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Serum tumor markers, including a-fetoprotein (AFP) and des-c-
carboxy prothrombin (DCP), are currently used in the diagnosis
of hepatocellular carcinoma (HCC). There is, however, an aberrant
increase in serum DCP in patients with obstructive jaundice, vita-
min K deficiency or who are taking warfarin, resulting from a
problem with the current methodology for measurement of this
marker. This study aimed to elucidate the utility of a new bio-
marker, NX-PVKA, for early diagnosis of HCC. A total of 96
patients were included in the HCC group. The control group
included 138 liver cirrhosis (LC) patients without HCC. Serum con-
centrations of conventional DCP, AFP, AFP-L3 and NX-PVKA were
measured. The NX-PVKA ratio was calculated by dividing DCP by
NX-PVKA. In patients not taking warfarin, the area under the
curve values of DCP, NX-PVKA ratio, AFP and AFP-L3 were 0.715,
0.690, 0.737 and 0.654, respectively, confirming the clinical utility
of these markers in detecting HCC. In cases with DCP > 35
mAU ⁄mL in particular, a significant increase in the NX-PVKA ratio
was observed in patients with HCC. In those cases, the cut-off
value for the NX-PVKA ratio that was optimized by the receiver
operating characteristic (ROC) curve was 1.15. In addition, the
sensitivity and specificity for diagnosing HCC were 69.2% and
75.9%, respectively. Patients with HCC had higher NX-PVKA
ratios compared to patients with LC taking warfarin (P = 0.063).
These results suggest that, when used in combination with DCP,
the NX-PVKA ratio is a promising novel marker for the detection
of HCC. (Cancer Sci 2013; 104: 725–731)

H epatocellular carcinoma (HCC), one of the most common
cancers worldwide, is the fourth leading cause of cancer

mortality in Japan.(1) The most important risk factors for HCC
are chronic liver injury caused by hepatitis B virus, hepatitis
C virus, non-alcoholic fatty liver disease (NAFLD) and alco-
hol-induced liver disease (ALD).(2,3) It is recommended that
patients who are at high risk, based on the presence of these
factors, be screened for HCC with periodical imaging studies,
such as ultrasonography (US), contrast-enhanced computed
tomography (CECT), or MRI. In addition, serum tumor mark-
ers including a-fetoprotein (AFP), Lens culinaris agglutinin
A-reactive fraction of AFP (AFP-L3), and des-c-carboxy
prothrombin (DCP) are currently used in the diagnosis of
HCC.(4–6) Although the utility of these tumor markers for the
detection of HCC has become widely accepted, both the sensi-
tivity and specificity of these markers require improvement for
more accurate and rapid diagnosis.
Des-c-carboxy prothrombin, also called prothrombin induced

by vitamin K absence-II (PIVKA-II), is an abnormal prothrom-
bin that has no coagulability. It has been widely used as a
tumor marker of HCC since its efficacy was first reported by
Liebman et al. in 1984.(7) The precursor of prothrombin,

which has 10 glutamic acid (Glu) residues in the N-terminal
domain, is converted to prothrombin by the vitamin K-
dependent enzymatic reaction of c-glutamyl carboxylase.
Under normal conditions, all 10 of the Glu residues are com-
pletely converted to c-carboxylated glutamic acid by this enzy-
matic process. When this reaction is disturbed, however, DCP
that carries some Glu residues is produced. Several mecha-
nisms for DCP production in HCC have been proposed,
including impaired activity of c-glutamyl carboxylase in HCC
cells, a decline in the availability of vitamin K resulting from
abnormal vitamin K metabolism, and overexpression of the
prothrombin precursor in HCC.(8)

In previous studies, the sensitivity and specificity of DCP
was reported to be 40–54% and 81–98%, respectively.(9–17)

Based on problems with the current methodology of measure-
ment, however, DCP levels are reported to be aberrantly
increased in the serum of patients with obstructive jaundice,
vitamin K deficiency and those who are taking warfarin.
Serum DCP levels are measured by using the MU-3 antibody
that reacts with DCP that has 7–9 Glu residues, which is
produced in HCC.(18) Des-c-carboxy prothrombin induced by
vitamin K deficiency, however, carries 2–9 Glu residues and
also reacts partially with the MU-3 antibody, which results in
the detection of elevated DCP in non-HCC individuals. To
overcome this problem, a new technology that enables the
measurement of DCP with 2–9 Glu residues (named NX-
PVKA), has been developed.(19) This method uses two antibodies
(P-11 and P-16) that are reactive mainly to DCP induced by
vitamin K deficiency and less reactive to DCP produced by
HCC. Toyoda et al.(19) suggested that the ability to diagnose
HCC in patients taking warfarin is improved by measuring the
combination of NX-PVKA and conventional DCP. The best
way to combine these two markers and the utility of that com-
bination in diagnosing HCC in patients who are not taking
warfarin, however, remains unclear.
In the present study, we attempted to elucidate the clinical

utility of the NX-PVKA ratio and the optimal way to use it in
diagnosing HCC in patients who are and are not taking warfarin.

