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1. INTRODUCTION

Colorectal cancer is a common malignant tumor of the 
digestive tract, and it usually occurs in people 40 to 60 
years of age. Tumors usually develop at the junction of the 
sigmoid colon and rectum. At present, studies have shown 
that a low-fiber diet, genetics, a faster pace of life, high fat, 
and other factors can influence the incidence and mortal-
ity of colorectal cancer, which has increased year over year. 
Usually, patients are prone to various manifestations, such 
as weight loss, low fever, and fatigue, due to factors such 
as toxin absorption, tumor ulceration, and blood loss. With 

continuous progression of the disease, abdominal masses, 
intestinal obstruction, and other symptoms can develop, 
which can seriously threaten the health and quality of life of 
these patients.1

A variety of factors, genes, and cytokines are well known to 
be involved in the occurrence and development of colorectal 
cancer. The detection of cancer-related proteins helps to detect 
cancer early and prevent its development. Ki-67 is a protein in 
the nucleus and is closely related to cell proliferation (the degree 
of cell division).2 Studies have shown that Ki-67 is a late-stage 
immune marker for cell entry into cell proliferation, and it is 
closely related to tumor differentiation and metastasis and is 
widely used as a marker for clinical cell proliferation. Ki-67  
is expressed at low levels in normal tissues and at high levels in 
tumor cells. In patients with colorectal cancer, Ki-67 can pro-
mote tumor cell proliferation and may have a synergistic effect 
in promoting tumor angiogenesis and tumor cell hyperprolifera-
tion. These factors interact with each other through tumor angi-
ogenesis and promote the development of colorectal cancer.3 
Ki-67 is also a key indicator for colorectal cancer preoperative 
chemoradiotherapy (CRT),4 as it can be used to determine the 
degree of efficacy of CRT in patients.5 CRT can reduce the size 
and stage of the tumor, making the tumor easier to be removed 
by surgery. Current study has shown that the expression of 
Ki-67 can reflect the effect of this treatment. At the same time, it 
is also closely related to patient prognosis and tumor cell metas-
tasis. In the study by Hotta et al, compared to the nuclear-to-
mass ratio or vascular permeability changes, Ki-67 and lymph 
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Abstract
Background: Compared with traditional computed tomography (CT), dual-layer spectral detector CT (SDCT) shows significant 
improvement in imaging soft tissues of the digestive tract. This work aimed to explore the application of SDCT to evaluate the 
expression of the molecular marker Ki-67 in colorectal cancer.
Methods: We retrospectively analyzed the imaging data of the SDCT (IQon Spectral CT; Philips Healthcare) of 45 patients with 
colorectal cancer in our centre. We used Spearman’s test for the imaging parameters (reconstruction of 40, 70, and 100 keV virtual 
monoenergetic images [VMIs] and the slope of the Hounsfield unit attenuation plot [VMI Slope] based on venous phase CT images, 
the arterial phase iodine concentration [AP-IC] and venous phase iodine concentration [VP-IC], and the effective atomic number [Z 
effect]) and correlation analysis for the Ki-67 index. Multivariate logistic regression was used to eliminate confounding factors. We 
evaluated the expression level of Ki-67 and drew the receiver operating characteristic curve.
Results: The 40-keV VMI, VMI Slope, and AP-IC were found to better reflect the Ki-67 index in patients with colorectal cancer with statisti-
cal significance. The 40-keV VMI (r = −0.612, p < 0.001) and VMI Slope (r = −0.523, p < 0.001) were negatively correlated with the Ki-67 
index, and AP-IC (r = 0.378, p = 0.010) was positively correlated with the Ki-67 index. The other indexes (p > 0.05) were not statistically 
significant. The SDCT parameters demonstrated good performance, with area under curves of 0.785 for 40-keV VMI and 0.752 for AP-IC.
Conclusion: The SDCT parameters 40-keV VMI and AP-IC can be used for preliminary evaluation of the Ki-67 index in colorectal cancer.
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nodes determined the recurrence-free survival rate and overall 
survival rate of patients.6

