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A B S T R A C T   

The chemokine 20 (CCL20) is a member of the CC chemokine family and plays a role in tumor 
immunity and autoimmune disease. This work investigated the value of CCL20 as a serum 
diagnostic marker for primary hepatocellular carcinoma (HCC). Based on the data of hepato-
cellular carcinoma patients in the TCGA database, the up-regulated genes encoding secretory 
proteins were analyzed in each pathological stage, and the candidate marker CCL20 gene was 
selected. Serum concentrations of CCL20 in patients with primary HCC, benign liver disease, and 
healthy subjects were analyzed by enzyme-linked immunosorbent assay (ELISA). The ROC curve 
evaluated the efficacy of CCL20 alone or in combination with AFP in the diagnosis of HCC. It was 
found the expression of CCL20 in HCC patients was significantly higher than that in the benign 
liver disease group and healthy controls (P < 0.05); The AUC of ROC curve to distinguish HCC 
patients from healthy controls was 0.859, the sensitivity was 73.42%, and the specificity was 
86.84%. After combination with AFP, the AUC increased to 0.968, the sensitivity was 88.16%, 
and the specificity was 97.37%. Although CCL20 was increased in the serum of patients with 
benign liver diseases, combined with AFP, the AUC to distinguish HCC patients from non-HCC 
cohorts (benign liver disease group and healthy control group) was 0.902, with a sensitivity of 
91.67% and a specificity of 75.26%. Collectively, serum CCL20 is closely related to the occurrence 
of HCC, and detection of serum CCL20 can assist AFP in improving the diagnostic sensitivity of 
HCC.  
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1. Introduction 

Liver cancer (LC) is one of the most common malignant tumors in the world, and HCC is the most common type of primary LC [1]. 
Medical statistics show that liver cancer has the third highest mortality rate for malignant tumors and is the sixth most commonly 
diagnosed cancer worldwide in 2020 [2]. Hepatitis B virus (HBV) infection is a common cause of hepatocellular carcinoma in Asia, and 
cirrhosis is the leading risk factor for HCC [3]. Early diagnosis and treatment are essential for a good prognosis of liver cancer patients 
[4]. A large number of studies have confirmed the effectiveness of blood markers in tumor diagnosis and monitoring [5,6]. Compared 
with invasive puncture pathology, its non-inventiveness makes it more acceptable and easier to apply. Alpha-fetoprotein AFP, a blood 
marker commonly used in the diagnosis of hepatocellular carcinoma, is not sufficient to be used as a single diagnostic tool for 
monitoring and diagnosing hepatocellular carcinoma due to its insufficient diagnostic sensitivity [7]. Therefore, it is necessary to find 
new sensitive and specific blood markers for HCC diagnosis. 

Many chemokines, such as CXCL1, CXCL13, CCL5 and CCL4, have been well studied for their diagnostic value in HCC [8–10]. 
Chemokine ligand (CCL20), also known as macrophage inflammatory protein (MIP) -3α or liver Activation regulatory chemokine 
(LARC), is a member of the CC subfamily of chemokines [11]. CCL20 is generally produced by epithelial cells and its expression is 
increased under inflammatory conditions [9]. Studies have shown that it plays a variety of biological functions in tumorigenesis, such 
as invasion, migration, immunosuppression, angiogenesis, and epithelial-mesenchymal transformation [12–15]. It has been reported 
that the ccl20 expression is up-regulated in tissues and body fluids of patients with multiple tumor types, including colorectal cancer 
[16], oral squamous cell carcinoma [17], gastric cancer [18], pancreatic carcinoma [19], indicating that serum CCL20 may have the 
potential as a tumor marker. Several works have also explored the value of CCL20 as a diagnostic marker for HCC [20,21], but these 
studies either only looked at HCV associated hepatocellular carcinoma or lacked comparisons in patients with hepatitis. Considering 
that the major viral type of hepatitis in China is hepatitis B virus. Differences between different viral phenotypes may exist. By studying 
the expression of related markers in hepatitis B patients and combining with clinically available markers, it may be more meaningful 
for the diagnosis of hepatitis B-related liver cancer. In this study, the secreted proteins differentially expressed in each pathological 
stage of primary HCC were analyzed through the TCGA database, and CCL20 was selected as a candidate protein for study to evaluate 
its diagnostic value as a serum marker for HCC patients. 

