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Background: Dual-energy computed tomography (DECT) is widely used to characterize and differentiate
tumors. However, data regarding its diagnostic performance for the characterization of breast tumors are
limited. In this study, we assessed the diagnostic performance of quantitative parameters derived from DECT
in differentiating benign from malignant lesions and predicting histopathological and molecular subtypes in
patients with breast cancer.

Methods: Dual-phase contrast-enhanced DECT of the thorax was performed on participants with
breast tumors. Conventional CT attenuation and DECT quantitative parameters, including normalized
iodine concentration (NIC), the slope of the spectral Hounsfield unit curve (Ay,), and normalized effective
atomic number (nZ,q), were obtained and compared between benign and malignant lesions, invasive non-
special carcinoma, and ductal carcinoma in situ (DCIS), and among the four molecular subtypes of breast
cancer. The diagnostic performance of the quantitative parameters was analyzed using receiver operating
characteristic (ROC) curves.

Results: This study included 130 participants with 161 breast lesions (44 benign and 117 malignant). In
the arterial and venous phase, NICs, Ay, nZ, and attenuation were higher in malignant lesions than benign
lesions (all P<0.001). The venous phase Ay, had the best differential diagnostic capability, with an area
under the curve (AUC) of 0.90, a sensitivity of 84.1% (37 of 44), a specificity of 86.3% (101 of 117), and an
accuracy of 85.7% (138 of 161). The NICs in the arterial and venous phases were higher in invasive non-
special carcinoma than DCIS (both P<0.001). In terms of diagnostic performance, NIC in the venous phase
had an AUC of 0.77, a sensitivity of 75.0% (12 of 16), a specificity of 81.2% (82 of 101), and an accuracy
of 80.3% (94 of 117). The luminal A subtype produced a lower venous phase NIC, and arterial and venous
phase nZ than the non-luminal A subtype (AUC of 0.91 for the combination of these three parameters).
Conclusions: Dual-energy CT quantitative parameters are a feasible and valuable noninvasive means
of differentiating between benign and malignant lesions, and predicting histopathological and molecular

subtypes in patients with breast cancer.
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Introduction

Breast cancer is the most common malignancy in women.
It is a heterogeneous disease with various subtypes and
therapeutic responses (1). The determination of breast
tumor status is not only crucial for reducing unnecessary
biopsies of benign lesions but also for reducing the costs
and morbidity associated with invasive biopsy procedures.
Compared with invasive breast cancer, ductal carcinoma in
situ (DCIS) has a good prognosis, and breast-conserving
surgery and radiotherapy are frequently recommended as
treatments (2). Among invasive non-special carcinomas, the
luminal A subtype is highly sensitive to endocrine therapy
and is associated with a better prognosis, whereas patients
with the luminal B and human epidermal growth factor
receptor 2 (HER2)-enriched subtypes tend to have poorer
prognoses (3). The basal-like subtype has a tendency to
relapse quickly and accounts for a large proportion of deaths
after diagnosis (4). Differentiating DCIS and the luminal A
subtype without invasive biopsy could spare many women
from receiving intensive treatment, thereby preserving their
quality of life.

Magnetic resonance imaging (MRI), ultrasonography, and
mammography are key modalities for breast tumor diagnosis
and the subsequent choice of appropriate therapy (5).
MRI is highly sensitive to the detection of breast cancer
and is the most sensitive technique for screening high-
risk women and detecting contralateral or multifocal
disease (6-8). However, concomitant limitations of MRI
include a high false-positive rate and limited accessibility in
developing countries (7,9). Ultrasonography is restricted by
a high false-positive rate and operator dependence, while
mammography is limited in dense breast (10), especially in
Asian women.

