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ABSTRACT
Background: This retrospective multicenter study is aimed at evaluating the diagnostic accuracy and influence factors of serum 
des-gamma-carboxy prothrombin (DCP) as a diagnostic biomarker of hepatocellular carcinoma (HCC).
Methods: Clinical data were collected from 4555 subjects with DCP tests, composed of primary liver cancer (PLC), metastatic 
liver cancer (MLC), chronic hepatitis (CH), liver cirrhosis (LC), benign liver diseases (BLD), biliary tract diseases (BTD), non-
liver cancers (NLC), and non-liver benign diseases (NLBD). The clinical data collected included medical history, treatment 
records, various serum tests, and imaging examination.
Results: Serum DCP was measured with Abbott agents in each center. In HCC, serum DCP concentration was at 9086.00 ± 366.10 
mAU/mL, higher than that in other diseases (p < 0.05). At 40.00 mAU/mL recommended by instruction, positive rates of serum 
DCP were at 85.11% in HCC, 30.12% in intrahepatic cholangiocellular carcinoma (ICC), 31.65% in MLC, 13.95% in BLD, 18.14% 
in CH, 27.87% in LC, 15.75% in BTD, 35.29% in NLC, and 20.00% in NLBD. In this study, the diagnostic specificity of serum 
DCP in HCC was affected by liver function. In HCC, serum AFP concentrations also increased compared to non-HCC diseases 
(p < 0.05), but specificity varied with agents from different providers. Serum DCP decreased after the surgical removal of HCC, 
but remained elusive in systemic treatment.
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Conclusion: Serum DCP may serve as an optimal biomarker for the diagnosis of HCC, but its accuracy appears influenced by 
liver function; attention needs to be paid to the liver function of patients for false positivity.

1   |   Introduction

Primary liver cancer (PLC) arises from hepatocytes or intra-
hepatic cholangiocytes, and hepatocellular carcinoma (HCC) 
derived from hepatocytes is the dominant type, accounting 
for 85%–90% of PLC [1]. Global statistics in 2020 indicated 
that 905,677 new cases of HCC were diagnosed, ranked as the 
second cancer-related death [2]. Up to 75% of HCC occurs in 
Asia, and China has nearly 50% of the total [3]. Several studies 
have indicated that the median survival for HCC is less than 
1 year, and the average rate of survival for 5 years is less than 
15% [4, 5]. The World Health Organization estimates that the 
global HCC-related death will reach up to 1 million by 2030 
[6]. Therefore, HCC is a serious public health issue world-
wide [7].

HCC has an insidious onset, and thus the majority of HCC pa-
tients are diagnosed at medium to late stages of the disease [8, 9]. 
At the advanced stages, treatment options and effectiveness are 
highly limited, leading to a short survival and high death rate [10]. 
Therefore, early diagnosis is crucial to reduce the mortality of HCC 
[4, 11]. To date, serum tumor markers employed in clinics for HCC 
diagnosis include alpha-fetoprotein (AFP), alpha-fetoprotein-L3 
(AFP-L3), and DCP [12]. In China and Japan, AFP was one of 
the diagnostic indicators of HCC in the guidelines [13]. However, 
the sensitivity and specificity of AFP in the diagnosis of HCC are 
challenged by the fact of underdiagnosis and misdiagnosis [14, 15]. 
Therefore, AFP is no longer recommended as a diagnostic marker 
for the screening protocols of HCC in the American Association 
for the Study of Liver Diseases (AASLD) and the European 
Association for the Study of the Liver (EASL) [16]. As for AFP-L3, 
it is a sub-type of AFP often tested along with AFP [17]. Clinically, 
AFP-L3 may improve the specificity of AFP for HCC diagnosis 
when tested together, but not the sensitivity [18].

