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Abstract

Background Alpha-fetoprotein (AFP) is a well known

widely used biomarker for the detection of hepatocellular

carcinoma (HCC); however, it suffers from a low sensi-

tivity and specificity. Protein or prothrombin induced by

vitamin K absence or antagonist II (PIVKA-II) is another

tumor marker elevated in HCC but not extensively used.

Aim Evaluation of PIVKA-II and AFP in diagnosing

HCC in India.

Patients and methods The study group consisted of 70

consecutive HCC patients, 38 patients with cirrhosis, 30

patients with chronic hepatitis, and 30 normal healthy

subjects. All patients were evaluated for PIVKA-II and

AFP levels by ELISA.

Result The mean plasma concentration of PIVKA-II in

HCC, cirrhotic, chronic hepatitis patients and healthy

controls was 101.07 ± 78.30 ng/ml, 2.45 ± 4.25 ng/ml,

1.50 ± 0.98 ng/ml and 0.79 ± 0.75 ng/ml, respectively.

Receiver operating characteristic (ROC) curve was plotted

for PIVKA-II and AFP. At a cutoff level of 9.2 ng/ml for

PIVKA-II a sensitivity of 80% and a specificity of 92.1%

was found, whereas AFP at a cutoff level of 13.02 ng/ml

showed 72.9% sensitivity and 65.8% specificity. No sig-

nificant relationship of plasma levels of PIVKA-II was

observed in HCC with HBsAg/antiHCV positivity and

associated portal vein thrombosis, but a positive correlation

was seen with the tumor size (P = 0.001). However, no

such significant association was found with AFP.

Conclusion PIVKA-II was more sensitive and specific

than AFP for diagnosing HCC in the Indian population.

Keywords Protein induced by vitamin K absence

or antagonist II � Alpha-fetoprotein � Hepatocellular

carcinoma � Receiver operating characteristic curve �
Area under curve

Introduction

Hepatocellular carcinoma (HCC) is a major public health

problem worldwide. It is the fifth most prevalent cancer

globally and the third leading cause of cancer related

deaths [1]. According to recent trends a rise in the inci-

dence of mortality from HCC has been observed in dif-

ferent countries [2]. The global distribution of HCC is

highly variable due to the prevalence of different etiolog-

ical factors in different geographic areas. According to the

age-adjusted HCC incidence per 100,000 population per

annum, different geographic regions can be divided into

three incidence zones: low (\5), intermediate (between 5

and 15), and high ([15) [3]. Overall, most of the Asian

countries come under the intermediate or high incidence
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zones of HCC [3]. In four population based registries, the

mean incidence of HCC in India is 2.77% for males and

1.38% for females [4]. The prevalence of HCC in India

varies from 0.2 to 1.6%. [4, 5].

HCC is one of the most difficult-to-treat cancers because

most of the patients have either underlying cirrhosis or

already have an advanced cancer at the time of diagnosis or

both. As far as therapeutic strategies are concerned, sur-

gical resection is the main curative treatment for HCC, but

prognosis after resection remains poor due to high inci-

dence of postoperative recurrence [6]. Besides this, liver

transplant is another potential option for early HCC but its

application is limited by the shortage of graft [7]. For un-

resectable HCC, various locoregional therapies like trans-

catheter arterial chemoembolization (TACE), percutaneous

intratumoral ethanol injection (PEI) and radiofrequency

ablation (RFA) are available, but these modalities are

mainly for palliation and are applicable only to small group

of patients with tumors localized in the liver [8].

Screening among the high risk population would ben-

efit in detecting HCC at an early curable stage and yield a

long-term survival [9, 10]. The principal diagnostic

methods for HCC include imaging studies such as ultra-

sonography (US), computed tomography (CT), and mag-

netic resonance imaging (MRI) [11–16]. Tumor markers

are also helpful in diagnosing HCC. Alpha-fetoprotein

(AFP) is the most commonly used marker for the diag-

nosis of HCC. An elevated serum level of AFP is known

to be associated with HCC but it is also elevated in some

cases of chronic hepatitis and cirrhosis [17]. Thus, it has

poor sensitivity and specificity. However, PIVKA-II is

another useful marker for the diagnosis of HCC [18–21].