Materials and Methods

Patients. Patients with chronic liver disease in whom DCP
was measured for screening for HCC at Mie University Hospi-
tal from January 2011 to December 2012 were enrolled in this
study. Of the individuals that were screened, 96 patients were
included in the HCC group. Fifty-five of these patients were
initially diagnosed with HCC and 41 patients had a history of
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radical treatment for HCC and had recurrence of HCC at the
time of the study period. Hepatocellular carcinoma was diag-
nosed based on typical findings from imaging studies, such as
contrast-enhanced computed tomography, magnetic resonance
imaging, ultrasonography and abdominal angiography. The
control group included 131 patients with liver cirrhosis (LC)
who did not have HCC. Liver cirrhosis was diagnosed based
on histological examination, laboratory examination and ⁄or
imaging studies.
The study was approved by the Institutional Review Board

of Mie University Hospital. Informed consent was obtained
from each patient included in the study and the study protocol
conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the institution’s
human research committee.

Measurements. The blood samples were centrifuged, and the
sera were stored at �20°C until measurement. The concentra-
tion of conventional DCP, which is currently used in clinical
settings, was measured with the Picolumi PIVKA-II kit (Eisai,
Tokyo, Japan), an electrochemiluminescent immunoassay
(ECLIA) that uses MU-3 antibody. NX-PVKA levels were
determined by the ECLIA with P-11 and P-16 antibodies, as
previously reported by Toyoda et al.(19) The NX-PVKA ratio
was calculated by dividing DCP by NX-PVKA. Aliquots of
serum samples kept at �20°C were sent to a clinical labora-
tory testing company (SRL, Tokyo, Japan) for the measure-
ment of serum undercarboxylated osteocalcin (ucOC), AFP
and AFP-L3 levels.

Statistical analysis. Differences in continuous variables
between the two groups were evaluated by the Mann–Whitney
U-test with IBM SPSS statistics 20 (IBM Japan, Tokyo, Japan).
Statistical significance was defined as P < 0.05.

Results

Tumor markers in patients not taking warfarin. Des-c-carboxy
prothrombin was measured in a total of 1198 patients through-
out the study period including 96 patients with HCC and 131
patients with LC as described above. Of these, five patients
with HCC and four patients with LC were taking warfarin.
The characteristics of patients who were not taking warfarin
are shown in Table 1. Liver cirrhosis patients had more
impaired liver function compared to HCC patients. Serum
ucOC levels were not different between LC and HCC groups
(Table 1) and there was no correlation between serum ucOC
and DCP or NX-PVKA (Fig. 1a,b). Figure 1(c) shows the box
plots of DCP, the NX-PVKA ratio, AFP and AFP-L3. Des-c-
carboxy prothrombin levels were significantly different
between the HCC group (median, 52 mAU ⁄mL and range,
10–415 000 mAU ⁄mL) and the LC group (median, 25 mAU
⁄mL and range, 7–1153 mAU ⁄mL; P < 0.01). In addition, the
NX-PVKA ratio was significantly different between the HCC
group (median, 1.19 and range, 0.52–48.2) and LC group
(median, 0.95 and range, 0.25–6.68; P < 0.01). Moreover,
AFP levels (median, 10 ng ⁄mL and range, 1.0–167 466 ng
⁄mL for HCC group) and (median, 4.0 ng ⁄mL and range,
1.0–138 ng ⁄mL for LC group; P < 0.01), and AFP-L3 levels
(median, 0.5% and range 0–80.2% for HCC group) and (med-
ian, 0% and range 0–13.6% for LC group) were significantly
different between the two groups.