In oncological imaging, dual-energy computed
tomography (DECT) has promising clinical application
for the characterization of tumors (11). Recently,
DECT has attracted wide research interest for use in
the differentiation of benign from malignant tumors,
as well as histopathological and genotypic classification
(12-17). So far, only a few studies (18-21) have evaluated
breast lesion visibility by reconstructing images from
DECT. A small-sample study (22) demonstrated that the
iodine concentration was higher in invasive non-special
carcinoma than in DCIS and benign tumors. However,
more quantitative parameters and participants should
be considered. To date, few studies have specifically
investigated the diagnostic performance of DECT in the
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characterization of breast tumors.

We hypothesized that quantitative parameters
derived from DECT could be used for the preoperative
characterization of breast tumors. In our study, DECT was
performed on participants with breast tumors to obtain
the quantitative parameters. Our aim was to assess the
diagnostic performance of DECT quantitative parameters
in differentiating benign from malignant lesions and
predicting histopathological and molecular subtypes in
breast cancer patients.

Methods
Participant characteristics

Our prospective, single-center study was approved by the
ethics committee of the Chongqing University Cancer
Hospital (No. CZ1.S20200215-A) and written informed
consent was obtained from all participants. From June to
December 2019, 130 consecutive women were enrolled,
with a median age of 53.2+10.01 years (range, 32-87 years).
Participants’ imaging (mammography, ultrasonography,
MRI) results were highly suspicious, or they had been
pathologically diagnosed with breast cancer and were
undergoing dual-phase contrast-enhanced DECT for the
evaluation of potential lung metastasis or other underlying
lung lesions. The inclusion criteria for patients were as
follows: (I) a first diagnosis of breast tumor; (II) breast
masses with the shortest diameter >1 cm that were visible
on DECT enhanced images and within the field of view of
DECT; (III) had not undergone biopsy within the 1 week
prior to dual-energy CT screening; and (IV) no history
of chemotherapy or radiation therapy in the breast space.
The exclusion criteria were as follows: (I) impaired kidney
function (glomerular filtration rate <30 mL/min); (II) severe
contrast media allergy; (III) pregnancy; and (IV) an inability
to provide informed consent for the CT examination.

We reviewed and recorded the histopathological
diagnostic data from the hospital’s electronic medical
records. All pathological data were obtained within the 2
weeks following CT examination. As described in the 2013
St. Gallen guidelines, the molecular subtypes of breast
cancer are divided into four categories (23): (I) luminal A
[estrogen receptor (ER) or progesterone receptor (PR)+,
HER2-, and Ki67-]; (I) luminal B (ER or PR+, HER2-,
and Ki67+, or ER or PR+, HER2+, and Ki67+); and (III)
HER2-enriched (ER-, PR-, and HER2+); or (IV) basal-like
(ER-, PR-, and HER2-).
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Dual-energy CT image acquisition

Imaging data were acquired on a 2.5 generation dual-
source CT unit (SOMATOM Drive, Siemens Healthineers,
Forchheim, Germany). Automatic exposure control (CARE
Dose 4D, Siemens Healthineers) was used for all scans. The
scanner settings were as follows: collimation, 64x0.6 mmy;
rotation time, 0.28 s; pitch, 0.55; reference tube current time
product, 71 mAs for the 100-kVp tube and 60 mAs for the
Sn140-kVp tube; reformatted section thickness, 1.5 mm;
reformatted section increment, 1.5 mm. All participants were
scanned craniocaudally in the supine position. The non-
enhanced scan was acquired first. For contrast-enhanced
scanning, iodinated nonionic contrast media (Ioversol,
320 mg/mL iodine, HENGRUI Medicine, Jiangsu, China)
was administered via the right or left ulnar vein using a dual-
head injector at a dosage of 1.5 mL/kg and a flow rate of
2.5 mL/sec; this was followed by a bolus injection of 30 mL
saline administered at the same flow rate. After injection,
arterial phase scans were started using a bolus-tracking
technique with a threshold of 100 Hounsfield units (HUs) in
the descending aorta and an additional delay of 10 seconds.
The delay time for venous phase scanning was 25 seconds
after the end of arterial phase scanning.