Till date there is no report available regarding the sensi-

tivity and specificity of PIVKA-II in the Indian ethnic

population. Thus, aim of this study was to evaluate the

sensitivity and specificity of PIVKA-II in the Indian HCC

patients.

Materials and methods

Patients

A total of 138 consecutive patients with liver disease (70

HCC; 38 cirrhosis; 30 chronic hepatitis) who attended the

Liver Clinic from June 2006 to March 2009 at Post

Graduate Institute of Medical Education and Research,

Chandigarh, India and 30 healthy volunteers were included

in the study. All patients were naive to treatment and did

not receive any antiviral therapy for hepatitis B or C or

HCC-directed therapy like TACE, RFA, PEI or resection

prior to inclusion.

Inclusion criteria

HCC was diagnosed on the basis of either:

• Histological confirmation or two concordant imaging

studies with typical findings of HCC, which includes a

high-density mass in the arterial phase and a low-

density mass in the portal phase on dynamic computed

tomography or magnetic resonance imaging (MRI).

Cirrhosis Liver was diagnosed on the basis of clinical,

biochemical and radiological evidence suggestive of cir-

rhosis with or without endoscopy showing esophageal

varices [22].

Chronic hepatitis B and C was diagnosed if there was an

elevation of serum ALT levels at least two times upper

limit of normal and HBsAg/antiHCV (HCV RNA positive)

was present in the serum for at least 6 months [23].

The study was conducted only after approval from the

ethical committee of the institute and an informed written

consent was taken from all the patients before enrolling

them in the study.

A detailed clinical examination was done in all patients.

HBsAg and antiHCV were done in all the patient groups.

Those found negative for the above markers; total antiHBc

was done by ELISA. Patients negative for HBsAg, antiHBc

and antiHCV were labeled as Non-B Non-C. Ultrasound

and CT/MRI were done in all the HCC patients and on the

basis of these imaging techniques, the tumor characteristics

were studied including the diameter, single or multiplicity,

and associated portal vein thrombosis, etc. All the HCC

patients and other chronic liver disease patients were

treated depending on the stage of the disease.

Measurement of PIVKA-II and AFP

PIVKA-II and AFP levels were measured in all the patients

and healthy volunteers using commercially available kits

according to the manufacturer’s instructions. Kits for the

plasma PIVKA-II and serum AFP levels were purchased

from Diagnostica Stago, France, and Smart Diagnostics,

Israel, respectively.

Statistical analysis

Normality of all quantitative data variables was checked

by means of skewness and Kolmogorov–Smirnov test.

For normally distributed data, mean and standard devia-

tion were calculated and for skewed data median and

interquartile range (IQR) were given. For comparison of

four groups analysis of variance (ANOVA) was applied
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with post hoc multiple comparison in case of normal

distributed data. In case of skewed data with more than

two groups, Kruskal–Wallis test was applied and for only

two groups, Mann–Whitney test was used. Receiver

operating characteristics (ROC) curves were constructed

to compare the performance and also to set the optimal

cutoff value of AFP and PIVKA-II. Sensitivity, specific-

ity, positive predictive value, negative predictive value,

and diagnostic accuracy of both markers alone as well as

in different combination for the diagnosis of HCC were

calculated. The combination of AFP and PIVKA-II was

considered in two ways: if both AFP and PIVKA-II have

values more than the cutoff and if either of the two (APF

or PIVKA-II) has value greater than the cutoff. The

relationship between different variables like AFP, PIV-

KA-II, and tumor size was analyzed by Spearman Rho

correlation method. Variables that were significantly dif-

ferent between groups at univariate analysis were further

analyzed by multivariate analysis. In addition, multivari-

ate regression analysis was used to assess the association

between AST, tumor size, and PIVKA-II. All statistical

analysis was performed by using the SPSS 15.0 version.

Differences and correlations were considered statistically

significant at P \ 0.05. VassarStats: Web Site for Statis-

tical Computation was used for calculating the 95%

confidence interval of sensitivity and specificity of AFP

and PIVKA-II.

Results

Of the 70 HCC patients [mean age of 58.84 ± 11.23 (SD)

years], 62 were males and 8 females. Twenty-four (34.2%)

were HBsAg positive and 19 (27.1%) antiHCV positive.

