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Abstract 

Background: During multi‑detector computed tomography (MDCT) of the chest, incidental breast lesions (IBLs) 
are occasionally encountered. Mammography remains the gold standard for the early detection of breast cancer. 
However, limitations exist in patients with dense breasts. Contrast spectral mammography (CESM) is widely available 
compared to MRI; it increases the sensitivity for breast cancer detection without decreasing the specificity.

Results: The study is a prospective study that included 113 female breast cancer patients for CT staging. One 
hundred and six of the patients had unilateral carcinoma and 7 of them had bilateral cancer with a total of 120 
breasts evaluated. The CT findings were correlated with CESM findings regarding the multiplicity and bilaterality of 
the disease. The sensitivity, specificity, PPV, NPV, and accuracy of the CT in the detection of multiplicity were 97.44%, 
100%, 100%, 95.45%, and 98.33%, respectively, and the sensitivity, specificity, PPV, NPV, and accuracy of the CT in the 
detection of bilateral disease were 68.18%, 97.96%, 88.24%, 93.20%, and 92.50%, respectively.

Conclusions: Breast cancer patients for MDCT chest as a part of their metastatic workup can omit the further need 
for CESM.
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Background
Mammography remains the imaging standard for the 
detection of early breast cancer. However, it has limita-
tions in dense breasts with a decrease in overall sensitiv-
ity from 85%, i.e., decreases to 68% [1].

Contrast spectral mammography (CESM) has been 
introduced to aid in breast cancer diagnosis, multiplicity 
evaluation, and deciding the type of surgery [2].

National Comprehensive Cancer Network (NCCN) 
guidelines recommend diagnostic contrast-enhanced 

chest computed tomography (CT) as part of the staging 
for distant metastasis in breast cancer patients classified 
as stage II or higher (> T2, N1) [3].

We performed a 3-year prospective study to com-
pare contrast-enhanced MDCT chest and CESM in the 
detection of multifocal, multicentric, or bilateral breasts 
disease in already diagnosed breast cancer patients’ can-
didate for CT chest as a part of metastatic workup (stage 
II or higher) with the feasibility of MDCT chest to be a 
replacing diagnostic tool instead of CESM in this set of 
patients.
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Methods
Case selection and data collection
This prospective study was carried out between June 
2017 and June 2020. The study was approved by the 
ethical committee (ref. no. BEC202103030065), and 
all enrolled patients provided their informed consent. 
During those 3  years, we received 900 breast cancer 
patients, 787 patients were excluded being early breast 
cancer patients who did not require CT staging and lost 
to follow-up and those with no pathological data (flow-
chart). We included 113 female breast cancer patients; 
7 of them had bilateral cancer, so 120 diseased breasts 
were included in the study. The patient’s ages ranged 
from 25 to 75 years (mean 55 years). Our inclusion cri-
teria were pathologically proven breast cancer patients 
candidates for CT staging (T3, T4, N2, or N3). We 
excluded patients with contraindications for contrast 
injection, patients with previous breast surgery, or on 
chemotherapy. CESM was performed then after 1-week 
MDCT examination was done for all patients.

Contrast‑enhanced spectral mammography examination 
technique
Intravenous injection of an iodinated contrast agent 
(iohexol, 300 mg I/mL) was done at a dose of 1.5 mL/
kg before the application of breast compression. This 
was followed by a 2-min wait before dual-energy CESM 
image acquisition in the two standard positions (cranio-
caudal and mediolateral oblique views). Low- and high-
energy images were consecutively acquired in each 
view. Enhanced images were calculated by weighted 
logarithmic subtraction of the two images.

Contrast‑enhanced MDCT chest examination technique
Contrast-enhanced MDCT chest was performed using 
an MDCT scanner (Aquilion, Toshiba Medical, Tokyo, 
Japan) set for 1-mm collimation and a pitch of 5.5.

We scanned our patients in the supine position from 
the level of the lower neck to the level of the supra-
renal glands. Three breast-hold acquisitions were 
obtained before and after IV rapid bolus administra-
tion of non-ionic contrast material in the portal and 
delayed phases. We infused 100  mL of non-ionic con-
trast material (Omnipaque), at a rate of 3 mL/s. using a 
pump injector. The data were reconstructed at 0.6-mm 
increments in axial, coronal, and sagittal planes. Post-
acquisition image processing and reconstruction were 
performed to achieve isotropic reconstructed volumes 
using a soft tissue filter and voxel size of 0.273   mm3 
(standard mode). Contrast-enhanced CT images were 
viewed in three orthogonal orientations (sagittal, axial, 

and coronal) at varying slice thickness (from 0.27 to 
11 mm) and 3D views to aid in interpretation.

