Evaluation of Diagnostic Utility of Protein Induced by Vitamin
K Absence—II (PIVKA-II) in Hepatocellular Carcinoma

Siraj A Khan?, Bhavya Sirivelu?, KSS Saibaba3, NN Sridevi*, Krishnamohan lyyapu®

ABSTRACT

Cancer is one of the leading causes of death in both economically developed and developing countries. Among all the cancers,
hepatocellular carcinoma (HCC) was a significant contributor being the fifth most prevalent and third leading global cause of deaths
related to cancer. The most common biomarker use in its detection is Alpha-fetoprotein (AFP), but it has low sensitivity and specificity.
Many other biomarkers have been evaluated for HCC detection, of which Protein Induced by Vitamin K Absence-II (PIVKA-II) is one, that
showed elevated levels in these patients. So, we tried to evaluate the role of PIVKA-Il in diagnosing HCC and its usefulness in differentiating
HCC and Hepatic Cirrhosis (HC).

The study group consisted of 70 patients with liver disease- 35 with HCC, 35 with cirrhosis; and 20 healthy study subjects who were age
and gender matched. All patients and healthy subjects were evaluated for serum levels of both PIVKA-Il and AFP.

The median serum concentration of PIVKA-Il in HCC, HC patients and healthy subjects were found to be 40.37 (23.3-79.38) ng/mL, 2.33
(1.03-3.72) ng/mL and 2.27 (0.12-12.87) ng/mL, respectively. To assess diagnostic utility, Receiver operating characteristic (ROC) curves
plotted for both PIVKA-Il and AFP. At a cut-off level of 6.715 ng/mL, PIVKA-II showed 85.71% sensitivity and 95.0% specificity, whereas AFP
at a cut-off level of 11.8 ng/mL showed 77.14% sensitivity and 95% specificity. When both combined, their sensitivity increased to 94.29%.
Also, there was a positive correlation of PIVKA-II levels with tumor size (p = 0.043), while no such significant association was found with AFP.

Therefore, our study concludes that PIVKA-Il is more sensitive than AFP in diagnosing HCC and differentiating it from Hepatic Cirrhosis; and
when both combined, the sensitivity increased. Also, the positive correlation of Tumour size with PIVKA-II levels indicates that it may be useful
in monitoring patients for progression of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) belongs to the group of epithelial
cancers and is the most common primary liver cancer. It is one
of the major contributors to cancer burden worldwide.! While
the prevalence is high, distribution is highly variable due to the
differential prevalence of etiological factors in various geographic
areas. Its prevalence in India varies from 0.2-1.6%,%* the most
significant risk factors being chronic infections with HBV, HCV,
and cirrhosis.

Physicians monitor the individuals at risk for HCC with serial
hepatobiliary ultrasounds, CT scans, and serial measurements of
serum alpha feto-protein (AFP).

AFP is an oncofetal glycoprotein that frequently reappears
in HCC. But, slightly elevated levels of it are also seen in patients
with chronic hepatitis and hepatic cirrhosis (HC),* decreasing its
specificity for HCC. Also, not all HCC patients express high levels of
AFP, thus showing a low sensitivity for HCC detection.

As hepatic cirrhosis is an important pre-malignant lesion of HCC,
a more specific and sensitive marker is needed for early detection
of HCC, for differentiating it from premalignant lesions and for
monitoring these patients. Another such marker that was seen
elevated in HCC patients is Protein Induced by vitamin K Absence
or Antagonist-II (PIVKA-11).>8

Aims AND OBJECTIVES

The aim of the study is to evaluate the role of PIVKA-II in the
diagnosis of HCC and to evaluate its usefulness in distinguishing
Hepatic Cirrhosis from HCC.
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MATERIALS AND METHODS

Patients

This study was conducted after obtaining Institutional Ethics
Committee approval. It was a cross-sectional study that included
a total of 70 patients diagnosed with liver disease (35 HCC and
35 hepatic cirrhosis cases) who attended outpatient facility in
Department of Medical Gastroenterology from March 2017 to
August 2017 at Nizam's Institute of Medical Sciences, Hyderabad,
India. They were compared with 20 age and gender-matched
healthy volunteers. All patients were naive to treatment and did not
receive antiviral therapy for hepatitis B or C viral infection, neither
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underwent HCC-directed therapies like TACE, PEl, nor resection
before inclusion into the study.