The formulation of an individualized treatment plan for 
patients with colorectal cancer relies on the evaluation of the 
malignant degree of the tumor in preoperative imaging. Due to 
the poor resolution of traditional computed tomography (CT) 
soft tissues, it is sometimes difficult to evaluate the depth of 
invasion, lymph node staging, and postoperative evaluation.7 In 
clinical practice, magnetic resonance imaging (MRI) is usually 
used for more in-depth research.8 For colorectal cancer patients, 
imaging omics research is mostly based on MRI.9 Among the 
studies using Ki-67, a number of MRI studies have shown 
that using the apparent diffusion coefficient value of diffusion-
weighted imaging (DWI) or the D value of intravoxel incoher-
ent motion using its derivative technology have good judgment 
value for the performance of Ki-67.10–12 However, regardless of 
whether DWI or its derivative technology is used, because the 
scanning time is very long, patients need to have a good respira-
tory status and some patients with more serious conditions can-
not tolerate this examination well.

However, the appearance of dual-layer spectral detector CT 
(SDCT) has greatly improved the imaging of soft tissues. CT 
energy imaging can provide multiparametric information that 
conventional CT imaging cannot without increasing the radia-
tion dose.13 It also has advantages in improving the sensitivity 
and qualitative accuracy of lesion detection, allowing for deter-
minations of material composition and reducing metal arti-
facts.14 In addition to the anatomical information that can be 
obtained by conventional CT, it can yield a variety of energy 
spectrum images and allows for quantitative analysis methods 
to be performed through postprocessing, such as virtual plain 
scan, virtual monoenergetic image (VMI), iodine concentration 
(IC), effective atomic number (Z effect), and other functions. 
This provides more valuable information for the diagnosis of 
tumors and disease.15 At present, it is widely applied to the cen-
tral nervous system, as well as the cardiovascular system and 
urinary tract.16,17 At present, SDCT is relatively rarely applied to 
patients with colorectal cancer, and there have been no reports 
on the Ki-67 index in colorectal cancer. At present, there is only 
one report on the Ki-67 index in patients with rectal cancer using 
dual-energy CT (DECT), which was conducted by Fan et al.18

By evaluating the Ki-67 tumor proliferation index before sur-
gery, the treatment team can better predict patient prognosis and 
formulate the surgical procedure and treatment plans. The pur-
pose of this study was to perform a correlation analysis with the 
various parameters of SDCT and the pathological index of colo-
rectal cancer (Ki-67) and to explore the application of SDCT in 
this disease.

2. METHODS

2.1. Patients
From March 2020 to August 2021, 90 patients with colorec-
tal space occupied by SDCT scans (IQon Spectral CT; Philips 
Healthcare, the Netherlands) were enrolled in our centre. The 
inclusion criteria were as follows: (1) enhanced SDCT scan of 
the abdomen and pelvis before operation and surgical treatment 
within 1 week after examination; (2) diagnosed with colorec-
tal cancer after surgery and obtained complete Ki-67 patho-
logical results. The exclusion criteria were as follows: (1) CT 
image quality that did not meet the evaluation requirements 
(such as titanium clip artifacts etc); (2) lesions that were too 
small affected the selection of the region of interest (ROI; such 
as carcinoma in situ); and (3) rectal cancer recurrence or neo-
adjuvant therapy before surgery. Finally, a total of 45 patients 
were enrolled, including 18 males and 27 females, aged 32 to 84 

(mean ± SD, 62 ± 14) years. This study was approved by the local 
ethics committee.

