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Iodine map histogram metrics in early-stage breast cancer: 
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Background: Variations in axillary lymph node (ALN) metastatic potential between different breast cancers 
lead to microscopical alterations in tumor perfusion heterogeneity. This study investigated the usefulness of 
histogram metrics from iodine maps in the preoperative diagnosis of metastatic ALNs in patients with early-
stage breast cancer.
Methods: Between October 2020 and November 2021 enhanced spectral computed tomography (CT) 
was performed in female patients with breast cancer. Quantitative spectral CT parameters and histogram 
parameters (mean, median, maximum, minimum, 10th percentiles, 90th percentiles, kurtosis, skewness, 
energy, range, and variance) from iodine maps were compared between patients with metastatic and 
nonmetastatic ALNs. Continuous variables were compared using Student’s t-test or Mann-Whitney U test. 
Categorical variables were compared using Pearson’s chi-square tests or Fisher’s exact tests. Associations 
between ALN status and imaging features were evaluated using Mann-Whitney U test and receiver operating 
characteristic (ROC) curve analysis.
Results: This study included 113 female patients (62 and 51 in the ALN-negative and ALN-positive 
groups, respectively). Tumor size, molecular subtypes, and location differed significantly between the 
ALN-negative and ALN-positive groups (P<0.05). None of the quantitative spectral CT parameters of 
mass between metastatic and nonmetastatic ALN groups were significantly different (P>0.05). Histogram 
parameters of iodine maps for breast cancers, including maximum, 10th percentile, range, and energy, 
were significantly higher in the metastatic ALNs group compared with the nonmetastatic ALNs group 
(P<0.05). Multivariable logistic regression analyses showed that tumor location and energy were independent 
predictors of metastatic ALNs in breast cancers. The combination of independent predictors yielded an area 
under the curve (AUC) of 0.824 (sensitivity 72.5%; specificity 74.2%).
Conclusions: Whole-lesion histogram parameters derived from spectral CT iodine maps may be used as 
a complementary noninvasive means for the preoperative identification of ALN metastases in patients with 
early-stage breast cancer.
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Introduction

Breast cancer has overtaken lung cancer as the leading 
malignant tumor worldwide, and is now the main cause 
of cancer-related deaths in women (1). The presence of 
axillary lymph node (ALN) metastases in primary breast 
cancer plays an important role in predicting prognosis 
and can be used to guide local-regional and systemic 
treatment. Patients with ALN metastases are candidates for 
neoadjuvant chemotherapy (NAC) (2). At present, ALN 
status of patients with breast cancer is usually assessed 
using sentinel lymph node biopsy (SLNB) or fine needle 
aspiration cytology (FNAC). Although the accuracy of 
SLNB has been reported as being high for the detection 
of ALN metastasis (3), it is an invasive procedure, and 
patients often report symptoms such as pain, numbness, 
and restricted movement following the procedure (4,5). 
Ultrasound (US)-guided fine-needle biopsy may be capable 
of replacing SLNB when planning the breast surgical 
approach; however, it is also an invasive procedure, and 
its diagnostic performance is not always satisfactory (6,7). 
Thus, a noninvasive imaging assessment that provides 
preoperative information on ALN metastasis would be 
beneficial in clinical practice. 

Although various imaging techniques have been proposed 
to improve the diagnostic accuracy of positron emission 
tomography-computed tomography (PET-CT), US, and 
magnetic resonance imaging (MRI) in the evaluation of 
ALN metastasis, no definitive criteria have been established, 
and the diagnostic performance of these imaging techniques 
is insufficient as an alternative to SLNB (8). Computed 
tomography (CT) is widely used in clinical practice for the 
staging of breast cancer due to its high specificity and wide 
applicability. However, traditional CT mainly provides 
morphological information, which cannot be used to 
accurately predict the status of lymph nodes (9). Therefore, 
it is necessary to develop an imaging method to accurately 
detect ALN metastasis.

