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PIVKA-II or AFP has better diagnostic properties for
hepatocellular carcinoma diagnosis in high-risk patients
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ABSTRACT

Background: Hepatocellular carcinoma (HCC) is a lethal cancer. Two biomarkers were used for HCC diagnosis
including alpha-fetoprotein (AFP) and protein induced by vitamin K absence-Il or antagonist (PIVKA-Il). However,
data on biomarkers and HCC diagnosis are not consistent. This study aimed to evaluate if PIVKA-II, AFP, or a com-
bination of both biomarkers had the best diagnostic properties for HCC.

Methods: This was a prospective study and enrolled patients 18 years or over with a high risk for HCC. AFP and
PIVKA-II levels were calculated for HCC diagnosis. Diagnostic properties of both biomarkers were reported with
sensitivity, specificity, and a receiver operating characteristic (ROC) curve.

Results: There were 260 patients with high risk for HCC in this cohort. Of those, 219 patients were diagnosed
with HCC: confirmed by biopsy in 7 patients (2.69%) and by imaging in the others. Median values of AFP and
PIVKA-Il were 56 ng/mL and 348 mAU/mL, respectively. PIVKA-II level of 40 mAU/mL had sensitivity of 80.80%,
while AFP of 10 ng/mL had sensitivity of 75.80%. A combination of PIVKA-II at 100 mAU/mL or over and AFP
of 11 ng/mL gave sensitivity of 60.30%. The ROC curve of PIVKA-II plus AFP was significantly higher than the
AFP alone (0.855 vs. 0.796; p = 0.027), but not significantly different from the PIVKA-Il alone (0.855 vs. 0.832;
p =0.130).

Conclusion: PIVKA-Il may have more diagnostic yield for HCC compared with AFP. It can be used alone without a
combination with AFP.
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Introduction

Hepatocellular carcinoma (HCC) is a common cancer. It
is the sixth most common cancer and the second highest in
cancer-related death globally. In 2015, there were 854,000
new cases and 810,000 deaths in the world (1). There were
three common causes of HCC: hepatitis B virus (HBV), alco-
hol, and hepatitis C virus (HCV). These causes related to HCC
deaths in 33%, 30%, and 21%, respectively (1). High-risk
patients for HCC were patients with cirrhosis, chronic HBV
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infection, or lesions identified on a surveillance ultrasound
in patients with cirrhosis, chronic HBV infection, or prior
HCC (2).

The main two markers for HCC are alpha-fetoprotein (AFP)
and new biomarker: protein induced by vitamin K absence-
Il or antagonist (PIVKA-Il). These markers play an important
role in diagnosis, differential diagnosis, and prognosis. A
nomogram of both AFP and PIVKA-II can be used to differen-
tiate HCC and intrahepatic cholangiocarcinoma with an area
under the receiver operating characteristic (ROC) curve of
95.1% (3). Both biomarkers can be used as a prognostic fac-
tor after several treatments such as radiofrequency, surgical
resection, embolization, or radiotherapy (4-12). PIVKA-II level
lower than 25 mAU/mL or equal after radiotherapy had long
progression-free survival (p = 0.004) (4). Additionally, both
biomarkers can indicate tumor size, tumor differentiation,
vascular invasion, and those treated with hepatitis B/C anti-
viral agents (13-16).

As HCC is a lethal cancer with 5-year survival rate of
under 15%, abdominal ultrasonography is used for HCC sur-
veillance (17,18). However, its sensitivity was low at 63%
(19). Biomarkers were studied and used as an alternative
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diagnostic method particularly for HCC including AFP and
PIVKA-Il (20-22). The advantage of AFP is widely available,
while PIVKA-II is highly specific to HCC. Data on biomark-
ers and HCC diagnosis are not consistent. A report from
the USA found that AFP was more sensitive than PIVKA-II
(70% vs. 66%) in patients with HCC compared with patients
with cirrhosis (23). On the other hand, a study from Nigeria
found that PIVKA-II was more sensitive than AFP (96.8%
vs. 62.9%) in patients with HCC vs. control with benign
liver disease (24). A study from Korea recommends to use
PIVKA-Il combined with AFP to diagnose HCC in patients with
HBV infection (25). These results showed that data on
biomarkers and HCC diagnosis are not consistent and var-
ied among countries, in which more data on this issue are
required. This study aimed to evaluate if PIVKA-Il, AFP, or
a combination of both biomarkers had the best diagnostic
properties for HCC.