Inclusion Criteria

- Diagnosis of HCC was confirmed by histological confirmation
or by imaging studies with findings typical of HCC, like a
high-density mass in the arterial phase in dynamic computed
tomography (CT) or magnetic resonance imaging (MRI).

«Cirrhosis of liver was diagnosed based on clinical, biochemical
and radiological evidence suggestive of cirrhosis.

Exclusion Criteria

« Patients with viral infections other than HBV and HCV, metastatic
hepatic tumors, malignancies other than HCC, pregnancy and
those on warfarin treatment were excluded from the study.

Sample Collection

After taking informed consent from the study population, blood was
collected from each patient and healthy volunteersin serum and plasma
tubes, centrifuged, serum and plasma separated. Serum was analyzed for
liver function tests—AST(IFCC Kinetic UV Assay without P5P),° ALT (IFCC
Kinetic UV Assay without P5P),'® ALP (PNPP method),"" Bilirubin (DPD
method),">"™ Total protein (Biuret method),'* Albumin (BCG method),”>'®
on Cobas C501 (Roche Diagnostic India Pvt Ltd) and AFP was analyzed
(Chemiluminescence Immunoassay) on Advia Centaur (Siemen’s
Diagnostics Pvt Ltd.). Plasma was analyzed for Prothrombin Time (PT)
and INR on Elite Pro (IL). Serum aliquoted and stored at —20°C, and later
analyzed for PIVKA-II using ELISA kit (Sandwich) from Elabscience Ltd.
(Human APT ELISA Kit, Catalog No: E-EL H0485, 96T)

All the patient groups were screened for HBV and HCV positivity.
Patients negative for HBV, HCV were labeled as Non-HepB Non-
HepC.

Imaging

« USGand CT or MRl were done for all patients with HCC to study
tumor characteristics like size, number, and associated portal
vein invasion.

«  USG was performed for all Cirrhosis patients to rule out the
presence of liver tumors.

Statistical Analysis

Statistical analysis is done using MedCalc 17.1 software.
Normality of data checked using the Shapiro-Wilk test. Normal

data is expressed in terms of mean and standard deviation, while

Skewed data is expressed as median and interquartile range. Normal

Table 1: Demographic and Etiological data of study population

Cirrhosis Controls
HCC (n=35) (n=35) (n=20)
Mean + SD Mean + SD Mean + SD
Parameter n (%) n (%) n (%)
Age 52.35+10.9 52.26+12.28 48.2+10.3
Gender 25 M (71.4%) 20 M (88.67%) 14 M (70%)
10 F (28.6%) 9F (11.4%) 6 F (30%)
HBV Positive 13 (37.1%) 13 (37.1%) -
HCV Positive 11(31.4%) 10 (28.6%) -
BothHBVand 2 (8.7%) - -
HCV Positive
NonB,NonC  8(22.8%) 12 (34028%) 20 (100%)

Data of three groups compared using ANOVA and skewed data
compared using the Kruskal-Wallis test.

Receiver operating characteristics (ROC) curves were constructed
for both the biomarkers, and the AUROCs were analyzed to compare
their performance and also to set optimal cut-off values. Sensitivity,
specificity, negative predictive value (NPV), positive predictive value
(PPV), and diagnostic accuracy of both the markers for diagnosing
HCC were assessed. The association between different variables
like AFP, PIVKA-II, and tumor size was analyzed using Pearson’s or
Spearman Rho Correlation according to the data distribution.

Results were considered statistically significant at p <0.05.

REsuLTs

Out of 35 HCC patients with mean age 52.5 £10.9 years (M:F =
25:10), 13 (37.1%) were HBV positive and 11 (31.4%) were positive for
HCV, 2 of them were positive for both HBV and HCV and 8 (22.8%)
negative for both the viral markers. The results are presented in
Table 1. Tumor was single in 32 (31.4%) patients and multiple in
3 (8.6%) patients.

The size of the tumour was found to be<3 cm in 10 (28.6%),
3-5cmin 8 (22.8%), >5 cm in 17 (48.6%) patients respectively. The
portal vein was thrombosed in 62.8% (n = 22) of cases with HCC.