The development of spectral CT is considered a 
milestone in CT diagnosis. It involves the scanning 
mode of fast kilovolt switching technology alternating 
between low- and high-energy data sets (10,11). It has 
been increasingly used in clinical practice, such as during 

iodine-based material decomposition imaging. The latter 
quantifies iodine concentration as an imaging marker 
for tissue vascularization, thus providing a wide range of 
additional applications (10). In parallel, histogram analysis 
is an objective and reproducible method based on tissue 
volume and provides more extensive information on tumor 
characteristics, especially when the intensity distribution 
is not normal (12,13). The changes of histogram shape, 
asymmetry, and variation reflect underlying molecular 
processes such as proliferation and aggressiveness (14). 
Recent research has shown that radiomics signatures 
obtained from iodine maps of spectral CT can predict 
cancer spread to other organs or tissues (15). However, 
the value of histogram metrics from iodine maps of 
preoperatively evaluated ALN status in early-stage breast 
cancer remains elusive.

In the current study, we hypothesized that variations in 
the metastatic potential of ALNs between different breast 
cancers would be influenced by microscopic changes in 
tumor perfusion heterogeneity, and that these in turn 
could be captured by iodine map-based histogram metrics. 
Therefore, our aim was to investigate the usefulness of 
histogram metrics from iodine maps in the preoperative 
diagnosis of metastatic ALNs in patients with early-
stage breast cancer. We present the following article in 
accordance with the Standards for Reporting Diagnostic 
accuracy studies (STARD) reporting checklist (available at 
https://qims.amegroups.com/article/view/10.21037/qims-
22-253/rc).

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This retrospective single-
center study was approved by the Ethics Committee of 
Fujian Medical University Union Hospital, and individual 
consent for this retrospective analysis was waived. 

Patient characteristics

Between October 2020 and November 2021, women with 
suspected breast cancer based on mammography screening 
or ultrasonography who required spectral CT examination 
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to evaluate potential lung or mediastinal lymph node or 
bone metastases were enrolled. The inclusion criteria were 
as follows: women (I) who were diagnosed with invasive 
ductal carcinoma or invasive lobular carcinoma for the first 
time; (II) whose T stage was pathologically T2 or less (tumor 
size less than 5 cm); (III) who had not undergone biopsy of 
the mass or ALNs before the initial CT examination; (IV) 
who had no history of chemotherapy or radiation therapy in 
the chest; and (V) whose lymph node pathological status was 
clear. The exclusion criteria were as follows: (I) presence of 
a lesion with nonmass enhancement; (II) multiple lesions; 
(III) primary tumor not visible on CT imaging; and (IV) 
negative or no fine-needle aspiration results. Thus, based 
on these criteria, a total of 113 consecutive patients were 
included in this study.

CT imaging acquisition and postprocessing

Imaging acquisition was performed using a 256 multidetector 
row CT scanner (Revolution CT; GE Healthcare, Chicago, 
IL, USA) in dual-energy mode. Each patient underwent 
nonenhanced and double-phase contrast-enhanced 
scanning. The scanning range included the entire chest 
from the superior aperture of the thorax to the diaphragm, 
thus covering the entire breast and armpit area. Spectral CT 
scanning parameters were as follows: voltages between 80 and 
140 kVp (rapid switching), tube current of 280 mA, helical 
pitch of 0.992, reconstructed layer thickness of 1.25 mm, and 
rotation speed of 0.28 seconds. Patients were intravenously 
injected with a total dose of 50–60 mL nonionic iodinated 
contrast agent (iopamidol 400 mgI/mL, Shanghai Bracco 
Sine Pharmaceutical, Shanghai, China) at a rate of 2–3 mL/s, 
followed by administration of 30 mL saline solution. When 
the attenuation value of the descending aortic level reached 
the trigger threshold [up to 100 Hounsfield unit (HU)], 
an arterial phase (AP) enhancement scan was performed 
automatically, and the venous phase (VP) was performed 
30 seconds after the AP scans. The following sets of images 
were transferred to a workstation (AW 4.6; GE Healthcare): 
a 1.25 mm-thick spectral CT data file containing sets of 
monochromatic images ranging from 40 to 70 keV, iodine- 
and water-based material decomposition images, and 
effective atomic number images.

