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Abstract
BACKGROUND
Alpha-fetoprotein (AFP), a commonly used biomarker for hepatocellular carcinoma (HCC), is normal in up to one-third of patients.

AIM
To evaluate the diagnostic performance of des-gamma-carboxy-prothrombin (DCP) alone and in combination with AFP.

METHODS
In this study, 202 patients with radiologically proven HCC were enrolled, and their DCP and AFP levels were evaluated for their diagnostic performance.

RESULTS
[bookmark: _Hlk162284351]The mean age of the enrolled patients was 58.5 years; 72.0% were male. DCP was elevated in 86.6% (n = 175) of all patients, 100.0% (n = 74) of patients with portal vein thrombus, and 87.4% (n = 111) of patients with multicentric HCC. AFP was elevated in 64.3% (n = 130) of all the patients, 74% (n = 55) of the patients with portal vein thrombus, and 71.6% (n = 91) of the patients with multicentric HCC (P = 0.030, 0.001, and 0.015, respectively). In tumors less than 2 cm in size (n = 46), DCP was increased in 32 (69.5%) patients, and AFP was increased in 25 (54.3%) patients (P = 0.801). There was good pairing between DCP and AFP for HCCs of 2 cm size or larger (P < 0.001); however, the pairing among tumors < 2 cm size was not significant (P = 0.210). In 69 of the patients (34.1%), only one of the tumor markers was positive; DCP was elevated alone in 57/202 (28.2%) of all patients, and AFP alone was elevated in 12/202 (5.9%) of the patients. The areas under receiver operating characteristic curves (AUROC) for tumors > 2 cm was 0.74 for DCP and 0.59 for AFP; combining both markers resulted in an AUROC of 0.73. For tumors < 2 cm, the AUROC was 0.25 for DCP and 0.40 for AFP.

CONCLUSION
DCP, as an individual marker, had a better diagnostic performance in many cases of HCC. Hence, DCP may replace AFP as the primary HCC biomarker.
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Core Tip: In this prospective study, the performance of des-gamma-carboxy prothrombin (DCP) relative to alpha-fetoprotein (AFP) was assessed in 202 patients diagnosed with hepatocellular carcinoma (HCC). DCP, when used as a standalone marker, exhibited superior diagnostic performance compared to AFP. Combining both tumor markers increased the overall detection rate of HCC, particularly in tumors less than 2 cm in length. Nevertheless, it is recommended that, if a single tumor marker is used, DCP is preferred. The role of DCP as a screening biomarker should be incorporated into the HCC guidelines.

INTRODUCTION
Hepatocellular carcinoma (HCC), the predominant liver malignancy, is the sixth most commonly diagnosed cancer[1]. Radiological modalities have been at the forefront of screening and diagnosing HCC, but tumor markers have also contributed to its early detection[2]. Early detection of HCC not only dictates treatment modality but also influences expected survival[3]. Tumor markers such as alpha-fetoprotein (AFP) and the protein induced by vitamin K absence-II (PIVKA-II) also known as des-gamma-carboxy-prothrombin (DCP), if elevated beyond certain limits, can influence the HCC recurrence rate after liver transplantation[4].
Various studies have noted the inadequacy of AFP for screening for HCC, with almost 40% of tumors flagged as non-AFP-producing[5]. PIVKA II/DCP, an abnormal prothrombin precursor, has also been described as a potential screening tool for liver cancer[6]. A large body of evidence supports that it has better sensitivity than AFP, with reported sensitivities reaching up to 84%[7-9]. DCP has been shown to be effective not only for detecting HCC but also for predicting its radiological and histological characteristics[9]. However, despite this supportive literature, conflicting data have also been published that have limited the use of DCP in clinical practice. Hence, we evaluated the diagnostic performance of DCP alone and in combination with AFP and analyzed its correlation with radiographic parameters such as size, lobe involvement, and vascular invasion. The diagnostic performance of DCP for AFP-negative HCC was also analyzed.