2.2. Dual-layer spectral detector computed tomography 
scanning solution
An SDCT (IQon Spectral CT) was used for scanning. Before 
the CT examination, the patient fasted for 4 to 6 hours with-
out intramuscular injection of antispasmodic drugs or oral con-
trast agents. The scan range was from the top of the diaphragm 
to the level of the lower edge of the bilateral symphysis pubis. 
The scanning parameters used are as follows: the width of the 
collimator was 64 × 0.625 mm, the tube voltage was 120 kVp, 
automatic tube current control technology (78–145 mA) was 
adopted, the radiograph tube rotation speed was 0.5 s/cycle, 
and the pitch was 0.969. The reconstruction layer thickness was 
1.0 mm, and the layer spacing was 0.5 mm. The enhanced scan 
used contrast agent intelligent tracking threshold trigger tech-
nology. The trigger point was set in the abdominal aortic lumen 
at the celiac trunk. The trigger threshold was 120 Hounsfield 
units (HUs). The venous phase started to be collected 30 seconds 
after the end of the arterial phase scan. Iopramide (350 mg/mL 
iodine concentration) was used as the contrast agent at a dose of 
1.2 mL/kg, and the injection rate was 3.0 mL/s.

2.3. Imaging and pathological specimen analyses
A Philips SpDS image workstation (Spectral Diagnostic Suite 
6.5) was used to reconstruct VMIs based on CT venous phase 
images (the best period of clinical observation: because colo-
rectal cancer lesions are clearly displayed in the venous phase 
and it is easy to observe the edge of the lesion, thus, the venous 
phase image is usually selected as the labeling object). The VMI 
was reconstructed every 30 keV in the range of 40 to 100 keV 
to obtain 40-, 70-, and 100-keV VMIs, and the slope of the HU 
attenuation plot (VMI Slope: slope, 40/100 keV value) was calcu-
lated. At the same time, the arterial phase IC (AP-IC) and venous 
phase IC (VP-IC) images and Z effect were obtained through 
the postprocessing workstation to obtain 7 sets of images. Two 
radiologists with extensive experience used a blinded method to 
jointly evaluate the tumor area and divide it as follows: select 
the largest tumor level and place the circular ROIs in the most 
obvious area of tumor enhancement, avoiding the tumor edge, 
intestinal wall blood vessels, and tumor necrosis area and sur-
rounding inflammatory reaction area. The ROI is set to 25 to 
200 mm2 in size. Without changing the size and position of the 
ROI, by adjusting different keV values, measure the average HU 
of the corresponding parts in the three groups of VMI. At the 
same time, measure the IC value and Z effect.

Using the immunohistochemical streptavidin-peroxidase 
method, specimens were collected, fixed, dehydrated, embedded, 
sectioned, and deparaffinized. Mouse anti-human Ki-67 mono-
clonal antibody was added, and the sections were stained with 
hematoxylin and eosin, mounted on slides, and viewed under a 
microscope. The nuclei of positive cells were stained brown. A 
total of 1000 cells were randomly selected, and the positivity 
rate was calculated.

2.4. Statistical analysis
We used the Statistical Package for the Social Sciences (SPSS v. 
19; Chicago, IL) for statistical analysis. The intra/interclass cor-
relation coefficients (ICCs) were used to calculate consistency 
between reviewers. A two-sided p value <0.05 was considered 
statistically significant. Because the imaging data did not con-
form to a normal distribution, we used the Spearman’s test 
combined with the Ki-67 index for the correlation analysis to 
compare and evaluate various imaging measurement parame-
ters. p < 0.05 was considered to indicate statistical significance. 
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All statistical graphs were made using GraphPad Prism 7 (Prism 
7; La Jolla, CA).

We divided patients into a high-expression group (>50%,  
n = 28) and low-expression group (≤50%, n = 17) based on 
Ki-67 expression. According to the expression level of Ki-67, 
the continuous and classification variables of all patients are 
represented as the mean ± SD and n (%), respectively. The 
Mann-Whitney U test was used to compare continuous vari-
ables between low and high Ki-67 expression. A p value <0.05 
was considered to be statistically significant. A univariate logis-
tic regression analysis was performed to select parameters with 
predictive significance for Ki-67 expression. The parameters of p 
< 0.05 were selected to construct multivariate logistic regression 
to eliminate confounding factors. Receiver operating character-
istic curve (ROC) analysis was used to evaluate the diagnostic 
capabilities of the SDCT parameters, including calculation of 
the area under curve (AUC) value and 95% CI.

