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Abstract 
AIM: To evaluate diagnostic value of (-fetoprotein (AFP)-L3 and prothrombin induced by vitamin K absence-II (PIVKA-II) in hepatocellular carcinoma (HCC).

METHODS: One hundred and sixty-eight patients during routine HCC surveillance were included in this study. Of the 168 patients, 90 (53.6%) had HCC including newly developed HCC (n = 82) or recurrent HCC after treatment (n = 8). Sera were obtained during their first evaluation for HCC development and at the time of HCC diagnosis before commencing HCC treatment. HCC was diagnosed by histological examination, appropriate imaging characteristics-computed tomography or magnetic resonance imaging. Control sera were collected from 78 patients with benign liver disease (BLD), which were obtained during routine surveillance with a suspicion of HCC. AFP, AFP-L3 and PIVKA-II were measured in the same serum by microchip capillary electrophoresis and liquid-phase binding assay on a μTAS Wako i30 auto analyzer. The performance characteristics of three tests and combined tests for the diagnosis of HCC were obtained using receiver operating characteristic curves in all populations and subgroups with AFP < 20 ng/mL.
RESULTS: Of 90 HCC patients, 38 (42.2%) patients had AFP < 20 ng/mL, 20 (22.2%) patients had AFP 20-200 ng/mL and 32 (35.6%) patients had AFP > 200 ng/mL. Of the 78 BLD patients, 74 (94.9%) patients had AFP < 20 ng/mL. After adjustment for age and HBV infection status, AFP-L3 levels were higher in HCC than in BLD among patients with low AFP levels (< 20ng/mL) (P < 0.001). In a total of 168 patients, areas under the curve (AUC) for HCC were 0.879, 0.887, 0.801 and 0.939 for AFP, AFP-L3, PIVKA-II and the combined markers, respectively. The combined AUC for three markers showed higher value than the AUCs of individual marker (P < 0.05). AFP-L3 had higher AUC value than PIVKA-II for HCC detection in entire patients (P = 0.043). With combination of AFP-L3 (cut-off > 5%) and PIVKA-II (cut-off > 40AU/L), the sensitivity were 94.4% and specificity were 75.6% in all patients. In 112 patients with low AFP levels (< 20ng/mL), AUCs of AFP-L3, PIVKA-II and combine AFP-L3 and PIVKA-II tests were 0.824, 0.774 and 0.939, respectively. AFP-L3 with a cut-off value of 5% showed sensitivity of 71.1% and specificity of 83.8%, and PIVKA-II with a cut-off value of 40AU/L had sensitivity of 57.9% and specificity of 95.9% in patients with low AFP levels. The combination of AFP-L3 and PIVKA-II increased the sensitivity and specificity up to 92.1% and 79.7%, respectively, in low AFP group. Combined markers detected 81.8% of early stage HCC (UICC stage I), 86.7% of small sized tumor (< 2 cm) and 91.7% of single tumor of HCC in the low AFP group. In multivariate analysis, AFP-L3 was correlated with AFP and tumor size, and PIVKA-II was correlated with laboratory tests including serum AST, total bilirubin, platelets and albumin levels. PIVKA-II had no correlation with AFP, AFP-L3 or tumor characteristics.
CONCLUSION: Combined determination of AFP-L3 and PIVKA-II could improve the diagnostic value for HCC detection in patients with or without increased AFP levels.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Early detection of hepatocellular carcinoma (HCC) is important as the treatment of HCC with surgical resection, liver transplantation or percutaneous ablation can be curative at early stage. Currently, the recommended screening strategy includes measurement of serum (-fetoprotein (AFP) levels and an abdominal ultrasound every 3-6 mo for the detection of HCC at an earlier stage[1-4]. Usually, a serum AFP level of 20 ng/mL is considered as a cut-off value to differentiate HCC from non-HCC[5]. However, serum AFP level has a high false-negative rate for the detection of small or early stage tumors[2,6-9], and it is often markedly elevated in patients with either cirrhosis or those with exacerbated chronic hepatitis without HCC[10,11].
Therefore, additional tumor markers including fucosylated fraction of AFP (AFP-L3) fraction[12,13] and prothrombin induced by vitamin K absence-II (PIVKA-II) or Des-(-carboxyprothrombin[14-16] have been suggested, and the surveillance program with these markers have been mostly organized by Japanese study groups[1,17]. The lens culinaris agglutinin (LCA)-reactive, AFP-L3 has been reported to be highly specific for HCC[5,18-20] and in predicting prognosis[21-24]. Recently, a highly sensitive analytical system using the technically advanced microfluidics-based separation system has been introduced[25]. With this micro-total analysis system (μTAS), AFP-L3 can be measured accurately at very low AFP concentrations under 10 ng/mL with high sensitivity[7,19,25,26]. PIVKA-II is an abnormal protein and some reports have indicated the improved specificity of PIVKA-II over AFP in the diagnosis of HCC[2,5,27-29]. The combination of AFP-L3 and PIVKA-II seems to improve the diagnostic value for HCC patients, and these additive assays are especially recommended for patients with low AFP levels according to previous Japanese studies[19,26,27]. However, diagnostic values of these markers are controversial and different cut-off values have been suggested depending on the study design[5,20,26]. In addition, the clinical values of these markers in combination are not conclusive yet, and the clinical and laboratory factors which possibly effect the measured values of AFP-L3 and PIVKA-II have not been sufficiently investigated.