Dual-energy CT quantitative parameters

DECT data were analyzed using viewer software on a
syngo.via workstation (syngo.via VB20A, Dual Energy,
Siemens Healthineers, Forchheim, Germany). Standard
linear-blended images were reconstructed by applying
a blending factor of 0.5 (M_0.5; 50% of the low kV and
50% of the high-kV spectrum) for attenuation (HU)
measurements. Measurements of dual-energy quantitative
parameters were performed by two radiologists (X.X.W,
who has 6 years of experience in breast and chest diagnostic
imaging, and X.F.Z, who has 2 years of experience in
post-reconstruction imaging), who were blinded to the
histopathologic results of the patients. A region of interest
(ROI) as large as possible was placed on breast lesions,
excluding any areas of obvious gross necrosis, calcification,
or large vessels. The quantitative parameters of iodine
concentration (in milligrams per cubed centimeter) and
effective atomic number were divided by the iodine
concentration and the effective atomic number of the aorta,
respectively, to obtain the normalized iodine concentration
(NIC) and the normalized effective atomic number (nZ.y),
respectively. The slope of the spectral HU curve (Ay, in
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HU per kiloelectron-volt [keV]) was calculated as follows:
M = HUsgev = HUj )/ 30keV (24).

Statistical analysis

Statistical analyses were performed using commercially
available statistical software (SPSS software, version 25.0;
Armonk, US). To assess inter-observer agreement in the
quantitative analysis, we used the intraclass correlation
coefficient (ICC) with a two-way random model of
consistency. In the univariate analysis, continuous data
were compared using Welch’s 7-test for normal distribution
or using the Mann-Whitney U-test for non-normal
distribution. Receiver operating characteristic (ROC)
curve analysis was used to evaluate the diagnostic ability of
DECT quantitative parameters. The sensitivity, specificity,
and accuracy were calculated, and the optimal threshold
was determined according to the Youden index. To
determine the predictive diagnostic performance of DECT
quantitative parameters in differentiating malignant lesions
of the breast from benign lesions, multivariate logistic
regression analysis was performed using the variables with
a P value <0.05 from the univariate analysis. DECTOne-
way analysis of variance (ANOVA) with Tukey’s post-hoc/
nonparametric Kruskal-Wallis H test was used to analyze
DECT quantitative parameters among the four molecular
subtypes of breast cancer. The level of significance was
defined as P<0.05.

Results

Participant characteristics

Of the 205 participants initially enrolled in this study,
75 participants were excluded because they had no or
incomplete pathological information (n=23), had undergone
a mass biopsy within 1 week prior to CT scanning (n=33),
had a breast mass with an invisible/shortest diameter <1 cm
(n=12), or had a breast mass that exceeded the field of view
due to obesity (n=7). Finally, 130 participants (mean age,
53.2 £10.01 years; age range, 32-87 years) were included
in our study (Figure I). No serious allergic events were
observed. Among the 130 patients, 161 breast lesions were
confirmed by pathology including 44 benign lesions and
117 malignant lesions. Of the malignant breast tumors,
86.3% (101 of 117) of participants had invasive non-special
carcinoma, and 13.7% (16 of 117) of participants had DCIS.

Among the patients with invasive non-special carcinoma,

Quant Imaging Med Surg 2021;11(5):1946-1957 | http://dx.doi.org/10.21037/qims-20-825



Quantitative Imaging in Medicine and Surgery, Vol 11, No 5 May 2021

1949

Women with suspected/diagnosed breast lesions from June to December
2019 (n=205 participants)

Excluded (n=56)
Without/ incomplete pathological information (n=23);
Mass biopsy within one week before dual-energy CT scan (n=33)

Excluded (n=19)
Invisible/shortest diameter <1 cm (n=12);
Exceeding the field of view (n=7)

Patients with pathologically proved breast lesions and undergo Dual-energy CT scan
(n=130 participants ,161 breast lesions, included)

Breast malignant lesion

Breast benign lesions

(n=117 lesions)

(n=44 lesions)

|

Invasive non-special carcinoma
(n=101 lesions)

Ductal carcinoma in situ
(n=16 lesions)

Figure 1 Flowchart showing the lesion classification strategy used in this study.