MATERIALS AND METHODS
Patient data
A total of 202 patients with radiologically confirmed HCC were included in this prospective study at Dr. Ziauddin University Hospital from January 2019 to March 2022. This study was approved by Dr. Ziauddin University’s ethical review board. Informed consent was obtained from all the participants following the ethical standards of the 1964 Helsinki Declaration.
HCC was diagnosed based on the Liver Imaging Reporting and Data System v2017. Liver lesions falling within the LIRAD-V were considered acceptable for inclusion in this study. Patients aged less than 18 years with a history of HCC treatment, use of vitamin K antagonists, or obstructive jaundice were excluded.

Analysis of PIVKA and AFP
The ARCHITECT PIVKA-II assay3C10 (Abbott Laboratories, IL, United States) using chemiluminescent technology was used for the quantification of PIVKA-II. DCP was considered normal if the value fell below 46 mAU/mL. The AFP concentration was analyzed using an ARCHITECT AFP 3P36 (Abbott Laboratories, IL, United States) kit, which uses a two-step immunoassay for quantitative measurement. AFP was considered normal if the value was less than 8.78 ng/mL.

Statistical analysis
SPSS version 26 was used for the statistical analysis. For all dichotomous variables, the data are summarized as percentages. Categorical variables were compared using Fisher’s exact test. The Mann-Whitney U test was used for continuous variables. The McNemar test was used to assess the performance of the two tumor markers, and the areas under receiver operating characteristic curves (AUROC) was also calculated.

RESULTS
A total of 202 HCC patients with a mean age of 58.5 years ± 10.3 years were enrolled. Seventy-two percent (n = 146) of the enrolled patients were male. The main causes of HCC were hepatitis C virus (HCV) in 51.0% (n = 103) and hepatitis B virus (HBV) in 25% (n = 52), while non-alcoholic fatty liver disease (NAFLD) was diagnosed in 13.9% (n = 28) of patients. A decompensated CLD was found in 77% (n = 157) of the patients. A total of 36.6% (n = 74) of the included patients had portal vein thrombosis. A total of 22.8% (n = 46) of the HCCs were less than 2 cm in length. HCC was classified as multicentric in 62.9% (n = 127) of patients. Satellite lesions were identified in 15.3% (n = 31) of the patients. A total of 63.9% (n = 129) of the HCCs involved one lobe, while 36.1% (n = 73) had bilobar involvement (Table 1).
A total of 86.6% (n = 175) of the total HCC patients enrolled had elevated DCP levels (> 45 mAU/L), while 64.3% (n = 130) of the total patients had elevated AFP levels (> 10 ng/mL; P = 0.03). For small HCCs, less than 2 cm in size (n = 46), the DCP was increased in 69.5% (n = 32) and the AFP was increased in 54.3% (n = 25; P = 0.801). Among a total of 127 patients with multicentric HCC, 87.4% (n = 111) had increased DCP, while 71.6% (n = 91) had increased AFP (P = 0.015). Radiographic evidence of satellite lesions was observed in 31 patients, of which DCP and AFP were elevated in 87% (n = 27) and 54.8% (n = 17; P = 0.835), respectively. Thrombi in the portal vein were observed in 74 patients; all had increased DCP, and 74.3% (n = 55) had increased AFP (P < 0.001).
In patients with HCC caused by hepatitis C (n = 103), the DCP concentration increased by 92.2% (n = 95), while the AFP concentration increased by 66.9% (n = 69; P = 0.009). Of the 52 HCC patients with underlying hepatitis B etiology, 76.9% (n = 40) had a positive DCP result, and 67.3% (n = 35) had a positive AFP result (P = 0.095). Among the 28 patients with NAFLD and HCC, DCP was elevated in 82.1% (n = 23), and AFP was elevated in 57.1% (n = 16; P = 0.887).
Among the 202 patients, 58.4% had elevated both tumor marker levels (n = 118). In 34.1% (n = 69) of the patients, one of the tumor markers was positive, and in 7.4% of the patients, both tumor markers were negative (n = 15). In the group in which one of the tumor biomarker markers was positive, DCP alone was elevated in 57 (28.2% of all patients), whereas AFP alone was elevated in 12 (5.9%) patients. There was a strong pairing between DCP and AFP levels for HCCs of all sizes (P < 0.001) and for HCCs of 2 cm or larger (P < 0.001), but the pairing was weaker for smaller HCCs (P = 0.210).
There was a correlation between the DCP and AFP according to Spearman’s correlation test (P < 0.001; Figure 1). ROC plots were drawn to analyze the magnitude of the increase in DCP and AFP levels. For tumors larger than 2 cm in size, the log10 values of DCP exceeded the log10 values of AFP, with areas under the curve of 0.74 and 0.59, respectively (Figure 2). Combining the values of two markers to detect HCC did not improve diagnostic ability, with an AUROC of 0.739. For tumors less than 2 cm in length, the area under the curve for the log value of DCP was 0.250 vs 0.409 for AFP. Therefore, DCP elevation may be modest in smaller localized tumors, although it crossed the positivity threshold in more patients than did AFP elevation.