Image analysis
MDCTs and CESM were performed within a week and 
were evaluated prospectively and independently by dedi-
cated breast radiologists. Both CESM MRI and MDCT 
findings were classified according to the 5th edition 
Breast Imaging Reporting and Data System (BI-RADS®) 
MRI-lexicon [4].

The enhancing lesion was classified as a mass or non-
mass. The mass was analyzed regarding its shape, mar-
gins, and enhancement pattern. Non-mass enhancement 
was analyzed regarding its distribution and enhance-
ment pattern. The lesions were also classified as unifo-
cal, multifocal, or multicentric. Multifocality was defined 
as additional sites of malignancy within the same breast 
quadrant of the index tumor, while multicentricity was 
defined as additional sites of malignancy within differ-
ent quadrants of the same breast. Intraductal extension 
of the mass was assessed if present. The assessment also 
included the presence of other enhancing lesions on the 
contralateral side. The presence of nipple changes, skin 
thickening/attachment, or pathological axillary lymph 
nodes was also recorded.

Statistical analysis
Data were coded and entered using the SPSS (Statisti-
cal Package for the Social Sciences) version 26 (IBM 
Corp., Armonk, NY, USA). Data were summarized using 
mean, standard deviation, median, minimum, and maxi-
mum in quantitative data and using frequency (count) 
and relative frequency (percentage) for categorical data. 
Standard diagnostic indices including sensitivity, speci-
ficity, positive predictive value (PPV), negative predic-
tive value (NPV), and diagnostic efficacy were calculated 
[5]. For comparing categorical data, chi-square (χ2) test 
was performed. An exact test was used instead when the 
expected frequency is less than 5. A P value of less than 
0.05 was considered statistically significant.

Results
This study included 113 patients diagnosed as breast can-
cer candidates for CT staging (stage II or higher); 7 of 
them had bilateral cancer, so 120 diseased breasts were 
evaluated. The patient’s age ranged from 25 to 75  years 
(mean age 55.3 ± SD). In all patients, breast cancer was 
diagnosed by percutaneous core needle biopsy and their 
histopathology results are demonstrated in Table 1. The 
CESM was considered as a gold standard reference to 
evaluate the performance of contrast-enhanced MDCT 
chest and the possibility of being a replacement contrast 
tool study for CESM.
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Regarding lesion descriptors and enhancement pattern
The enhancing lesions detected in CESM and contrast-
enhanced MDCT were masses, non-mass, and mass 
and non-mass enhancement patterns which are demon-
strated in Table 2. An irregular shape, non-circumscribed 
margins, and heterogeneous enhancement were the most 
encountered descriptors for malignant masses, while seg-
mental, regional, and clumped non-mass enhancement 
were the most encountered descriptors for malignant 
non-mass enhancement in contrast-enhanced MDCT.

Regarding the multiplicity of the lesions
The results of both CESM and contrast-enhanced 
MDCT chest were matched in 118 (98.3%) of the exam-
ined breasts, where 42 (35%) of the examined breasts 
showed single lesions, 30 (25%) showed multifocal 
lesions, 45 (37.5%) showed multicentric lesions (Fig.  1), 
and 1 (0.83%) was diffuse infiltration. Their results were 
mismatched in 2 (1.7%) of the examined breasts. The 
mismatch was in the detection of multicentricity, where 
CESM detected multiple breast lesions, while contrast-
enhanced CT chest detected just a single lesion in one 
case, and in another case, contrast-enhanced CT chest 
detected multifocal lesions, while CESM detected only a 
single mass (Fig. 2).

Regarding the breast lesions bilaterality
Both CESM and contrast MDCT chest detected unilat-
eral carcinoma in 106 (88.3%), while bilateral malignant 
lesions were detected in 14 (11.7%) of the examined 

breasts (Fig.  3a, b). Contralateral benign lesions were 
detected in 8 cases (6.7%) in CESM, and only 3 (3.5%) of 
them were detected in MDCT.

The performance of contrast‑enhanced MDCT chest 
in the detection of breast multifocality and multicentricity
In established breast cancer patients, contrast-enhanced 
MDCT chest showed 100% sensitivity (95% CI 88.4–
100%), 100% specificity (95% CI 96–100%), and 100% 
PPV (Table 3).

The performance of MDCT chest in the detection 
of bilateral malignant breast lesions
The sensitivity, specificity, PPV, and NPV of MDCT in 
the detection of bilaterally malignant breasts lesions were 
85.7% (95% CI 57.2–98.2%), 98% (95% CI 93.4–99.8%), 
85.7% (95% CI 59.9–96%), and 98% (95% CI 93.5–99.5%), 
respectively (Table 4).