Materials and methods

This was a prospective study conducted at University
Hospital, Khon Kaen University, Thailand. Data were col-
lected from the HCC project. The inclusion criteria were
patients 18 years or over with a high risk for HCC. The high
risk for HCC was defined by the American Association for the
Study of Liver Diseases (AASLD) guidelines for HCC manage-
ment (17): cirrhosis or presence of liver nodule(s) of 1 cm
or over in size. Those with pregnancy, obstructive jaundice,
vitamin K, or warfarin administration and presence of extra-
hepatic malignancy were excluded. The study protocol was
approved by the ethics committee in human research, Khon
Kaen University, Thailand (HE621134). This study was a part
of HCC project of Khon Kaen University, Thailand.

Eligible patients provided a written informed consent
prior to study participation. Data were collected as follows:
baseline characteristics, laboratory results, and radiographic
findings. Baseline characteristics included age, sex, etiology
of cirrhosis, comorbid diseases, and the Child-Pugh score for
cirrhosis. Laboratory tests in the study were platelet count,
serum creatinine, prothrombin time, liver function test, AFP,
and PIVKA-II. All samples were tested for AFP and PIVKA-II by
using a test kit (WTASWako i30; FUJIFILM Wako Pure Chemical
Corporation). Radiographic findings were numbers of liver
mass, largest mass size (cm), and portal vein invasion. HCC
was diagnosed by either confirmation by pathological find-
ings or radiographic findings of arterial hypervascularity
followed by venous and/or delayed phase or washout of con-
trast (17).

Statistical analyses

Descriptive statistics were used to calculate mean (1st-
3rd interquartile ranges) or number (percentage) of the
study population. AFP and PIVKA-II levels were calculated
for HCC diagnosis by logistic regression analysis. Results
were shown as various cutoff points with their diagnostic
properties including sensitivity, specificity, positive likeli-
hood ratio, negative likelihood ratio, a ROC curve, and an
area under the ROC curve with 95% confidence interval (Cl).
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All statistical analyses were performed using STATA software
version 10.1.

Results

There were 260 patients with a high risk for HCC in this
cohort. Of those, 219 patients were diagnosed with HCC:
confirmed by biopsy in 7 patients (2.69%) and by imaging
in the others. The other 41 patients had a diagnosis of dys-
plastic nodule (25 patients; 60.98%), regenerative nodule
(8 patients; 19.51%), hemangioma (5 patients; 12.20%), liver
cyst (1 patient; 2.44%), fibronodular hyperplasia (1 patient;
2.44%), and hepatic adenoma (1 patient; 2.44%). Baseline
characteristics and laboratory results are shown in Tables |
and Il. The median age was 58 years with male predominance
(81.15%). The most common cause of HCC was HCV (43.85%)
with a proportion of cirrhosis of 98.46%: mostly Child-Pugh
score class A (81.15%). The median largest size of liver mass
was 3.5 cm. The median values of AFP and PIVKA-II were
56 ng/mL and 348 mAU/mL, respectively.

The PIVKA-II level of 40 mAU/mL had sensitivity of 80.80%
with 75.60% specificity, while AFP of 10 ng/mL had sensi-
tivity of 75.80% with 65.90% specificity (Tabs. Il and IV). A
combination of PIVKA-II at 100 mAU/mL or over and AFP of
11 ng/mL gave sensitivity of 60.30% with 92.70% specificity.
The ROC curve of PIVKA-II plus AFP was significantly higher
than the AFP alone (0.855 vs. 0.796; p value = 0.027), but not
significantly different from PIVKA-II alone (0.855 vs. 0.832;
p value = 0.130), as shown in Figure 1.

TABLE | - Baseline characters of patients with a high risk for hepa-
tocellular carcinoma (n = 260)

Factors Median (1st-3rd quartile) or
number (percentage)
Age, years 58 (54-63)
Male sex, n (%) 211 (81.15)
Etiology
HBV 98 (37.69)
HCV 114 (43.85)
HBV plus HCV 6(2.31)
NAFLD 14 (5.38)
ALD 27 (10.38)
AlH 1(0.38)
Comorbid diseases
None 193 (74.23)
Diabetes 38 (14.62)
Hypertension 12 (4.62)
Cirrhosis 256 (98.46)
Child-Pugh score A 211 (81.15)
Child-Pugh score B 36 (13.85)
Child-Pugh score C 9 (3.46)