Quantitative spectral CT parameters of breast masses 

Two experienced radiologists (LL and FZ) with 8 years 
and 15 years of experience in breast and chest radiology, 

respectively, who were blinded to the correlative clinical 
data and ALN pathologic status, independently performed 
the measurements using viewer software on an AW 4.6 
workstation. Spectral parameters were measured by placing 
a region of interest (ROI), which encompassed the entire 
mass on VPs, including CT values of monochromatic 
images (40, 50, 60, and 70 keV), the iodine concentration, 
and the effective atomic number of tumors. The normalized 
iodine concentration was defined as the iodine concentration 
of the mass divided by the iodine concentration of the aorta. 
The slope of the spectral HU curve (λHU, in HU per keV) 
was calculated as follows: λHU = (HU40 keV − HU70 keV)/30 keV, 
where HU40 keV represents the CT value measured on 40 keV  
images, and HU70 keV stands for the CT value measured 
on 70 keV images. The maximum diameter of the tumor 
was measured using an image of 40 keV. The location of 
primary tumors in the breast was also recorded.

Histogram metrics analysis

The iodine map images data were evaluated with the 
open-source software package FeAture Explorer (FAE; 
https://github.com/salan668/FAE). The same 2 senior 
radiologists, who were blinded to axillary area findings on 
CT, analyzed the histogram metrics of the primary breast 
tumors. For each lesion, the ROI was semiautomatically 
delineated using the ITK-SNAP program (version 4.6.1; 
University of Pennsylvania, Philadelphia, PA, USA; www.
itksnap.org), and then manually delineated by an operator 
and verified by an expert radiologist. The ROIs were drawn 
on the solid portion of tumors, using 40 keV images as a 
reference, excluding areas with necrosis, cysts, calcifications, 
and hemorrhage as much as possible. All imaging slices 
including tumors were obtained to visualize the whole 
lesion and were then automatically projected onto an iodine 
map. Only 40 keV images were used for drawing ROIs, 
and iodine maps were used for histogram metrics analysis. 
The final 3D information from all voxels was calculated 
to generate the corresponding histograms. The following 
metrics were obtained from each histogram: (I) mean, 
median, maximum, minimum, and percentiles (10th, 90th); 
and (II) kurtosis, skewness, energy, range, and variance.

Clinicopathological data 

Clinicopathological data, including patient age, menopausal 
status, family history, estrogen receptor (ER) status, 
progesterone receptor (PR) status, human epidermal growth 

http://www.itksnap.org
http://www.itksnap.org
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factor receptor 2 (HER2) status, Ki-67 index, and lymph 
node status, were obtained from patients’ electronic medical 
records. The cutoff point for an ER- and PR-positive 
expression level was 1% based on the immunohistochemical 
(IHC) results. The intensity of HER2 staining was 
semiquantitatively scored as 0, 1+, 2+, or 3+. Tumors with 
a 3+ score were defined as HER2-positive, and tumors 
with a 0 or 1+ score were defined as HER2-negative. The 
fluorescence in-situ hybridization (FISH) technique was 
used to determine HER2 status for tumors with a 2+ score. 
According to the IHC results of ER, PR, HER2, and Ki-67, 
breast cancer molecular subtypes were classified into four 
types, including luminal A type, luminal B type, HER2-
enriched type, and triple-negative type.