3. RESULTS
The age and sex of the patients and the Ki-67 index of colo-
rectal cancer were not statistically significant. The interobserver 
agreement of all measurements between the two reviewers was 
excellent, with ICC values greater than 0.80. Basic patient infor-
mation, imaging information (average of the ROI values taken 
by two radiologists), and pathological information are shown in 
Supplementary Table 1, http://links.lww.com/JCMA/A134.

3.1. Associations between SDCT continuous variables  
and Ki-67 expression
The results of the Spearman-related tests are shown in Table 1. 
The results indicate that 40-keV VMI, VMI Slope, and AP-IC 
are statistically significant. Among them, the results for 40-keV 
VMI (r = −0.612, p < 0.001), VMI Slope (r = −0.523, p < 0.001), 
and AP-IC (r = 0.378, p = 0.010) indicated that the HU value 
of 40 keV was negatively correlated with the Ki-67 index, VMI 
Slope, and AP-IC and that the Ki-67 index was positive (Fig. 1). 
However, there was no significant correlation between the 
VP-IC, Z effect, 70-keV VMI, and 100-keV VMI.

We performed a Mann-Whitney U test on the basic infor-
mation of patients and SDCT parameters (Table  2), and the 
results of the univariate logistic regression showed that VMI 
Slope (p = 0.04), 40 keV (p < 0.001), and AP-IC (p = 0.08) were 
good predictors of Ki-67 expression. The results of the multi-
variate logistic regression showed that VMI Slope (p = 0.478) 
was not a good predictor of Ki-67 expression, whereas 40 keV  
(p = 0.048) and AP-IC (p = 0.050) were; therefore, VMI Slope 
was eliminated as a confounding factor. The ROC showed good 
performance, with AUCs of 0.785 for 40 keV VMI and 0.752 
for AP-IC (Fig. 2).

4. DISCUSSION
In this study, various SDCT parameters were used to evaluate 
the Ki-67 index in patients with colorectal cancer preoperatively, 
and the results showed that 40-keV VMI and AP-IC were corre-
lated with Ki-67 expression. In SDCT, the original data space has 
been suppressed by anticorrelation noise, which can basically 
achieve a constant all-energy spectrum and low noise. A study in 
2019 showed that the 72-keV VMI imaging level is basically the 
same as the traditional CT imaging level.19 The single energy lev-
els of 40 keV and 50 keV can ensure a low level of noise, which is 
infinitely close to the 33-keV level of the iodine k edge, thereby 
improving the detection of lesions.20 At the same time, relative to 
the high energy level, the soft tissue contrast is increased under 
the condition of 40 keV. The results of this study revealed that 
compared with 70 keV and 100 keV, 40 keV is correlated with 
Ki-67 expression in colorectal cancer; that is, as the Ki-67 index 
increases, the 40-keV HU level gradually decreases. At the same 
time, VMI Slope was also confirmed to be negatively correlated 
with Ki-67 expression in this study. The iodine density map can 
be used to make a preliminary assessment of the blood supply 
status and corresponding hemodynamics in tumor cells based on 
the iodine concentration value and increase the detection rate of 
lesions.21 In our study, there was also a significant correlation 
between the arterial iodine concentration and Ki-67, which is an 
indicator of tumor proliferation. With increasing Ki-67 expres-
sion, the AP-IC value also increased, but the VP-IC value did not 
show a similar performance. Z effect uses the attenuation effect 
of radiograph attenuation on a substance to be equivalent to 
a certain element, which becomes the effective atomic number 
diagram of the substance. A correlation between the Z effect and 
Ki-67 index was not found in this study (Fig. 3).