Of the 35 patients with cirrhosis, mean age was 52.26 + 12.28
years, (M:F-26:9), 13 were HBV positive, 10 were HCV positive and
12 patients negative for both HBV and HCV. All these patients had
undergone CT scan, to rule out the presence of any tumors in the
liver. The results are presented in Table 2.

All controls with mean age 48.2 + 10.3 years (M: F—14:6) were
negative for HBV and HCV.

PIVKA-Il and AFP

The median serum PIVKA-II levels in HCC, hepatic cirrhosis, and
healthy subjects was 40.37 (IQR: 23.3-79.38) ng/ml; 2.33 (1.03-3.72)
ng/mL and 1.27 (0.12-3.4) ng/mL respectively. (Graph 1).

Table 2: Radiological profile (based on ultrasound/CT-scan/
MRI findings) of HCC patients

Tumor characteristic n (%)

Portal vein thrombosis (n = 35)
Present
Absent

22(62.85%)
13 (37.14%)

Localization (n = 35)

Right lobe 18 (51.4%)
Left lobe 11 (31.4%)
Both lobes 6 (17.14%)
Tumour number (n = 35)

Single 32(91.4%)
Multiple 3(8.57%)
Tumour size (n = 35)

<3cm 10 (28.6%)
3-5cm 8(22.8%)
>6cm 17 (48.6%)

Portal vein thrombosis (n = 35)
Present
Absent

22 (62.85%)
13 (37.14)
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Graph 1: Mean serum levels of PIVKA-Il in the 3 study

Graph 2: ROC curves comparing PIVKA-Il in HCC and HC

Table 3: Serum markers of the study population

HCC (n=35) Cirrhosis (n = 35) Controls p value
Parameter Median;IQR Median;IQR Median; IQR (Kruskall-Wallis)
AST (5-40 U/L) 92.0 (38-496) 79.0 (57.3-133.5) 40.5 (34.5-54.5) <0.000001*
ALT (5-40 U/L) 84.0 (22-182) 63.0 (40.25-95.75) 37.0 (28-48.5) 0.00003*
ALP (<370 U/L) 161.0 (121.5-358.5) 238.0 (144.25-341.5) 92.0 (75.5-109.5) <0.000001*
Bilirubin (0.2-0.8 mg/dl) 2.1(1.65-3.8) 2.0(1.35-3.78) 0.67 (0.57-0.81) <0.000001*
Albumin (3.5-5.0 g/dL) 3.2(2.43-3.8) 3.2(2.72-3.58) 3.92 (3.6-4.2) 0.0023*
Prothrombin time (PT) 16.0 (13.6-19.9) 15.1(12.3-16.3) 12.7 (11.6-13.9) 0.0004*
INR 1.5(1.2-1.78) 1.3(1.1-1.47) 1.2(1.0-1.2) 0.0002*
PIVKA -l (ng/mL) 40.37 (23.3-79.38) 2.33(1.03-3.72) 1.27 (0.12-3.4) <0.000001*
AFP (ng/mL) 181.0 (12.93-1051.75) 5.0 (2.1-9.75) 4.6 (1.85-7.5) <0.000001*
*highly significant p value
85.71% and 95.0%; and for AFP was 77.14% and 95.0%, respectively.
100 P — The Area under the curve (AUC) indicated a better sensitivity and
_,_'_,—l_‘ 7 specificity for PIVKA-Il compared to AFP in differentiating HCC
80- /'_,_l_,—l //’ from Hepatic Cirrhosis (0.953 vs. 0.888) (Graph 3). Table 4 shows
7 a comparison of sensitivity, specificity, positive predictive value
%‘ 60 /// (PPV) and negative predictive value(NPV) for both the markers
= /// and also for a combination of these two markers.
S 404 7 Combined markers showed a sensitivity of 94.29% (95% Cl:
= e 80.84-99.3%) and specificity of 90.0% (95% Cl: 68.3-98.77%). Thus
20 //’ when these two markers were combined, they showed an increase
7 in sensitivity (94.29) and diagnostic accuracy (92.72%) compared to
04 e PIVKA-Il and AFP individually.
! ! ' ' ! Univariate analysis showed significant negative correlation of
0 20 < ] _6_0 80 100 PIVKA Il with albumin (p = 0.0024); significant positive correlation
100-specificity with AST (p=0.0032), Bilirubin (p =0.0029) and tumour size (p=0.043).
— AFP — PIVKA-II The results are presented in Table 5.