22.8% (23 of 101) had the luminal A subtype, 50.4% (51
of 101) had the luminal B subtype, 12.9% (13 of 101) had
the HER2-enriched subtype, and 13.9% (14 of 101) had
the basal-like subtype. The demographic, clinical, and
pathologic characteristics of the 130 women included in our
study are shown in Zable 1.

Differentiation between benign and malignant lesions of
the breast

The median ICC for inter-observer variability in terms of
the quantitative parameters was 0.941 (range, 0.801-0.979)
for the arterial phase and 0.938 (range, 0.791-0.980) for
the venous phase. The DECT quantitative parameters
of benign and malignant lesions of the breast are shown
in Table 2 and Figure 2, and the representative images are
shown in Figure 3. In the arterial and venous phase, NICs,
M, NZ5 and attenuation were higher in malignant lesions
than in benign lesions (all P<0.001). ROC curve analysis
(Table 3, Figure 4) showed that Ay, in the venous phase had
the best differential diagnostic capability, with an AUC of
0.90. The optimal threshold for distinguishing benign from
malignant lesions of the breast was 1.740 HU/keV, which
produced a sensitivity of 84.1% (37 of 44), a specificity of

86.3% (101 of 117), and an accuracy of 85.7% (138 of 161).
Univariate logistic regression analysis showed that all of
the DECT quantitative parameters were risk factors for
predicting malignant lesions (all P<0.001, 7ible 4). Further
multivariate logistic regression analysis (7uble 4) showed that
among these DECT quantitative parameters, arterial phase
NIC and venous phase Ay, were independent predictors of
malignant lesions [arterial phase NIC odds ratio, 7.2; 95%
confidence interval (CI): 1.9, 26.9; P=0.01; venous phase Ay,
odds ratio, 7.2; 95% CI: 1.2, 44.7; P=0.01].

Differentiation between invasive non-special breast
carcinoma and DCIS

NIC was higher in invasive non-special carcinoma than in
DCIS (arterial phase, 0.113+0.066 vs. 0.037+0.039, P=0.02;
venous phase, 0.353+0.137 vs. 0.237+0.075, P<0.001), as
illustrated in Figure 5. The ROC curve of arterial phase NIC
showed that the optimal threshold for distinguishing invasive
non-carcinoma from DCIS was 0.034, which produced an
AUC of 0.68, a sensitivity of 43.8% (7 of 16), a specificity
of 87.1% (88 of 101), and an accuracy of 81.2% (95 of 117).
Meanwhile, the ROC curve of venous phase NIC showed
that the optimal threshold for distinguishing invasive non-
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Table 1 Demographics, clinical, and histopathological
characteristics of patients with breast tumors

Characteristics

Number

Participants
Age, mean + SD, years [range]
Menstruation status
Premenopausal women
Postmenopausal women
Perimenopausal women
Benign breast lesions
Adenosis
Fibroadenoma
Intraductal papilloma
Malignant breast tumors
Invasive non-special carcinoma
Ductal carcinoma in situ
Molecular subtype
Luminal A
Luminal B
HER2-enriched

Basal-like

130 women

53.2+10.01 [32-87]

37
75
18

22
17

101
16

23
51
13
14

SD, standard deviation.

Wang et al. Application of dual energy CT in breast tumors

carcinoma from DCIS was 0.285, which achieved an AUC
of 0.77, a sensitivity of 75.0% (12 of 16), a specificity of
81.2% (82 of 101), and an accuracy of 80.3% (94 of 117).
The combination of the arterial and venous phase NICs had
an AUC of 0.77. No significant differences in arterial and
venous phase Ay, nZ, or attenuation were observed between
invasive non-special carcinoma and DCIS (P=0.07-0.95).