Cut-off values of tumor markers. Receiver operating charac-
teristic (ROC) curves of DCP, the NX-PVKA ratio and AFP
are shown in Figure 1(d). The area under the curve (AUC) val-
ues for DCP, the NX-PVKA ratio, AFP and AFP-L3 were
0.715, 0.690, 0.737 and 0.654, respectively. When the cut-off
values for DCP, AFP and AFP-L3 were set at 40 mAU ⁄mL,
10 ng ⁄mL and 10%, which are currently used in clinical
practice, these values yielded a sensitivity and specificity for

DCP, AFP and AFP-L3 of 56.0% and 79.5%, 48.4% and
84.2% and 20.7% and 98.9%, respectively. In addition, when
the cutoff level of the NX-PVKA ratio was set at 1.5 as
reported by Toyoda et al., this yielded a sensitivity value of
33.0% and specificity value of 92.9%. When the cut-off values
for DCP, the NX-PVKA ratio, AFP and AFP-L3 optimized by
ROC curves were 35.0 mAU ⁄mL, 1.0, 7.5 ng ⁄mL and 5%,
these values yielded a sensitivity and specificity for DCP, the
NX-PVKA ratio, AFP and AFP-L3 of 57.1% and 77.2%,
71.4% and 59.8%, 65.9% and 74.3% and 25.6% and 87.5%,
respectively. The sensitivity and specificity were 25.3% and
89.1% when we combined AFP and AFP-L3 (Table 2).

Change in NX-PVKA ratio after therapy. The NX-PVKA ratio
was compared before and after treatment for HCC in 37 cases.
This ratio decreased significantly post-therapy (median 1.44,
range 0.53–48.2 before therapy, median 1.00, range 0.07–32.5
after therapy; P < 0.01; Fig. 1e).

Combination of DCP and the NX-PVKA ratio. The scatter dia-
gram of DCP (x axis) and the NX-PVKA ratio (y axis) is shown
in Figure 2(a). The pattern of the diagram observed for DCP
values <35 mAU ⁄mL differed from that observed for
DCP > 35. In cases with DCP � 35, there was a strong corre-
lation between DCP and the NX-PVKA ratio with a correlation
coefficient of 0.775 (P < 0.01; Fig. 2b). Furthermore, there
were no differences in both DCP and the NX-PVKA ratio
between the LC and HCC groups (P = 0.35, P = 0.80, respec-
tively). In cases with DCP > 35, however, the correlation
between DCP and the NX-PVKA ratio was very weak, with a
correlation coefficient of 0.399 (P < 0.01; Fig. 2c). Des-c-
carboxy prothrombin values tended to be different between LC
and HCC in this group of patients, but did not reach statistical
significance (P = 0.06). On the other hand, the NX-PVKA ratio
was significantly different between the LC and HCC groups
(P < 0.01; Fig. 3a). Figure 3(b) shows the ROC curve of DCP
and the NX-PVKA ratio in cases with DCP > 35. The AUC val-
ues for DCP and NX-PVKA ratio were 0.664 and 0.796, respec-
tively. The cut-off value of the NX-PVKA ratio optimized by

Table 1. Characteristics of patients not taking warfarin

HCC

n = 91

LC

n = 127
P-value

Age (years) 72 (36–87) 64 (28–89) <0.010
Sex (male ⁄ female) 73 ⁄ 18 78 ⁄ 56 <0.010
Etiology (HBV ⁄HCV ⁄
alcohol ⁄ other)

13 ⁄ 55 ⁄ 10 ⁄ 13 14 ⁄ 48 ⁄ 33 ⁄ 32 <0.010

Total bilirubin

(mg ⁄ dL)
0.7 (0.2–2.9) 0.9 (0.2–8.6) <0.010

Albumin (g ⁄ dL) 3.9 (2.6–5.0) 3.8 (1.7–5.0) 0.092

ALT (IU ⁄ dL) 32 (7–208) 24 (5–129) 0.047

Platelet (9104) 12.5 (2.7–32.5) 9.0 (1.2–31.6) <0.010
PT-INR 1.03 (0.86–1.47) 1.13 (0.9–2.1) <0.010
DCP (mAU ⁄mL) 52 (10–415 000) 25 (7–1153) <0.010
NX-PVKA ratio 1.19 (0.52–48.2) 0.95 (0.25–6.68) <0.010
AFP (ng ⁄mL) 10 (1–167 466) 4 (1–138) <0.010
AFP L3 (%) 0.5 (0–80.2) 0 (0–13.6) <0.010
ucOC (ng ⁄mL) 1.88 (0.38–10.8) 3.23 (0.38–19.80) 0.224