Regarding other associated imaging findings
Among the associated imaging findings, there was a 
statistically significant association between contrast-
enhanced MDCT and CESM (P ≤ 0.001) regarding the 
assessment of skin attachment and demonstration of 
intraductal extension of the tumor (Tables 5, 6).

Discussion
Incidental breast lesions (IBLs) could be occasionally 
detected in routine CT chest, although this technology 
was not optimized for breast imaging studies and is usu-
ally performed for other indications other than breast 
diseases. The IBLs detected on the CT chest could be 
cancer [6].

Based on a systemic review, about 49% of IBLs detected 
on CT were malignant lesions, ranging from 28.2 to 
69.6%. In addition, the frequency of primary breast carci-
noma varied from 9.2 to 60.9% [7].

This study evaluates the feasibility of replacing the 
CESM with a contrast-enhanced MDCT chest in the 
assessment of breast lesions multiplicity and bilaterally in 
diagnosed breast cancer patients in need of a CT chest as 
part of their metastatic workup.

Morphological analysis of IBLs revealed that non-cir-
cumscribed margin was the highest PPV for malignancy 
(74%) and irregular or lobulated shape was a 5% positive 
predictive value [8].

In the current study, the most encountered malignant 
masses in contrast-enhanced MDCT were irregular in 
shape, of non-circumscribed margins, and showed heter-
ogeneous contrast uptake, while segmental, regional, and 
clumped non-mass enhancement were the most encoun-
tered malignant non-mass enhancement.

Table 1 Histopathological results of the different malignant 
lesions

Histopathological diagnosis Number 
of lesions 
(n = 120)

IDC 57 (47.5%)

ILC 14 (11.7%)

Mucinous carcinoma 17 (14.2%)

IDC with DCIS 19 (15.8%)

ILC with LCIS 2 (1.7%)

Invasive cribriform with tubular differentiation 11 (9.2%)

Table 2 Lesions enhancing pattern in CESM and MDCT

Enhancing lesions CESM MDCT

Mass 91 (75.8%) 93 (77.5%)

Non‑mass 14 (11.7%) 13 (10.8%)

Mass and non‑mass 15 (12.5%) 14 (11.7%)
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A good correlation between MDCT and pathology in 
the assessment of the tumor size with an appropriate 
determination of adequate surgical margins was demon-
strated in prior studies [9, 10]. However, the capability of 
MDCT to identify the intraductal component of breast 
cancer was a concern by different studies. While some 
authors have stated that MDCT is effective in the dem-
onstration of ductal carcinoma in situ (DCIS), especially 
the higher grades DCIS, other authors have shown that 
MDCT has a lower sensitivity than MRI [11–14].

In this study, there was a statistically significant 
association between contrast-enhanced MDCT and 
CESM (P ≤ 0.001) regarding the demonstration of 

intraductal extension (Fig.  4), but the limited number 
of studied tumors with such extension needs further 
investigations in the future regarding the capability of 
the MDCT in the detection of intraductal extension. 
In this study, there was also a statistically significant 
association between contrast-enhanced MDCT and 
CESM (P ≤ 0.001) regarding the assessment of skin 
attachment.

Kang et  al. [14] reported that MDCT could detect 
additional multifocal or multicentric breast lesions that 
were occult by mammography or ultrasound. Their 
reported sensitivity, specificity, and accuracy were 
93.3%, 98.3%, and 97.3%, respectively.

Fig. 1 A 40‑year‑old female patient complained of a right breast lump. CESM of right breast CC and MLO views (a, b) and contrast‑enhanced CT 
chest coronal and sagittal planes (c, d) showed right breast multiple spiculated heterogeneously enhancing masses (straight arrows) (occupying 
UOQ and LOQ) (i.e., multicentric masses), pathologically proven invasive ductal carcinoma, grade II with multiple pathologically enlarged right 
axillary lymph nodes (level I, II, III) best demonstrated on coronal images (curved arrow). The histopathology result was IDC grade II



Page 5 of 8Rahman et al. Egypt J Radiol Nucl Med          (2022) 53:152  

Volterrani et  al. [15] evaluated 31 breast cancer 
patients by dual-energy CT, and they stated that this 
technology demonstrates a good correlation with 
pathologic analysis regarding the tumor size and can-
cer distribution (unifocal, multifocal, or multicentric); 
however, there was no comparison with contrast-
enhanced dedicated breast examination in that study.

Volterrani et al. [15] were capable of identification of all 
invasive cancer by reconstructed monochromatic images 
at low energies (40 keV), whereas 2 out of 10 low-grade 
DCIS because of their poor enhancement pattern was 
not detected.

