lesion analysis was performed, ROC curves 
were drawn, and the areas under full ROC curves (AUC) were 
compared using a Z-test. Sensitivity, specificity, accuracy, as 
well as positive and negative predictive values, were evaluat-
ed using BI-RADS scores ³4 as positive assessments. Results 
were compared using McNamara’s test corrected for continu-
ity. Lesion size comparison was analyzed using a Student t-
test for dependent variables, with alpha significance level de-
fined as 0.05. Calculations were performed using STATISTICA 
10.0 (StatSoft, Cracow, Poland) software.

Results

There were 102 consecutive patients who received paired 
CESM and MRI studies and 118 lesions were visualized by 
the combination of the 2 methods. Histopathological studies 
confirmed that 81 of the 118 lesions (69%) were malignant, 

A
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C

D

B Figure 1. �Breast images of a 51-year-old patient 
(A) initial digital mammography; (B) 
breast MRI – T1 and T2 weighted 
images, contrast enhanced T1 
dynamic images with fat saturation 
and subtraction image 5 minutes 
after contrast injection (a cyst visible 
in T1 and T2 weighted images, no 
other focal lesions determined, small 
foci of contrast enhancement visible 
on the cyst wall, although the shape 
of the enhancement curve is non-
characteristic – considering all the 
features of the lesion determined 
in MRI examination, the lesion was 
interpreted to be benign BI-RADS 
2); (C) the CESM images with area 
of contrast enhancement near the 
cyst in the left breast (BI-RADS 4); 
(D) Histopathology – Atypical lobular 
hyperplasia/LCIS.
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37 (31%) were benign (Figure 1). Of the 81 malignant lesions, 
72 were invasive cancers and 9 were non-invasive cancers, as 
shown in Table 1. In 88 patients (86%) single breast lesions 

were detected, while in 12 patients (12%) 2 lesions were diag-
nosed, and in 2 patients (2%) 3 lesions were found.

Lesion Cancer Q-ty Percent [%]

Infiltrating cancer

Invasive ductal carcinoma 58 49

Invasive lobular carcinoma 5 4

Apocrine carcinoma 1 1

Papillary and micropapillary carcinoma 2 2

Tubular carcinoma 1 1

Mixed cases 5 4

Non-infiltrating cancer
Ductal carcinoma in situ 8 7

Lobular carcinoma in situ 1 1

Benign lesions

Fibroadenoma 14 12

Radial scar 4 3

Intraductal papilloma 3 2

Atypical ductal hyperplasia 1 1

Inflammation 1 1

Fibrosclerosis and fibrocystic lesions 14 12

Table 1. �Distribution of benign and malignant lesions in the study cohort.

Number
of lesions per 

patient
Lesion Number of lesions

MRI – 
no enhancement

MRI –
enhancement

CESM – 
no enhancement

CESM – 
enhancement

1
Benign 29 4 25 12 17

Cancer 59 4 55 0 59

2
Benign 8 1 7 0 8

Cancer 16 1 15 0 16

3
Benign – – – – –

Cancer 6 1 5 0 6

Total 118 11 107 12 106

Table 2. Distribution of lesions visible in MRI and CESM.

Sensitivity Accuracy PPV NPV

MRI
93% 73% 74% 65%

[85%; 97%] [64%; 81%] [65%; 82%] [38%; 86%]

CESM
100% 79% 77% 100%

[96%; 100%] [69%; 86%] [67%; 84%] [74%; 100%]

p value 0.04 0.29 0.72 <0.001

Table 3. �Sensitivity, accuracy, PPV and NPV according to BI-RADS assessment. Brackets indicate 95% confidence intervals. P-values 
assess the significance of differences between MRI and CESM by variable.
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CESM found 106 lesions in 90 women. 72 lesions (68%) were 
invasive cancers, 9 lesions (8%) were non-invasive cancers, 
and 25 lesions (24%) were benign. In 76 women, single le-
sions were visible (59 malignant lesions and 17 benign lesions 
by histopathological verification). Twelve patients each had 2 
contrast-enhanced breast lesions (16 malignant, 8 benign). In 
2 patients, 3 contrast enhancement areas were visible and all 
of them were verified as malignant. 12 patients had no con-
trast enhancement by CESM (although suspicious lesions were 
visible in conventional mammography) and all lesions not di-
agnosed by CESM were benign.