Graph 3: ROC curves comparing PIVKA-Il and AFP in patients with HCC

The median serum concentrations of AFP in these study groups
were found to be 181 (12.93-1051.75) ng/mL; 5.0 (2.1-9.75) ng/mL
and 4.6 (1.85-7.5) ng/mL, respectively. The results are presented
in Table 3.

ROC curves were constructed to identify optimal cut-off values
that would better distinguish Carcinoma from Hepatic Cirrhosis
cases (Graph 2). They showed optimal cut-off values for PIVKA-II
and AFP as 6.715 ng/mL and 11.8 ng/mL, respectively. At these
cut-off values, the sensitivity and specificity for PIVKA-II was
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DiscussionN

HCC is difficult-to-treat as most of the patients present in an
advanced stage by the time of symptomatic presentation to the
physician. And it is a very common complication in patients with
chronic viral hepatitis and liver cirrhosis. Therefore, screening this
high-risk population would benefit the early detection of HCC at a
curable stage and improving survival rates."'®

AFP, ultrasonography, CT/MRI is the most commonly used
modalities for both screening and diagnosis of HCC by physicians
from a very long time.'”2* However, many studies conducted in
recent times showed poor sensitivity and specificity of AFP for HCC

J
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Table 4: PIVKA-II versus AFP in differentiation of patients with HCC from cirrhosis

NPV Sensitivity Specificity Diagnostic
Variable TP FP N FN PPV (%) (%) [% (95% ClI)] [% (95% Cl)] Accuracy (%)
PIVKA-II 30 1 19 5 96.77 79.17 85.71 95.00 89.09
(69.70-95.21) (75.12-99.90)
AFP 27 1 19 8 96.4 70.38 77.14 95.00 83.63
(59.90-89.57) (75.12-99.90)
PIVKAIl + AFP 33 2 18 2 94.29 90.00 94.29 90.00 92.72
(80.84-99.32) (68.31-98.77)

Table 5: Correlation of PIVKA-II values in HCC patients with serum
parameters and tumor size

Parameter Correlation coefficient (Rho); (p value)
AST (U/L) 0.485 (p=0.0032)*

ALT (U/L) 0.305 (p=0.07)

ALP (U/L) 0.725 (p <0.0001)*

Bilirubin (mg/dl) 0.489 (p =0.003)*

Albumin (g/dl) 0.497 (p =0.002)*

Prothrombin Time (sec) 0.336 (p =0.048)*

INR 0.342 (p =0.045)*

Tumour Size (cm) 0.345 (p =0.043)*

*Statistically significant (p <0.05)

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; PIVKA-II, protein induced by vitamin K
absence or antagonist-Il; AFP, alpha fetoprotein;

INR, international normalized ratio

and also that the likelihood of the disease being present is variable
at different serum AFP concentrations.

Hence a more specific and sensitive marker of HCC is desirable in
monitoring such patients. PIVKA-II is another biomarker tested to
be used for HCC diagnosis.>®

Protein Induced by Vitamin K Absence or antagonist Il (PIVKAII)
is also known as Desgammacarboxy Prothrombin (DCP). It is a
modified form of the normal coagulation protein, prothrombin.
In an unaffected liver, prothrombin undergoes posttranslational
modification where the N-terminal glutamic acid residues are
carboxylated before they are released into the blood circulation.
The carboxylation thus converts specific aminoterminal glutamic
acid residues into gamma-carboxy glutamic acid form. This vitamin
K dependent carboxylase enzyme is absent in many malignant
hepatic cells, and hence abnormal prothrombin with all or some
of non-carboxylated glutamic acid is secreted from the malignant
hepatic cells. This abnormal prothrombin is non-functional as the 10
glutamic acid residues in the N-terminal portion of the molecule are
not carboxylated. Hence this has been used as an HCC biomarker.?®

Leibman etal.in 1984% reported significantly elevated PIVKA-II
levels in HCC patients while its levels were undetectable healthy
Controls. In A Western study done by Volk Ml et al., showed higher
sensitivity and specificity for PIVKA-Il compared to AFP.?’ Based
On the results of our study, the AUROC Of PIVKA-II showed high
sensitivity compared to AFP (85.71% vs. 77.14%), But both showed
same specificity (95% vs. 95%) in differentiating malignant liver
disease from other chronic pre-malignant liver diseases.