Child–Pugh (A ⁄ B ⁄ C) 79 ⁄ 12
UICC Stage (I ⁄ II ⁄ III ⁄ IV) 39 ⁄ 41 ⁄ 7 ⁄ 4
Size of tumor (mm) 22 (6–150)

Number of tumors 2 (1–20)

Primary ⁄ Recurrence 52 ⁄ 39
VP (+ ⁄�) 13 ⁄ 78

AFP, a-fetoprotein; ALT, alanine aminotransferase; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LC, liver
cirrhosis; PT-INR, prothrombin time-international normalized ratio;
UICC, Union for International Cancer Control; VP, portal vein invasion.
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the ROC curve was 1.15. These values yielded a sensitivity and
specificity for the NX-PVKA ratio of 69.2% and 75.9% in cases
with DCP > 35, while the sensitivity and specificity were
39.6% and 94.5% for all cases. In LC patients without HCC, the

majority of cases with increased DCP were included below this
cut-off level in the scatter diagram (Fig. 2c).

NX-PVKA ratio in patients with warfarin. Five patients with
HCC and four patients with LC were taking warfarin. The
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Fig. 1. Analysis of each parameter in patients who were not taking warfarin. (a) Scatter diagram of des-c-carboxy prothrombin (DCP; X axis)
and undercarboxylated osteocalcin (ucOC; Y axis). (b) Scatter diagram of NX-PVKA (X axis) and ucOC (Y axis). (c) Serum levels of DCP, NX-PVKA
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respectively. (e) Serum levels of NX-PVKA ratio before and after therapy for HCC. Significant difference was observed (**P < 0.01).
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characteristics of patients who were taking warfarin are shown
in Table 3. Des-c-carboxy prothrombin levels did not differ between
the HCC group (median, 12 285 mAU ⁄mL and range, 4208–
29 287 mAU ⁄mL) and the LC group (median, 11 805 mAU ⁄mL
and range, 1526–27 631 mAU ⁄mL). Although the NX-PVKA
ratio was different between the HCC group (median, 0.64 and
range, 0.39–0.83) and the LC group (median, 0.41 and range,
0.29–0.49), this difference did not reach statistical significance,
probably due to the small number of study cases (P = 0.063).
Similarly, AFP levels were different between the HCC group
(median, 11 ng ⁄mL and range, 2.0–132 ng ⁄mL) and the LC
group (median, 2.0 ng ⁄mL and range, 2.0–4.0 ng ⁄mL), but the
difference did not reach statistical significance (P = 0.071;
Fig. 4).

Change in NX-PVKA ratio after therapy. The NX-PVKA ratio
before and after therapy was measured in three patients with
HCC who were taking warfarin. The ratio tended to decrease
after therapy, but the difference was not statistically signifi-
cant, probably due to the small number of cases (median 0.64,
range 0.39–0.83 before therapy, median 0.45, range 0.34–0.45
after therapy; P = 0.285).

Discussion

In this study, we demonstrated the usefulness of the
NX-PVKA ratio in differentiating between patients with HCC
and patients with LC, all of whom were not taking warfarin.
The NX-PVKA ratio was more useful particularly in patients
with conventional DCP values > 35 mAU ⁄mL. Furthermore,
our results showed that the NX-PVKA ratio is useful for
predicting HCC in patients taking warfarin.
Since serum DCP is known to be elevated in vitamin K defi-

ciency, we analyzed the correlation between DCP ⁄NX-PVKA
and ucOC. It has been reported that ucOC is released from
osteoblasts into the blood stream in vitamin K deficiency.
Therefore, the serum ucOC concentration is a sensitive marker
for vitamin K status.(20,21) Our results showed that serum
ucOC levels did not correlate with either DCP or NX-PVKA
levels, indicating that elevations of DCP ⁄NX-PVKA were not
due to vitamin K deficiency in these cases. Values for DCP,
AFP, AFP-L3 and the NX-PVKA ratio were all significantly
different in HCC and LC patients. The cut-off levels of DCP,
AFP, AFP-L3 and the NX-PVKA ratio optimized by the ROC
curve, applied to all cases, were 35 mAU ⁄mL, 7.5 ng ⁄mL, 5%
and 1.0, respectively. When these cut-off levels were applied,
the sensitivity and specificity of each of these markers were:
DCP (sensitivity 57.1%, specificity 77.2%), AFP (65.9%,
74.3%), AFP-L3 (25.6%, 87.5%) and the NX-PVKA ratio
(71.4%, 59.8%). When we combined AFP and AFP-L3, the
sensitivity and specificity were 25.3% and 89.1%, respectively.
In previous studies, the sensitivity and specificity of DCP was
reported to range from 40% to 54% and 81% to 98%, respec-
tively, and that of AFP was reported to be 39–64% and 76–
91% for sensitivity and specificity, respectively.(22–24) In the
present study, the results we obtained for DCP and AFP were
consistent with previous reports. Furthermore, the sensitivity
and specificity of the NX-PVKA ratio was comparable with