In this study, we compared the levels of AFP, AFP-L3 and PIVKA-II in benign liver diseases (BLD) patients and HCC patients, and evaluated the individual and combined diagnostic values of AFP-L3 and PIVKA-II for HCC detection according to the total AFP levels and tumor characteristics. The clinical and laboratory factors affecting AFP-L3 and PIVKA-II were also analyzed. 

MATERIALS AND METHODS
Patients

Serum samples were obtained from 168 patients during routine HCC surveillance at the Seoul St. Mary’s Hospital, Seoul, South Korea, during the period between April and November 2011. This study was approved by the Institutional Review Board of Seoul St. Mary’s Hospital. Of the 168 patients, 90 (53.6%) had HCC including newly developed HCC (n = 82) or recurrent HCC after treatment (n = 8). Sera were obtained during their first evaluation for HCC development and at the time of HCC diagnosis before commencing HCC treatment. HCC was diagnosed by histological examination, appropriate imaging characteristics-computed tomography or magnetic resonance imaging. Tumor stage was assessed by the International Union Against Cancer (UICC) staging system, which is based on tumor number, size, vascular invasion and metastasis[4,30]. Control sera were collected from 78 patients with BLD, which were obtained during routine surveillance with a suspicion of HCC. All patients were diagnosed by imaging study and were followed up for 7-16 months after sampling to confirm non-HCC. 

Measurement of AFP, AFP-L3 and PIVKA-II

AFP, AFP-L3 and PIVKA-II were measured in the same serum by microchip capillary electrophoresis and liquid-phase binding assay on a μTAS Wako i30 auto analyzer (Wako Pure Chemical Industries, Ltd, Osaka, Japan). The measuring range was 0.3-1000 ng/mL for AFP and 5-50000 AU/L for PIVKA-II. AFP-L3 levels were calculated in sera with AFP levels over 0.3 ng ⁄mL. The total imprecision for two levels of the three markers were less than 5% CVs in 20 d of evaluation. Serum samples were stored at -80(C until tested. All processes were preformed automatically and followed the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed with SPSS version 12.0 (SPSS, Chicago, Ill) and Med-Calc version 12. 2. 1. 0 (MedCalc Software, Mariakerke, Belgium). Comparisons were made using t-test. The performance characteristics of three tests and combined tests for the diagnosis of HCC were obtained using receiver operating characteristic (ROC) curves in all populations and subgroups with AFP < 20 ng/mL. The sensitivity and specificity of these three markers for the diagnosis of HCC were calculated in all the groups and subgroups according to the total AFP levels. A logistic regression model was performed in SPSS on the three markers and ROC curves analysis was performed for area under the curve (AUC) values for the combined markers. All P values were 2-tailed with P < 0.05 considered statistically significant.

