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ABSTRACT

Background and Objective: Protein induced by vitamin K absence Il (PIVKA-II) is an upcoming and promising new biological marker cited
as having a definitive role in the early detection and diagnosis of hepatocellular carcinoma (HCC). Preliminary research shows PIVKA-II
reference intervals (RIs) in serum to have substantial racial disparities globally. Hence, this study aimed to determine the Rls and cut-off
value of the serum PIVKA-II for the first time in healthy and patients with HCC in Pakistan.

Methods: This cross-sectional study comprised 240 participants (120 diagnosed cases of HCC and 120 healthy individuals) registered at
the Department of Chemical Pathology and Immunology, Chughtai Institute of Pathology, Lahore, Pakistan. The PIVKA-II serum level was
analyzed using the Chemistry Analyzer through chemiluminescent micro-particle immunoassay. The Rl was subsequently established using
the percentile method.

Results: In healthy Pakistani adults, the 95% RI for PIVKA-Il was 15.55-43.03 mAU/ml, and the cut-off was 148.81 mAU/ml in HCC cases. The
male participants, exhibited higher PIVKA-II levels than the females (p < 0.002). There were no significant differences in the serum levels
of PIVKA-II with respect to age however variations were observed with respect to gender.

Conclusion: Determination of the Rl for serum PIVKA-II in healthy adult Pakistani individuals and a cut-off for HCC diagnosis emphasizes
the growing need to establish and verify Rls of analytes at a larger scale in our population. Ideally all clinical laboratories should establish

their own Rls.
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Introduction

Reference intervals (RlIs) allow physicians to make prompt
and accurate diagnosis and also interpret laboratory
findings during the course of disease with a certain level of
confidence.?

These are crucial for patients’ physiological evaluation,
for making a diagnosis or therapeutic management decisions
and for monitoring their prognosis. 13

There is a growing need to establish and verify Rls of
analytes in different populations, owing to different racial
and ethnic groups and diverse analytical methodologies
used in different laboratories for a single biomarker. Ideally,
all clinical laboratories should establish their own Rls. #®
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It is recommended to establish Rls using standard
procedure as outlined by Clinical Laboratory and Standards
Institute recommendations. &7

Globally hepatocellular carcinoma (HCC) is the commonest
primary malignant neoplasm of the liver and is responsible
for significant cancer-mortality. It’s estimated to be the fourth
most common etiology of all cancer associated mortality,
the first three being lung, colorectal, and stomach cancer,
respectively. & Pakistan has an alarmingly high prevalence
rate (3.7%-16%), there is a significant male preponderance
similar to the global pattern with the female-to-male ratio at
10:36. ° In Pakistan, cirrhosis is the leading cause of HCC; the
etiology of the majority (87%) of cases of hepatic cirrhosis
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can be attributed to viral hepatitis; out of which Hepatitis C
contributes 68% and Hepatitis B contributes 22% of cases.
0 Due to a paucity of reliable and advanced diagnostic
radiology facilities in most of the rural areas in Pakistan with
high burden of disease, majority of the cases are detected
at a terminal phase of the disease. Unfortunately, less than
1% of the patients in Pakistan present to hospitals when the
tumors are surgically resectable. ** Screening for HCC usually
comprises of two modalities; radiological examination (such
as ultrasound, computerized tomography, and magnetic
resonance imaging), and biochemical markers such as
alpha-fetoprotein (AFP), both of which are recommended
at 6-month intervals in patients with cirrhosis. 2 Protein
induced by vitamin K absence-Il (PIVKA 1l) is a promising
new biomarker for early detection of HCC and could have a
greater role in screening for HCC especially in Pakistan.

PIVKA-II also known by different names like Dicumarol-
induced (vitamin K antagonist) prothrombin, or atypical
prothrombin,  Hepatoma-associated abnormal (des-
y-carboxy) prothrombin, des-y-carboxyprothrombin,
abnormal prothrombin, isoprothrombin, and dicumarolized
prothrombin, is an abnormal variant of the clotting factor Il or
prothrombin. It is structurally very similar to prothrombin but
has only 4% of the activity of normal purified prothrombin.
In PIVKA-II, some residues (the 10 Glu residues are normally
positioned at 6, 7, 14, 16, 19, 20, 25, 26, 29, and 32 in the
N-terminal domain also called as gamma-Linolenic acid (GLA)
domain) are not gamma carboxylated and hence it does not
have the calcium binding properties necessary for its action.
It was initially discovered in vitamin K deficient patients or
patients taking a vitamin K antagonist like dicumarol. HCC
cells produce large amounts of PIVKA-II instead of normal
prothrombin and hence it is a valuable screening biomarker
for HCC. The association between serum PIVKA Il elevation
and HCC was first reported by Liebman et al. 2

