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Background: The use of effective non-invasive diagnostic markers in the early stage of cervical cancer 
is lacking currently. This study sought to investigate the value of color Doppler ultrasound combined with 
serum CXC chemokine ligand-16 (CXCL16) and epithelial cadherin (E-cad) levels in diagnosing cervical 
cancer.
Methods: Two hundreds cervical cancer patients admitted in our hospital between May 2018 and April 
2020 were selected as the observation group. The control group included 100 healthy participants. The 
ultrasound parameters, and the serum CXCL16 and E-cad levels between the two groups and patients at 
different pathological stages were compared. The correlations between disease progress and ultrasound 
and serological indexes were analyzed. The diagnostic efficiency of an ultrasound and measures of serum 
CXCL16 and E-cad levels were compared as well.
Results: The peak systolic velocity (PSV) of the observation group was significantly higher than that of 
the control group (P<0.05). In case of the resistance index (RI), the results were the opposite to the PSV 
(P<0.05). The PSV (P<0.05) and RI (P<0.05) were significantly different among different pathological 
stages. The serum CXCL16 (P<0.05) and E-cad (P<0.05) levels of participants in the observation group 
were significantly higher than those of patients in the control group. A pairwise comparison showed that the 
serum CXCL16 and E-cad levels increased significantly as the pathological stages of the cancer progressed. 
The diagnosis and disease progression of cervical cancer were positively correlated with PSV, CXCL16, and 
E-cad levels, and negatively correlated with the RI. Combining an ultrasound diagnosis with serum CXCL16 
and E-cad levels had significantly higher diagnostic sensitivity than that of any individual indicator in patients 
with cervical cancer. The curve analysis showed that the cut-off values of PSV, the RI, CXCL16 and E-cad 
were 14.25, 0.50, 40.15 ng/mL and 85.36 pmmol/L, respectively.
Conclusions: The sensitivity of color Doppler ultrasound combined with serum CXCL16 and E-cad 
levels in the diagnosis of cervical cancer is high. Thus, it is recommended that it be used in clinics.
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Introduction

The incidence of cervical cancer is ranked second among 
female malignant tumors in the world (1), and its age of 
onset has a significant downward trend in epidemiological 
investigations, which seriously affects the life safety of 
patients. Additionally, the clinical symptoms of cervical 
cancer are not obvious, such that by the time of diagnosis, 
the vast majority of patients have progressed into the 
middle or late stages of cervical cancer. Thus, the timely 
diagnosis of patients at an early stage has significant 
effects on the prognosis of patients (2). In the process 
of tumor progression, most of the neovascularization 
are flexuous, and the deformity rate is high due to the 
significant imbalance of vascular endothelial cell function. 
Consequently, the maximum peak systolic velocity (PSV) 
and resistance index (RI) (3) of the hemodynamic arteries 
around the mass and the mass examined by transvaginal 
color Doppler ultrasound can reflect the angiogenesis of 
the tumor to some extent. Further, ultrasounds show the 
progress of tumors; however, the diagnostic efficiency of 
ultrasounds is low. Thus, it is important that biomarkers be 
identified in a timely manner in clinical diagnoses.

Many studies have explored the correlation between 
biomarkers and the results of transvaginal color Doppler 
ultrasonography for cervical cancer, such as p53. However, 
the aim of the study was to assess the effectiveness of 
radiotherapy (RT) by detecting the expression of p53 
protein combined with the signs of transvaginal color 
Doppler ultrasound in patients with advanced cervical 
cancer (4). The biomarkers used to diagnose cervical cancer 
are carcinoembryonic antigen (CEA) and squamous cell 
carcinoma antigen (SCC). Carcinoembryonic antigen is 
a commonly used biomarker of cervical cancer. However, 
abnormally elevated expression of CEA can also be seen 
in cancers such as rectal cancer, breast cancer, and lung 
cancer (5-7). Therefore, the specificity for the diagnosis of 
cervical cancer is poor. SCC is a specific antigen secreted 
by squamous cell carcinoma, which is related to the 
development of cervical cancer. It has high specificity but 
low sensitivity (8). Studies have found that chemokine 16 
(chemokine 16, CXCL16) is related to tumor metastasis, 
invasion, adhesion and directional migration. The studies 
had confirmed that serum CXCL16 expression had the 
highest positive rate in cervical cancer. Among other 
diseases of the cervix, the positive rate is low and the 
specificity is high (9).