VMI is calculated from high- and low-energy data sets, 
which is equivalent to a CT image under a single energy ray. 
As the energy level decreases, the attenuation of iodine gradu-
ally increases. Low-level VMI can increase the CT value and tis-
sue contrast of blood vessels and abnormally enhanced lesions, 
which is helpful for the detection of abnormally enhanced 
lesions. Previous reports have shown that SDCT 40-keV VMIs 
can increase the detection rate of gastrointestinal lesions.22 
In contrast to Fan et al’s research conclusion on Ki-67 using 
DECT, we found that the HU value at 40 keV is correlated 
with the Ki-67 index,18 but they did not find this correlation 
in their research. This phenomenon may be related to DECT 
and SDCT imaging technology. SDCT has a relatively unique 
stereo double-sided detector technology; the upper and lower 
spectral detectors can receive high- and low-energy-level radio-
graph attenuation information at the same time, which is ben-
eficial to reduce the scanning time and maintain the integrity 
of the data to achieve reconstruction in the projection space, 
thereby improving the accuracy of energy analysis.23 Due to 
individual differences, especially in elderly patients, circulatory 
disturbances and other reasons lead to poor vascular and tissue 
enhancement. Spectral CT can retrospectively use low-energy 
VMI images to increase the CT value of vascular enhancement 
and improve image quality. At the same time, we found that 
Ki-67 has a significant negative correlation with 40 keV. In terms 
of conventional understanding, the tumor malignancy increases 
with the increase in Ki-67 expression levels, and the imaging 
usually shows an increase in the degree of enhancement. The 
HU value of low-energy VMI images decreases as the malig-
nancy of colorectal cancer increases. On the one hand, it shows 
that SDCT improves the image quality, and at the same time, it 
magnifies the subtle difference in the density reduction caused 
by the invasion of the tissue cells by the tumor. On the other 
hand, the VMI of SDCT distinguishes the increase in iodine 
density caused by highly malignant colorectal tumors with an 

Table 1

Spearman correlation analysis of Ki-67 index and spectral 
detector computed tomography parameters in patients with 
colorectal cancer

 
40-keV 

VMI
70-keV 

VMI
100-keV 

VMI VMI Slope AP-IC VP-IC
Z 

effect

Correlation 
coefficient

−0.612 −0.290 −0.201 −0.523 0.378 0.050 0.035

p <0.001 0.053 0.185 <0.001 0.010 0.742 0.819

p < 0.05 indicates statistical significance. A correlation coefficient closer to 1 indicates that the 
correlation of the parameter is stronger. Negative values represent a negative correlation.
AP-IC = arterial phase iodine concentration; VMI = virtual monoenergetic image; VP-IC = venous 
phase iodine concentration.
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abundant blood supply from the decrease in density based on 
the enhanced image, which is difficult for conventional CT.  
In the high-energy-level imaging of 100-keV VMI, the HU value 
of the lesion is concentrated at 40 to 60 HU (no statistical differ-
ence), which led to the correlation between VMI Slope and Ki-67 
in the Spearman test; however, VMI Slope was still eliminated 
as a confounding factor by the multivariate logistic regression.

Fig. 1  Spearman correlation analysis scatter plot (blue line: fitted line; red dot: scatter plot; yellow area: CI). A, Correlation analysis between Ki-67 and 40 keV 
virtual monoenergetic image (VMI). B, Correlation analysis between Ki-67 and VMI Slope. C, Correlation analysis between Ki-67 and arterial phase iodine 
concentration (AP-IC).