2. Materials and methods 

2.1. Screening of candidate serum biomarkers 

Transcriptome RNA-seq and clinical data for HCC were collected from the TCGA database (https://portal.gdc.cancer.gov/) [22]. 
Differentially expressed gene (DEGs) analysis is achieved by the “limma” R package. The screening criteria for DEGs were set as, 
logFC>1.0, adjusted p-Value<0.05, and the mean expression value in adjacent normal tissue (conMean) < 15, We used the DAVID 
(https://david.ncifcrf.gov/summary.jsp) [23] online tool to analyze the up-regulated DEGs for screening secretory proteins. GEPIA2 
(http://gepia2.cancer-pku.cn/) [24] online tool was used to verify the differential expression of candidate DEGs. The research process 
is shown in Supplementary Fig. 1. 

2.1.1. Patient and specimen collection 
A total of 176 serum samples were collected from Hefei Cancer Hospital, Chinese Academy of Sciences, of which 79 were from HCC 

patients (15 patients with stage I, 17 patients with stage II, 27 patients with stage III, and 15 patients with stage IV), details are in 
Supplementary Table 1. 59 samples were from patients with benign liver diseases (29 samples from patients with chronic hepatitis B 
and 30 samples from patients with cirrhosis) and 38 samples were from healthy subjects with no history of liver disease. All HCC 
patients were primary cases. The clinical staging of HCC was based on the TNM classification criteria of the American Joint Committee 
on Cancer. This study was reviewed and approved by the Ethics Committee of the Hefei Institutes of Physical Science, Chinese 
Academy of Sciences (Approval No. Y-2018-19). 

2.1.2. Serum ELISA assay 
Venous blood was collected, hemolysis and lipid samples were removed, and serum was collected after centrifugation. CCL20 

concentration was detected using an ELISA kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s instructions. 
Briefly, a 100-μL detection diluent and a 100-μL standard or serum sample were each added to a 96-well microwell coated with CCL20 
antibody and incubated at room temperature for 2 h before cleaning. Then the HRP-labeled secondary antibody was added to the 
micropores and incubated for 2 h at room temperature, cleaned again, and then TMB solution was added. The reaction time was 30 min 
at room temperature, and the termination solution was added to measure the absorbance at 450 nm within 30 min. In addition, the 
concentration of AFP in serum was detected by Beckman DXI800 automatic chemiluminescence analyzer (kit purchased from 
Beckman). 

2.2. Statistical analysis 

All statistical analyses were performed using GraphPad Prism 9.0 software (GraphPad Software Inc., CA, USA). The nonparametric 
Mann-Whitney test was used to determine the difference between two independent sets of data with non-normal distribution. The 

Q. Deng et al.                                                                                                                                                                                                           

https://portal.gdc.cancer.gov/
https://david.ncifcrf.gov/summary.jsp
http://gepia2.cancer-pku.cn/


Heliyon 10 (2024) e26774

3

combined diagnosis model was established by binary logistic regression. The diagnostic efficiency of single and combined tests was 
analyzed using receiver operating characteristic (ROC) curves. The AUC (area under the curve) and 95% CI (confidence interval), 
sensitivity, specificity and accuracy were calculated from the ROC curve. The largest Youden index is used as the best cutoff value for 
the test item. P value < 0.05 was considered statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001). 

3. Results 

3.1. Screening of candidate diagnostic markers for HCC 

To identify potential HCC diagnostic markers, we downloaded transcriptomic RNA-seq data from the TCGA database for primary 
hepatocellular carcinoma (TCGA-LIHC), including 50 normal liver tissue samples and 371 liver cancer tissue samples, as well as patient 
clinical information, and analyzed the genes that were significantly upregulated at each HCC pathological stage compared to normal 
liver tissue (screening criteria: The average expression value in normal tissues conMean<15, logFC>1.0, adjust p-Value<0.05) 
(Fig. 1A). Then, the subcellular localization of 1844 co-upregulated genes was analyzed through the DAVID database to screen out 
genes encoding secretory proteins. Considering that secreted proteins are located in extracellular space, only those localized in 
extracellular space (79 genes), extracellular domain (85 genes), extracellular matrix (35 genes), and clearly defined as secreted 
proteins (116 genes) were selected. After removing the genes with the same name in each group, 147 candidate secreted proteins were 
finally obtained (Fig. 1B), the heatmaps of 147 genes were shown in Supplementary Fig. 2. Theoretically, a good serum marker should 
be expressed at low levels in all normal tissues. This will result in a lower background amount being secreted into the blood. So that the 
tumor secretes this marker and it will be sensitively reflected in the blood. We validated the expression of these 147 genes using the 
GEPIA2 online tool [25] and selected genes with low expression in all paracancerous tissues as the dominant candidate markers. CCL20 
meets the above screening criteria and is a potential ideal serum marker (Fig. 1C). 