E-cad, a calcium-dependent cell adhesion protein that 

help to enhance the adherens junctions between cells, that 
is significantly correlated with tumor migration, invasion, 
and prognosis (10,11). CXCL16, a cxcr6 receptor-binding 
chemokine that functions as a scavenger receptor for 
oxidized low density lipoprotein (oxldl) when expressed 
by macrophages (12) are the most promising biomarkers 
for the early diagnosis of cervical cancer. Trend factor 
interleukin-16, Interleukin-8, and CXC chemokine 
ligand-16 (CXCL16) reflect the levels of inflammatory 
responses in local lesions to some extent (13). The decrease 
of E-cad expression will increase the risk of tumor invasion, 
early occurrence and metastasis. Five hundred and twenty-
two (42.6%) participants included in 20 studies presented 
reduced E-cad expression. The downregulation of E-cad 
was associated with unfavorable overall survival in cervical 
cancer patients. E-cadmay can act as a metastatic suppressor 
protein, and therefore can be used as a diagnostic biomarker 
for cervical cancer. The increased expression of CXCL16 
will increase the risk of tumor metastasis, invasion, adhesion 
and directional migration. The CXCL16 is present in the 
membrane and cytoplasm of neoplastic epithelial cells. 
While the tumor lesions progress from CIN1, CIN2, and 
CIN3 to invasive cancer, the distribution and expression 
intensity of CXCL16 increased as well. The expression 
of CXCL16 and CXCR6 in healthy cervical tissue, CIN, 
and cervical carcinoma were analyzed by using tissue chip 
technology and immunohistochemistry method. The 
association of protein expression with clinicopathologic 
features and overall survival was analyzed by using Kaplan-
Meier curve. The patients with higher CXCR6 expression 
had significantly lower overall survival rates as compared 
to those with lower CXCR6 expression. The increased 
co-expression of CXCL16/CXCR6 in CIN and cervical 
cancer indicates that the development of cervical cancer 
is a durative process (14,15). If the expression of E-cad 
decreases and the expression of CXCL16 increases, it is 
highly likely to predict the formation and migration of 
cervical cancer.

The objective of this study is to assess the diagnostic 
value of a color Doppler ultrasound combined with 
measures of serum CXCL16 and E-cad levels in the 
diagnosis of cervical cancer. We hypothesis that the 
diagnostic accuracy could be significantly improved by 
combining these 3 markers, compared with using single 
indicator. We present the following article in accordance 
with the STARD reporting checklist (available at  
http://dx.doi.org/10.21037/tcr-21-123).
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Methods

Study design

This is a retrospective study carried out in Lianyungang 
Maternal and Child Health Care Hospital in Jiangsu 
province China which was performed in accordance with 
the STARD 2015 guidelines for reporting diagnostic 
accuracy studies (16).

General information

200 patients, who had been diagnosed with cervical 
cancer and treated at our hospital from May 2018 to April 
2020, participated in this prospective study. The patients 
were aged 40–49 years old, and had an average age of  
45.57±2.09 years and an average body mass index (BMI) of 
24.25±2.18 kg/m2. According to the pathological grading 
standard of the International Federation of Obstetrics 
and Gynecology of Cervical Cancer (FIGO), the average 
maximum diameter of a tumor is 19.90±3.01 mm (17). Of 
the patients, 45 had stage I cervical cancer, 92 had stage 
II cervical cancer, and 63 had stage III cervical cancer. 
One hundred healthy people from the same period were 
also selected to participate in the study as members of the 
control group. Notably, there were no significant differences 
in the general data between the two groups (P>0.05). All 
the patients signed the informed consent form, which was 
provided to and approved by the Ethics Committee of 
Lianyungang Maternal and Child Health Care Hospital 
(No.: LYG-ME2020056). All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013).