DCP was identified as a protein that could be induced by vita-
min K absence, thus also named as PIVKA-II [19, 20]. Since its 
identification in 1984 [21], DCP has been recognized as a po-
tential serum marker of HCC, and the diagnostic performance 
of DCP was reported to be superior to that of AFP [22]. In the 
literature, however, serum DCP indeed exhibits discrepancies 
in sensitivity and specificity in the diagnosis of HCC [23]. The 
combination of DCP and AFP has been shown to have better 
diagnostic sensitivity than that used alone [24].

Timely assessment of therapeutic efficacy and monitoring of re-
currence of HCC are the key to improving the survival and quality 
of life of patients [4]. To date, AFP is the serum marker utilized 
most often for monitoring the therapeutic efficacy of HCC [25]. 
However, the half-life of serum AFP is 5–6 days, and thus cannot 
indicate the load changes of HCC in a timely manner [26]. In ad-
dition, some HCC patients are negative for AFP or have naturally 
low AFP levels [27]; in contrast, serum AFP may also be elevated 
due to non-HCC conditions. Therefore, there exists a concern re-
garding AFP as a serum marker for the assessment of therapeutic 
efficacy [18]. The serum DCP increased in HCC patients has also 

been used for the assessment of therapeutic efficacy and monitor-
ing of recurrence [28]. The half-life of DCP is shorter than that of 
AFP, but the specificity and high baseline level of DCP may be a 
drawback in clinical practice [26, 29]. It is certainly required for 
a comprehensive evaluation of clinical applications regarding the 
specificity and influencing factors of DCP in the diagnosis and 
therapeutic assessment of HCC. This multicenter large-scale ret-
rospective study on serum DCP assessed its clinical performance 
as a diagnostic and therapeutic marker of HCC and identified liver 
function as a remarkable factor that influences the specificity of 
serum DCP in the diagnosis of HCC. Serum AFP in the same co-
hort of patients was evaluated for comparison. The results support 
DCP as an optimal diagnostic marker of HCC, but attention needs 
to be paid to the liver function of patients for false positivity; serum 
DCP may act as a therapeutic marker for surgical and interven-
tional therapies of HCC, but remains elusive in systemic treatment.

2   |   Methods

2.1   |   Ethics

Institutional Review Board (IRB) protocols were approved by 
the Medical Ethics Committees for Research Involving Human 
subjects.

2.2   |   Retrospective Data Collections

The retrospective data of 4555 subjects with DCP tests between 
June 1, 2022 and September 30, 2023, including 311 HCC patients 
with multiple DCP tests, were collected from Hunan Cancer 
Hospital, the First Affiliated Hospital of the University of South 
China, and the Third Hospital of Hebei Medical University. 
Criteria for inclusion were as follows: naive patients who had 
serum DCP test results, defined clinical/pathological diagno-
sis, and complete clinical data. Criteria for exclusion included 
patients who lacked complete clinical data, had more than one 
type of tumor diagnosed, or took drugs, such as warfarin and vi-
tamin K. Pregnant or breastfeeding women were also excluded.

The data collected included (1) general demographic charac-
teristics, for example, age and gender; (2) test results of serum 
tumor markers, for example, DCP, AFP, carcinoembryonic an-
tigen (CEA); (3) medical data, including liver function tests, 
imaging data (e.g., ultrasound, computed tomography, and 
MRI), and tumor pathological parameters, such as tumor size, 
TNM stage, and HCC-related treatment. According to the dis-
charge diagnosis of patients, the patients involved included 
PLC (HCC, ICC, HCC-ICC and histologically unspecified 
PLC), metastatic liver carcinoma (MLC), benign liver diseases 
(BLD, e.g., liver cysts, abscesses, liver injury, and hepatic 
hemangiomas), chronic hepatitis (CH), liver cirrhosis (LC), 
biliary tract diseases (BTD, i.e., benign diseases of the gall-
bladder and bile ducts), non-liver cancers (NLC, e.g., breast 
cancer, gastric cancer, and abdominal malignant tumors), and 
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non-liver benign diseases (NLBD, such as gastritis, pancre-
atic diseases, pneumonia). HCC patients who were continu-
ously monitored for DCP or AFP were grouped for follow-up 
analysis.