Table 2

Clinical characteristics, imaging characteristics, and SDCT 
parameters based on differences in Ki-67 expression

Variable

Ki-67 expression level

pLow (n = 17) High (n = 28)

Clinical characteristics    
  Age, y 63.00 ± 13.17 61.69 ± 28 0.981
  Sex   0.456
    Male 7 (41.2%) 10 (35.7%)  
    Female 10 (58.8%) 18 (64.3%)  
  Location    
    Colon 12 (70.6%) 13 (46.4%)  
    Rectum 5 (29.4%) 15 (53.6%)  
  T staging    
    Phase ½ 5 (29.4%) 8 (28.6%)  
    Phase ¾ 12 (70.6%) 20 (71.4%)  
  Lymph node metastasis    
    Yes 7 (41.1%) 12 (42.9%)  
    No 10 (58.9%) 16 (57.1%)  
  Distant metastasis (m)    
    Yes … 2 (7.1%)  
    No 17 (100%) 26 (92.9%)  
SDCT parameters    
  40-keV VMI 180.53 ± 44.03 143.07 ± 17.72 0.001
  70-keV VMI 79.76 ± 12.65 76.86 ± 11.86 0.373
  100-keV VMI 57.53 ± 6.00 55.18 ± 5.14 0.244
  VMI Slope 3.16 ± 0.80 2.63 ± 0.36 0.008
  AP-IC 0.74 ± 0.43 1.11 ± 0.42 0.005
  VP-IC 1.51 ± 0.060 1.64 ± 0.42 0.286
  Z effect 8.13 ± 0.30 8.20 ± 0.20 0.313

p < 0.05 indicates statistical significance. Values are the mean ± SD.
AP-IC = arterial phase iodine concentration; VMI = virtual monoenergetic image; VP-IC = venous 
phase iodine concentration; SDCT = spectral detector computed tomography.

Fig. 2  ROC curves of the various parameters of spectral detector computed 
tomography for preoperative prediction of Ki-67 in patients with colorectal 
cancer. AUC = area under curve; IC = iodine concentration; ROC = receiver 
operating characteristic curve; VMI = virtual monoenergetic image.
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In the study by Yang et al, the imaging parameters of spec-
tral CT (including IC, normalized iodine concentration, and 
the slope of the spectral HU curve) were significantly improved 
compared to traditional 70-keV CT for evaluating the degree 
of differentiation in colon cancer.24 Our research also reached 
a similar conclusion; ie, the iodine concentration in the arte-
rial phase is relevant to the judgment of colorectal cancer. As 
the Ki-67 index increases, the IC value will also increase. Our 
results differ from the research conclusions of Fan et al, who 
used DECT in their study and confirmed that the iodine con-
centration value can not only be used to evaluate the Ki-67 
index of colorectal cancer but also to distinguish between the 
arterial phase and the venous phase. In our study, only the 
iodine concentration at AP reacted to the content of Ki-67, 
and the iodine concentration at VP had no correlation. This 
shows that the iodine concentration is dependent on the Ki-67 
index in patients with colorectal cancer. However, compared 
with the IC value of the venous phase, only the IC value of the 
arterial phase is dependent on Ki-67 expression. This change 

may be related to the tumor microenvironment. It is generally 
believed that this may be because as the malignancy of colo-
rectal cancer increases, the blood supply required by the tumor 
also increases. In the arterial phase, because the IC value is 
mainly affected by the blood supply of the tumor, during the 
early stage of enhancement, the level of malignancy can be 
clearly distinguished statistically. However, this performance 
was not reflected in the intravenous phase in this study. This 
phenomenon may be due to the changes in the microenviron-
ment within the tumor, which may be due to the following two 
reasons: (1) the localized expansion of the microvessels leads to 
the accumulation of contrast agent and increase in the iodine 
concentration; (2) due to differences in the circulatory function 
of patients (especially the elderly), the rate of passage of the 
contrast agent is reduced. Compared with the DECT-only study 
on the Ki-67 index of colorectal cancer, this study distinguished 
between the different periods of enhancement and concluded 
that only the IC value of the arterial phase is affected by the 
Ki-67 index.18