Differentiation between the luminal A and non-luminal A
subtypes of invasive non-special breast carcinoma

The DECT quantitative parameters of the four molecular
subtypes of breast cancer are detailed in Tzble 5. The
luminal A subtype produced a lower venous phase NIC,
and arterial and venous phase nZ gthan those in non-
luminal A subtypes of invasive non-special breast carcinoma
(adjusted P<0.001-0.02, Figure 6). No significant difference
was observed between the luminal B, HER2-enriched,
and basal-like subtypes (P=0.72-0.99). ROC curve analysis
showed that nZ. in the arterial phase had the best
differential diagnostic capability for distinguishing between
the luminal A and non-luminal A subtypes; the optimal
threshold of 0.715 corresponded to an AUC of 0.83, a
sensitivity of 73.9% (17 of 23), a specificity of 78.2% (61
of 78), and an accuracy of 77.2% (78 of 101). However,
the differential diagnostic capability of the combination
of the three parameters (venous phase NIC, and arterial

Table 2 Comparison of dual-energy CT quantitative parameters between benign and malignant lesions of the breast

Parameter

Benign

Arterial phase NIC

Venous phase NIC

Arterial phase A, (HU/keV)
Venous phase A, (HU/keV)
Arterial phase nZ;

Venous phase nZ

Arterial phase Attenuation (HU)

Venous phase Attenuation (HU)

0.024 (0.015, 0.053)
0.168 (0.072, 0.291)
0.295 (0.043, 0.668)
0.829:+0.843
0.690 (0.670, 0.700)
0.820 (0.800, 0.838)
31.52+13.78
37.30+16.61

Malignant t/Z value P value
0.093 (0.060, 0.153) -7.013 <0.001°
0.337+0.138 -5.346 <0.001
1.641+0.823 -7.688 <0.001
2.531+0.964 -11.002 <0.001°
0.730 (0.700, 0.758) -6.045 <0.001
0.880 (0.840, 0.900) -5.379 <0.001
54.28+14.84 -9.713 <0.001
66.59 (55.65, 76.75) -7.626 <0.001

2 the Mann-Whitney U-test for non-normally distributed data [median (quartile range)]; °, Welch’s t-test for normally distributed continuous
data (means + standard deviation). NIC, normalized iodine concentration; nZ.;, normalized effective atomic number; X, slope of the
spectral Hounsfield unit curve; HU, Hounsfield unit.
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Figure 2 Box-and-whisker plots presenting the distributions of NIC, Ay, nZ. and attenuation in the arterial and venous phases between
benign (n=44) and malignant (n=117) lesions of the breast, respectively. Continuous data were compared using the Welch’s #-test for normal
distributions and using the Mann-Whitney U-test for non-normal distributions. NIC, normalized iodine concentration; nZ.g, normalized

effective atomic number; Ay, slope of the spectral Hounsfield unit curve; HU, Hounsfield unit.

Conventional image lodine overlay image Z effective maps Spectra Hounsfield unit curve

Attenuation=46. 50HU NIC=0. 120 -
M, =1. 48HU/keV

Patient 1

A 22, 63HU/keV

Patient 2

Figure 3 Patient 1, representative DECT images from the contrast-enhanced venous phase in a 47-year-old woman with left breast
fibroadenoma (arrows). Patient 2, representative DECT images from the contrast-enhanced venous phase in a 63-year-old woman with left
breast invasive carcinoma, luminal B subtype (arrows). NIC, normalized iodine concentration; nZ, normalized effective atomic number;

Mz, slope of the spectral Hounsfield unit curve; HU, Hounsfield unit.
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Table 3 Diagnostic performance of dual-energy CT quantitative parameters for the differential diagnosis of benign and malignant lesions of the

Sensitivity (%)