However, 6 (non HBsAg, non antiHCV) patients were

found to be positive for antiHBc taking the total positivity

for HBV associated HCC to 30 (42.8%) patients.

Remaining 21 (30%) HCC patients were negative for all

the viral markers. Cirrhosis was present in 70% of our HCC

patients.

Tumor was single in 21 (30%) and multiple in 49 (70%)

patients. The size of the tumor was found to be\3 cm in 9

(12.86%), 3–5 cm in 11 (15.71%), 5–6.5 cm in 8 (11.43%)

and as many as 42 (60%) had a tumor size of [6.5 cm.

Portal vein was thrombosed in 55.7% of HCC cases

(Table 1).

Out of 38 patients with cirrhosis (mean age: 47.92 ±

11.34; M:F—26:12), 16 were HBsAg positive, 15 antiHCV

positive and 3 antiHBc positive whereas remaining 3 patients

were negative for HBsAg, antiHCV and antiHBc. CT-Scan

was done in all these patients to rule out HCC.

Chronic hepatitis (mean age: 35.93 ± 10.24; M:F—

27:3) patients included 15 positive for HBsAg and 15

positive for antiHCV antibody). All our controls (mean

age: 46.70 ± 10.24; M:F—21:9) had a normal biochem-

istry and were negative for HBsAg, AntiHCV and antiHBc.

ELISA for PIVKA-II and AFP

The mean plasma concentration of PIVKA-II in HCC,

cirrhosis, chronic hepatitis and healthy volunteers was

101.07 ± 78.30 ng/ml, 2.45 ± 4.25 ng/ml, 1.50 ± 0.98

ng/ml and 0.79 ± 0.758 ng/ml, respectively (Table 2 and

Fig. 1). The mean serum levels of AFP in these groups

were 2347.97 ± 7185.56 ng/ml, 28.25 ± 4.58 ng/ml,

7.84 ± 1.43 ng/ml and 2.45 ± 0.448 ng/ml, respectively

(Table 2).

The ROC curve was plotted to identify cutoff values that

would best distinguish HCC from other chronic liver dis-

eases (Fig. 2). The optimal cutoff values for PIVKA-II and

AFP were 6.98 and 11.88 ng/ml, respectively. These values

yielded a sensitivity and specificity for PIVKA-II of 81.4

and 95.9% and for AFP of 77.1 and 82.7%, respectively.

The AUROC indicated a better sensitivity and specificity

for PIVKA-II than AFP for differentiating HCC from other

groups (0.881 vs. 0.856, P = 0.0001). The optimal values

for PIVKA-II and AFP in differentiating patients with HCC

from those with cirrhosis were 9.20 and 13.02 ng/ml,

respectively (Fig. 3). These values gave a sensitivity of

80% (95% CI; 0.68–0.88) and specificity of 92.1% (95%

CI; 0.77–0.97) for PIVKA-II while for AFP it was 72.9%

(95% CI; 0.60–0.82) and 65.8% (95% CI; 0.48–0.79),

respectively. The AUROC indicated a better sensitivity and

specificity for PIVKA-II than AFP for differentiating HCC

Table 1 Radiological profile (based on ultrasound/CT-scan/MRI

findings) of HCC patients

n (%)

Cirrhosis

Present 49 (70)

Absent 21 (30)

Portal vein thrombosis 39 (55.7)

Localization (n = 70)

Right lobe 25 (35.71)

Left lobe 7 (10)

Both lobes 38 (54.24)

Tumor number

Single 21 (30)

Multiple (C2) 49 (70)

Tumor size (n = 70)

\3 cm 9 (12.86)

3–5 cm 11 (15.71)

5–6.5 cm 8 (11.43)

[6.5 42 (60)
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from cirrhosis (0.87 vs. 0.803, P = 0.0001). Table 3 shows

the comparison of sensitivity, specificity, positive predic-

tive value, negative predictive value for both of these

markers and their combination.