2.3   |   DCP, AFP, CEA, CA199, and CA125 Data

All data of tumor markers were collected from the hospi-
tals, where DCP was measured with ARCHITECT i2000SR 
automated immunoassay analyzer and agents from Abbott 
Laboratories, USA with a Cutoff of 0–40 mAU/mL. AFP 
was measured with multiple assays including Cobas e601 
automated biochemical analyzer and agents from Roche 
Diagnostics GmbH, Germany with a Cutoff of 0–7 ng/mL, 
HD-200A multi-tumor marker protein detection system and 
agents from Huzhou Shukang (HealthDigits) Biotechnology 
Co. Ltd. with a Cutoff of 0–20 ng/mL, ARCHITECT i2000SR 
automated immunoassay analyzer and agents from Abbott 
Laboratories, USA with a Cutoff of 0–8.78 ng/mL, and 
Beckman Coulter, USA with a Cutoff of 0–9 ng/mL. CEA was 
tested with ARCHITECT i2000SR automated immunoassay 
analyzer and agents from Abbott Laboratories, USA with a 
Cutoff of 0–5 ng/mL. CA199 was measured with ARCHITECT 
i2000SR automated immunoassay analyzer and agents from 
Abbott Laboratories, USA with a Cutoff of 0–37 U/mL. CA125 
was measured with ARCHITECT i2000SR automated immu-
noassay analyzer and agents from Abbott Laboratories, USA 
with a Cutoff of 0–35 U/mL.

2.4   |   Statistical Analysis

The data was analyzed using SPSS version 25.0, MedCalc 
version 15.2.2, and GraphPad Prism version 8.0. Data are 
presented as mean ± standard error (SE) unless indicated oth-
erwise. As appropriate, ANOVA or the Friedman test was em-
ployed to analyze continuous variables. Categorical variables 
were analyzed using the chi-square test. SPSS 25.0 was used to 
perform univariate and multivariate logistic regression analy-
ses. A p-value of < 0.05 was considered statistically significant 
in all cases.

3   |   Results

3.1   |   Patient Characteristics

This retrospective study cohort included a total of 4555 pa-
tients, containing 1814 PLC (39.82%), 218 MLC (4.79%), 580 BLD 
(12.73%), 226 CH (4.96%), 653 LC (14.34%), 362 BTD (7.95%), 612 
NLC (13.44%), and 90 NLBD (1.98%), which were composed 
of 3018 (66.26%) males and 1537 (33.74%) females. The age of 
these patients ranged from 34 to 93 years old, with 1902 (41.76%) 
patients over 55 years old and 2653 (58.24%) patients under 
55 years old. Table S1 exhibits the details of subjects involved in 
this study.

In the 1814 PLC patients, 1041 cases were pathologically diag-
nosed as HCC, accounting for 57.39%; 166 (9.15%) cases were 
ICC; and 14 (0.77%) cases were mixed as HCC-ICC. The rest 

of 593 (32.69%) cases had not been pathologically subtyped. 
Table S2 presents the essential data of HCC patients.

3.2   |   Concentrations and Positive Rates of Serum 
DCP and AFP

As shown in Figure 1A, serum DCP concentrations in HCC pa-
tients were elevated up to 9086.00 ± 366.10 mAU/mL, markedly 
higher than that in non-HCC patients (p < 0.05). Notably, serum 
DCP was also increased in some non-HCC individuals. At the 
cutoff of 40 mAU/mL suggested by the manufacturer's instruc-
tion, positive rates of serum DCP were at 85.11% in HCC, 30.12% 
in ICC, 31.65% in MLC, 13.95% in BLD, 18.14% in CH, 27.87% 
in LC, 15.75% in BTD, 35.29% in NLC, and 20.00% in NLBD 
(Table  1). The positive rate of DCP in HCC was significantly 
higher than that in non-HCC diseases, but a substantial propor-
tion of non-HCC patients appeared positive for serum DCP.