Fig. 1. Screening of candidate diagnostic markers for HCC. (A) Genes were commonly up-regulated in all pathological stages of HCC in the TCGA- 
LIHC data set. (B) 147 genes encoding potential secretory proteins were identified by subcellular localization analysis. (C) Expression levels of 
CCL20 in tumors and corresponding paracancer tissues in 33 tumor types. 
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Table 1 
Serum concentrations of CCL20 and AFP.  

Markers Control group Benign disease group HCC group Stage I Stage II Stage III Stage IV 

Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR Median IQR 

CCL20 7.57 1.45–34.67 17.10 7.71–70.38 33.80 3.86–615.68 26.87 10.47–103.50 18.73 8.15–132.17 31.3 24.24–119.10 57.15 22.74–174.63 
AFP 2.50 1.98–3 2.70 2.10–5.70 352.15 13.18–3000 49.70 10.05–3000 629.00 12.8–3000 1168.8 44.68–3000 98.5 8.61–1563.6  

Q
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3.1.1. Comparison of serum CCL20 levels 
The levels of serum CCL20 in the HCC group, benign liver disease group, and 38 healthy subjects were shown in Table 1. The 

median concentration of serum CCL20 in the HCC group was significantly higher than that in the healthy group (p < 0.0001) and 
benign disease group (p = 0.0152), and the liver benign disease group was significantly higher than that in the healthy group (p =
0.0001) (Fig. 2A). The median concentration of serum CCL20 in HCC patients at each TNM stage was higher than that in the healthy 
group (Fig. 2B). In addition, liver cirrhosis, HBV infection, medication, and HBV viral load and ALT levels in patients with hepatitis did 
not affect serum CCL20 levels (Supplementary Fig. 3). Therefore, serum CCL20 concentration was significantly up-regulated in HCC, 
indicating its value as a serum diagnostic marker. 

3.1.2. Diagnostic efficacy of serum CCL20 in differentiating HCC patients from healthy subjects 
Univariate logistic regression analysis showed that serum CCL20 was a risk factor for HCC compared with the healthy group 

(OR:1.096; 95% CI: 1.041 1.154; p < 0.0001); The AUC under ROC curve of serum CCL20 for the diagnosis of HCC was 0.8591 (95% 
CI:0.7932–0.9250; P < 0.0001) (Fig. 3A). With the maximum Youden index corresponding to 15.43 pg/ml as the optimal diagnostic 
threshold (Fig. 3B), the corresponding diagnostic sensitivity was 73.42% and the specificity was 86.84% (Fig. 3C). For stage I-IV of 
HCC, the diagnostic AUC values based on serum CCL20 were 0.8018 (95%CI:0.6577–0.9458; P = 0.0007), 0.7709 (95% 
CI:0.6222–0.9196; P = 0.0014), 0.9152 (95%CI: 0.85–0.9804; P < 0.0001), 0.8842 (95%CI:0.7709–0.9975; P < 0.0001) (Fig. 3D–G,J, 
M). There was no significant difference among all stages (Stage I vs II: P = 0.7078; Stage I vs III: P = 0.1020; Stage I vs IV: P = 0.1747; 
Stage II vs III: P = 0.0845; Stage II vs IV: P = 0.2323; Stage III vs IV: P = 0.5032). The cut-off values of CCL20 level for diagnosis of stage 
I-IV tumor are shown in Fig. 3E–H,K,N. The corresponding sensitivity and specificity are shown in Fig. 3F–I,L,O. 

3.1.3. Diagnostic efficacy of serum CCL20 in differentiating HCC patients from non-HCC patients 
Univariate logistic regression analysis showed that serum CCL20 was a risk factor for HCC compared with non-HCC (healthy group 

and benign liver disease group) (OR:1.003; 95% CI: 1.001 1.006; p = 0.013), the ROC diagnosis AUC was 0.7141(95% 
CI:0.6385–0.7897; P < 0.0001) (Fig. 4A). If 23.37 pg/ml corresponding to the maximum Youden index was taken as the threshold 
value (Fig. 4B), the sensitivity and specificity of HCC diagnosis were 67.09% and 70.10% respectively (Fig. 4C). These data indicate 
that CCL20 has broad potential as a novel biomarker for hepatocellular carcinoma. 