To be eligible to participate in the study, the patients 
had to meet the following inclusion criteria: (I) meet the 
diagnostic criteria for cervical cancer (6); (II) have no other 
primary tumors; and (III) have a card score of more than 
60. Patients were excluded from the study if: (I) they had 
a mental disorder; (II) could not communicate normally; 
(III) were lactating or pregnant; and/or (IV) had other 
reproductive system diseases.

Research methods

Ultrasonic diagnosis
The ultrasonic instrument used in this study was a Siemens 
AcusonAntares ultrasonic diagnostic instrument. The 
frequency of the vaginal probe was set to 7.5 m. The shape, 

size, edge, and internal shape of the uterus were diagnosed 
using a two-dimensional ultrasound. Additionally, the 
blood flow at the site of the lesions was compared using 
color Doppler flow imaging after the diagnoses had been 
made. The blood flow velocity related indexes of the three 
vessels were also measured, and the PSV and RI of the 
hemodynamic artery were recorded, and their average 
values were calculated in the area for which the ultrasound 
showed the most significant blood flow.

Serological diagnosis
Elbow vein blood was collected timely after enrollment 
and supernatant was collected after centrifugation at  
3,500 r/min after all the patients had been enrolled in 
the group. Additionally, the CXCL16 and E-cad levels 
of the patients were analyzed using an enzyme-linked 
immunosorbent assay (Roche, Shanghai). The operation 
procedure was carried out in strict accordance with the 
instructions.

Observation index

	 The ultrasonic parameters of the PSV and the RI of 
the observation group and the control group were 
compared.

	 The ultrasonic parameters of the PSV and the RI of 
patients at different pathological (i.e., stages I, II, and 
III) were compared.

	 The serum indexes (i.e., serum CXCL16 and E-cad 
levels) of the observation group and the control group 
were compared.

	 The serum CXCL16 and E-cad levels in patients at 
different pathological stages (i.e., stages I, II, and III) 
were compared.

	 The correlation between the disease progression and 
ultrasonic and serological indexes were analyzed. A 
Spearman correlation analysis was used to analyze the 
progress of the disease, and determine the correlations 
between disease diagnoses and ultrasound and 
serological indexes.

	 The efficacy of an ultrasonic diagnosis combined 
with measures of serum CXCL16 and E-cad levels 
was analyzed. The receiver operating characteristic 
curve (ROC) was used to analyze the efficacy of the 
combined diagnosis and the individual diagnoses 
of the ultrasound and serum CXCL16 and E-cad 
levels.
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Statistical analysis

SPSS20.0 was used to collect and analyze the data. 
Additionally, a Chi-square test and an independent 
sample t-test were used to compare patients’ basic data; a 
correlation analysis was used for the Spearman analysis, 
and diagnostic efficiency was used for the ROC curve 
analysis. The measurement data were expressed as mean ± 
standard deviation (SD), and the count data was expressed 
as a percentage. A P<0.05 indicated that a difference was 
statistically significant.

Results

Comparison of ultrasonic parameters between the two 
participant groups

As Table 1 and Figure 1 shows, the PSV of the patients in 
the observation group was significantly higher than that 
of the PSV of patients in the control group (t=17.914, 
P<0.05). The RI of patients the observation group was 
significantly lower than that of patients in the control 

group (t=9.565, P<0.05).

Comparison of ultrasonic parameters in patients at 
different pathological stages

As Table 2 shows, there were significant differences between 
the PSV (F=14.345, P<0.05) and RI (F=15.090, P<0.05) 
of patients at different pathological stages. A pairwise 
comparison showed that PSV significantly increased and 
the RI significantly decreased as the pathological stage 
progressed.