Serum AFP data were also collected in this retrospective study. 
Unlike DCP, however, AFP in these study centers was measured 
with products from different providers, and therefore, the data 
of serum AFP were grouped and analyzed upon the agents used 
(Figure 1B). Data showed that serum AFP increased markedly 
in HCC patients compared to non-HCC diseases (p < 0.05), but 
it was also noted that serum AFP increased in some non-HCC 
patients (Table S3).

In this retrospective study cohort, a portion of patients under-
went the tests of serum CEA, CA199, and CA125. As shown in 
Figure S1 and Table S4, the serum concentrations and positivity 
of serum CEA, CA125, and CA199 varied with diseases. They 
are not promising serum markers of HCC.

3.3   |   Diagnostic Performance of Serum DCP 
and AFP in HCC

Sensitivity and specificity of serum DCP, AFP, CEA, CA199, and 
CA125 in the diagnosis of HCC were analyzed by chi-square tests 
according to the cutoff values recommended by the instructions. 
As shown in Table S5, serum DCP demonstrated sensitivity and 
specificity at 85.11% and 75.44%, respectively. Serum AFP tested 
with the HealthDigit from Huzhou Shukang Biologicals showed 
specificity and sensitivity similar to that reported in the litera-
ture [18], but AFP results measured with other agents showed 
high variability in sensitivity and specificity. Please see Table S5 
for details. The sensitivity and specificity data of CEA, CA199, 
and CA125 suggested that they were not effective serum mark-
ers for HCC diagnosis.

3.4   |   Correlation of Serum DCP With 
Tumor Pathology and Liver Function

We further assessed the correlation of the serum DCP concen-
trations with demographic characteristics, tumor pathology, 
liver function, and other serum tumor markers in HCC patients. 
As summarized in Table 2, serum DCP in HCC patients posi-
tively correlated with gender, tumor size, tumor number, vas-
cular invasion, hepatitis, AFP, ALT, AST, total bilirubin, direct 
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bilirubin, indirect bilirubin, albumin, and A/G ratio (p < 0.05), 
but negatively correlated with age (p < 0.05). We also assessed 
the correlation between the serum DCP and Child-Pugh grades, 
but no significant data was observed (Table 2). It is noteworthy 
that in this retrospective cohort, HCC cases with Child-Pugh 
grades were limited (Table  S2), which lowered the effective 
statistical power. A study on a large cohort of HCC cases with 
Child-Pugh data is warranted. Serum DCP had no correlation 
with CEA (p = 0.23), CA199 (p = 0.39), CA125 (p = 0.73), total 

protein (p = 0.05), globulin (p = 0.08), and total bile acid (TBA) 
(p = 0.11) (Table 2).

3.5   |   Influence of Liver Function on Specificity 
of Serum DCP in Diagnosis of HCC

In this study cohort, the sensitivity and specificity of serum DCP 
in the diagnosis of HCC were at 85.11% and 75.44% (Table S5), 

FIGURE 1    |    Serum DCP and AFP concentrations in HCC and non-HCC patients. The serum DCP and AFP data were collected from the study cen-
ters and then used for analysis as described in Materials and Methods. (A) Serum DCP concentrations in HCC and non-HCC patients. (B) Serum AFP 
concentrations in HCC and non-HCC patients. Data indicate AFP results tested with different products: Roche (0–7 ng/mL), HealthDigit (0–20 ng/
mL), Abbott (0–8.78 ng/mL) and Beckman Coulter (0–9 ng/mL). Data are presented as the mean ± SE. **p < 0.01, ****p < 0.0001, ns, p > 0.05, when 
compared to HCC.
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clearly different from the literature reports [14]. However, this 
study found that serum DCP was correlated with liver function 
in addition to tumor pathology (Table 2). Therefore, we further 
evaluated the diagnostic specificity of serum DCP for HCC strat-
ified by liver function. As shown in Table 3, the diagnostic spec-
ificity in HCC of serum DCP was greatly improved when the 
study cohort was stratified upon various combinations of liver 
function indicators. When ALT, AST, TBil, DBil, and ALB were 
combined as a stratification factor, the specificity of DCP in 
HCC diagnosis reached up to 93.92% with sensitivity at 69.09% 
in the cohort of normal liver function versus 70.39% with sensi-
tivity at 86.30% in the cohort of abnormal liver function. Similar 
results were observed in all stratification analyses with different 
combinations of liver function indices, as well as the Child-Pugh 
grades (Table  3). As AFP was measured with different agents 
with different cut-off values, the case number for effective statis-
tical power was limited after the stratification, and thus the liver 
function-related stratification analysis was omitted.