3.2. Serum CCL20 combined with AFP can improve the diagnostic efficacy of HCC 

First, we analyzed the diagnostic efficacy of serum AFP in the above samples. The median concentration of AFP in HCC serum was 
significantly higher than that in the healthy group and benign liver disease group (P < 0.0001) (Fig. 5A). There was no difference 
between the benign liver disease group and the healthy group (P = 0.0967). The median concentration of serum AFP in stage I-IV 
patients with HCC was higher than that in the control group (Fig. 5B). The AUC for AFP to distinguish between healthy and HCC 
patients was 0.9581(95%CI:0.9254–0.9908; P < 0.0001) (Fig. 5C). Taking the maximum Yoden index as the threshold (7.55 ng/ml) 
(Fig. 5D), the diagnostic sensitivity was 82.89% and the specificity was 97.37% (Fig. 5E). 

Further, we analyzed the ability of serum AFP to differentiate HCC from non-HCC (healthy subjects and benign liver disease group) 
using ROC curves. The results showed that the diagnostic AUC was 0.9171(95%CI:0.8769–0.9573; P < 0.0001) (Fig. 5F). When the 
Yoden index reached its maximum, the threshold value was 7.55 ng/ml (Fig. 5G), the diagnostic sensitivity was 82.89% and the 

Fig. 2. Detection of CCL20 in the serum of HCC patients. (A) Serum levels of CCL20 were determined by ELISA in 79 patients with hepatocellular 
carcinoma, 59 patients with benign liver disease, and 38 healthy subjects. (B) Expression of CCL20 in the serum of HCC patients was compared in 
different pathological stages. 

Q. Deng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e26774

6

(caption on next page) 

Q. Deng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e26774

7

specificity was 86.60% (Fig. 5H). For HCC patients at different pathological stages (stage I-IV), the diagnostic AUC values were 0.9146 
(95%CI:0.8553–0.9739; P < 0.0001), 0.9203 (95%CI:0.8598–0.9808; P < 0.0001), 0.9192 (95%CI:0.8473–0.9911; P < 0.0001), 
0.9182 (95%CI:0.8605–0.9759; P < 0.0001) (Supplementary Fig. 4). There was no significant difference in diagnostic AUC among 
different pathological stages (Stage I vs II: P = 0.8877; Stage I vs III: P = 0.5714; Stage I vs IV: P = 0.8917; Stage II vs III: P = 0.4956; 
Stage II vs IV: P = 0.9930; Stage III vs IV: P = 0.5029). 

The above experiments showed that compared with the traditional diagnostic marker AFP, CCL20 can also be used effectively in the 
diagnosis of HCC, but the efficacy is slightly lower (Fig. 6A). Therefore, we considered combining the two to improve the efficacy of 
HCC diagnosis. The results showed that the AUC, sensitivity, specificity, PPV, PPV, and NPV were increased to 0.9675 (95% 
CI:0.9411–0.9938), 88.16%, 97.37%, 98.53%, and 80.43%, respectively. Corresponding to stage I-IV HCC patients, AUC values based 
on the combination of the two markers were 0.9586 (95%CI:0.9032–1.000; P < 0.0001), 0.9396 (95%CI:0.8712–1.000; P < 0.0001), 
0.9808 (95%CI:0.9515–1.000; P < 0.0001), 0.9842 (95%CI:0.9578–1.000; P < 0.0001) (Supplementary Fig. 5). There was no sig-
nificant difference in diagnostic AUC between stages (Stage I vs II: P = 0.7092; Stage I vs III: P = 0.8714; Stage I vs IV: P = 0.4198; 
Stage II vs III: P = 0.6163; Stage II vs IV: P = 0.3133; Stage III vs IV: P = 0.5285). In addition, the diagnostic AUC (95% 
CI:0.8581–0.9460), sensitivity (91.76%), specificity (75.26%), PPV (73.33%), and NPV (92.40%) for the differentiation between HCC 
and non-HCC populations were obtained by the combination of the two markers (Table 2). Correspondingly, the diagnostic AUC values 
for stage I-IV of HCC patients were 0.8476 (95%CI:0.7524–0.9428; P < 0.0001), 0.8708 (95%CI: 0.7712–0.9704; P < 0.0001), 0.9243 
(95%CI:0.8685–0.9801; P < 0.0001), 0.8969 (95%CI:0.8315–0.9624; P < 0.0001) (Supplementary Fig. 6), there was no significant 
difference in the diagnostic AUC among different stages (Stage I vs II: P = 0.7726; Stage I vs III: P = 0.3670; Stage I vs IV: P = 0.4869; 
Stage II vs III: P = 0.7440; Stage II vs IV: P = 0.7907; Stage III vs IV: P = 0.9120). In addition, our data showed that serum CCL20 levels 
were effective in differentiating benign liver disease from healthy people. Although the distinction between benign liver disease and 
HCC is not effective, it can be achieved in combination with AFP. (Supplementary Fig. 7).Therefore, the combination of CCL20 and AFP 
can greatly improve the diagnostic efficacy of HCC (Fig. 6B,C,D). 