Comparison of serum indexes between the two groups of 
participants

The serum CXCL16 and E-cad levels of participants in the 
observation group were significantly higher than those of 
participants in the control group (Table 3).

Comparison of serum CXCL16 and E-cad levels in patients 
at different pathological stages

There were significant differences in the serum CXCL16 
and E-cad levels of patients at different pathological stages. 
A pairwise comparison showed that serum CXCL16 and 
E-cad levels increased significantly as the pathological 
stages progressed (see Table 4).

Analysis of the correlation between disease progression and 
the ultrasonic and serological indexes

The diagnosis and progression of cervical cancer were 
positively correlated with the levels of PSV, CXCL16 and 

Table 1 Comparison of ultrasonic parameters between the two 
groups

Group Number of cases PSV RI

Control group 100 10.15±3.11 0.70±0.27

Observation 
group

200 16.59±2.55 0.42±0.16

t 17.914 9.565

P 0.000 0.000

PSV, peak systolic velocity; RI, resistance index.

Figure 1 Ultrasonic images of patients in the observation group.

A color doppler flow imaging B doppler imaging
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E-cad, and negatively correlated with the RI; the differences 
were statistically significant (see Table 5).

Analysis of the efficacy of the ultrasonic diagnosis combined 
with serum CXCL16 and E-cad levels

The sensitivity of the ultrasonic diagnosis and the combined 
diagnosis of serum CXCL16 and E-cad levels in patients 
with cervical cancer was significantly higher than that in 
patients with cervical cancer alone. The ROC curve showed 

that the cut-off values of PSV, RI, CXCL16, and E-cad in 
patients with cervical cancer were 14.25, 0.50, 40.15 ng/mL, 
and 85.36 pmmol/L, respectively (see Table 6 and Figure 2).

Discussion

As one of the most common gynecological malignant 
tumors in clinic, the medical imaging diagnosis of 
cervical cancer has made considerable progress due to the 
continuous improvement of clinical diagnostic skills (18). 
In the early stage of the disease and at the various stages of 
treatment, timely adjustment of the treatment protocols has 
positive significance for the patients (19). Further, there is 
a significant correlation between the migration of tumor 
cells and the formation of micro-vessels infiltrated in tumor 
cells in the study of the disease progression of cervical  
cancer (20). The objective index of tumor patients’ 
infiltration and progression captures the increase of micro-
vessel density in the local focus in the study of vascular 
endothelial cells of tumor cells (21). The probability of 
tumor cells entering the blood through microcirculation 
increases significantly (22), increasing the risk of distant 
spread of tumor.

The analysis of the ultrasonic indexes of the patients 
revealed that the PSV of patients in the observation 
group was significantly higher than that of the control 
group, and the RI of patients in the observation group 
was significantly lower than that of the control group. A 
pairwise comparison showed that the PSV of the patients 
increased significantly and the RI decreased significantly 
as the pathological stage of the patients progressed. The 
analysis showed that the measurements of PSV and RI 

Table 2 Comparison of ultrasonic parameters in patients at 
different pathological stages

Group N PSV RI

I 45 15.55±5.11 0.51±0.22

II 92 16.40±5.22a 0.41±0.12a

III 63 17.35±5.29ab 0.10±0.10ab

F 14.345 15.090

P 0.000 0.000
a, compared with stage I (P<0.05); b, compared with stage II 
(P<0.05). PSV, peak systolic velocity; RI, resistance index.

Table 3 Comparison of serum indexes between the two groups

Group N E-cad (ng/mL) CXCL16 (pmmol/L)

Control group 100 16.25±3.52 2.44±0.54

Observation 
group

200 42.77±11.25 92.33±10.16

t 17.994 10.547

P 0.000 0.000

CXCL16, CXC chemokine ligand-16.