MRI found 107 lesions in 94 women. 68 lesions (64%) were in-
vasive cancers, 7 lesions (7%) were non-invasive cancers, and 
32 lesions (30%) were benign. 11 lesions were undetected by 
MRI: 5 were benign, 4 were invasive cancers, and 2 were non-
invasive cancers by histopathology. The 3 benign lesions un-
detected by MRI also were undetected by CESM. The described 
distribution of lesions is presented in Table 2.

CESM and MRI – BI-RADS Classification

On CESM, all 12 lesions classified as BI-RADS 1 proved to be 
benign on histopathology. Of 29 lesions classified as BI-RADS 
4 on CESM, 13 (45%) were cancers. Of 77 lesions classified 
as BI-RADS 5 on CESM, 68 (88%) proved to be cancers on 

histopathology. CESM had a sensitivity of 100%, an accuracy 
of 79%, a PPV of 77%, and an NPV of 100% (Table 3).

On MRI, of 11 lesions classified as BI-RADS 1, 6 (55%) were can-
cers on histopathology. Of 6 lesions classified as BI-RADS 2 on 
MRI, all proved to be benign. Of 40 lesions classified as BI-RADS 4 
on MRI, 16 (40%) of them were cancers. Of 61 lesions categorized 
as BI-RADS 5 on MRI, 59 (97%) proved to be cancer (Figure 2).

Breast MRI had a sensitivity of 93%, an accuracy of 73%, a PPV 
of 74%, and an NPV of 65%. Sensitivity, accuracy, PPV and NPV of 
CESM and breast MRI, along with 95% confidence intervals, are 
summarized in Table 3. Sensitivity and negative predictive value 
were significantly better with CESM than with breast MRI (p values 
for significance of differences were 0.04 and <0.001, respectively).

Table 4 presents the correlation between lesions detected on 
MRI and CESM according to BI-RADS and lesion histopathology.

ROC analysis

The ROC curves based on BI-RADS classifications for MRI and 
CESM (Figure 3) are located a similar distance to the upper 

Figure 2. �Comparison of BI-RADS in MRI and 
CESM. BI-RADS diagnosis based 
on MRI and CESM were consistent 
and correct in 93% of detected and 
histopathology-proven cancers. The 
remaining 7% of the observed cancers 
were properly diagnosed on CESM 
and mistakenly assessed on MRI. 
The classification was incorrect for 
both techniques in 54% of benign 
lesions. Among benign lesions, MRI 
incorrectly classified 70% as BI-RADS 
4 or greater, while CESM incorrectly 
classified 68% as BI-RADS 4 or greater. 
Lesions that proved to be benign on 
histopathological examination were 
correct and consistent in 16%.

BI RADS MRI ≥4
BI RADS CEMS ≥4

Benign lesion

10 20 30 40

20 (54%)

6 (16%)

5 (13%)

75 (93%)

6 (7%)

6 (16.22%)

50 10 20 30 40 50 60 70 80 90

Cancer

Both MRI and CESM diagnosis correct
Only CESM diagnosis correct
Only MRI diagnosis correct
Both MRI and CESM diagnosis incorrect

BI RADS MRI ≥4
BI RADS CEMS <4

BI RADS MRI <4
BI RADS CEMS ≥4

BI RADS MRI <4
BI RADS CEMS <4

CESM – BI-RADS Lesion
MRI – BI-RADS

1 2 4 5

1
Benign 3 3 6 0

Cancer – – – –

4
Benign 2 3 10 1

Cancer 2 0 7 4

5
Benign 0 0 8 1

Cancer 4 0 9 55

Table 4. �Correlation of CESM and MRI BI-RADS scores with histopathology. No lesions were scored as a BI-RADS 2 or 3 with CESM or 
BI-RADS 3 with MRI.
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left-hand corner of the graph, demonstrating their similar di-
agnostic performance (Figure 3).

ROC curve areas were comparable: AUC was 0.83 for CESM and 
0.84 for MRI, with a p-value for the difference of 0.79 (Table 5).

Size estimation

Lesion sizes determined with CESM and breast MRI were sim-
ilar, but were larger than those from histopathological exam-
ination (p<0.01). CESM overestimated average lesion size by 
1.7 mm, while breast MRI overestimated average lesion size 
by 1.8 mm.

Discussion

At present, breast MRI is the most sensitive imaging tech-
nique for breast cancer detection and the most accurate for 
assessment of extent of disease. Breast MRI often is not avail-
able to women, however, due to lack of the technology or in-
adequate health insurance coverage. Moreover, the quality of 
breast MRI varies significantly across practices. The present 
study suggests that, like breast MRI, CESM could be of partic-
ular value for detection and assessment of extent of breast 

cancer. Our study found that CESM detected multifocal breast 
cancers in all cases studied and allowed reasonably accurate 
estimation of lesion size.