Specificity (%)

Accuracy (%)

86.4 (38/44) [72.0, 94.3]
95.5 (42/44) [83.3, 99.2]
86.4 (38/44) [72.0, 94.3]
84.1 (37/44) [69.3, 92.8]
70.5 (31/44) [54.6, 82.8]
77.3 (34/44) [61.8, 88.0]

72.6 (85/117) [63.5, 80.3]
47.0 (55/117) [37.8, 56.4]
83.8 (98/117) [75.5, 89.7]
86.3 (101/117) [78.4, 91.7]
86.3 (101/117) [78.4, 91.7]
75.2 (88/117) [66.2, 82.5]

76.4 (123/161) [69.2, 82.3]
60.2 (97/161) [52.5, 67.5]
84.5 (136/161) [78.0, 89.3]
85.7 (138/161) [79.4, 90.4]
82.0 (132/161) [75.3, 87.2]
75.8 (122/161) [68.6, 81.8]

breast
Parameter AUC Threshold of
parameter

Arterial phase NIC 0.86 0.044
Venous phase NIC 0.77 0.129
Arterial phase A, (HU/keV) 0.89 0.765
Venous phase 1y, (HU/keV) 0.9 1.74
Arterial phase nZ 0.81 0.705
Venous phase nZ 0.77 0.835
Arterial phase attenuation (HU) 0.87 42.35
Venous phase attenuation (HU) 0.89 53.7

84.1 (37/44) [69.3, 92.8]
79.5 (35/44) [64.2, 89.7]

82.1(96/117) [73.6, 88.3] 82.6 (133/161) [76.0, 87.7]

83.8 (98/117) [75.5, 89.7] 82.6 (133/161) [76.0, 87.7]

Data in parentheses are the numerator/denominator and data in brackets are the 95% confidence intervals. NIC, normalized iodine
concentration; nZ.;, normalized effective atomic number; A, slope of the spectral Hounsfield unit curve; HU, Hounsfield unit; AUC, area

under the curve.
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Figure 4 ROC curves of the DECT quantitative parameters, including NIC, Ay,, nZ., and attenuation in the differentiation of benign

from malignant lesions of the breast. A, ROC curves of DECT quantitative parameters in arterial phase and B, ROC curves of DECT

quantitative parameters in venous phase. NIC, normalized iodine concentration; nZ, normalized effective atomic number; Ay, slope of the

spectral Hounsfield unit curve; HU, Hounsfield unit; ROC, receiver operating characteristic.

and venous phase nZ ) was better, with an AUC of 0.91, a
sensitivity of 87.0% (20 of 23), a specificity of 78.2% (61 of
78), and an accuracy of 80.2% (81 of 101). No significant
differences were observed in arterial phase NIC, arterial and
venous phase Ay, or attenuation among the four molecular

subtypes (P=0.05-0.83).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Discussion

The results of this study lend considerable support to the
utility of DECT quantitative parameters for differentiating
benign from malignant lesions and for predicting

histopathological and molecular subtypes in women with
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Table 4 Univariate and multivariate logistic regression analyses for differentiating malignant breast tumors from benign breast tumors

Univariate analysis

Multivariate analysis

Quantitative parameters

OR 95% ClI P value OR 95% ClI P value
Arterial phase NIC 10.4 4.7,27.3 <0.001 7.2 1.9,26.9 0.01
Venous phase NIC 3.4 21,57 <0.001 0.3 0.1,1.3 0.06
Arterial phase Ay, (HU/keV) 11.4 5.4,285 <0.001 1.1 0.3,4.4 0.90
Venous phase A, (HU/keV) 9.6 5.0,20.8 <0.001 7.2 1.2,44.7 0.01
Arterial phase nZ 3.4 21,58 <0.001 4.2 14,44 0.07
Venous phase nZ 2.3 1.6, 3.6 <0.001 1.2 0.3,4.6 0.80
Arterial phase attenuation (HU) 9.3 4.8,21.2 <0.001 1.9 0.3,11.6 0.49
Venous phase attenuation (HU) 9.1 4.9,19.2 <0.001 4.8 1.1,21.9 0.09