PIVKA-II's diagnostic parameters like specificity and

sensitivity have been proven to be better than AFP which was
previously considered as the biomarker of choice for HCC.
It has increasingly gained importance in the screening and
diagnosis of HCC. 7

Currently, no data is available for the RIs of PIVKA-II levels
in serum in the Pakistani populace, both in health and disease.
According to the literature, 95% reference range shows a
significant ethnic difference between different races e.g., the
Japanese 11.12-32.01 mAU/ml (n = 193) and 17.36-50.90
mAU/ml Italians (European Union) (n = 435). 1% Significant
disparities, hence, between different racial backgrounds
underscores the need to determine and verify Rls for
different populations. This study was, therefore, designed to
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determine the serum PIVKA-II RIs in healthy subjects and cut-
off in cases with HCC in population of Lahore, Pakistan.

Methods

This cross-sectional study was performed at the Department
of Chemical Pathology and Immunology, Chughtai Institute of
Pathology, Lahore, Pakistan. It was carried out from January 14,
2020 to February 14, 2020 after getting an approval from the
Institutional Ethical Review Board vide Letter No. CIP/IRB/1044.
Inclusion criteria for patients with HCC was the patients diagnosed
on biopsy; including both genders, adult age group, any grade,
histological type or TNM stage of HCC. Patients with bleeding
disorders and other debilitating chronic infectious or immune
co-morbid conditions were excluded. Inclusion criteria for healthy
control was subjects with no evidence of disease or family history
of HCC at the time of presentation. Blood samples were collected
from 120 diagnosed cases of HCC and 120 healthy individuals.

About 3 ml of venous blood sample was drawn from each
subject (healthy and HCC cases) to obtain approximately 1.5
ml of serum. The sample was centrifuged at 4,000 revolutions
per minute for 20 minutes. Serum samples that were purely
hemorrhagic, hemolyzed, lipemic or icteric or with only
fibrin or with any debris contamination were excluded and
repeated till satisfactory sample was achieved.

These tests were performed on Chemistry Analyzer
Alinity-l (Abbott) and the reagents used were PIVKA-Il reagent
kit (1R1732). This assay is a chemiluminescent micro-particle
immunoassay technique.

Statistical analysis

Data were processed by Number Cruncher Statistical Systems
(NCSS) software and the Rls and cut-off values for diagnosis
of HCC were established. Mean, median, standard deviation
(SD), and interquartile ranges (IQR) were determined for
healthy subjects and HCC cases. Skewness and Shapiro-Wilk
normality were also applied to both healthy and diseased
subjects (n = 240) using the NCCS software. Rls in healthy
individuals (n = 120) were established by the two-sided
percentile method. The formula for this was given by Horn
et al. *® In our study, the upper and lower limits of the Rls
are defined as 100 (1 - &/2) and 100 (a/2) percentiles of the
sorted data values respectively. The methods for percentile
estimation are listed as follows: Method A: p (n + 1) Method
A, which calculates an index p (n + 1). The data in HCC cases
were not normally distributed so the Rls in diseased (HCC)
cases (n = 120) were calculated by an alternative method.
It is a modified percentile method which involves a Box-
Cox transformation to make the data distribution more
amenable to the formula. The formula for this method is as
given: the lower and upper limits of the Rls are defined as
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RL=x+1t/2, n-1As V1+1/n Ru = X+ t, -a/2, n-1"s V1+1/n,
where X is the sample mean and s is the sample SD. The data
were analyzed using NCSS version 2021 computer software.

Results

Mean age of the 240 subjects was 39.5 + 13.4 years; 165
males and 74 females from Lahore were finally included in
this analysis. The RI of PIVKA-Il was 15.55-43.03 mAU/ml
(95%) in healthy subjects and the cut-off for the diagnosis was
148.810 mAU/ mlin HCC cases. Both of these were calculated
by the percentile method. The Rls were determined by using
the two-sided (2.5th to the 97.5th) percentile range of the
cases in healthy individuals and the one-sided (lower 5th
percentile) cut-off for the diagnosis of HCC cases (Tables 1

and 2 respectively). The distribution of values of serum PIVKA
Il'in healthy adults and HCC cases is shown in Figures 1 and 2.