4. Discussion 

The incidence of hepatocellular carcinoma is increasing worldwide, with more than half of the deaths occurring in China [26]. HBV 
and aflatoxin have been identified as major pathogenic factors [27]. The survival and prognosis of patients with liver cancer are still 
clinical challenges [28–30]. Ultrasound-bound serum alpha-fetoprotein (AFP) is one of the widely used combinations for HCC 
screening [31,32]. However, there are many controversies regarding the diagnostic efficacy of AFP, such as abnormal AFP serum levels 
in only a small percentage of early-stage tumors (10–20%) and false positive AFP results in patients with active liver inflammation [33, 
34]. Some newly discovered markers lack reproducibility and are difficult to be further applied in the clinic [35]. Biomarker com-
binations with higher specificity and sensitivity than single biomarkers are important for earlier detection of cancer and thus timely 
intervention and prevention of HCC [36]. 

CCL20 has been reported to play a key role in the development of a variety of tumors [37,38]. The CCL20-CCR6 axis promotes 
cancer progression by enhancing the migration and proliferation of cancer cells and indirectly reshaping the tumor microenvironment 

Fig. 3. Diagnostic efficacy of serum CCL20 in differentiating patients with HCC from healthy subjects. (A) ROC diagnostic curve analysis of all HCC 
patients in different pathological stages and healthy subjects. (B) Relationship between serum CCL20 concentration and Yoden index in all patients 
with HCC and healthy subjects. (C) Sensitivity and specificity of ROC diagnostic curves for serum CCL20 concentrations in all patients with HCC and 
healthy subjects. (D–F) ROC diagnostic curve, Yoden index analysis, diagnostic sensitivity, and specificity based on CCL20 serum concentrations in 
stage I HCC patients and healthy subjects. (G–I) ROC diagnostic curve, Yoden index analysis, diagnostic sensitivity, and specificity based on CCL20 
serum concentrations in Stage II HCC patients and healthy subjects. (J–L) ROC diagnostic curve, Yoden index analysis, diagnostic sensitivity, and 
specificity based on CCL20 serum concentrations in Stage III of HCC patients and healthy subjects. (M − O) ROC diagnostic curve, Yoden index 
analysis, diagnostic sensitivity, and specificity based on CCL20 serum concentrations in stage IV of HCC patients and healthy subjects. 

Fig. 4. Evaluation of the efficacy of serum CCL20 in differentiating HCC patients from non-HCC cohorts (healthy subjects and those with benign 
liver disease). (A) ROC diagnostic curve of serum CCL20 in HCC patients and non-HCC population. (B) The relationship between serum CCL20 
concentration and Yoden index. (C) Sensitivity and specificity of ROC diagnostic curve based on serum CCL20 concentration. 