Table 2. Analysis of cut-off values

Cut-off value
Sensitivity

(%)

Specificity

(%)

Accuracy

(%)

DCP 35.0 (mAU ⁄mL) 57.1 77.2 64.2

NX-PVKA ratio 1.0 71.4 59.8 56.0

AFP 7.5 (ng ⁄mL) 65.9 74.3 69.8

AFP L3 5.0 (%) 25.6 87.5 65.6

AFP, a-fetoprotein; DCP, des-c-carboxy prothrombin.
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that of DCP and AFP, confirming the utility of the NX-PVKA
ratio for early diagnosis of HCC. NX-PVKA ratios were
decreased significantly after radical therapy for HCC, suggest-
ing that the NX-PVKA ratio is directly influenced by the exis-
tence of HCC and is a useful tool for following-up on HCC.
To further explore the utility of NX-PVKA, we examined a

combination of DCP and the NX-PVKA ratio. Since we ini-
tially hypothesized that there was a correlation between the
NX-PVKA ratio and DCP, we drew a scatter diagram of DCP
and the NX-PVKA ratio. The diagram showed two populations
that had different tendencies, divided at a DCP value of
35 mAU ⁄mL. In cases with DCP > 35 mAU ⁄mL, there was
only a weak correlation between DCP and the NX-PVKA ratio
(r = 0.399). Moreover, a significant difference in NX-PVKA
ratio was observed between HCC and LC but DCP was not
different between the two groups. In these cases, the cut-off
value for the NX-PVKA ratio that was optimized by the ROC

curve was 1.15; at this cut-off, the sensitivity and specificity
for diagnosis were better than that of all cases. Also, these val-
ues were superior to those obtained by the combination of
AFP and AFP-L3 (sensitivity 39.6%, specificity 94.5% in all
cases, sensitivity 69.2%, specificity 75.9% in cases with
DCP > 35 by DCP and NX-PVKA ratio versus sensitivity
25.3%, specificity 89.1% by AFP and AFP-L3). Conversely, in
cases with DCP � 35 mAU ⁄mL, DCP and the NX-PVKA
ratio were strongly correlated (r = 0.775) and there was no
difference between HCC and LC patients.
One of the main findings from this study was that the

NX-PVKA ratio was very useful for detecting HCC, particu-
larly in cases with values for DCP > 35 mAU ⁄mL. Moreover,
using the NX-PVKA ratio, we were able to rule out the exis-
tence of HCC in most LC cases with DCP > 35 mAU ⁄mL.
The cut-off level of conventional DCP is generally set at
40 mAU ⁄mL in our daily clinical practice. However, we often
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Table 3. Characteristics of patients taking warfarin

HCC

n = 5

LC

n = 4
P-value

Age (years) 74 (63–78) 70 (44–82) 1.000

Sex (male ⁄ female) 4 ⁄ 1 1 ⁄ 3 0.099

Etiology (HBV ⁄HCV ⁄ alcohol ⁄ other) 5 ⁄ 0 ⁄ 0 ⁄ 0 1 ⁄ 1 ⁄ 1 ⁄ 1 0.131

Total bilirubin (mg ⁄ dL) 0.90 (0.7–1.4) 0.75 (0.5–1.7) 1.000

Albumin (g ⁄ dL) 3.5 (3.1–4.3) 4.0 (3.0–4.4) 0.730

ALT (IU ⁄ dL) 41 (16–70) 12 (11–36) 0.063

Platelet (9104) 13.9 (5.4–22.2) 14.1 (8.1–80) 0.905

PT-INR 1.18 (1.11–2.01) 1.57 (1.19–2.24) 0.286

DCP (mAU ⁄mL) 12 285 (4208–29 287) 11 805 (1526–27 631) 1.000

NX-PVKA ratio 0.64 (0.39–0.83) 0.41 (0.29–0.49) 0.063

AFP (mAU ⁄mL) 11 (2–132) 2 (2–4) 0.071

AFP L3 (%) 0 (0–3.6) N ⁄A
Child–Pugh (A ⁄ B ⁄ C) 4 ⁄ 1 ⁄ 0
UICC Stage (I ⁄ II ⁄ III ⁄ IV) 3 ⁄ 1 ⁄ 1 ⁄ 0
Size of tumor (mm) 24 (10–51)