We also conducted stratification analyses on tumor pathology 
and hepatitis virus infection. In brief, the serum DCP exhibited 
better diagnostic performance in HCC with advanced or mul-
tiple tumors (Table  3). For instance, the diagnostic sensitivity 
and specificity of serum DCP were 92.55% and 87.18% in HCC 
of ≥ 5 cm versus 73.74% and 61.77% in HCC of < 5 cm. The serum 
DCP also showed better diagnostic performance in HCC with 

portal invasion. We further analyzed the effects of viral infec-
tion on the diagnostic performance of DCP. Our data showed 
that the serum DCP had better diagnostic performance in HCC 
with HBV infection versus non-infection, but the HCV infection 
had not (Table 3).

3.6   |   Serum DCP as a Negative Factor for Prognosis 
of HCC

Univariate logistic regression was used for risk variable anal-
yses of poor prognosis of HCC patients. As shown in Table 4, 
factors for poor prognosis of HCC included DCP (OR 15.42, 95% 
CI 11.73–20.28; p < 0.001), CA125 (OR 1.31, 95% CI 1.05–1.65; 
p < 0.05), gender (OR 5.60, 95% CI 4.23–7.42; p < 0.001), age 
(OR 0.54, 95% CI 0.44–0.67; p < 0.001), ALT (OR 1.30, 95% CI 
1.05–1.60; p < 0.05), AST (OR 2.97, 95% CI 2.37–3.73; p < 0.001), 
DBil (OR 2.68, 95% CI 2.12–3.38; p < 0.001), IBil (OR 2.19, 
95% CI 1.77–2.72; p < 0.001), TP (OR 0.77, 95% CI 0.61–0.98; 
p < 0.05), ALB (OR 2.74, 95% CI 2.21–3.39; p < 0.001), GLB (OR 
1.89, 95% CI 1.37–2.61; p < 0.001), and TBA (OR 2.04, 95% CI 
1.65–2.51; p < 0.001). Collinearity analysis was performed on 
the statistically significant indicators identified in the univar-
iate logistic regression analysis. After excluding collinearity, 
a logistic regression analysis with multiple variables was con-
ducted. The results demonstrated that DCP (OR 12.15, 95% 
CI 8.96–16.48; p < 0.001), CA125 (OR 0.74, 95% CI 0.54–0.99; 
p < 0.05), gender (OR 4.17, 95% CI 3.02–5.75; p < 0.001), age 
(OR 0.47, 95% CI 0.36–0.62; p < 0.001), ALT (OR 0.43, 95% 

TABLE 1    |    Positive rates of DCP in HCC and non-HCC patients.