Results 

Patient characteristics

Table 1 shows the demographics of the study population. The most common cause of liver disease was hepatitis B virus (HBV) infection in both BLD and HCC patients. HCC patients had a higher frequency of males and HBV infection than that of BLD patients (P < 0.05). Of the 90 HCC patients, 38 (42.2%) patients had AFP < 20 ng/mL, 20 (22.2%) patients had AFP 20-200 ng/mL and 32 (35.6%) patients had AFP > 200 ng/mL. Of the 78 BLD patients, 74 (94.9%) patients had AFP < 20 ng/mL. In four patients with non-HCC and increased AFP levels (45.2-72.8 ng/mL), PIVKA-II levels were less than 40 AU/L, but AFP-L3 levels were above 10%. The levels of AFP, AFP-L3 and PIVKA-II in BLD and HCC patients are plotted with respect to the AFP levels (Figure 1). In patients with AFP < 20 ng/mL, AFP-L3 levels were higher in HCC than that in BLD (P < 0.001). Regarding the patients with total AFP levels of 20-200 ng/mL, not AFP-L3 but PIVKA-II was able to discriminate HCC from BLD (P = 0.010). After adjustment for age (> 50 and < 50) and HBV infection status, AFP-L3 levels were still higher in HCC than in BLD among patients with low AFP levels (< 20ng/mL) (P < 0.001).
ROC curve analysis of three markers for the detection of HCC 

The ROC curves of AFP, AFP-L3 and PIVKA-II for the diagnosis of HCC in all of 168 patients are shown in Figure 2. The maximum AUCs for distinguishing between HCC and BLD were 0.879, 0.887 and 0.801 for AFP, AFP-L3 and PIVKA-II, respectively. AFP-L3 had higher AUC than PIVKA-II for HCC (P = 0.043). Using logistic regression model, the combined AUC for three markers was 0.939 and showed higher AUC values than the individual markers (P < 0.05).

In 112 patients with AFP < 20 ng/mL (HCC, n = 38; BLD, n = 74), the AUC for HCC detection was 0.824 for AFP-L3, 0.774 for PIVKA-II and 0.939 for the two combined markers. Combined AUC was significantly higher than each AUC (P < 0.05), and the AUC value was not different between AFP-L3 and PIVKA-II (P = 0.516) (Figure 3).
Sensitivity and specificity of three markers for HCC diagnosis 

The sensitivities and specificities of the three markers for all patients and subgroups are shown in Table 2. In all patients, the total AFP showed a sensitivity of 78.9% and a specificity of 84.6% with a cut-off of 10 ng/mL. AFP-L3 with a cut-off value of 5% increased the sensitivity up to 82.2%. When the cut-off value for AFP-L3 and PIVKA-II were set at 10% and 40 AU/L, the specificities were improved up to 93.6% and 94.9%, respectively.

In the subgroups according to the total AFP levels (AFP < 20 ng/mL, n = 112; AFP < 200 ng/mL, n = 136), the sensitivity and specificity of AFP-L3 were close to 70% and 80% respectively with a cut-off of 5%, and there was no significant difference compared to that of the entire group. The sensitivity and specificity of PIVKA-II was approximately 60% and 95% respectively with a cut-off of 40 AU/L in all patients and subgroups.

To increase the diagnostic value for HCC detection, we combined the AFP-L3 and PIVKA-II results. If either AFP-L3 or PIVKA-II level was above the cut-off value, the combined result was defined as positive. With combination of AFP-L3 (cut-off > 5%) and PIVKA-II (cut-off > 40AU/L), the sensitivities were 92.1%-94.4% and specificities were 75.6-79.7% in all patients and subgroups. When a cut-off value was set at 10% for AFP-L3 and combined with PIVKA-II, the sensitivities were approximately 80% (78.9%-84.4%) and the specificities were maintained close to 90%.