NIC, normalized iodine concentration; nZ.;, normalized effective atomic number; A, slope of the spectral Hounsfield unit curve; HU,

Hounsfield unit; OR, odds ratio; Cl, confidence intervals.
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Figure 5 Differentiation between invasive non-special breast carcinoma and ductal carcinoma in situ (DCIS). (A) Box-and-whisker plots

presenting the distribution of arterial and venous phase NIC between invasive non-special carcinoma (n=101) and DCIS (n=16) of the

breast. Welch’s #-test was used. (B) ROC curves of the DECT quantitative parameters, including arterial and venous phase NIC in the

differentiation of invasive non-carcinoma from DCIS of the breast. NIC, normalized iodine concentration.

breast cancer. These parameters were demonstrated to have
high diagnostic accuracy, sensitivity, and specificity. DECT
is widely used to characterize and differentiate tumors;
however, at present, data on the diagnostic performance of
DECT quantitative parameters for the characterization of
breast tumors are limited. In this study, in the arterial and
venous phase, NICs, Ay, nZ., and attenuation were found
to be higher in malignant lesions than in benign lesions (all
P<0.001). Also, the NIC in both the arterial and venous
phases was higher in invasive non-special carcinoma than
in DCIS (both P<0.001). Compared with the non-luminal
A subtype, the luminal A subtype produced a lower venous
phase NIC, and arterial and venous phase nZ. (AUC of
0.91 for the combination of these three parameters). Our

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

study showed that DECT quantitative parameters exhibit a
promising diagnostic performance. It is worth noting that
not all DECT quantitative parameters have high diagnostic
efficiency for breast lesions differentiation.

This study found that DECT quantitative parameters
are beneficial for the preoperative differentiation of benign
from malignant breast lesions. In contrast-enhanced CT
scans of known breast lesions, the morphology, enhancement
pattern, and perfusion value can be used to differentiate
benign from malignant lesions (25-27). A previous study (28)
showed that vasculature remodeling or neoangiogenesis is
an initiating event in the early stage of tumor development.
Iodine distribution in the tissue is strongly related to local
blood volume and vascular density (11). Therefore, NIC
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Table 5 Dual-energy CT quantitative parameters of the four molecular subtypes of invasive non-special breast carcinoma

Parameter Luminal A (n=23) Luminal B (n=51) HER2-enriched (n=13) Basal-like (n=14) P value
Arterial phase NIC 0.071 (0.039, 0.140) 0.112+0.065 0.124 (0.096, 0.175) 0.118+0.109 0.15°
Venous phase NIC 0.247+0.109 0.3570+0.138 0.434 (0.393, 0.459)  0.358 (0.303, 0.484) <0.001
Arterial phase Ay, (HU/keV) 1.653+0.652 1.697+0.818 1.940+0.717 1.620+1.020 0.55°
Venous phase A, (HU/keV) 2.617+0.657 2.526 (1.850, 3.170)  2.990 (2.545, 3.370) 2.250+1.048 0.05
Arterial phase nZ 0.684+0.041 0.736+0.033 0.742+0.039 0.734+0.042 <0.001
Venous phase nZ; 0.812+0.061 0.890 (0.850, 0.910)  0.867 (0.840, 0.900) 0.887+0.309 <0.001
Arterial phase Attenuation (HU)  55.20 (44.00, 63.90) 57.03+14.67 56.45+15.41 55.95+12.97 0.83
Venous phase Attenuation (HU) 70.98+11.69 68.13+15.08 75.00 (50.30, 81.65) 70.00+£12.76 0.75