Discussion

The establishment of a Rl for a biological marker is crucial
for its clinical use in the diagnosis and prognosis of a disease
with critical value as a biomarker during medical decision
making. ¢ Unavailability of gender, age, ethnic, regional, and
methodology specific Rls affect medical decision making and
interventional strategies in healthcare settings. >4 PIVKA-II
is a novel biomarker for the screening and diagnosis of HCC,
but limited information and paucity of formal extended
studies for determination of its Rl in healthy populations
limits its utility.

Table 1. Descriptive statistics of serum PIVKA Il in healthy individuals (n = 120).

Descriptive statistics of PIVKA Il in healthy subjects (n = 120)

Variable Count Mean Median SD IQR Minimum Maximum

PIVKAII 120 28.759 28.665 6.9486 9.860 14.860 43.480

Normality report of PIVKA Il

Variable Mean SD coeffi_cignt Skewness Kurtosis Anders_on darling Shap_iro Wilk
of variation | (normal =0) | (normal =3) | normality p-value normality p-value

PIVKAII 28.759 6.9486 0.2416 0.0852 2.4716 0.7057 0.2119

Quantile report of PIVKA Il

Variable pergtt;;tile perl:(:at:tile peliset:tile pe::Oet:tile penZ:set:tile 90th percentile 95th percentile

PIVKA I 17473 18.750 23.840 28.665 33.700 38.394 41.814

Two-sided 95% percentile Rl of PIVKA Il

2.5% lower reference limit (95% CI) 97.5% upper reference limit (95% CI)

Variable Count Value Variable Count Value

PIVKA I 120 15.554 PIVKA I 120 43.031

Table 2. Statistics for cut-off of diagnostic cut-off for HCC (n = 120).

Descriptive statistics of PIVKA Il in HCC cases (n = 120)

Count Mean Median SD IQR Minimum Maximum

120 8,390.447 4,006.20 8,951.8480 13,491.600 99.230 29,807.800

Normality report of PIVKA Il

Mean sD coeffi_cie_nt of Skewness Kurtosis Anders_on darling S:z’:ri:lca)l‘i’:’yk
variation (normal = 0) (normal = 3) normality p-value p-value

8,390.447 8,951.8480 1.0669 1.0445 2.8894 0.0000 0.0000

Quantile report of PIVKA Il

5th percentile 10th percentile 25th percentile | 50th percentile | 75th percentile 90th percentile 95th percentile

148.810 211.950 942.100 4,006.200 14,433.700 25,808.600 29,073.700

Lower 5% percentile reference limit of PIVKA Il

5% lower reference limit (95% CI)

Variable Count Value Upper Lower

PIVKA I 120 148.810 99.230 211.950
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Figure 1. Scattering of serum PIVKA Il values in healthy individuals (n = 120).
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120).

Other studies have calculated the RI in different
populations: Europeans (17.36-50.90 mAU/ml), Chinese
(13.62-40.38 mAU/ml) and Japanese (11.12-32.01 mAU/ml).
This shows that there are ethnic differences and that every
country should establish their own Rls considering different
ethnic groups within each population.

Different studies have determined cut-off for diagnosis of
HCC. A recent study from India calculated it as 250 mAU/I
20 while a Korean study calculated it as 271.8 mAU/| 2! using
receiver operating curve (ROC) curve analysis. Another study
from Italy calculated it using mean +3 SD of PIVKA Il levels in
healthy population as 70 mAU/I. 22

Our study will add to the library of Rls in our local
population. This data will facilitate further studies in Pakistani
population.
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Conclusion

Population-specific RIs are crucial for accurate detection
of disease and decisions regarding patients’ treatment.
Additional extended, large-scale, multicenter clinical studies
for the determination of Rls of all analytes in population from
different provinces of Pakistan are recommended to add-on
to our findings.

Limitations of the study

There are some limitations in our study. First, all of our samples were
collected from Lahore therefore it is not a good representation of all
major ethnic populations of Pakistan, as our sample group included
mostly Punjabis. Further experiments are warranted to determine
the suitable Rl in other racial sub-populations like Pakhtoon, Baloch,
Sindhi, Kashmiri, Gilgiti and Urdu-speaking etc.
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Additionally, as this is a cross-sectional analysis, it is not possible
to determine whether there is any chronological change in PIVKA-II
levels in subjects over certain time duration.

Furthermore, we chose diagnosed cases of HCC based on CT scans
and biopsy findings, so we couldn’t use ROC analysis for determining
cut-off for diagnosis; instead, we calculated our cut-off using the
percentile method.
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