Sensitivity of AFP-L3 and PIVKA-II according to the tumor characteristics in patients with AFP <20 ng/mL 

To establish the sensitivity of AFP-L3 (cut-off 5%) and PIVKA-II (cut-off 40 AU/L) for the detection of small tumors and early stage HCC especially in 38 HCC patients with AFP < 20 ng/mL, we subgrouped the HCC patients according to the UICC stage (I, II, III, IVa, IVb), tumor size (< 2, 2-5, > 5 cm) and tumor number (single and multiple tumor) (Table 3). The sensitivity of AFP-L3 and PIVKA-II in UICC stage I-II (n = 27) was 63.6%-75.0% and 45.5%-56.3%. The combination of AFP-L3 and PIVKA-II increased the sensitivity up to 81.8-100% (Table 3). In HCC patients with tumor size < 2 (n = 15) and 2-5 cm (n = 17), the sensitivity of AFP-L3 was 46.7% and 47.1%, respectively. The sensitivity of PIVKA-II for the detection of HCC with tumor size < 2 and 2-5 cm was 40.0% and 64.7%, and combination of AFP-L3 and PIVKA-II resulted in an enhancement of sensitivity up to 86.7% and 94.1%, respectively. With a combined test (AFP-L3 and PIVKA-II), 22 (91.7%) of 24 HCCs with a single tumor were detected. 

Correlation analysis

To investigate the clinical and laboratory factors which may affect the measured values of AFP-L3 and PIVKA-II, we performed univariate and multivariate analyses. In univariate correlation analysis, there was a correlation between AFP-L3 and PIVKA-II. AFP-L3 and PIVKA-II levels were correlated with tumor stage (UICC), tumor size, aspartate aminotransferase (AST) and albumin. Tumor number and AFP levels were correlated with only AFP-L3 levels. 

In multivariate analysis, only AFP and tumor size were significant correlates of AFP-L3 (Table 4). In terms of PIVKA-II, laboratory tests including serum AST, total bilirubin, platelets and albumin levels were correlated with the PIVKA-II results. However, PIVKA-II had no correlation with AFP, AFP-L3 or tumor characteristics. 

Discussion 

In patients at risk for developing HCC, systematic screening is required for detection of small tumors at an early stage. Although the diagnostic strategy for early detection of HCC has been changed with the technical development in imaging diagnosis[3], measurement of tumor markers for HCC at regular intervals is still a common practice. AFP is the most widely used tumor marker for HCC. However, recent studies reported that AFP lacks adequate sensitivity and specificity for effective surveillance[6,9-11]. Our data showed that 38 (42.2%) of 90 HCC patients had AFP < 20 ng/mL, and 4 (5.1%) of 78 non-HCC patients had AFP > 20 ng/mL, which support the inadequacy of AFP as a tumor marker shown by previous reports. Therefore, we examined the individual and combined diagnostic values of AFP-L3 and PIVKA-II for HCC according to the AFP levels (< 20 ng/mL and < 200 ng/mL), and investigated the clinical and laboratory factors that influence the measured values of AFP-L3 and PIVKA-II. 

The AFP-L3 fraction has been reported to be more sensitive than AFP for small sized or early stage HCC[20,31]. AFP-L3 is also known to be highly specific for HCC and reflect tumor characteristics including poor differentiation or malignant invasion[32-35]. The present data of all patients showed that the AUC value of AFP-L3 for HCC detection was 0.887, which was not different with the AUC value of AFP (0.879), but was higher than the AUC of PIVKA-II. In focusing on the patients with AFP < 20 ng/mL, AFP-L3 levels were significantly higher in HCC than in non-HCC, and the sensitivity of AFP-L3 for HCC was 71.1% and 47.4% with cut-offs of 5% and 10%, respectively. These values are higher than those reported in previous studies showing sensitivity of 25%-50% with cut-offs between 5 and 10%[19,20]. The high specificity for HCC is an important advantage of AFP-L3 measurement and higher sensitivity without a concomitant reduction in specificity is useful in clinical settings. In the present study, the specificities of AFP-L3 for HCC were 79.5%-97.3% in all patients or in patients with low AFP levels. The values are similar to those in previous reports showing the specificities of AFP-L3 for HCC as over 85% among patients with low total AFP-levels[19,20]. Overall, in patients with low AFP levels, AFP-L3(cut-off 5%) had reasonable AUC value, sensitivity and specificity (0.824, 71.1% and 83.8%, respectively) which are similar or improved results compare to previously reported data[19,36].
In the present study, PIVKA-II alone had sensitivities and specificities close to 60% and 95% in all patients and patients with low AFP levels. PIVKA-II was shown to have a higher specificity in previous studies[2,5,27], and all four patients with non-HCC and increased AFP/AFP-L3 levels showed lower values of PIVKA-II in the present study. This suggests that the PIVKA-II test may be useful in detecting false-positive AFP results. 