Number of tumors 2 (1–5)

Primary ⁄ Recurrence 3 ⁄ 2
VP (+ ⁄�) 1 ⁄ 4

AFP, a-fetoprotein; ALT, alanine aminotransferase; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LC, liver cirrhosis;
PT-INR, prothrombin time-international normalized ratio; UICC, Union for International Cancer Control; VP, portal vein invasion.
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encounter patients with liver disease who have slightly
elevated DCP levels, but undetectable HCC as assessed by
imaging studies. It has been reported that aberrant elevation of
DCP is occasionally observed in patients with alcoholic cirrho-
sis or vitamin K deficiency. In our practice, we sometimes
have patients who develop HCC during the course of having
higher DCP levels, which were initially thought to be aber-
rantly elevated. We previously reported that patients who exhi-
bit fluctuating DCP levels are more likely to develop HCC.(25)

For this reason, we think it is very helpful to use a combina-
tion of the NX-PVKA ratio and DCP to ensure an early and
accurate diagnosis of HCC.
Another important finding from the present study is that the

NX-PVKA ratio is also a useful marker for HCC in patients tak-
ing warfarin. Since DCP is usually remarkably elevated in
patients taking warfarin, it loses utility for diagnosing HCC in
these cases. In our study, DCP values did not differ between
HCC and LC patients taking warfarin. Hepatocellular carcinoma
patients, however, had higher NX-PVKA ratios compared to LC
patients, even if they were taking warfarin, although the differ-
ence did not reach statistical significance. Furthermore, the
NX-PVKA ratio in HCC patients taking warfarin decreased
after treatment, suggesting that this ratio was useful for both
detection and follow-up of HCC. Toyoda et al.(19) recom-
mended 1.5 as the cut-off level for the NX-PVKA ratio in cases

where warfarin is used since it had maximal accuracy at that
level with sensitivity, specificity, positive predictive value, neg-
ative predictive value, and accuracy of 60.0%, 100.0%, 100.0%,
87.5%, and 89.5%, respectively. The authors also reported,
however, that when the cut-off level was lowered to 0.65, which
was optimized by the ROC, the sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy chan-
ged to 95.0%, 73.2%, 55.9%, 97.6%, and 78.9%, respectively.
In the present study, all patients taking warfarin had lower
NX-PVKA ratios compared to cases not taking warfarin
(NX-PVKA ratio < 1 in all warfarin cases). We speculate that
the reason we observed relatively lower NX-PVKA ratios with
warfarin use is that NX-PVKA was measured with P-11 and P-
16 antibodies that have a higher affinity to DCP with 2–9 Glu
residues, which is induced by deficiency or disturbed used of
vitamin K and by the effects of warfarin. This would result in
relatively lower NX-PVKA ratios since the ratio is calculated
by dividing DCP by NX-PVKA. We believe, therefore, that the
cut-off value of NX-PVKA ratio in cases of warfarin use should
be lowered. Furthermore, we propose that the number of
patients taking warfarin for cardiovascular diseases will
increase in the near future, as a result of aging, and the neces-
sity for use of the NX-PVKA ratio will increase.
However, we acknowledge the present study had a few prob-

lems. First, there were several differences in patient character-
istics between the HCC and LC groups. For example, our LC
patients had more impaired liver function tests, and number of
alcoholic patients was greater in the LC group. Though alcohol
consumption is known to increase serum DCP level,(26) our
HCC patients had higher levels of serum DCP ⁄NX-PVKA
ratio indicating the elevation of DCP ⁄NX-PVKA ratio was
derived from production by HCC rather than alcohol. Another
problem in this study was that it was performed on a limited
number of patients especially in warfarin cases. Further studies
with more patients are therefore necessary to establish the
NX-PVKA ratio as a new and potent marker for HCC in cases
taking warfarin.
In conclusion, we showed in the present study that the

NX-PVKA ratio is a novel and promising marker for the detec-
tion of HCC, especially in cases with DCP > 35 mAU ⁄mL. The
optimal cut-off level remains to be investigated both in cases
with and without warfarin. Further studies with an increased
number of study cases are necessary in order to establish the
diagnostic strategy for the use of this novel tumor marker.
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