Q. Deng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e26774

8

by controlling immune cells [39]. Altered CCL20 expression has been found in most cancer types [16–19]. Consistent with these 
results, this study found that increased serum CCL20 concentration was closely associated with HCC. We detected the serum CCL20 
concentration in healthy subjects, patients with benign liver disease, and patients with HCC, and found that the serum CCL20 con-
centration was significantly increased in HCC patients and slightly increased in patients with benign liver disease. The use of serum 
CCL20 in the diagnosis of HCC also showed good efficacy. We also compared CCL20 with the traditional HCC serum marker AFP and 
found that the diagnosis of AUC by AFP was still higher than CCL20, but the combination of CCL20 and AFP could significantly 
improve the sensitivity of HCC diagnosis and reduce the false negative rate. When a combined diagnosis was made between HCC and 
healthy people, the negative predictive value was 6.43% higher than that of AFP. When a combined diagnosis was made between HCC 
and non-HCC (including healthy people and patients with benign liver disease), the negative predictive value was increased by 5.8% 
compared with AFP. Therefore, the combined diagnosis of CCL20 and AFP has the potential to be used in HCC screening. 

Several studies have identified CCL20 as a potential biomarker for HCC [20,21], but there are some differences with the results of 
our study.Firstly, the concentrations of serum CCL20 detected were different. A reported serum concentration of 100 pg/ml was 
measured in healthy controls [21], whereas our test results were 7.57 pg/ml. In addition, we found a significant difference in serum 
CCL20 concentration between patients with benign liver disease and healthy controls, but others reported that the results were not 
different [21]. Finally, our study focused on hepatitis B-related HCC, but another study focused on hepatitis C-related HCC [20]. It’s 

Fig. 5. Analysis of AFP expression in the serum of HCC patients. (A) Serum CCL20 expression was compared in 76 patients with hepatocellular 
carcinoma, 59 patients with benign liver disease, and 38 healthy subjects. (B) Comparison of serum AFP expression in different pathological stages. 
(C) ROC diagnostic curve of serum AFP in patients with HCC and healthy subjects. (D) Relationship between serum AFP concentration and Yoden 
index in patients with HCC and healthy subjects. (E) Diagnostic sensitivity and specificity of ROC curves for serum AFP concentrations in patients 
with HCC and healthy subjects. (F) ROC diagnostic curve of serum AFP in HCC patients and non-HCC (healthy subjects and people with benign liver 
disease). (G) Relationship between serum AFP concentration and Yoden index in HCC patients and non-HCC population. (H) Sensitivity and 
specificity of ROC diagnostic curves for serum AFP concentrations in HCC patients and non-HCC populations. 
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clear that our work could help to complement and correct the shortcomings of previous work. 
It is noteworthy that previous studies have shown that the AUC area of AFP in the diagnosis of hepatocellular carcinoma is between 

0.80 and 0.857,34,35 with a sensitivity of 41%–65% [40,41]. However, the area under the curve calculated in this study was 
0.917–0.9581, with a sensitivity of 82.89%, which may be due to regional differences in the source of enrolled objects and different 
pathological stages. In addition, this study found that CCL20 increased significantly in the serum of the benign liver disease group, 
especially for cirrhosis cases, which would interfere with the use of CCL20 in HCC diagnosis. However, cirrhosis is also widely 
considered a risk factor for HCC, and its identification is of certain clinical significance. On the other hand, although the diagnosis of 
HCC by CCL20 alone is interfered by cirrhosis, the combination of CCL20 and AFP can overcome this defect and greatly improve the 
diagnostic efficiency of AFP. It is expected that multi-center, large-sample tests will be carried out in the future to further confirm the 
value of the combination of CCL20 and AFP in the diagnosis of HCC. 

Fig. 6. Combinination diagnosis of HCC with AFP and CCL20. (A) Comparison of the diagnostic efficacy of AFP and CCL20 in HCC patients. (B) ROC 
diagnostic curve of a combination of two biomarkers. (D) Yoden index analysis of combination diagnosis. (C) Sensitivity and specificity of com-
bination diagnosis. 

Table 2 
The diagnosis values of CCL20 and AFP.  

Biomarkers Cut-off AUC (95%CI) Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

HCC versus healthy control 
AFP 7.55 0.9581(0.9254–0.9908) 82.89 97.37 98.44 74 
CCL20 15.43 0.8591(0.7932–0.9250) 73.42 86.84 92.06 61.11 
Combination 10.34 0.9675(0.9411–0.9938) 88.16 97.37 98.53 80.43 
HCC versus non-HCC 
AFP 7.55 0.9171(0.8769–0.9573) 82.89 86.6 82.89 86.6 
CCL20 23.37 0.7141(0.6385–0.7897) 67.09 70.1 65.43 72.34 
Combination 56.18 0.9021(0.8581–0.9460) 91.67 75.26 73.33 92.4  
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