The levels of AFP-L3 and PIVKA-II had no correlation between them and these two may be compensative markers reflecting a different developmental form of HCC[37]. In multivariate analysis, AFP-L3 correlated with total AFP and tumor size. In contrast, PIVKA-II had no correlation with AFP or tumor characteristics, but was correlated with some liver function tests including serum AST, TB, platelet and albumin.

In our study, the combination of PIVKA-II and AFP-L3 improved the sensitivity close to 90% and showed significantly increased AUC (0.939) even in patients with low AFP. In addition, the combined tests showed approximately 90% sensitivity for the detection of early stage, small sized or single HCC tumors in patients with low AFP levels. These results suggest that these two biomarkers should be measured simultaneously and in combination with imaging tests to improve the diagnostic accuracy.

Potential limitations of our study include the small number of newly diagnosed HCC patients, lack of randomization and relative short-term follow-up. Our results should be validated with a larger number of patients with age- and sex-matched control subjects. Since AFP-L3 has been suggested as a prognostic marker in patients with HCC[22,23,26], future studies using longitudinal AFP-L3 data analysis or studies regarding the effect of AFP-L3 effect on the survival rate of HCC patients after treatment are needed. Despite these limitations, the present study indicates that AFP-L3 and PIVKA-II are useful additive tumor markers for the diagnosis of HCC. 

In conclusion, combined determination of AFP-L3 and PIVKA-II improved the diagnostic value for HCC detection in patients with or without increased AFP levels. The utility of improved surveillance protocol based on these tumor markers needs to be investigated. 

COMMENTS

Background

In patients at risk for developing hepatocellular carcinoma (HCC), systematic screening is required for detection of small tumors at an early stage. Although, (-fetoprotein (AFP) is the most widely used tumor marker for HCC, AFP lacks adequate sensitivity and specificity for effective surveillance. Therefore, additional tumor markers including fucosylated fraction of AFP (AFP-L3) fraction and prothrombin induced by vitamin K absence-II (PIVKA-II) have been suggested.
Research frontiers

The clinical values of AFP, AFP-L3 and PIVKA-II in combination are not conclusive yet, and the clinical and laboratory factors which possibly affect the measured values of AFP-L3 and PIVKA-II have not been sufficiently investigated. In this study, the authors evaluated the individual and combined diagnostic values of AFP-L3 and PIVKA-II for HCC detection according to the total AFP levels and tumor characteristics. The clinical and laboratory factors affecting AFP-L3 and PIVKA-II were also analyzed. 

Innovations and breakthroughs

In the study, the combination of PIVKA-II and AFP-L3 improved the sensitivity close to 90% and showed significantly increased AUC (0.939) even in patients with low AFP. In addition, the combined tests showed approximately 90% sensitivity for the detection of early stage, small sized or single HCC tumors in patients with low AFP levels. In multivariate analysis, AFP-L3 correlated with total AFP and tumor size. In contrast, PIVKA-II had no correlation with AFP or tumor characteristics, but was correlated with some liver function tests including serum AST, TB, platelet and albumin. The present study indicates that AFP-L3 and PIVKA-II are useful additive tumor markers for the diagnosis of HCC.

Applications

Combined determination of AFP-L3 and PIVKA-II could improve the diagnostic value for HCC detection in patients with or without increased AFP levels. The utility of improved surveillance protocol based on these tumor markers needs to be investigated. 