DISCUSSION
HCC, a leading liver cancer, not only has a considerable mortality rate but also imposes an enormous economic burden[1,10]. The false-negative rate of AFP, the most widely used tumor marker for HCC, is 30%-40%, motivating researchers to discover a more potent tumor marker with better diagnostic performance[11-13].
In this study, we examined the performance of DCP compared to AFP and correlated the values with radiological features. Our study showed that DCP performed better as a single marker than AFP for detecting HCC, but the combination of both markers did not improve the diagnostic capability. These observations agree with those reported by Xing et al[14], who showed that DCP was superior to AFP regardless of primary tumor size and underlying etiology, and the combination of the two markers resulted in increased sensitivity but decreased specificity, resulting in a decrease in overall diagnostic power[14,15].
Consistent with previous data from Pakistan, HCV appears to be a major cause of HCC development[16]. A subgroup analysis showed that DCP performed better in the HCV group. Similar findings were made in a Chinese study by Liu et al[17]. A statistically significant difference was not found between the two tumor markers in the HBV group in our study, possibly due to the small sample size, but DCP was still able to outcompete AFP in terms of diagnostic performance because of its detectability in a larger number of HCC patients. Several studies conducted to date on patients with HBV have shown that DCP alone and in combination with AFP yield better results than AFP alone[7,18].
It has been reported that DCP, when elevated, acts as a predictor of microvascular invasion, even in the absence of radiological evidence[9,19]. Although we did not assess microvascular invasion histologically, we did evaluate the diagnostic ability of these two markers for tumor portal vein thrombosis (PVT). Interestingly, our findings showed that DCP was elevated in all subjects with portal vein thrombus. Similar results were reported by Xu et al[20]. In their study, all 65 participants with PVT had elevated DCP levels.
Since patients with small HCCs (< 2 cm) have a good prognosis, it is important to detect them early in the disease course[3]. Interestingly, although a greater percentage of small HCC lesions exceeded the positivity threshold for DCP, the log values of AFP were much greater. The McNemar test did not reveal good agreement between the two markers, underscoring the value of testing both tumor markers in patients with small HCC. Data from other studies also have similar conclusions regarding sensitivity[21].
The GALAD scoring system, which consists of these two tumor markers in addition to sex, age, and AFP-L3, has been proposed and validated for determining the risk of HCC[22,23]. We did not test for AFP-L3. Recent studies have shown that sex, age, AFP, and DCP combination, the “GAAD” score, can be used to predict the presence of HCC effectively when the value is greater than 2.57[24]. AFP and DCP (PIVKA II) assays were performed on the Elecsys platform with an AFP cutoff of 20 ng/mL and a PIVKA II cutoff of 28.4 ng/mL. We used a cutoff AFP of 10 ng/mL to increase the sensitivity, and a cutoff DCP of 45.0 mAU/mL was used. As our assays were performed on the Architect platform, calculation, and implementation of GAAD scoring were not possible.
This study has several notable strengths that are worth acknowledging. First, our research, which focused on the effectiveness of DCP and AFP as biomarkers for HCC, is relevant and significant, given the increasing incidence of this cancer globally. Second, we employed rigorous statistical analyses, such as McNemar’s test and AUROC analysis, to evaluate the correlation between DCP and AFP levels in patients with HCC. Third, the study illustrates the complementarity of DCP and AFP as biomarkers for diagnosing HCC in patients with a tumor diameter of less than 2 cm. Fourth, the study contributes to the mounting evidence supporting the use of DCP and AFP as biomarkers for HCC, which could result in better patient outcomes through earlier detection and treatment. Finally, the study offers valuable insights into the potential use of DCP as a biomarker for patients with HCC with portal vein thrombosis, which may guide future research in this field.
The current study has some limitations that must be considered when interpreting the results. First, the sample size was relatively small, and the study was conducted in a single center, which may limit the generalizability of the findings to other populations. Second, the cross-sectional design of the study makes it difficult to establish a causal relationship between DCP and AFP levels and the development of HCC. Additionally, the lack of a control group limits the ability to compare the results to individuals without HCC or other liver diseases. Finally, due to the small sample size, there was limited statistical power to obtain statistically significant differences in DCP and AFP levels for tumors smaller than 2 cm, which may limit the generalizability of the results to individuals with early-stage HCC. Overall, these limitations must be taken into consideration when interpreting the findings of this study.