The combination showed a sensitivity of 67.1% (95%

CI; 0.54–0.77) and specificity of 94.7% (95% CI; 0.80–

0.99). The combination of these two markers resulted

in an improvement in specificity compared to PIVKA-II

alone, but the sensitivity decreased. A PIVKA-II value

of 9.20 ng/ml had a PPV of 94.9% and NPV of 71.4%,

respectively, for differentiating HCC from the cirrhosis,

whereas the corresponding values for AFP at the level ofT
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Fig. 1 Scatter plot showing the mean plasma levels of PIVKA-II in

different groups

Fig. 2 ROC curves comparing PIVKA-II and AFP in patients with

HCC versus those with non-HCC patients. The curves show the

optimal cutoff value for PIVKA-II of 6.98 ng/ml and for AFP of

11.88 ng/ml
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13.02 ng/ml were 79.7 and 56.8%, respectively. Univariate

analysis identified albumin (P = 0.039), AST (P = 0.001),

and tumor size (P = 0.0001) (Fig. 4) as variables that had

a significant correlation with PIVKA-II. In multivariate

analysis, AST and tumor size were the variables that sig-

nificantly showed correlation with PIVKA-II values

(P = 0.014; 0.031). Locoregional therapies like RFA and

TACE were done only in 32 (44.3%) of HCC patients,

whereas resection was done in 4 (5.7%) HCC patients.

Other patients with advanced liver disease were either

given systematic therapy or anti-angiogenic drugs.

Discussion

AFP and ultrasonography have most commonly been used

for HCC screening and diagnosis [24]. However, many

studies have already shown that AFP has a poor sensitivity

and specificity for HCC and the likelihood of the disease

being present is different at different concentrations of AFP

(e.g., HCC is more likely if the AFP is 200 ng/ml than if it

is 5 ng/ml). Therefore, the optimal diagnostic cutoff having

a higher sensitivity, specificity and positive and negative

predictive values has to be determined. The other most

widely used tool for HCC diagnosis is ultrasonography.

Although, many improvements in ultrasound techniques

including contrast-enhanced ultrasound are available or

under development, a major drawback of using ultrasound

as a screening tool, is its high operator dependence [25,

26]. PIVKA-II is another serological test used to diagnose

HCC.

For the first time in 1984 Leibman et al. [27] reported

PIVKA-II levels to be significantly elevated in HCC

patients in contrast to undetectable levels in normal healthy

volunteers. The clinical usefulness of PIVKA-II in the

detection of HCC has been demonstrated in many studies.

Nevertheless, it is still controversial as to whether AFP is

superior to PIVKA-II [28–30]. In a recent Japanese study,

the performance of PIVKA-II was rather lower than AFP;

the AUROC of each marker was 0.812 and 0.887,

respectively (P \ 0.0001) [31]. On the other hand, in a

Western study PIVKA-II showed higher sensitivity and

specificity compared to AFP and AFP-L3, irrespective of

Fig. 3 ROC curves comparing PIVKA-II and AFP in patients with

HCC versus those with cirrhosis. The curves show the optimal cutoff

value for PIVKA-II of 9.20 ng/ml and for AFP of 13.02 ng/ml

Table 3 PIVKA-II versus AFP in differentiation of patients with HCC from cirrhosis

Variables TP FP TN FN Sensitivity

[%(95% CI)]

Specificity

[%(95% CI)]

PPV (%) NPV (%) Diagnostic

accuracy (%)

PIVKA-II 56 14 35 3 80.0 (0.68–0.88) 92.1 (0.77–0.97) 94.9 71.4 84.2

AFP 51 19 25 13 72.8 (0.60–0.82) 65.8 (0.48–0.79) 79.7 56.8 70.4

AFP/PIVKA-II 64 6 24 14 91.4 (0.81–0.96) 63.1 (0.45–0.77) 82.0 63.1 81.1

PIVKA-II ? AFP 47 23 36 2 67.1 (0.54–0.77) 94.7 (0.80–0.99) 95.9 61.0 76.8

TP true positive, FP false positive, TN true negative, FN false negative, PPV positive predictive value, NPV negative predictive value

Fig. 4 Box plot showing the relation between the PIVKA-II levels

and tumor size

Hepatol Int (2010) 4:569–576 573
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tumor size [31]. Based on our results, the ROC curves

indicated a higher sensitivity and specificity for PIVKA-II

than AFP in differentiating HCC from other chronic liver

diseases in the Indian population. Such different results

might be related to a difference in etiologies of underlying

liver disease and the ethnicity of the population studies.