Statistical analyses

All statistical analyses were carried out using the software 
SPSS 23 (IBM Corp., Armonk, NY, USA). Graphs were 
drawn using GraphPad Prism 8.0.2 (GraphPad Software, 
San Diego, CA, USA), and MedCalc 20.106 (MedCalc 
Software Ltd., Ostend, Belgium). Consistency and Bland-
Altman tests were performed to assess the agreement 
of quantitative parameters between the two readers. An 
intraclass correlation coefficient (ICC) of <0.4 showed poor 
consistency of the diagnostic test, and a diagnostic test with 
an ICC value of >0.75 was considered to indicate good 
consistency. Categorical variables including tumor location, 
menopausal status, family history, and molecular subtypes 
of breast cancers were compared between tumors with and 
without ALN metastasis using the χ2 test or Fisher’s exact 
test. The Kolmogorov-Smirnov test was used to test normal 
distribution of the continuous parameters. Mean ± standard 
deviation and the median and interquartile range (IQR) 
were used to express normally and nonnormally distributed 
data, respectively. Quantitative spectral CT parameters and 
histogram metrics were compared between metastatic and 
nonmetastatic ALNs using the Student’s t-test or Mann-
Whitney U test for normally and nonnormally distributed 
data, respectively. If a significant difference was obtained for 
more than two parameters among the clinical, quantitative 
spectral CT, or histogram parameters, these parameters 
were analyzed using multivariate logistic regression models 
to determine whether they had independent predictive 
value. Odds ratios (OR) and corresponding 95% confidence 
intervals (CI) were calculated as part of these logistic 
regressions. The diagnostic ability of the model to predict 
ALN metastasis status was also assessed using receiver 

operating characteristic (ROC) curves to calculate the 
area under the curve (AUC). The optimal threshold was 
determined according to the Youden index. A P value <0.05 
was considered statistically significant.

With regard to sample size, a previous study (16) showed 
that the AUC of the VP normalized iodine concentration 
was 0.74 for the differentiation between metastatic and 
nonmetastatic ALNs. The ratio between the nonmetastatic 
ALNs group and the metastatic ALNs group was 1.00, and 
thus a sample size of at least 56 patients was required. Type 
I error was 5%, and Type II error was 10%.

Results

Patient characteristics

Among the 216 patients enrolled, 103 participants were 
excluded because the primary tumor was not visible on 
CT imaging (n=3) or due to the presence of benign breast 
lesions (n=22), breast cancer types other than invasive ductal 
carcinoma or invasive lobular carcinoma (n=2), lesions with 
nonmass enhancement (n=44), multiple lesions (n=14), or 
a tumor size exceeding 5 cm (n=11); those with negative or 
no fine-needle aspiration results (n=7) were also excluded. 
Finally, 113 participants were included in our study (Figure 1).  
Of these, 51 patients had ALN metastasis, and 62 patients 
had no ALNs metastasis. The clinical characteristics of the 
113 women are summarized in Figure 1. Of these, tumor size, 
molecular subtypes, and tumor location differed significantly 
between the ALN-negative and ALN-positive groups 
(P<0.05). No significant differences were observed between 
the two sets in terms of age, menopausal status, and family 
history of breast cancer (Table 1).

Results of consistency analysis

Quantitative spectral CT parameters were consistent between 
the two radiologists. The ICCs for all the parameters were 
>0.75, indicating good consistency (Figure 2).

Comparison of quantitative spectral CT parameters 
between breast cancers with metastatic and nonmetastatic 
ALNs

Quantitative spectral CT parameters of tumors of metastatic 
and nonmetastatic ALNs groups are listed in Table 2. There 
were no significant differences between the two groups 
(P>0.05) for any of the quantitative tumor parameters.
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Comparisons of iodine map histogram parameters between 
breast cancers with metastatic and nonmetastatic ALNs

The histogram parameters of iodine maps of breast cancers 
with metastatic and nonmetastatic ALNs are shown in Table 3.  
The maximum, 10th percentile, range, and energy were 
significantly higher in the metastatic ALN group than in 
the nonmetastatic ALN group (P<0.05), in particular the 
energy. Parametric maps of representative cases of the 
metastatic and nonmetastatic ALNs groups are shown in 
Figure 3.