The dual-energy CESM technique offers the possibility of imag-
ing both breasts in multiple views (CC and MLO) after a single 
injection of contrast agent. Like breast MRI, processed CESM 
images are sensitive to lesions revealed by contrast agent up-
take. Beyond breast MRI, low-energy CESM images are sensi-
tive to lesions revealed by the presence of calcification groups. 
The CESM exam takes less time than a breast MRI examina-
tion, where the patient must lie still in the prone position for a 
half-hour or longer during image acquisition. Moreover, CESM 
images are easy to interpret by radiologists familiar with stan-
dard mammography.

Mammography is the only breast imaging examination shown 
to reduce breast cancer mortality, with a population-based sen-
sitivity of 75% to 80%. Sensitivity of mammography in high-
risk women with dense breasts is only in the range of 50% [34].

The results of this study show that diagnoses based on CESM 
are slightly more reliable than those based on breast MRI. 
The sensitivity of CESM examination was 100%, higher than 
the 93% sensitivity of breast MRI (p£0.04). The accuracy of 
the CESM exam was 79%, also higher than that of breast MRI 
(73%), but this difference was not statistically significant. PPV 
was 77% with CESM and 74% for breast MRI. NPV was 100% 
for CESM and only 65% for breast MRI (p<0.001).

Since CESM was only recently introduced into diagnostic use, 
there are only a few articles about it in the literature. Reported 
sensitivity values of CESM range between 63.5% and 93% [35]. 
Reported sensitivity values for MRI range from 77% to 100% 
[12,13]. To date, few papers have compared CESM to breast 
MRI in the same cohort [26,27]. In a study by Jochelson et al., 
all CESM examinations were performed in 1 imaging center, 
while MRI exams were performed in various institutions [27]. 
In that study, CESM had a lower sensitivity for depicting ad-
ditional ipsilateral cancers than breast MRI, but the specific-
ity of CESM was higher. An enhancing lesion seen on CESM 
was significantly more likely to be malignant than one seen 
on breast MRI, with a positive predictive value of 97% (64 of 
66) for CESM and 85% (72 of 85) for breast MRI (p<0.01) [27]. 
In our study, 100% of cancers were identified as positive on 
CESM, while 93% were identified as positive on breast MRI.

MRI CESM AUC difference

ROC
AUC

Value 95% CI Value 95% CI Value 95% CI p-value

0.84 [0.76, 0.91] 0.83 [0.73, 0.92] 0.01 [0, 0.1] 0.79

Table 5. ROC analysis AUC values and 95% confidence intervals for MRI and CESM.

Figure 3. �Comparison of ROC curves for CESM (blue line) and 
MRI (dashed red line) based on BI-RADS scores. Dotted 
reference line represents the ROC curve for a random 
distribution of cases with negative and positive test 
results.
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While MRI permits detailed assessment of such parameters as 
contrast enhancement, mean curve shape, perfusion and dif-
fusion of water molecules, its sensitivity appears to be lower 
than that of CESM. Fallenberg et al. showed an increase in le-
sion detection using CESM of 2.6% compared to MRI [28]. This 
paper confirms the findings of Fallenberg et al. and Jochelson 
et al., showing that CESM has a comparable or higher detec-
tion rate than breast MRI for primary breast cancers.

Unlike other CESM studies, we observed some differences in 
lesion dimensions between CESM and histopathology and be-
tween breast MRI and histopathology. These differences could 
be caused by breast compression during the MRI and CESM 
examinations. Overestimation of lesion sizes on acquired im-
ages had no influence on treatment because overestimation 
was small and safety margins were always included for sur-
gical excision.

Our study has some limitations. All patients enrolled in the 
study were recalls from screening MG, which may have in-
curred some entry bias in favor of CESM compared to breast 
MRI. Another limitation of our study was that CESM is a nov-
el technique and consequently does not yet have a dedicated 
BI-RADS lexicon and classification system; as a result, we ad-
opted rules described by Diekmann [33]. A possible limitation 
of our ROC analysis could be relying on BI-RADS scores, which 
are non-linear in terms of cancer suspicion.

Conclusions

CESM is a new diagnostic method that enables accurate de-
tection of malignant breast lesions, high negative predictive 
value, and a false-positive rate similar to that of breast MRI. 
However, further studies with a larger number of patients are 
necessary to confirm these conclusions.
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