AIH = autoimmune hepatitis; ALD = alcoholic liver disease; HBV = hepatitis B
virus; HCV = hepatitis C virus; NAFLD = nonalcoholic fatty liver disease.
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TABLE Il - Laboratory results of patients with a high risk for hepato-
cellular carcinoma (n = 260)

PIVKA-Il and AFP in HCC

TABLE IV - Performance characteristics of AFP (ng/mL) for diagnos-
ing HCC in patients with a high risk for HCC

Median (1st-3rd quartile) or
number (percentage)

Factors

Platelet x103/mm?3 145 (102-220)

Creatinine (mg/dL) 0.94 (0.80-1.15)

Prothrombin time (sec) 12.3(11.5-13.4)

Albumin (g/dL) 3.9(3.4-4.4)
Bilirubin (mg/dL) 1.0 (0.6-1.6)
Alanine aminotransferase (U/L) 51 (29-86)
Aspartate transaminase (U/L) 74 (40-133)

Alkaline phosphatase (U/L) 135 (88-196)

Alpha-fetoprotein (ng/mL) 59 (6-1,598)
PIVKA-II (mA/mL) 348 (31-10,442)
Radiographic findings

Number of liver nodules, n (%)

1 156 (90.00)
2 46 (17.69)
3 12 (4.62)
>4 46 (17.69)
Largest size (cm) 3.5(1.8-7.5)
Portal vein invasion, n (%)
No invasion 181 (69.62)
Main portal vein invasion 56 (21.54)
Non-main portal vein invasion 23 (8.85)

PIVKA-II = protein induced by vitamin K absence-Il or antagonist.

TABLE Ill - Performance characteristics of protein induced by
PIVKA-II (mAU/mL) for diagnosing HCC in patients with a high risk
for HCC

Cutoff Sensitivity Specificity LR+ LR-
>40 80.80 75.60 331 0.25
(75.00-85.80) (59.70-87.60) (1.93-5.70)  (0.18-0.35)
>60 78.50 80.50 4.03 0.27
(72.50-83.80) (65.10-91.20) (2.15-7.52)  (0.20-0.36)
>80 75.30 82.90 4.41 0.30
(69.10-80.90) (67.90-92.80) (2.24-8.70)  (0.23-0.39)
>100 72.10 87.80 5.92 0.32
(65.70-78.00) (73.80-95.90) (2.59-13.50) ~ (0.25-0.40)
120 69.40 87.80 5.69 0.35
(62.80-75.40) (73.80-95.90) (2.49-13.0)  (0.28-0.44)

HCC = hepatocellular carcinoma; LR+ = positive likelihood ratio; LR- = negative
likelihood ratio; PIVKA-II = vitamin K absence-Il or antagonist.

Cutoff Sensitivity Specificity LR+ LR-
>10 75.80 65.90 2.22 0.37
(69.60-81.30) (49.40-79.90) (1.44-3.42)  (0.27-0.51)
>12 73.10 70.70 2.50 0.38
(66.70-78.80) (54.50-83.90) (1.54-4.04)  (0.28-0.51)
>14 69.40 73.20 2.59 0.42
(62.80-75.40) (57.10-85.80) (1.55-4.32)  (0.32-0.55)
220 65.30 78.00 2.97 0.45
(58.60-71.60) (62.40-89.40) (1.66-5.34) (0.35-0.57)
>200 44.70 90.20 4.59 0.61
(38.00-51.60) (76.90-97.30) (1.79-11.80) (0.52-0.72)

AFP = alpha-fetoprotein; HCC = hepatocellular carcinoma; LR+ = positive
likelihood ratio; LR- = negative likelihood ratio.
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Fig. 1 - Receiver operating characteristic (ROC) curves and their area
under the ROC curves (95% confidence interval) of protein induced
by vitamin K absence-Il or antagonist (PIVKA-II), alpha-fetoprotein
(AFP), and the combination of both biomarkers to predict hepatocel-
lular carcinoma (HCC) in patients with a high risk for HCC.

Discussion

This cohort found that PIVKA-II was more sensitive for
HCC diagnosis than AFP and can be used alone without a
combination with AFP.

