
Abstract. Aim: The aim of this study was to evaluate the
clinical contribution of protein induced by vitamin K absence
(PIVKA-II) for hepatocellular carcinoma (HCC) diagnostics
and compare it with alpha-foetoprotein (AFP), a routinely
used tumour marker. Materials and Methods: A total of 332
participants were enrolled in this study: 64 with HCC, 48 with
liver metastases of colorectal cancer origin, 42 with liver
cirrhosis and 178 healthy individuals. Serum levels of PIVKA-
II were measured using the chemiluminescent assay of the
Architect 1000i System (Abbott, USA) and AFP levels using
the chemiluminescent assay by DxI 800 (Beckman Coulter,
USA). Results: PIVKA-II achieved better clinical sensitivity
than AFP and the difference in this sensitivity was statistically
significant. PIVKA-II achieved the best sensitivity (96.9%) in
distinguishing between the HCC and control groups with the
proposed cut-off value of 60 mAU/ml. Conclusion: Our
recommendation is for addition of PIVKA-II to the routine
panel of HCC tumour markers.

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide. Its survival rate does not exceed 15% (1).
It is one of the leading causes of cancer-related deaths
worldwide (2). The prevalence rates differ based on
ethnicity. Higher rates are observed in Asian countries. It
represents the second most common malignancy in China,
but its incidence rate has been increasing in the more

developed countries during the past few decades. Its
mortality is almost equal to its morbidity (3). Carcinogenesis
of HCC is multifactorial and includes previous infection with
hepatitis B or C viruses (HBV, HCV), aflatoxin B or alcohol
consumption resulting in liver cirrhosis (4). New cancer
sometimes develops with no previous link to the above-
mentioned agents, sometimes non-alcoholic steatohepatitis
in diabetic patients has been associated with liver cancer (5).

Serum alpha-foetoprotein (AFP) has been routinely used as
a tumour biomarker for HCC detection and for monitoring the
disease course. But it has not yet become an optimal biomarker
for diagnostic purposes. Therefore, there is great interest in
identifying and proposing new biomarkers to this end. 

Protein induced by vitamin K absence (PIVKA-II), also
known as des-gamma-carboxyprothrombin, has been
described in relation to HCC (6). It is released in association
with vitamin K deficiency and in the presence of HCC (7).

The aim of this pilot study was to evaluate the clinical
contribution of PIVKA-II as a new biomarker for HCC
diagnostics and compare it with the importance of AFP, a
tumour marker routinely used in clinical practice.

Materials and Methods
Groups of patients. A total 332 participants were enrolled in this
study. Exclusion criteria were the following: haemocoagulatory
disorders, vitamin K uptake disorders, intake of vitamin K blocking
agents, second cancer, acute inflammatory disease, renal and liver
failure. The major cancer group with HCC included 64 patients. All
clinical stages were included, but advanced stages were more
frequent as shown in Table I. The second group comprised 48
patients with liver metastases of colorectal cancer origin. The third
group of patients with benign liver diseases included 42 patients
with liver cirrhosis resulting mostly from previous alcohol intake.
The control group consisted of 178 healthy individuals who
underwent a complete medical examination at the Department of
Preventive Cardiology; at the time of blood collection, there was no
evidence of any cancer or inflammatory disease. The list of the
patient groups with age characteristics is shown in Table I.
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Serum samples. Serum samples were collected at the time of the
diagnosis prior to any kind of therapy.  Samples of peripheral
venous blood were collected using the VACUETTE blood collection
system (Greiner Bio-one Company, Kremsmünster, Austria). Serum
was separated by 10-min centrifugation at 1,300 × g and
immediately frozen to −80˚C. Samples were thawed only once,
immediately prior to analyses.

Methods used. Serum levels of PIVKA-II were measured using the
chemiluminescent assay of the Architect 1000i System (Abbott,
Libertyville, IL, USA) with limits of detection and quantification of
1.45 and 5.06 mAU/ml, respectively; serum levels of AFP were
measured using the chemiluminescent assay of the DxI 800
(Beckman Coulter, Brea, CA, USA) with limits of detection and
quantification of 0.41 and 1.65 IU/ml, respectively. Other laboratory
tests were performed in order to rule out the presence of clinical
conditions that may affect the serum level of the measured
parameters (i.e. serious renal or liver failure, inflammation).

Statistical methods. Statistical analysis was performed using S.A.S.
software (Statistical Analysis Software release 9.2; SAS Institute
Inc., Carry, NC, USA). Basic descriptive statistic parameters are
presented (median, minimum and maximum). Cut-off values were
calculated at a 95% level of specificity. The Wilcoxon two-sample
test was used for comparison of individual parameters and a p-value
of less than 0.05 indicated statistical significance.

Results

Measured results of PIVKA-II and AFP are shown in Table
II. Both biomarkers were found at the highest serum levels
in the group of patients with HCC and the lowest levels were
found in the control group. The optimal cut-off values at
95% specificity are shown in Table III for both biomarkers.
Individual cut-off values were established for each assessed
group. In general, PIVKA-II achieved much better clinical
sensitivity than AFP and the difference in this sensitivity was
statistically significant in all comparisons. The PIVKA-II
sensitivity varied over the range 89.1-96.9%. PIVKA-II
achieved the best sensitivity (96.9%) when distinguishing
between the HCC and control groups with the proposed cut-
off value of 60 mAU/ml. The AFP sensitivity varied over the
range 34.3-50.0%. AFP achieved the best sensitivity (50.0%)
in distinguishing between the HCC group and the group with
metastatic colorectal cancer with the proposed cut-off value
of 6 IU/ml. 