Multivariate analysis and diagnostic performance

Multivariate logistic regression was used to examine 
the independent prognostic value of each variable after 
adjusting for potential confounding effects of other 
variables, and the results suggested that tumor location and 
energy were independent predictors of metastatic ALNs 
in breast cancers (Table 4, Figure 4). The combination of 
tumor location and energy yielded an AUC of 0.824 for the 
differentiation between metastatic and nonmetastatic ALN 
groups. The ROC curve showed that the optimal threshold 

for distinguishing metastatic ALNs from nonmetastatic 
ALNs was 0.438, and the sensitivity and specificity were 
72.5% (37 of 51) and 74.2% (46 of 62), respectively  
(Figure 5, Table 5). 

Discussion

In this study, we demonstrated that iodine maps are a 
clinically feasible and available method, which can aid in the 
preoperative identification of ALN metastasis in early-stage 
breast cancers. To our knowledge, this is the first study to 
evaluate the effectiveness of histogram parameters obtained 
from iodine maps to predict ALN pathological status in 
early-stage breast cancers. Using whole-lesion histogram 
analyses, iodine map-derived features combined with tumor 
locations showed favorable and effective differentiating 
functions for ALN with and without metastasis in early-
stage breast cancer, and the AUC were over 0.80. The 
results suggested that iodine map histogram features of 
primary breast tumors carry potentially helpful information, 
which can be used as a noninvasive method to predict ALN 
metastasis status.

 

 

Begin lesion (n=22) and breast cancer types 
other than invasive ductal carcinoma and 
invasive lobular carcinoma (n=2)

Women with suspected breast cancer 
underwent dual-energy CT (n=216)

Primary tumor not visible on CT imaging (n=3)

The lesion with non-mass enhancement (n=44)

Multiple lesions (n=14)

Tumor size more than 5 cm (n=11)

Negative or no fine-needle aspiration results 
(n=7)

Finally, 113 patients included for final analysis

Patients with metastatic 
ALNs (n=51)

Patients without 
metastatic ALNs (n=62)

Figure 1 Flowchart of the enrolled patients. CT, computed tomography; ALN, axillary lymph node. 
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Although imaging methods have greatly facilitated 
the direct assessment of ALN status in breast cancers, 
for instance, by visualizing incrassated cortexes, loss 
of fatty hilum, unclear margins, or irregular shapes as 
features of metastatic ALN, only visualized nodes can 
be analyzed. Moreover, most early-stage breast cancers 
with clinically negative ALN have no suspicious signs on 
imaging. Some MRI features of primary breast tumor 
were closely associated with ALN metastases, such as 
irregular shapes, larger tumors, equal or slightly elevated 
T2WI signal, heterogeneous enhancement, and washout 
time intensity curve (TIC) (17). Xu et al. (18) showed that 

primary tumor biopsy whole-slide images (WSIs) as a 
complementary imaging tool has the potential for ALN 
metastasis prediction. Zhou et al. (19) demonstrated that a 
deep learning algorithm from US images of primary breast 
cancer has high accuracy in predicting ALN metastasis. 
The findings from this study are consistent with the results 
of these previous studies, which demonstrated that imaging 
features of primary breast cancers are associated with ALN 
metastasis.

Regarding clinical characteristics, we found that tumor 
size, molecular subtypes, and location were significantly 
associated with ALN metastases, and tumor location was 

Table 1 Demographic and clinical characteristics of 113 patients with breast cancer