Fig. 3  A 70-y-old female patient with ascending colon cancer (yellow arrow). A, The 40- 200-keV Hounsfield unit (HU) attenuation plot. B1, Routine plain 
scan. B2, Arterial phase-enhanced scan. B3, Venous phase-enhanced scan. C1, The effective atomic number can measure the effective atomic number of the 
lesion. C2, Arterial phase iodine concentration has poor resolution, but it can quantitatively analyze the iodine concentration in the lesion. C3, The 40-keV virtual 
monoenergetic image based on venous phase-enhanced reconstruction can not only perform a more detailed analysis of the lesion but also improve the contrast 
compared to traditional venous phase-enhanced images (B3). ROI = region of interest.
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This study did not find Ki-67 expression to be correlated 
with the Z effect in patients with colorectal cancer. Although 
many studies have shown that the Z value can be used to dis-
tinguish high- or low-grade intestinal tumors,25 it seems that 
the Z effect is not as significant as the expression of the more 
refined tumor index Ki-67. This result may be because in their 
study only 8 patients were compared with Z effect, and only 
because of the classification of the high and low levels of colo-
rectal cancer was it not subdivided based on Ki-67 expression. 
In terms of clinical application, this technology mainly uses 
pseudo color images to intuitively reflect the difference in effec-
tive atomic number of lesions in the area, which leads to dif-
ferences in visualization, allowing the doctors to detect lesions. 
At present, it has a good application in determining the scope 
of pulmonary embolism and detecting negative stones in the 
gallbladder (Supplementary Fig. 1, http://links.lww.com/JCMA/
A134). In this study, the more subtle judgments on the pathol-
ogy of colorectal cancer did not seem to be as accurate as the 
other quantification indexes.

In fact, an increasing number of studies have found no sig-
nificant difference in the accuracy of colorectal cancer research 
when DECT versus MRI is used.26 SDCT has further improved 
the imaging quality and accuracy. Compared with MRI, SDCT 
shows a significant improvement in terms of the spatial reso-
lution of soft tissue. While providing more information about 
lesion parameters, it also confers the traditional advantages of 
CT, namely, high-resolution, fast scanning speed, and reduced 
motion artifacts. In addition, it is less expensive than MRI, 
which facilitates screening and reduces the burden on patients. 
The parameters and imaging methods of DECT play a sig-
nificant role in applications such as detecting gastrointestinal 
tumors, distinguishing tumor from normal tissues, identifying 
excretions in the gastrointestinal tract, and evaluating lymph 
node metastasis. In the study by Najami et al, a more detailed 
analysis of the lymph nodes around the tumor revealed that the 
use of dual-energy CT can even identify lymph nodes that are 
affected by tumor metastasis.27 A similar conclusion was reached 
in the study by Sato et al, in which the IC value of metastatic 
lymph nodes was significantly reduced.28 In addition to the IC 
value, Sun et al found that the Z effect is also significantly cor-
related with lymph node metastasis in rectal cancer. In the study 
of colorectal cancer liver metastasis, DECT can not only identify 
the lesions effectively but also yields higher quality images. At 
the same time, the dual-energy iodine map has a very signifi-
cant effect on distinguishing benign and malignant tumors and 
improving the screening rate.29 In patients with colorectal can-
cer after radiotherapy and chemotherapy, multiple studies have 
found that the HU value, IC value, and Z effect in DECT are 
significantly reduced.30,31 As an upgraded version of DECT, we 
have a reason to believe that SDCT can play a greater role in 
disease detection.

This study has some limitations, such as an insufficient sam-
ple size and no patient prognostic information. In this study, 
we could only identify a correlation between the parameters of 
SDCT and the expression of Ki-67 in colorectal cancer. With 
a more sufficient sample size and a longer follow-up time, we 
hope to construct a reliable nomogram to evaluate the malig-
nancy and survival time of patients with colorectal cancer before 
surgery in the future. In addition, the one-to-one correspond-
ence of lesions in pathology imaging allows us to more accu-
rately understand the relationship between the pathology and 
imaging of colorectal cancer. It can also help doctors better serve 
patients by formulating more accurate treatment and prognosis 
plans before surgery.

In conclusion, our study found that the 40-keV VMI and 
AP-IC values of SDCT are correlated with the Ki-67 index in 
colorectal cancer.
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