There are two different kits commonly used for esti-

mation of PIVKA-II. One gives the PIVKA-II value in

mAU/ml (Eisai, Japan) and other gives value in ng/ml

(Diagnostica Stago, France). Different cutoff values have

been proposed by different authors in different ethnic

populations. A recent report by Tanaka et al. [18] estimated

the serum PIVKA-II concentration (mAU/ml) in patients

with HCC, cirrhosis, chronic hepatitis and normal controls

and took the cutoff as 40 mAU/ml for PIVKA-II; they

reported a significantly higher PIVKA-II concentration in

HCC (5420.3 ± 3960.0 mAu/ml) when compared to patients

with cirrhosis (26.3 ± 7.2 mAu/ml), chronic hepatitis

(16.1 ± 2.0 mAU/ml) and normal controls (15.7 ± 1.1

mAu/ml). Another study by Marrero et al. [32] compared

the PIVKA-II and AFP levels in an American cohort, and

used 63 mAU/ml as a cutoff for PIVKA-II and found

elevated levels in 3 (5%), 9 (17%), and 50 (90%) subjects

with chronic hepatitis, cirrhosis and HCC, respectively.

Lamerz et al. [33] in 1999 used the two commercially

available PIVKA-II kits simultaneously (Stago and Eisai)

for discriminating the benign group from malignant group

and found significantly elevated levels of PIVKA-II in

malignant group by both kits. A recent study by Beale et al.

[20] has compared the PIVKA-II levels in HCC and cir-

rhotic patients, and claimed a higher median PIVKA-II

levels in HCC (42.74 ng/ml) when compared with cirrhosis

(7.8 ng/ml). Similar results have been shown by Grosley

et al. [34]. Our results are no different from the above

studies. Based on the ROC, we propose a cutoff of 9.20 ng/

ml for the diagnosis of HCC and its distinction from cir-

rhosis and chronic hepatitis. At this level, the sensitivity is

80% and specificity is 92.1%. Although PIVKA-II is highly

specific for HCC, it is not quite sensitive enough for the

diagnosis of small HCC [35, 36]. Therefore, PIVKA-II is

not currently used for surveillance of HCC. Similar results

were found in our study. We categorized HCC patients on

the basis of their tumor size and found 59.74 ± 67.36,

70.28 ± 74.87, 77.20 ± 45.95 and 120.45 ± 80.89 PIV-

KA-II levels (ng/ml) in patients with tumor size \3 cm,

3–5 cm, 5–6.5 cm and [6.5 cm, respectively.

Comparison of the clinicopathological variables with

PIVKA-II levels by multivariate analysis revealed that

AST and tumor size were two factors that independently

affected the PIVKA-II levels. A higher AST-to-ALT ratio

has been reported in patients with HCC compared with

cirrhosis, likely due to an increase in cytosolic AST [37, 38].

A larger tumor size is also known to be associated with the

elevated PIVKA-II levels [39, 40]. Our results also suggest

that PIVKA-II was closely related to tumor size in com-

parison to AFP.

PIVKA-II also has been reported to predict the pro-

gression of HCC patients as those with higher PIVKA-II

levels had a significantly higher frequency of intrahepatic

metastasis, portal or hepatic vein tumor thrombosis and

capsular infiltration [41, 42]. In our study, however, we did

not find any relationship between the portal vein invasion

and PIVKA-II levels.

Some studies have shown that the PIVKA-II and AFP

levels are associated with the etiology of the liver disease

[27, 43, 44]. Collier et al. [39] in a study has shown that the

performance of AFP for HCC may be dependent on the

cause of underlying liver disease. Moreover, Ohhira et al.

[44] found higher PIVKA-II levels in alcohol-induced liver

disease when compared with that of chronic viral hepatitis.

In our study, we could not find any such relationship

between the etiologies of HCC, supporting the results of

Liebman et al. [27] who also did not show any correlation

between the etiologies.

Multicentric studies involving large number of subjects

with chronic hepatitis and cirrhosis are indicated to induct

PIVKA-II as a necessary investigation for the diagnosis of

HCC.
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