CONCLUSION
According to the results of our study, DCP was found to be a better biomarker than AFP for HCC detection, especially in patients with portal vein thrombosis. DCP, as an individual marker, performed better in many categories of HCC. Hence, DCP may replace AFP as the primary HCC biomarker. The findings also suggest that DCP and AFP may have complementary roles in the diagnosis of small HCC, and the combination of both markers could be considered for early detection of HCC, highlighting the importance of utilizing multiple biomarkers in the diagnosis of small HCC, as relying on a single biomarker may not be sufficient. The role of DCP as a screening biomarker should be incorporated into the HCC guidelines.
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Figure 1 Correlation of Des-gamma-carboxy prothrombin and alpha fetoprotein in hepatocellular carcinoma patients using Spearman’s rank correlation analysis. P < 0.001. AFP: Alpha fetoprotein. 
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Figure 2 Receiver operating characteristic curve. A and B: Receiver operating characteristic curve comparing the values of two hepatocellular carcinoma biomarkers, des-gamma-carboxy-prothrombin, and alpha fetoprotein alone (A) or in combination (B) in a tumour size of 2 cm or more. Pivka: Protein induced by vitamin K absence-II [same as des-gamma-carboxy-prothrombin (DCP)]; AFP: Alpha fetoprotein; combined: Combining DCP and AFP.

Table 1 Characteristics of study patients
	Variables
	Values

	Age (yryr ± SD)
	58.5 ± 10.3

	Gender: Males
	146 (72.3)

	Etiology
	

	HCV
	103 (51.0)

	HBV
	52 (25.7)

	ETOH
	8 (4.0)

	NAFLD
	28 (13.9)

	Autoimmune liver disease
	7 (3.5)

	Cryptogenic
	9 (4.5)

	Lab parameters
	

	Hemoglobin (g/dL)
	11.3 ± 2.1

	White dell count (× 109/L)
	8.3 ± 5.5

	Platelets (× 109/L)
	148.0 ± 102.0

	Total bilirubin (mg/dL)
	3.3 ± 5.6

	Alanine aminotransferase (IU/L)
	63.9 ± 51.4

	Aspartate aminotransferase (IU/L)
	113.0 ± 206.0

	Alkaline phosphatase (IU/L)
	203.0 ± 227.0

	International normalization ratio
	1.3 ± 0.4

	Tumor parameters
	

	HCC size 2 cm or more
	156 (77.2)

	HCC less than 2 cm
	46 (22.8)

	Portal vein thrombus
	74 (36.6)

	Unilobed
	129 (63.9)

	Bilobed
	73 (36.1)

	Satellite lesions
	31 (15.3)

	Multicentric tumor
	127 (62.9)

	[bookmark: RANGE!D46]Des-gamma carboxyprothrombin (mAU/L)
	669.4 (16.7-300000.0)

	Alpha-fetoprotein (ng/mL)
	32 (1-20000)


Values are mean ± SD or n (%).
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma.
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