Discussion

PIVKA-II was first described as a new biomarker in 1996 and
has been used since the beginning of the 21st century. This
pilot study represents the first study conducted in the Czech
Republic related to PIVKA-II, which reflects the low
incidence rate of this cancer type both in the Czech Republic
and Europe as a whole. Hence studies related to this
biomarker are very rare. Only few articles were published in

Europe between the years 2015-2018 (8-12). Our own results
correspond very well with French (2, 8) and Italian study
results (11). The authors similarly describe that sensitivity and
specificity of PIVKA-II achieved very high values and were
significantly higher than those for AFP. A completely different
situation is described in Asian populations. Some Asian
authors present either higher sensitivity and specificity of AFP
or very similar sensitivity and specificity. These authors
recommend PIVKA-II only for the optimization of early
diagnostic processes. The difference between European and
Asian populations might reflect a different etiopathogenesis of
liver cancer. In the Asian population, it seems that viral
hepatitis B or C is the dominant risk factor (13, 14), but the
European population mostly develops liver cancer from
steatohepatitis of various origins (alcohol, metabolic
syndrome, etc.) (15). 

In our pilot study, we observed that serum PIVKA-II levels
of the HCC group were significantly higher than the levels of
the control group, the group with benign liver disease and the
metastatic colorectal carcinoma group. Serum levels of patients
with benign liver disease were significantly lower than those
of patients with HCC (Table III). These results are consistent
with the published studies (16, 17). Our data show even higher
sensitivity and specificity compared to the previously published
data (18). Serum levels of PIVKA-II in the group of patients
with metastatic colorectal carcinoma was very close to those
of the control group. AFP achieved a maximum level of 
6 IU/ml, and if used together with PIVKA-II, and potentially
with some type of biomarker like cytokeratin, it would enable
either confirmation or exclusion of the metastatic origin of liver
tumour. We should also note that in our study the median AFP
level in HCC was lower than that in benign liver diseases.
Based on these facts, we assume that PIVKA-II might be used
for primary diagnosis of HCC, as well as for differential
diagnosis of liver metastasis. Early diagnoses are very
important nowadays when advanced surgery techniques have
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Table I. Groups of participants included in this study.

Group                                                            Number of       Median age 
                                                                      individuals        (min-max), 
                                                                                                     years

Hepatocellular carcinoma                            64                     68.5 (31-83)
   Stage I                                                         6 (9.4%)                    
   Stage II                                                      13 (20.3%)                 
   Stage III                                                     17 (26.6%)                 
   Stage IV                                                    28 (43.8%)                 
Metastatic colorectal carcinoma                  48                     62.5 (34-78)
Benign liver disease – liver cirrhosis          42                     61.5 (34-80)
Control group of healthy individual          178                     60.0 (24-86)
Total                                                            332                               



been introduced into routine practice (19-21). The results of
our study of PIVKA-II suggest that using this new biomarker
could provide information on the likelihood of cancer with a
high probability. Subsequent costly imaging methods would
further provide information on the tumour site and the extent
of disease prior to surgery. 

Based on our results, we can conclude that neither of the
biomarkers fulfils the necessary criteria for use in screening,
but the high sensitivity and specificity of PIVKA-II might
be of use as an additional tool for primary diagnostics of
HCC. We can see further potential in the differential
diagnostics between HCC and other benign liver diseases, as
well as in the differential diagnostics between primary HCC
and liver metastasis, although the mechanism of PIVKA-II
production in HCC and other cancer types remains unclear. 

This pilot study will continue by focusing on the early
stages (I and II) of HCC in order to evaluate its potential use
in early HCC detection. Correlation between the serum levels
of biomarkers and histological findings will be also evaluated.
Our next research will also focus on correlations between
PIVKA-II and findings by imaging methods (e.g. ultrasound,
positron emission tomography - computed tomography).

In conclusion, the newly-tested PIVKA-II achieved better
sensitivity in our pilot study than AFP, traditionally used a
marker of HCC. Our recommendation is to add PIVKA-II to
the routine panel of HCC tumour markers.
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Table II. Summary of the results for individual groups.

                                                                           N                                  PIVKA-II (mAU/ml)                                                    AFP (IU/ml)

Group                                                                                     Median                  Min.                  Max.                  Median                Min.                 Max.

Hepatocellular carcinoma                                64                  7,727                   23.23               300,000                  6.50                   1.00               118,140
Metastatic colorectal carcinoma                      48                  33.75                   12.51                325.50                   2.00                   1.00                  6.00
Benign liver disease                                         42                 121.17                  20.07                563.00                   8.50                   1.00                 25.00
Control group                                                  178                 30.09                    8.15                  88.50                    3.00                   1.00                 10.00

PIVKA-II: Protein induced by vitamin K absence; AFP: alpha-foetoprotein.

Table III. Optimal cut-off for biomarkers at 95% specificity.

Distinction between                                                                     PIVKA-II                                                         AFP                                       p-Value*

                                                                          Cut-off (mAU/ml)        Sensitivity (%)        Cut-off (IU/ml)            Sensitivity (%)                     

HCC vs. control group                                                   60                              96.9                           14                                 37.5                       <0.0001
HCC vs. metastatic colorectal carcinoma                   130                              95.3                             6                                 50.0                       <0.0237
HCC vs. benign liver disease                                      250                              89.1                           21                                 34.4                       <0.0001
HCC vs. all groups                                                       290                              93.8                           15                                 34.3                       <0.0001

HCC: Hepatocellular carcinoma; PIVKA-II: protein induced by vitamin K absence; AFP: alpha-foetoprotein. *Wilcoxon test.
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