In the current study, all our encountered cases were 
invasive cancer where contrast-enhanced MDCT chest 

Fig. 2 A 46‑year‑old female patient with positive family history complained of a left breast lump. CESM of left breast CC and MLO views (a, b) 
showed left UOQ single heterogeneously enhancing mass lesion. Contrast‑enhanced chest CT axial and coronal images (c, d) showed left breast 
UOQ intensely enhancing mass lesion (arrow) along with another anteriorly located small enhancing nodule (arrowhead) representing multifocal 
disease. The histopathology result was IDC with tubular differentiation, grade II
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showed 100% sensitivity, specificity, and PPV regarding 
cancer distribution in comparison with CESM, and it 
showed 85.7% sensitivity, 98% specificity, 85.7% PPV, and 
98% NPV in the detection of bilaterally malignant breasts 
lesions compared to CESM. In this study, 3 (3.5%) out of 
8 (6.7%) of contralateral benign lesions were detected by 
MDCT chest, and this may be explained by their poor 
enhancement pattern that decreases the capability of CT 
in their detection.

Felipe et al. [16] stated that using dedicated breast pro-
tocol in MDCT examination is feasible and shows sub-
stantial agreement with MRI in newly diagnosed breast 
cancer patients staged II or III.

The limitation of the present study was the evaluation 
of tumor size and its correlation with postoperative his-
topathological results, and this can be explained because 
not all the studied cases were a candidate for surgical 
management, and therefore there was no comparison 

Fig. 3 a A 36‑year‑old female patient presented with a left palpable lump with diffuse skin thickening. CESM of both breasts CC and MLO views 
showed right breast (a, b) UOQ clumped non‑mass enhancement and scattered ill‑defined enhancing masses (arrowheads). Left breast (c, d) 
showed retroareolar spiculated intense heterogeneous enhancing mass infiltrating the nipple. Other similar yet smaller enhancing masses were 
seen scattered throughout the left breast quadrants (arrows) associated with diffuse skin thickening. b Contrast‑enhanced CT chest axial (a, b), 
sagittal (c, d) and coronal (e, f ) planes showed left breast multiple irregular‑shaped enhancing masses (multicentric) (arrows); one of the masses is 
deeply seated infiltrating the underlying pectoral muscle (a). The largest mass is seen retroareolar invading the nipple (a, e). Multiple pathologically 
enlarged left axillary levels I, II, and III (curved arrows). Right breast UOQ irregular‑shaped speculated mass lesion along with an anterior segmental 
area of clumped non‑mass enhancement (a–e) (arrowheads). Histopathology was ILC grade II on the right side and invasive mammary carcinoma 
grade III on the left side

Table 3 Performance of MDCT chest in the detection of breast 
multifocality and multicentricity

AUC, area under the curve

Statistic Value 95% CI

Sensitivity 100.00% 88.4–100.0%

Specificity 100.00% 96.0–100.0%

Positive predictive value 100.0% –
AUC 1.000 –
P value  < 0.0001 –

Table 4 Performance of MDCT chest in the detection of bilateral 
breast lesions

AUC, area under the curve

Statistic Value 95% CI

Sensitivity 85.7% 57.2–98.2%

Specificity 98.11% 93.4–99.8%

Positive predictive value 85.7% 59.9–96.0%

Negative predictive value 98.1 93.5–99.5%

AUC 0.919 –

P value  < 0.0001 –
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Table 5 Association between CESM and MDCT assessment of 
skin attachment

Skin attachment (CESM)

Yes No P‑value

Count % Count %

Skin attachment (CT)

Yes 5 100.0% 3 2.6%  < 0.001

No 0 0.0% 112 97.4%

Table 6 Association between CESM and MDCT assessment of 
intraductal extension

Intraductal extension (CESM)

Yes No P‑value

Count % Count %

Intraductal extension (CT)

Yes 3 100.0% 2 1.7%  < 0.001

No 0 0.0% 115 98.3%

Fig. 4 A 53‑year‑old female patient presented with a palpable axillary lump. CESM of left breast CC and MLO views (a, b) and contrast‑enhanced CT 
chest axial, sagittal, and coronal planes (c–h) showed left UOQ multiple enhancing ill‑defined masses of segmental distribution (arrows), the largest 
mass showed anterior clumped linear non‑mass enhancement representing anterior intraductal extension reaching retro areolar (arrowheads) 
demonstrated well in both modalities. Pathological left axillary and supraclavicular lymph nodes were demonstrated in the coronal plane (curved 
arrow). Histopathology was invasive mammary carcinoma grade II
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between the CESM and MDCT regarding the lesion size, 
so we recommend further dedicated studies.

Conclusions
In contrast, MDCT chest could potentially replace 
CESM in the detection of invasive breast cancer distri-
bution (unifocal, multifocal, multicentric, or bilateral) in 
patients’ candidates for CT staging, allowing locoregional 
staging with a single examination, reducing costs and 
excess patients’ radiation exposure.
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