In another recent study done by Beale et al.,?® where they
compared serum PIVKA-II levels in HCC and Hepatic Cirrhosis
patients; they also claimed higher median PIVKA-II levels in HCC
(42.74 ng/mL) compared to cirrhosis (7.8 ng/mL). Grosley et al. also
showed similar results in their study.?’
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In our study, we obtained similar results. Median serum levels of
PIVKA-Ilwere highin the HCC group (40.37 ng/mL) in comparison to the
Cirrhosis group (2.33 ng/mL). Based on AUROC, we obtained an optimal
cut-off of the level of 6.715 ng/mL of PIVKA-II, for the diagnosis of HCC
and its differentiation from Cirrhosis. At this cut-off level, its sensitivity
is 85.71%, and specificity is 95%. Though PIVKA-Il is more sensitive for
HCC (85.71 % vs. 77.17%), specificity was same as AFP (95% vs. 95%).

PIVKA-II levels when compared with other clinicopathological
variablesbyunivariateanalysis,itshowedthattumoursize (p=0.04), AST
(p =0.003) and Bilirubin (p = 0.002), PT (p = 0.048), INR (p = 0.045)
showed a strong positive correlation, while Albumin (p=0.002) had
strong negative correlation with the PIVKA-II levels.

Other studies have also shown that larger tumours were
associated with elevated PIVKA-II levels.33" Our study results
also suggested similar findings where PIVKA-II levels were closely
associated with tumor size than with AFP (P = 0.04).

Many other studies have reported that PIVKA-Il can also predict
the severity of HCC and its progression, as the HCC patients with
higher PIVKA-II levels had a significantly higher frequency of
complications indicating severity like portal vein thrombosis.3%33
However, we did not find any such relationship in our study between
PIVKA-II levels and portal vein thrombosis, may be because many
of the selected cases had small sized and single tumors.

Some other studies have also shown an association of PIVKA-Iland
AFP levels and aetiology of the liver disease.?53*3° A study by Collier
etal. had shown that the performance of AFP for HCC diagnosis might
depend on the underlying etiology of liver disease.>* In another study
done by Ohbhiraetal., they found higherlevels of PIVKA-Ilin chronic liver
disease with alcoholic aetiology than that of chronic viral hepatitis.>®
However, we could not find any such relationship between the liver
disease aetiologies supporting these results, as the participants of our
study population had mixed viral and alcoholic aetiologies.

CONCLUSION

Our study results showed that PIVKA-Il is more sensitive than AFP,in
discriminating Hepatocellular Carcinoma from Hepatic Cirrhosis, at
an optimum cut-off value 6.715 ng/ml. And the combined sensitivity
of PIVKA-Il and AFP was higher than their sensitivities.

Our study results also showed a positive correlation of tumour
size with PIVKA-II levels indicating that it may be a useful tool in
monitoring patients for progression of HCC.

As it is also suggested as a prognostic marker in patients with
HCC, future multicentric studies using longitudinal PIVKA-II data
analysis or studies regarding its effect on the survival rate of HCC
patients after treatment are needed.

ACKNOWLEDGMENTS

Authors are thankful to the Department of Medical Gastroenterology,
NIMS hospital, Hyderabad, for their valuable cooperation and support.

Authors also want to thank the faculty of Department of
Biochemistry, NIMS for their unwavering support and help during
the project.

301



Evaluation of Diagnostic Utility of Protein Induced by Vitamin K Absence-II (PIVKA-II) in Hepatocellular Carcinoma

REFERENCES

1.

10.

11.
12.

19.

20.

302

Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer
burden: Globocan 2000. Int J Cancer 2001;94:153-156.

Report Annual. National Cancer Registry Programme. New Delhi:
Indian Council of Medical Research; 1987. p 1990.

Jayant K, Rao RS, Nene BM, Dale PS. Rural Cancer Registry at Barshi—
Report 1988-1992. Barshi: Rural Cancer Registry;1994.

Hu KQ, Kyulo NL, Lim N, Elhazin B, Hillebrand DJ, Bock T. Clinical
significance of elevated alpha-fetoprotein (AFP) in patients
with chronic hepatitis C, but not hepatocellular carcinoma.Am J
Gastroenterology 2004;99:860-865.