Peer review

This study confirmed that the combined determination of AFP-L3 and PIVKA-II improved the diagnostic value for HCC detection in patients with or without increased AFP levels. The authors performed the multivariate analysis and revealed that AFP-L3 and PIVKA-II had no correlation between them and might be useful additive and compensate tumor markers for the diagnosis of HCC. The results are interesting and can be used to elucidate the different development form of HCC. 
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Table 1 Demographics and laboratory test values of patients with benign liver disease and with hepatocellular carcinoma n (%)
	
	BLD ( n= 78)
	HCC (n = 90)
	P value

	Age (mean ( SD)
	55.6 ( 12.5
	59.7 ( 10.1
	0.020

	Male
	51 (65.4)
	64 (71.1)
	0.506

	Cause of disease 
	
	
	

	HBV
	34 (43.6)
	61 (67.8)
	0.002

	HCV
	9 (11.5)
	9 (10.0)
	0.749

	Alcohol
	5 (6.4)
	12 (13.3)
	0.139

	NANBNC
	1 (1.3)
	8 (8.9)
	0.038

	Benign mass
	10 (12.8)
	
	

	Others
	19 (24.4)
	
	

	AFP < 20 ng/mL
	74 (94.9)
	38 (42.2)
	

	AFP 20-200 ng/mL
	4 (5.1)
	20 (22.2)
	

	AFP > 200 ng/mL
	0 (0)
	32 (35.6)
	

	Tumor stage
	
	
	

	I/II/III/IVa/IVb (%)
	
	16 (17.8) /31 (34.4) /19 (21.1) /18 (20.0) /6 (6.7)
	

	Tumor size
	
	
	

	< 2/2-5 /> 5cm (%)
	
	25 (27.8) /33 (36.7) /32 (35.6)
	

	Tumor number
	
	
	

	Single/multiple
	
	40 (44.4) /50 (55.6)
	

	AFP level

(mean ( SD, ng/mL)
	6.9 ( 13.5
	473.9 ( 746.0
	<0.001

	AFP-L3 level 

(mean ( SD, %)
	2.3 (4.9
	40.0 ( 35.7
	<0.001

	PIVKA-II level 

(mean ( SD, AU/L)
	20.0 ( 31.2
	4469 ( 11553.8
	<0.001


HBV: Hepatitis B virus; HCV: Hepatitis C virus; NANBNC: Non-hepatitis A, non-hepatitis B, non-hepatitis C virus; AFP: (-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; BLD: Benign liver disease; HCC: Hepatocellular carcinoma.
Table 2 Performance of (-fetoprotein, (-fetoprotein-L3 and prothrombin induced by vitamin K absence-II in detecting hepatocellular carcinoma in all patients (a) and in subgroups according to total (-fetoprotein levels: total (-fetoprotein < 20 ng/mL (b), < 200 ng/mL (c)

	  
	
	Cut-off value 
	Sensitivity (%)
	Specificity (%)

	(a) Entire group
	AFP
	10 ng/mL
	78.9
	84.6

	(n = 168, 90 HCC)
	AFP-L3
	5%
	82.2
	79.5

	
	
	10%
	67.8
	93.6

	
	PIVKA-II
	40 AU/L
	62.2
	94.9

	
	AFP-L3 or PIVKA-II
	5% or 40 AU/L
	94.4
	75.6

	
	
	10% or 40 AU/L
	84.4
	89.7

	
	
	
	
	

	(b) AFP < 20 ng/mL
	AFP-L3
	5%
	71.1
	83.8

	(n = 112, 38 HCC)
	
	10%
	47.4
	97.3

	
	PIVKA-II
	40 AU/L
	57.9
	95.9

	
	AFP-L3 or PIVKA-II
	5% or 40 AU/L
	92.1
	79.7

	
	
	10% or 40 AU/L
	78.9
	93.2

	
	
	
	
	

	(c) AFP <200 ng/mL
	AFP-L3
	5%
	74.1
	79.5

	(n = 136, 58 HCC)
	
	10%
	56.9
	93.6

	
	PIVKA-II
	40 AU/L
	62.1
	94.9

	
	AFP-L3 or PIVKA-II
	5% or 40 AU/L
	93.1
	75.6

	
	
	10% or 40 AU/L
	82.8
	89.7


AFP: (-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; HCC: Hepatocellular carcinoma.