Characteristics Metastatic ALNs Nonmetastatic ALNs P value

Numbers 51 62

Age (years)a 53.14±1.28 55.03±1.41 0.332

Menopausal (n) 0.800

Yes 30 35

No 21 27

Family history of breast cancer (n) 0.677

Yes 1 2

No 50 60

Tumor size (cm)b 2.27 (1.91–2.93) 1.82 (1.57–2.16) <0.001

Affected side 0.146

Left 25 22

Right 26 40

Tumor position (n) 0.004

SIQ 2 20

LIQ 9 10

SLQ 25 18

LLQ 10 11

Others 5 3

Molecular subtypes (n) 0.013

Luminal A 11 29

Luminal B 25 15

HER-2 enriched 12 12

Triple negative 3 6
a, mean ± standard deviation; b, data in parentheses refer to IQR. ALN, axillary lymph node; SIQ, superior inner quadrant; LIQ, lower inner 
quadrant; SLQ, superior lateral quadrant; LLQ, lower lateral quadrant; HER-2, human epidermal growth factor receptor 2; IQR, interquartile 
range. 
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Figure 2 Intraclass consistency analyses. Intraclass consistency analysis results for CT values of 40, 50, 60, and 70 keV (HU) between 
doctor A and doctor B were 0.867 (95% CI: 0.740–0.935), 0.854 (95% CI: 0.715–0.938), 0.838 (95% CI: 0.688–0.920), and 0.824 (95% CI: 
0.662–0.912), respectively (A); and the intraclass consistency analysis result for λHU, iodine concentration (100 μg/cm3), normalized iodine 
concentration, and effective atomic number were 0.906 (95% CI: 0.812–0.954), 0.945 (95% CI: 0.889–0.974), and 0.914 (95% CI: 0.829–
0.958) for doctor A and doctor B, respectively (B). λHU, the slope of energy spectrum curve. CT, computed tomography; HU, Hounsfield 
unit; CI, confidence interval.

Table 2 Comparisons of quantitative spectral CT tumor parameters between metastatic and nonmetastatic ALN groups

Quantitative spectral CT parameters of tumor Metastatic ALN group Nonmetastatic ALN group P value

CT values of monochromatic images (HU)a

40 keV 172.71±46.04 168.45±44.57 0.619

50 keV 135.53±31.12 123.39±31.58 0.720

60 keV 96.49±22.12 95.65±23.83 0.849

70 keV 78.42±16.64 78.39±19.14 0.995

λHU
b 2.88 (2.51–3.75) 3.00 (2.31–3.49) 0.457

Iodine concentration (100 μg/cm3)a 16.28±5.29 16.94±4.67 0.426

Normalized iodine concentrationb 0.27 (0.32–0.46) 0.38 (0.32–0.46) 0.940

Effective atomic numbera 8.58±0.28 8.54±0.25 0.430
a, mean ± standard deviation; b, data in parentheses refer to IQR. λHU, the slope of energy spectrum curve. CT, computed tomography; 
ALN, axillary lymph node; IQR, interquartile range. 

an independent risk factor. Larger tumor volume indicated 
rapid tumor growth with higher malignancy. The present 
study showed that tumor size was significantly larger in 
the metastatic ALNs group than in the nonmetastatic 
ALNs group, consistent with previous results (17). The 
relationship between ALN status and molecular subtype 
remains controversial. In our study, luminal B type (62.5%) 
was associated with a statistically higher risk of metastatic 
ALNs than luminal A type (27.5%) and triple-negative 
subtypes (33.3%), but we failed to identify molecular 
subtype as an independent predictor of ALN metastasis. 

The results were the same as those of a previous study (20); 
however, another recent single-center study demonstrated 
that luminal B type and HER2 overexpression were 
independent and statistically significant predictors of 
nonsentinel lymph node metastasis, in contrast to luminal 
A type (21). Our data demonstrate that tumor location is 
an independent predictive factor for ALN metastases, and 
superior-inner-quadrant tumors had a lower frequency 
of ALN metastases than other quadrant tumors. This 
finding is supported by other published studies (22-24). 
These results are consistent with the anatomy of mammary 
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Table 3 Iodine map histogram parameters of breast cancer with metastatic and nonmetastatic ALN