Kim HS, Park JW, Jang JS, Kim HJ, Shin WG, Kim KH, Lee JH, Kim HY, Jang MK.
Prognostic values of alpha-fetoprotein and protein induced by vitamin
K absence or antagonist-Il in hepatitis B virus-related hepatocellular
carcinoma: a prospective study. J Clin Gastroenterol 2009; 43:482-488.
Sterling RK, Jeffers L, Gordon F, Venook AP, Reddy KR, Satomura
S, Kanke F, Schwartz ME, Sherman M. Utility of Lens culinaris
agglutinin-reactive fraction of alpha-fetoprotein and des-gamma-
carboxy prothrombin, alone or in combination, as biomarkers for
hepatocellular carcinoma. Clin Gastroenterol Hepatol 2009;7:104-113.
Beale G, Chattopadhyay D, Gray J, Stewart S, Hudson M, Day C,
Trerotoli P, Giannelli G, Manas D, Reeves H. AFP, PIVKAII, GP3, SCCA-1
and follisatin as surveillance biomarkers for hepatocellular cancer
in non-alcoholic and alcoholic fatty liver disease. BMC Cancer
2008;8:200.

Durazo FA, Blatt LM, Corey WG, Lin JH, Han S, Saab S, Busuttil RW,
Tong MJ. Des-gamma-carboxy prothrombin, alpha-fetoprotein and
AFP-L3 in patients with chronic hepatitis, cirrhosis and hepatocellular
carcinoma. J Gastroenterol Hepatol 2008; 23:1541-1548.

Bergmeyer HU, Harder M, Rej R. Approved recommendation (1985)
on IFCC methods for the measurement of catalytic concentration of
enzymes. Part 2. IFCC Method for aspartate aminotransferase. J Clin
Chem Clin Biochem 1986;24:497-508.

Bergmeyer HU, Harder M, Rej R. Approved recommendation (1985)
on IFCC methods for the measurement of catalytic concentration of
enzymes. Part 3. IFCC Method for alanine aminotransferase. J Clin
Chem Clin Biochem 1986;24:481-489.

Tietz NW et al. J Clin Chem Clin Biochem 1983;21:731-748.
Wahlefeld AW, Herz G, Bernt E. Modification of the Malloy-Evelyn
method fora simple, reliable determination of total bilirubin in serum.
Scand J clin Lab Invest 1972;29 Supplement 126:Abstract 11.12.

. TietzNW, ed. Clinical Guide to Laboratory Tests, 3rd ed. Philadelphia,

PA: WB Saunders, 1995:88.

TietzNW, ed. Clinical Guide to Laboratory Tests, 3rd ed. Philadelphia,
Pa: WB Saunders Company, 1995:518-522.

Doumas BT, Watson WA, Biggs HG. Albumin standards and the
measurement of serum albumin with bromcresol green. Clin Chim
Acta 1971;31:87-96.

TietzNW, ed. Clinical Guide to Laboratory Tests, 3rd ed. Philadelphia,
Pa: WB Saunders, 1995:22-24.

Liaw YF, Tai DI, Chu CM, Lin DY, Sheen IS, Chen TJ, Pao CC. Early
detection of hepatocellular carcinoma in patients with chronic type
B hepatitis. A prospective study. Gastroenterology 1986; 90:263-267.
Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of screening
for hepatocellular carcinoma. J Cancer Res Clin Oncol. 2004;130:417-422.
Shinagawa T, Ohto M, Kimura K, Tsunetomi S, Morita M, Saisho H,
Tsuchiya Y, Saotome N, Karasawa E, Miki M, et al. Diagnosis and clinical
features of small hepatocellular carcinoma with emphasis on the utility
of real-time ultrasonography. A study in 51 patients. Gastroenterology
1984;86:495-502.

lkeda K, Saitoh S, Koida I, Tsubota A, Arase Y, Chayama K, Kumada
H. Diagnosis and follow-up of small hepatocellular carcinoma with

Indian Journal of Medical Biochemistry, Volume 23 Issue 2 (May-August 2019)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

selective intraarterial digital subtraction angiography. Hepatology
1993;17:1003-1007.

OkaH, Tamori A, Kuroki T, Kobayashi K, Yamamoto S. Prospective study
of alpha-fetoprotein in cirrhotic patients monitored for development
of hepatocellular carcinoma. Hepatology 1994;19:61-66.