Classification of 
diseases

DCP

pPositive (%) Negative (%)

PLC 1427 (78.67) 387 (21.33)

HCC 886 (85.11) 155 (14.89)

ICC 50 (30.12) 116 (69.88)

HCC + ICC 11 (78.57) 3 (21.43)

Undefined 480 (80.94) 113 (19.06)

MLC 69 (31.65) 149 (68.35) 0.00

BLD 81 (13.95) 499 (86.05) 0.00

CH 41 (18.14) 185 (81.86) 0.00

HBV 24 (13.11) 159 (86.89)

HCV 2 (22.22) 7 (77.78)

HBV + HCV 1 (100.00) 0 (0.00)

HEV 5 (71.43) 2 (28.57)

ACH 0 (0.00) 2 (100.00)

Liver Cirrhosis 182 (27.87) 471 (72.13) 0.00

Compensation 3 (33.33) 6 (66.67)

Decompensation 87 (30.96) 194 (69.04)

BTD 57 (15.75) 305 (84.25) 0.00

NLC 216 (35.29) 396 (64.71) 0.00

NLBD 18 (20.00) 72 (80.00) 0.00

Note: p denotes comparison with HCC.

TABLE 2    |    Correlation of serum DCP in HCC patients with clinical 
parameters and other serum markers.

Parameters

DCP

Parameters

DCP

r p r p

Gender 0.10 0.00 CA199 −0.03 0.39

Age −0.55 0.00 CA125 0.01 0.73

Tumor size 
(cm)

0.48 0.00 ALT 0.18 0.00

Number of 
tumors

0.13 0.00 AST 0.34 0.00

Portal 
invasion

0.25 0.00 TBil 0.15 0.00

Liver cirrhosis −0.06 0.06 DBil 0.14 0.00

Chronic 
hepatitis

0.07 0.03 IBil 0.18 0.00

AFP (Roche) 0.38 0.00 TP −0.06 0.05

AFP 
(HealthDigit)

0.13 0.00 ALB 0.08 0.02

AFP (Abbott) 0.37 0.00 GLB 0.06 0.08

AFP 
(Beckman 
Coulter)

0.65 0.00 A/G 0.11 0.00

CEA −0.27 0.23 TBA 0.05 0.11
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CI 0.31–0.60; p < 0.001), TP (OR 0.35, 95% CI 0.25–0.48; 
p < 0.001), and ALB (OR 2.53, 95% CI 1.85–3.45; p < 0.001) 
were recognized as independent factors for poor prognosis of 
HCC patients.

3.7   |   Serum DCP as a Potential Marker for Surgical 
Therapy of HCC

In this retrospective study cohort, 311 HCC cases had mul-
tiple DCP tests as they underwent anti-HCC therapies. In 
the surgical treatment group, serum DCP in 59 patients was 
detected on day 30 and day 60 after surgery. The results 
showed that serum DCP significantly decreased at day 30 
after surgery (p < 0.0001), but had no notable difference be-
tween day 30 and day 60 (p > 0.05) (Figure  2A). A total of 
182 HCC patients received interventional therapy, in whom 
serum DCP levels were measured on days 30, 60, 90, and 120 
after treatment. The results indicated no significant changes 
in serum DCP concentrations on day 30 after interventional 
therapy (p = 0.33), which was consistent with the therapeutic 
responses evaluated via imaging data (Table  S6). However, 
serum DCP declined after the second interventional treatment 
when compared to the serum DCP levels before the therapy 
(p < 0.05) (Figure 2B). In this cohort, 70 HCC patients received 
drug treatments, including targeted therapy (TKI) or immu-
notherapy (ICI), in whom serum DCP was measured on days 
30 and 60 after treatment. The results showed no significant 
changes in serum DCP concentrations in response to treat-
ment (Figure  2C). Table  S6 shows the correlation of serum 
DCP levels to therapeutic responses evaluated via imaging. 

These data indicate that DCP may serve as a serum marker for 
HCC resection and interventional therapy, but not optimal for 
systemic treatments.

In this retrospective study cohort, 256 HCC patients had 
multiple monitoring of serum AFP levels, and among them, 
52 HCC patients had surgical removal, 147 HCC patients un-
derwent interventional therapy, and 57 HCC patients took 
drug therapy. The serum AFP changes responding to thera-
peutic responses were similar to those of DCP (Figure S2 and 
Table S6).