Parameters Metastatic ALNs Nonmetastatic ALNs P value

Mean (100 μg/cm3)a 14.59±3.59 13.37±3.52 0.072

Median (100 μg/cm3) 14.00 (13.00, 18.00) 13.00 (11.75, 16.00) 0.057

Minimum (100 μg/cm3) 1.00 (1.00, 1.00) 1.00 (1.00, 2.25) 0.604

Maximum (100 μg/cm3) 30.00 (26.00, 34.00) 27.00 (23.75, 30.25) 0.009

Variance 19.20 (15.63, 26.39) 17.85 (13.09, 21.44) 0.080

Skewness −0.07 (−0.23, 0.75) −0.06 (−0.26, 0.17) 0.760

Kurtosis 2.82 (2.60, 3.00) 2.81 (2.58, 3.03) 0.791

Energy (×105) 18.48 (9.00, 35.13) 6.34 (3.50, 10.69) <0.001

Range 28.00 (24.00, 32.00) 24.00 (22.00, 29.00) 0.004

10th percentile (100 μg/cm3) 9.00 (7.00, 10.00) 7.00 (6.00, 9.00) 0.050

90th percentile (100 μg/cm3) 19.00 (18.00, 23.00) 18.00 (15.75, 21.00) 0.059

Unless otherwise indicated, data in parentheses refer to IQR. a, mean ± standard deviation. ALN, axillary lymph node; IQR, interquartile 
range. 
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Figure 3 Parametric maps of representative cases. (A) A 54-year-old patient with breast cancer without metastatic ALNs. (B) A 56-year-old 
woman with breast cancer with metastatic ALNs. ALN, axillary lymph node. 

lymphatic drainage, in that inner quadrant tumors are more 
likely to have alternative drainage to the internal mammary 
chain (24).

In our study, histogram metrics including energy, 
range, maximum, minimum, and 10th percentiles were 
significant in univariate analysis in terms of predicting 
ALN metastasis status. The feature of histogram metrics, 

including maximum, minimum, and 10th percentiles, can 
estimate the distribution character of a continuous variable, 
besides, energy and range can reflect texture feature. These 
features reflect the heterogeneity of a tumor. Previous 
studies (25-27) have demonstrated heterogeneity of tumor 
perfusion, especially for necrosis and microvessel density 
(MVD), which are related to aggressive tumor behavior and 
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Table 4 Multivariate analysis of variables associated with ALN metastasis

Variables OR 95% CI P value

Location of tumors 9.482 1.046–85.983 0.046

Tumor size (cm) 0.618 0.179–1.141 0.448

Molecular subtypes 3.417 0.472–24.725 0.224

Maximum (100 μg/cm3) 1.111 0.826–1.494 0.486

Energy (×105) 1.097 1.044–1.152 <0.001

Range 0.978 0.894–1.069 0.621

10th percentile (100 μg/cm3) 0.921 0.749–1.133 0.436

ALN, axillary lymph node; OR, odds ratio; CI, confidence interval.
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Table 5 Testing set results for ALN metastases compared with 
pathological findings

Diagnostic test
Pathological findings 

Total
Positive Negative

Positive 37 16 53

Negative 14 46 60

Total 51 62 113

ALN, axillary lymph node. 

decreased survival rate, which in turn are prognostic factors 
for breast cancers. Also, Lenga et al. (15) found that iodine 
map radiomics can serve as an additional tool for assessing 
the risk of metastasis in breast cancers. Different perfusion 
and permeability exist in the intratumorally regions of 
well-oxygenated tissue, hypoxia, or necrosis, which may be 
reflected by the heterogeneity of iodine maps. Angiogenesis 
is the key mechanism for cancer cell invasion and metastasis 
(28,29). Contrast-enhanced CT allows assessment of tumor 
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angiogenesis (30) and can also be used to detect necrosis 
within tumors (31). However, spectral CT technology allows 
selective visualization and quantification of iodine-related 
attenuation and thus enables more accurate quantification 
of tumor blood supply than routine enhanced CT (32). The 
iodine map of spectral CT, which depicts the distribution of 
iodine in tissues, is strongly related to blood vessel density 
and blood volume of the lesion, and it can be used as an 
imaging substitute for tumor angiogenesis assessment (33). 
Histogram analysis of iodine maps estimates the probability 
distribution of iodine and evaluates the spatial distribution of 
gray values, which can yield more comprehensive information 
about tumor heterogeneity (34). Therefore, based on our 
results, we believe that histogram analysis of iodine maps 
can capture the status of blood supply within the tumor and 
may provide predictive metastases information.

