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Background: The serum des-gamma-carboxyprothrombin (protein induced by vitamin K antagonist-II, PIVKA-II) is a useful tumor marker in ad-
dition to alpha-fetoprotein for diagnosing primary hepatocellular carcinoma (HCC). In this study, we evaluated the laboratory performance of a
modified ELISA method for PIVKA-II measurement adopting an automated ELISA processor in comparison with conventional manual method and
investigated its diagnostic performance in patients with HCC.

Methods: The laboratory performance of modified ELISA using PIVKA-II ELISA kit (Sanko Junyaku Co., Japan) was evaluated using control ma-
terials (10, 25, 500, 1,000 mAU/mL) and 208 patient samples according to the CLSI guidelines. In 93 HCC patients and 88 disease controls (30
chronic hepatitis and 58 liver cirrhosis), ROC curve, sensitivity, specificity, and positive and negative predictive values were analyzed.

Results: Total and within-run CVs for middle, high and very high level samples were less than 10%, while those of low level samples were over
10% (12.6% and 11.7%, respectively). The modified ELISA showed an excellent linearity (r>0.99) and low carryover rate (-0.14%). Although the
correlation between the conventional and modified ELISAs was excellent (r=0.982), there was a proportional deviation of PIVKA-II levels (y inter-
cept: 0.621). With a cut-off of 30 mAU/mL, the sensitivity and specificity of PIVKA-II for the diagnosis of HCC were 58% and 92%, respectively.
Conclusions: PIVKA-II measurement by modified ELISA using an automated ELISA processor can improve the efficiency of laboratory in terms
of turnaround time and labor intensiveness while maintaining reasonable sensitivity and specificity for the diagnosis of HCC.
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Table 1. Precision of serum PIVKA-II measurement by modified ELISA
method

Table 2. Levels of AFP and PIVKA-II in liver cirrhosis and hepatocellu-
lar carcinoma patient groups

Low Middle High Very high
Mean (mAU/mL) 18 38 202 751
SD (mAU/mL) 2 3 14 50
Within CV (%) 12.6 7.1 6.8 6.7
Total CV (%) 1.7 69 7.1 6.6
1,000 | y=0.977x+23.000
r=0.998
P<0.0001
800
=
£
>
<
£ 600
E
S
T
5 400
%]
S
=
200
O | | | | |
0 200 400 600 800 1,000

Expected value (mAU/mL)
Fig. 1. Linearity of PIVKA-II measurement by modified ELISA method.
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LC(N=58) HCC (N=93)
Mean* SD Median Mean* SD Median

AFP (ng/mL) 362 913 77 81886 327207 322
PIVKA-Il (mAU/mL) 20 14 17 164 304 32

*The mean level of AFP and PIVKA-II between patients with liver cirrhosis and he-
patocellular carcinoma was significantly different (P=0.018, P<0.0001, Indepen-
dent T-test).

Abbreviations: LC, liver cirrhosis; HCC, hepatocelluar carcinoma.
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Fig. 2. Comparison of the PIVKA-II value between conventional and
modified ELISA methods.
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Fig. 3. Bland-Altman plots of low group (A), middle group (B), high group (C), very high group (D) of serum PIVKA-II between conventional and

modified ELISA methods.
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Table 3. Serum levels of biomarkers according to the size of hepato-
cellular carcinoma

LC <3ecm* 3-5ecm*  >5cm”
P value*
(N=58) (N=45) (N=21) (N=27)
AFP Mean 36.2 87.2 385.0 37,551.0 0.106
(ng/ml) SD 913 1232 1,116.5 70,325.1
Median 7.7 322 20.8 130
PIVKA-II Mean 20 69 183 238 0.020
(mAU/mL) SD 14 116 319 393
Median 17 25 39 550

*Size of solitary nodule in hepatocellular carcinoma was indicated. If there were
multiple nodules, the size of the largest nodule was indicated; *Statistical signifi-
cance based on Kruskal-Wallis test was defined, if P value was <0.05.
Abbreviation: LC, liver cirrhosis.
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Table 4. Performance of PIVKA-II according to different cut-off values
and its combination with AFP in the diagnosis of hepatocellular carci-
noma

Marker Cut-off  Sensitivity Specificity PPV NPV
AFP* (ng/mL) 20 57 80 75 64
PIVKA-II (mAU/mL) 40 45 96 91 62
35 47 94 90 63
30 58 92 89 68
25 66 86 84 70
AFP*and PIVKA-II 40 45 94 96 37
35 49 94 96 39
30 62 89 94 44
25 70 89 95 50

*Cut-off of AFP was fixed at 20 ng/mL.

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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