The results of this study were comparable with two pre-
vious studies to detect HCC in cirrhosis patients with liver
nodules of 1 cm or over (26-28). Note that this study had
larger study population than the other two studies (260 vs.
128 vs. 90). With larger sample size in this study, PIVKA-Il was
more sensitive to detect HCC than AFP (80.80% vs. 75.80%)
by the cutoff point of 40 mAU/L and 10 ng/mL, respectively.
Compared with the study from France, the sensitivity of
PIVKA-1l was comparable (80.80% vs. 77%) as well as the cut-
off point (40 vs. 42 mAU/L). However, this study had different
results compared with the US study (23), in which AFP had
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better sensitivity than PIVKA-II in HCC with a sample size of
208 patients. AFP at 10.9 ng/mL had higher sensitivity at 66%
compared with 56% sensitivity of PIVKA-Il at 221.5 mAU/mL.
These differences may be due to different control. In the pre-
vious study, patients with cirrhosis without liver mass served
as controls, while non-HCC patients were cirrhotic patients
with liver mass in this study. Another possible explanation is
the property of PIVKA-II, which is an indicator of microvascu-
lar invasion (26). High PIVKA-II of over 90 mAU/mL had higher
risk of microvascular invasion by 3.5 times (95% Cl 1.08, 11.8;
p value 0.043). In this study, 30.38% of patients had portal
vein invasion, which may be an indicator of microvascular
invasion (Tab. I1).

In this study, we found that PIVKA-II can be used for HCC
diagnosis without a need to combine with AFP. These results
were different from the study from Korea (25). The areas
under the ROC curve of these combinations were significantly
different from PIVKA-II alone (0.912 vs. 0.870) or AFP alone
(0.902 vs. 0.812) for those with liver cirrhosis in the previous
study. Once again, these differences may be due to different
study population. The previous study enrolled patients with
HBV infection and categorized into three groups: non-cirrhotic
HBV infection, cirrhosis without HCC, and HCC group (no data
whether cirrhosis or not). Additionally, the cirrhosis group in
the previous study may or may not have liver nodules like
in this study. Note that HBV infection was accounted in only
37.69% in this study. Another explanation is different cutoff
points for PIVKA-Il and AFP. The cutoff points for these two
markers in the previous study were 40 mAU/mL and 25 ng/
mL, while the cutoff points in this study were 100 mAU/mL
and 11 ng/mL. Note that a combination of these two bio-
markers had lower sensitivity but higher specificity.

Even though both AFP and PIVKA-II are useful diagnos-
tic markers for HCC, a previous report found that they may
not be a good marker for small HCC nodules less than 2 cm
as they have sensitivity of approximately 50% (29). However,
they may be used for HCC detection particularly in hepatitis
virus-related HCC (22,30). A study from China found similar
findings as this study but different cutoff for both AFP and
PIVKA-II (31). A combination of AFP and PIVKA-Il model is
better than AFP alone but comparable with PIVKA-II alone.
Therefore, PIVKA-Il may be used alone without a combina-
tion with AFP to diagnose HCC. Compared with benign liver
disease, this study had PIVKA-Il and AFP cutoff points at
40 mAU/mL and 10 ng/mL while the Chinese study had cut-
off points of 43.47 mAU/mL and 21.47 ng/mL for PIVKA-Il and
AFP. The different cutoff points may be from different study
population and sample size. This study had larger sample size
and most patients (80%) had HBV or HCV as a cause, while
the Chinese study did not show causes of HCC. Another study
conducted with liver cirrhosis as a control group also found
that similar findings of PIVKA-II alone were comparable with
a combination of PIVKA-Il and AFP for HCC diagnosis (32).

There are some limitations in this study. First, etiologies
of cirrhosis in this study are varied; HCV was the most com-
mon cause (43.85%) followed by HBV infection (37.69%). The
results of this study may not be applicable for other coun-
tries with different causes of cirrhosis or HCC. Second, we
used different cutoff points for a combination of PIVKA-II
and AFP as discussed earlier. Third, some associated factors
with hepatitis virus or fatty liver such as sleep apnea were
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not studied (33-38). No predictor for HCC was studied as well
as systematic review (39-42). Finally, note that control group
in this study were those with high risk for HCC: presence of
liver mass of 1 cm or more in size. As this study enrolled high-
risk patients for HCC with various causes, various Child-Pugh
score classification, various liver nodule sizes, these may lead
to possible selection biases. Further studies are necessary
before considering these biomarkers even for a general eval-
uation of the HCC diagnosis.

In conclusion, PIVKA-Il may have more diagnostic yield for
HCC compared with AFP. It can be used alone without a com-
bination with AFP.
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