In our study, quantitative spectral CT parameters of 
breast tumors included CT values of monochromatic 
images, λHU, iodine concentration, normalized iodine 
concentration, and effective atomic number, which 
could not be used to identify ALN metastasis in patients 
with early-stage breast cancer. Quantitative spectral CT 
parameters of breast tumor depend on the selected ROI, 
which was placed on a representative section within the 
tumor. It may be limited by the inaccuracies caused by the 
variations in ROI size and position. Whole-tumor volume 
analysis includes the sampling of the entire tumor, which 
may minimize sampling bias. In addition, it may better 
capture inherent intratumoral heterogeneity and improve 
the accuracy of tumor measurements (35). Also, histogram 
metrics can not only contribute median values but also 
other distribution parameters for the assessment of ALN 
metastasis status. Thus, our results suggest that whole-
tumor-derived histogram metrics might be the preferred 
approach for the assessment of ALN metastasis status in 
early-stage breast cancer.

Due to its ease of use, US is the first-choice preoperative 
imaging modality for breast cancers; however, it is 
somewhat affected by the operator’s skills and approach 
to manipulation. One systematic review of the literature 
reported that the sensitivity and specificity of US depicting 
metastatic lymph nodes ranges from 49% to 87% and 55% 
to 97%, respectively (36). As such, US will lead to unstable 
results. In our study, the sensitivity and specificity of our 
method were comparable with those of axillar US. Here, we 
used a semiautomatic segmentation technique to segment 
the whole lesion, which was independent of the physician’s 
skill. Hence, our method might be more reliable and stable. 

Furthermore, chest CT can evaluate not only ALN status 
but also lung and bone metastases. Spectral CT at low keV 
virtual monochromatic images (VMIs) has superior ability 
in discriminating between breast carcinomas (37). In the 
current study, the ROIs were drawn on the solid portion 
of tumors based on 40 keV images, which can improve 
the accuracy of the segmentation. Although spectral CT 
selective quantification has been evaluated in other body 
regions (38), it has not been used in breast cancer for this 
particular purpose but instead for prediction of locoregional 
stage (39), nature of breast masses (40), and distant 
metastases (15).

Our study had several limitations. First, as a retrospective 
study, spectral CT was used mainly for locally advanced 
breast cancers, which led to a limited number of cases 
for analysis. Moreover, we excluded patients who had 
undergone biopsies before CT scans, which can maximize 
inclusion of inherent intratumoral heterogeneity and 
improve tumor assessment, but may also have led to 
selection bias. In future study, we will further explore 
the diagnostic value of our method in patients who had 
biopsies before the CT scan. Second, our protocol was 
established for chest examination, and the delay in scanning 
after contrast medium administration may be too short for 
proper enhancement of breast cancer. Third, the sensitivity 
of this preliminary method needs to be further improved. 
Additional studies, including image radiomic features 
of tumor, peritumoral areas, and lymph nodes shown in 
iodine maps to predict ALN status, are required. Also, it 
is important to assess whether it is possible to use spectral 
CT scanning as an alternative to SLNB in the appropriate 
population. Finally, no external validation through other 
institutions took place. External validation and multicenter 
clinical trials are, therefore, needed to demonstrate 
generalizability and provide more convincing evidence. 

Conclusions 

In conclusion, our preliminary results indicated that whole-
lesion histogram parameters derived from iodine maps 
may be used as a complementary noninvasive method to 
preoperatively identify ALN metastasis in early-stage breast 
cancers. 
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