2 the nonparametric Kruskal-Wallis H test for non-normally distributed data [median (quartile range)]; °, two-way ANOVA with Tukey’s post
hoc test for normally distributed continuous data (means + standard deviation). NIC, normalized iodine concentration; nZ.4, normalized
effective atomic number; A, slope of the spectral Hounsfield unit curve; HU, Hounsfield unit; AUC, area under the curve.
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Figure 6 Box-and-whisker plots presenting the distribution of NIC in the venous phase and nZ in the arterial and venous phases in breast
cancers of the luminal A type (n=23), luminal B (n=51), HER2-enriched (n=13), and basal-like (n=14) subtypes. One-way ANOVA with

Tukey’s post-hoc/nonparametric Kruskal-Wallis H test was used. NIC, normalized iodine concentration; nZ.g, normalized effective atomic

number.

may be used as a surrogate imaging marker for assessing
angiogenesis in breast cancer. Ay, can provide quantitative
information about tissue composition and has been shown
to be able to distinguish iodine from soft tissues (29). Our
findings are in line with the results of a recent study (24),
which demonstrated that Ay, was the single best parameter
for the detection of metastatic sentinel lymph nodes in
breast cancer.

According to the National Comprehension Cancer
Network Guidelines (version 1.2019) for breast cancer,
surgery of the sentinel lymph nodes is generally not
recommended for DCIS (30). Therefore, differentiating
DCIS from invasive carcinoma is crucial for clinical decision-
making. A previous study (31) on the application of DECT
in lung cancer reported that the NIC was higher in invasive

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

pulmonary adenocarcinomas than in pre-invasive lesions. In
our study, we found that NIC in both the arterial and venous
phases was higher in invasive non-special carcinoma than
in DCIS, which is consistent with the results of the most
recently reported study (22). One interpretation of this result
may be that invasive non-special carcinoma entails more
underlying microvasculature and tumor angiogenesis than
DCIS, which increases blood flow within the tumor (32),
leading to a faster time to peak enhancement.

Presently, breast cancer is classified into molecular
subtypes with distinct behaviors, responses to treatment,
and outcomes. Neoadjuvant chemotherapy is less effective
against luminal subtypes (hormone receptor+, HER2-),
such as the luminal A subtype, than against other subtypes,
despite the better overall prognosis and less recurrent (33).
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Thus, identifying the luminal A subtype is crucial for
decision-making in clinical treatment. In our study, we
found that the luminal A and non-luminal A subtypes can
be distinguished by venous phase NIC, as well as arterial
and venous phase nZ.;. nZ is a quantitative indicator of
the compound atom of a compound or a mixture of various
materials. So far, the exact clinical significance of nZ is not
clear, and nZ can be used to distinguish between luminal
A and non-luminal A subtypes in breast cancer has not been
well established in previous studies.

Our study had some limitations that should be noted.
Firstly, the participants were selected from a group with
high suspicion of breast cancer at a single institution,
which may have introduced bias, and fewer participants
with benign tumors were included. Secondly, due to the
short duration of this study and the low incidence of special
pathological types of tumors, not all histopathological types
of breast tumors were included. Thirdly, we excluded breast
lesions with a shortest diameter <1 cm, mainly due to the
fact that such size tumors are too small and the boundary is
not clear, which may have affected the accurate delineation
of the ROI. Fourthly, the sample size of this study is
relatively small. Although the size of our study population
assured reliability to interpret the outcomes according to
the sample size calculation, large sample research is still
needed to improve the statistical power in future studies.
Finally, we could not distinguish between the luminal B,
HER2-enriched, and basal-like subtypes using DECT
quantitative parameters. Many studies (34,35) have shown
that machine learning can significantly improve diagnostic
efficiency. We hope to realize the application of machine
learning after recruiting more participants in the future.

In conclusion, DECT quantitative parameters are a
feasible and valuable noninvasive means of differentiating
between benign and malignant lesions and predicting
histopathological and molecular subtypes in patients with
breast cancer. Further work is needed to validate our results
in a larger prospective cohort.
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