4   |   Discussion

A high rate of HCC incidence and death occurs in China [30]. 
Early-stage HCC is asymptomatic, leading to missed optimal 
treatment options [10], and thus screening and early diagnosis 
of HCC are critical to improve the survival and quality of life 
of patients [31–33]. To date, AFP has been well accepted as a 
diagnostic marker of HCC due to its convenience, low cost, non-
invasiveness, and repeatability [34, 35]. However, the diagnostic 
performance of AFP remains suboptimal due to limited sensi-
tivity and specificity [14]. In recent years, serum DCP as a di-
agnostic marker of HCC has attracted attentions [26, 36], but a 
large-scale retrospective evaluation of the clinical performance 
of DCP is lacking in the Chinese population.

This retrospective study collected the data of 4555 patients and 
evaluated the diagnostic performance of DCP in HCC. Serum 
DCP remarkably increased in HCC patients, and at the cutoff 

TABLE 4    |    Univariate and multivariate logistic regression analysis of serum DCP and clinical pathological parameters in HCC patients.

Parameters

Univariable analysis Multivariable analysis

OR 95% CI p OR 95% CI p

DCP 15.42 11.73–20.28 0.00 12.15 8.96–16.48 0.00

CEA 0.87 0.66–1.15 0.32

CA199 0.83 0.67–1.03 0.61

CA125 1.31 1.05–1.65 0.02 0.74 0.54–0.99 0.04

Gender 5.60 4.23–7.42 0.00 4.17 3.02–5.75 0.00

Age (year) 0.54 0.44–0.67 0.00 0.47 0.36–0.62 0.00

ALT 1.30 1.05–1.60 0.01 0.43 0.31–0.60 0.00

AST 2.97 2.37–3.73 0.00 2.20 1.54–3.14 0.00

TBil 0.95 0.77–1.18 0.64

DBil 2.68 2.12–3.38 0.00

IBil 2.19 1.77–2.72 0.00

TP 0.77 0.61–0.98 0.03 0.35 0.25–0.48 0.00

ALB 2.74 2.21–3.39 0.00 2.53 1.85–3.45 0.00

GLB 1.89 1.37–2.61 0.00

A/G 1.01 0.82–1.25 0.89

TBA 2.04 1.65–2.51 0.00
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value of 40 mAU/mL recommended in the instruction, the posi-
tive rate of DCP in HCC was 85.11%, but the specificity was only 
75.44% (Table 1). In this cohort of the retrospective study, serum 
AFP data were produced from multiple agents from different 
providers, and the positive rates of serum AFP in HCC varied 
considerably at 84.19% (Roche), 67.35% (Huzhou Shukang), 
78.07% (Abbott) and 77.27% (Beckman Coulter), respectively 
(Table S3). Accordingly, the specificity of serum AFP in the di-
agnosis of this cohort of HCC varied from 72.73% to 93.28%, in-
dicating the necessity of standardization of AFP tests currently 
used in clinics.

Serum DCP appeared high false-positive in this cohort of non-
HCC diseases (Table 1), which may hurt its efficacy in clinical 
practice. HCC typically develops secondary to hepatitis and liver 
cirrhosis [37]. This study realized the correlation between serum 
DCP and liver function (Table 2), which may be attributable to 
the underlying liver diseases. To evaluate the potential effects of 
liver function on the clinical performance of DCP, therefore, we 
conducted a stratification analysis based on various liver func-
tion indices, and interestingly, we found that liver function in-
fluenced the diagnostic performance of DCP in HCC (Table 3). 
These findings may partially explain that DCP functioned as an 