Table 4 Comparison of serum CXCL16 and E-cad levels in 
patients at different pathological stages

Group N E-cad (ng/mL) CXCL16 (pmmol/L)

I 45 40.39±5.35 85.79±3.21

II 92 42.55±5.40a 91.32±3.40a

III 63 45.39±5.35ab 97.79±3.21ab

F 16.541 18.217

P 0.000 0.000
a, compared with stage I (P<0.05); b, compared with stage II 
(P<0.05). CXCL16, CXC chemokine ligand-16.

Table 5 Correlation analysis of disease progression with ultrasound 
and serological indexes

Index PSV RI E-cad CXCL16

Cervical cancer

r 0.592 0.988 0.766 0.511

P 0.000 0.000 0.000 0.000

Staging of cervical 
cancer

r 0.902 0.641 0.823 0.561

P 0.000 0.000 0.000 0.000

PSV, peak systolic velocity; RI, resistance index; CXCL16, CXC 
chemokine ligand-16.
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mainly reflected the blood flow velocity and vascular elastic 
resistance. During the progression of the disease, due to 
the significant changes in metabolic function, the ability 
of tumor cells to plunder nutrients from the lesion site is 
significantly increased, which necessitate a large number 
of blood vessels to transport the nutrients. Moreover, 
in the process of angiogenesis, the malformation rate of 
neovascularization increases significantly due to a local 
inflammatory reaction and endothelial dysfunction. The 
increase of the vascular malformation rate causes significant 
changes in the hemodynamics of patients. However, the 
analysis of ultrasonic indicators of patients has a number of 
limitations in the diagnosis of cervical cancer (23), because 
benign lesions of the cervix may cause significant changes 
of regional blood parameters as well. Consequently, if an 
ultrasound is the only instrument used, it can easily result 
in false positives in clinical diagnoses. Thus, an analysis of 
the biomarkers of patients has great value in the clinical 
diagnosis of patients (24).

In the present study, the results of the analysis of the 
serological indexes of patients showed that the serum 
CXCL16 and E-cad levels of patients in the observation 
group were significantly higher than those of patients in 
the control group. A pairwise comparison showed that 
the serum CXCL16 and E-cad levels of patients increased 
significantly as the pathological stages progressed. The 
analysis also showed that E-cad is an important molecule of 
cell adhesion and a polar calcium-dependent transmembrane 
glycoprotein that maintains the intact structure of cells. 
Additionally, it plays an important role in the early stage of 
tumor development and migration. Serum CXCL16 reflects T
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the level of inflammatory reaction in a local lesion area to 
a certain extent. As the degree of canceration increases, 
the serum CXCL16 level also increases. Huang et al. (15) 
showed that serum CXCL16 levels significantly increase as 
patients’ degree of canceration increases. Further, Zacapala-
Gómez et al. (25) reported that the level of E-cad was 
significantly correlated with the degree of canceration in 
patients, which is consistent with the results of the present 
study.

In addition, an analysis of joint diagnostic efficacy, found 
that the critical values of the PSV, the RI, CXCL16, and 
E-cad in patients with cervical cancer were 14.25, 0.50, 
40.15 ng/mL, 85.36 pmmol/L, respectively. These results 
could serve as reference values for the clinical diagnosis 
of cervical cancer. The specificity, sensitivity and the 
AUC were significantly increased which indicated that 
the diagnostic performance was significantly improved by 
combining the Doppler ultrasound with serum CXCL16 
and E-cad than that of the individual parameters.

However, it should be noted that this study also had some 
limitations. Due to the limited sample size, the evidence 
level is relatively low and the conclusion of the present 
study is not convincing enough. Randomized controlled 
trials with large sample size are warranted in the future.

Overall, the results showed that the sensitivity of patients 
with cervical cancer in the diagnosis of color Doppler 
ultrasound combined with measures of serum CXCL16 and 
E-cad is high. Thus, it is recommended for use in clinical 
practice.
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