Takayasu K, Moriyama N, Muramatsu Y, Makuuchi M, Hasegawa
H, Okazaki N, Hirohashi S. The diagnosis of small hepatocellular
carcinomas: efficacy of various imaging procedures in 100 patients.
Am J Roentgenol 1990;155:49-54.

Takayasu K, Furukawa H, Wakao F, Muramatsu Y, Abe H, Terauchi
T, Winter TC lll, Sakamoto M, Hirohashi S. CT diagnosis of early
hepatocellular carcinoma: sensitivity, findings, and CT-pathologic
correlation. Am J Roentgenol 1995;164:885-890.

Ebara M, Ohto M, Watanabe Y, Kimura K, Saisho H, Tsuchiya Y, OkudaK,
Arimizu N, Kondo F, Ikehira H, et al. Diagnosis of small hepatocellular
carcinoma: correlation of MR imaging and tumor histologic studies.
Radiology 1986;159:371-377.

Inagaki Y, Tang W, Makuuchi M, Hasegawa K, Sugawara Y, Kokudo
N. Clinical and molecular insights into the hepatocellular carcinoma
tumour marker des-gamma-carboxy prothrombin. Liver Int 2011;31:
22-35.

Liebman HA, Furie BC, Tong MJ, Blanchard RA, Lo KJ, Lee SD, Coleman
MS, Furie B. Des-gamma-carboxy (abnormal) prothrombin as a
serum marker of primary hepatocellular carcinoma.N Engl J Med
1984;310:1427-1431.

Volk ML, Hernandez JC, Su GL, Lok AS, Marrero JA. Risk factors for
hepatocellular carcinoma may impair the performance of biomarkers:
a comparison of AFP, DCP, and AFP-L3. Cancer Biomark 2007;3:79-87.
Beale G, Chattopadhyay D, Gray J, Stewart S, Hudson M, Day C,
Trerotoli P, Giannelli G, Manas D, Reeves H. AFP, PIVKAII, GP3, SCCA-1
and follisatin as surveillance biomarkers for hepatocellular cancer
in non-alcoholic and alcoholic fatty liver disease. BMC Cancer
2008;8:200.

Grosley BM, Hirschauer C, Chambrette B, Bezeaud A, Amiral J. Specific
measurement of hypocarboxylated prothrombin in plasma or serum
and application to the diagnosis of hepatocellular carcinoma. J Lab
Clin Med 1996;127:553-564.

Nakamura S, Nouso K, Sakaguchi K, Ito YM, Ohashi Y, Kobayashi Y,
Toshikuni N, Tanaka H, Miyake Y, Matsumoto E, Shiratori Y. Sensitivity
and specificity of des-gamma-carboxy prothrombin for diagnosis of
patients with hepatocellular carcinomas varies according to tumor
size. Am J Gastroenterol 2006;101:2038-2043.

Suehiro T, Sugimachi K, Matsumata T, Itasaka H, Taketomi A, Maeda
T. Protein induced by vitamin K absence or antagonist Il as a
prognostic marker in hepatocellular carcinoma. Comparison with
alpha-fetoprotein. Cancer 1994;73:2464-2471.

Gotoh M, Nakatani T, Masuda T, Mizuguchi Y, Sakamoto M, Tsuchiya
R, Kato H, Furuta K. Prediction of invasive activities in hepatocellular
carcinomas with special reference to alpha-fetoprotein and des-
gamma-carboxyprothrombin. Jpn J Clin Oncol 2003;33:522-526.
Koike Y, Shiratori Y, Sato S, Obi S, Teratani T, Imamura M, Yoshida H,
Shiina S, Omata M. Des-gamma-carboxy prothrombin as a useful
predisposing factor for the development of portal venous invasion
in patients with hepatocellular carcinoma: a prospective analysis of
227 patients. Cancer 2001;91:561-569.

Collier J, Sherman M. Screening for hepatocellular carcinoma.
Hepatology 1998;27:273-278

Ohhira M, Saito H, Suzuki Y, Naraki T, Sakurai S, Ohtake T, Suzuki
M, Ohhira M, Fujimoto And Y, Kohgo Y. A variant of des-gamma-
carboxy prothrombin was increased in alcoholic liver disease without
hepatocellular carcinoma. Alcohol Clin Exp Res 2001;25(suppl 6):
46S-50S.