Table 3 Sensitivity of (-fetoprotein-L3 and prothrombin induced by vitamin K absence-II according to the tumor characteristics in 38 hepatocellular carcinoma patients with (-fetoprotein < 20 ng/mL n(%)
	
	n
	AFP-L3 

(> 5%)
	PIVKA-II 

(> 40AU/L)
	AFP-L3 and PIVKA-II combined

(> 5%, > 40AU/L)

	Tumor stage (UICC)
	
	
	
	

	I
	11
	7 (63.6)
	5 (45.5)
	9 (81.8)

	II
	16
	12 (75.0)
	9 (56.3)
	16 (100)

	III
	9
	6 (66.7)
	6 (66.7)
	8 (88.9)

	IVa
	2
	2 (100)
	2 (100)
	2 (100)

	Tumor size
	
	
	
	

	< 2 cm
	15
	7 (46.7)
	6 (40.0)
	13 (86.7)

	2-5 cm
	17
	8 (47.1)
	11 (64.7)
	16 (94.1)

	>5 cm
	6
	3 (50.0)
	5 (83.3)
	6 (100)

	Tumor number
	
	
	
	

	Single
	24
	16 (66.7)
	12 (50.0)
	22 (91.7)

	Multiple
	14
	11 (78.6)
	10 (71.4)
	13 (92.7)


AFP: (-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; UICC: International Union Against Cancer; HCC: Hepatocellular carcinoma. 

Table 4 Stepwise multiple linear regression analysis using dependent variables (-fetoprotein-L3 and prothrombin induced by vitamin K absence-II
	Variable
	AFP-L3
	
	PIVKA-II

	
	( Coefficient
	P value
	
	( Coefficient
	P value

	AFP
	0.839
	<0.001
	
	
	NS

	Tumor size
	0.190
	0.002
	
	
	NS

	AST
	
	NS
	
	0.550
	<0.001

	Total bilirubin
	
	NS
	
	0.336
	<0.001

	Platelet
	
	NS
	
	0.566
	0.001

	Albumin
	
	NS
	
	-0.674
	<0.001


AFP: (-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; AST: Aspartate aminotransferase; NS: Not significant.
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Figure 1 (-fetoprotein (A), (-fetoprotein-L3 (B) and prothrombin induced by vitamin K absence-II (C) values in benign liver disease and hepatocellular carcinoma patients. AFP-L3 and PIVKA-II levels are plotted by AFP concentrations (AFP < 20 ng/mL, AFP 20-200 ng/mL and AFP > 200 ng/mL). In patients with AFP < 20 ng/mL, AFP-L3 levels were higher in HCC (P < 0.001) (B). In patients with AFP 20-200 ng/mL, PIVKA-II showed higher levels in HCC (P = 0.010) (C). The horizontal dotted lines are cut-off values used for performance analyses in this study. AFP: (-fetoprotein; PIVKA-II: Prothrombin induced by vitamin K absence-II; BLD: Benign liver disease; HCC: Hepatocellular carcinoma.
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Figure 2 Receiver operating characteristic curves of total (-fetoprotein, (-fetoprotein-L3, prothrombin induced by vitamin K absence-II and three combined markers for the diagnosis of hepatocellular carcinoma in all patients. The area under the curve values were 0.879 for total (-fetoprotein (AFP), 0.887 for AFP-L3, 0.801 for PIVKA-II(prothrombin induced by vitamin K absence-II) and 0.959 for the three combined markers. 
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Figure 3 Receiver operating characteristic curves of (-fetoprotein-L3 and prothrombin induced by vitamin K absence-II for the diagnosis of hepatocellular carcinoma in patients with total (-fetoprotein < 20 ng/mL. The area under the curve values were 0.824 for (-fetoprotein-L3 (AFP-L3), 0.774 for prothrombin induced by vitamin K absence-II (PIVKA-II) and 0.939 for the two combined markers. 
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