FIGURE 2    |    Serum DCP concentrations in HCC patients exposed to various treatments. DCP data for each time point were collected from study 
centers and then used for analysis as described in Materials and Methods. (A) Serum DCP concentrations in HCC patients with surgical therapy. 
(B) Serum DCP concentrations in HCC patients receiving interventional therapy. (C) Serum DCP concentrations in HCC patients with drug therapy 
(TKI plus ICI). *p < 0.05, **p < 0.01, ***p < 0.001, ns, p > 0.05, when compared to the serum concentrations before treatment. PO, Pre-operation; PI, 
Pre-interventional; PT, Pre-drug therapy.
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independent risk factor of HCC prognosis (Table 4), being a po-
tential prognostic marker of this disease. In this study, we also 
found that hepatitis B viral infection influenced the diagnostic 
performance of serum DCP, but hepatitis C viral infection did 
not (Table 3). As for tumor pathology, serum DCP demonstrated 
better diagnostic performance in cases of advanced (> 5.0 cm) or 
multiple tumors (Table  3). High false-positive rates of DCP in 
non-HCC cases have been reported in the literature, and a clear 
explanation is still lacking [38–42]. However, the influence of 
multiple factors on the sensitivity and specificity of DCP in HCC 
diagnosis remains unclear, including viral infection, inflam-
matory lesions, liver reserves, and even the etiology of HCC. 
Nevertheless, the knowledge of these real clinical phenomena 
would be instructive in the interpretation of test results.

Data in this study cohort indicated that CEA, CA199, and CA125 
were not effective in HCC diagnosis, but interestingly, CA199, 
an aberrant glycosylation marker [24, 43], had a positive rate of 
69.57% in this retrospective cohort of ICC patients, much higher 
than DCP and AFP (Table S4). CA199 may be a candidate serum 
marker for ICC diagnosis.

This retrospective study further evaluated the potential of serum 
DCP and AFP as a therapeutic markers of HCC. Data indicated 
that the serum DCP concentrations in HCC patients markedly 
decreased 1 month after surgical removal of HCC, suggesting its 
capability in the assessment of HCC resection. This study also 
evaluated the application of serum DCP in interventional and 
drug treatments of HCC, and the results were effective in pa-
tients with more than one interventional therapy, but not prom-
ising in drug treatment. It is noteworthy that the assessment 
was conducted at 1 month after treatment as the half-life of DCP 
is 40–72 h [26, 29, 44], emphasizing the need for novel serum 
markers, such as aldo-keto reductase 1B10 (AKR1B10) [27], for 
more timely evaluation and monitoring of treatment response, 
particularly in systemic treatment. We also conducted this anal-
ysis for AFP in HCC patients, but the results are not promis-
ing, which may be attributed to the long half-life of AFP [45]. 
Further validation is warranted.

Unlike prospective studies, retrospective studies objectively 
collect and statistically analyze the data from the clinical ap-
plications of DCP, which maximally minimizes the influence 
of subjective factors on the outcomes. However, this retrospec-
tive study is limited by an insufficient follow-up sample size, 
and the role of DCP in the prognosis of HCC warrants further 
investigation.

5   |   Conclusion

This multicenter large-scale retrospective study proves the clin-
ical value of serum DCP in the diagnosis of HCC, particularly 
in the cases at advanced stages, but its diagnostic performance 
is markedly influenced by liver function. Attention may need 
to be paid in the interpretation of DCP tests in clinical practice. 
Serum DCP may serve as a promising marker for liver resection 
and interventional therapy in HCC, but its effects in drug treat-
ment remain elusive.

6   |   Recommendations and Future Perspectives

The value of DCP as a therapeutic serum marker needs more ex-
tensive evaluation by prospective or retrospective studies. This 
is particularly important as there is a lack of timely assessment 
of the therapeutic effects of HCC. The prognostic value of DCP 
in treatment decision-making may also be of interest in future 
clinical observations. Large-scale, multicentral prospective 
studies are critical to address this issue. In addition, an emerg-
ing strategy in HCC management involves the repurposing of 
existing drugs and the utility of vitamins, particularly vitamin 
D, as prophylactic agents with immune and microenvironmen-
tal regulatory effects [46]. The effect on serum DCP of these 
novel agents for HCC is a novel topic to address.
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