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Des-gamma-carboxy prothrombin (DCP) is a useful tumor marker
for hepatocellular carcinoma (HCC), but its utility is limited in
patients taking vitamin K antagonists. We evaluated the NX-DCP
ratio, a newly developed method to measure serum DCP, for its
ability to identify DCP elevation induced by HCC in this patient
subpopulation. Conventional DCP measurements and the NX-DCP
ratio were compared in patients with and without HCC, all of
whom were taking the vitamin K antagonist warfarin. We found
no differences in conventional DCP measurements between
patients with and without HCC due to warfarin treatment. In
contrast, the NX-DCP ratio was significantly higher in patients
with HCC; the NX-DCP ratio in all patients without HCC was
<1.50. When the cut-off was fixed at 1.50, sensitivity and specific-
ity for HCC diagnosis were 60.0% and 100.0%, respectively,
which are comparable to those of conventional DCP measure-
ments in patients not taking warfarin. The novel NX-DCP ratio
identifies patients on warfarin with elevated DCP due to HCC
and is useful as a tumor marker for HCC in this patient subpopu-
lation. (Cancer Sci 2012; 103: 921–925)

P rothrombin, or coagulation factor II, is a 71 600 Da pro-
tein that consists of three regions: fragment 1; fragment 2;

and prothrombin. Fragment 1 consists of 156 amino acids,
including 41 amino acids forming an N-terminal gamma-glu-
tamic acid (Gla)-containing domain. Prothrombin is first syn-
thesized in the liver as a precursor with 10 glutamic acid (Glu)
residues, which are then modified to Gla residues by gamma-
glutamylcarboxylase in the presence of vitamin K, O2, and
CO2 before it is released into the bloodstream.
However, in the absence of vitamin K or in the presence of

vitamin K antagonists, gamma-carboxylation is impaired, and
prothrombin with the remaining Glu residues, which is inactive
with respect to coagulation, is released into the bloodstream.(1)

Prothrombin in this form is called des-gamma-carboxy pro-
thrombin (DCP) or protein induced by vitamin K absence/
antagonist-II (PIVKA-II). As the number of Glu residues
unconverted to Gla varies, DCP is present as a mixture of pro-
thrombin with various numbers of Glu residues, ranging from
1 to 10. In addition, because the Gla residue can bind to cal-
cium, it is known that the 3-D protein structure of DCP will
be different in the presence of calcium, and depends on the
number of Glu residues.(2)

Des-gamma-carboxy prothrombin is frequently found in the
blood of patients with hepatocellular carcinoma (HCC).
Because DCP is elevated in many patients with HCC but not
in patients with chronic hepatitis or cirrhosis without HCC,(3)

it has been routinely used as a tumor marker of HCC in clini-
cal settings.(4–6) However, serum DCP levels are also increased

in the absence of HCC when there is a shortage of vitamin
K or in the presence of vitamin K antagonists.(7) The value
of DCP as a marker of HCC, therefore, is significantly reduced
in patients who are taking vitamin K antagonists such as
warfarin.
Previous studies reported differences in the number of Glu

residues in DCP between patients with HCC and patients tak-
ing vitamin K antagonists.(8,9) Conventionally, DCP is mea-
sured using a mAb produced by the cell line MU-3 (Picolumi
PIVKA-II; EIDIA, Tokyo, Japan), which reportedly reacts pre-
dominantly with DCP with 9–10 Glu residues. MU-3 had
lower affinity for DCP with one to five Glu residues.(10)

However, measuring DCP with this antibody alone can not
differentiate between HCC-induced and vitamin K antagonist-
associated elevations of DCP, making it difficult to evaluate
whether rises in DCP are caused by HCC in patients taking
vitamin K antagonists.
In the present study, we attempted to identify HCC-induced

DCP in patients with HCC taking the vitamin K antagonist
warfarin through the use of two mAbs against DCP, P-11 and
P-16 (Sekisui Medical, Tokyo, Japan), which have a reactivity
profile different from MU-3. We found clinical utility in DCP
as a marker for HCC in patients taking warfarin when mea-
sured with the combination of MU-3, P-11, and P-16.

Materials and Methods

Preparation of electrochemiluminescence immunoassay (ECLIA)
reagents with P-11 and P-16. Magnetic beads coated with P-16
mAb (Sekisui Medical) were prepared as follows: 1 mL of
30 mg/mL magnetic bead suspension (Dynabeads M-450
Epoxy; Life Technologies, Carlsbad, CA, USA) was placed
into a test tube and the magnetic beads were trapped by a
magnet to separate the supernatant. After the supernatant was
discarded, 1 mL P-16 mAb (0.5 mg/mL in 0.15 mol/L PBS,
pH 7.8) was added to the magnetic beads and stirred at 25°C
for 18 h. After washing the magnetic beads, 2 mL of 1% BSA
in 0.15 mol/L PBS (pH 7.8) were added and stirred at 25°C
for 18 h to block the beads. These beads were diluted to
1 mg/mL using the bead dilution reagent (0.05 mol/L Tris buf-
fer (pH 7.5), 0.15 mol/L NaCl, 0.01% Tween 20, 0.1% NaN3,
10% normal rabbit serum, and 0.1% mouse serum) when in
use.
Ruthenium (Ru)-conjugated P-11 mAb was prepared by the

following procedure: 68 lL Ru-complex compounds (10 mg
Ru (II) Tris (bipyridyl)-NHS ester in 1 mL DMSO) was added
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to 1 mL P-11 mAb (1 mg/mL in 0.15 mol/L PBS, pH 7.8)
(Sekisui Medical) for conjugation, and stirred at 25°C for
30 min. Then, 50 lL of 2 mol/L glycine was added to termi-
nate the conjugation reaction, and Ru-conjugated P-11 mAb
was isolated by collecting the Ru-bound protein fraction using
Sephadex G-25 (previously equilibrated with 10 mmol/L PBS,
pH 6.0). The Ru-conjugated P-11 mAb was then diluted to
1 lg/mL using Ru dilution reagent (0.015 mol/L HEPES buf-
fering solution [pH 7.8], 0.15 mol/L NaCl, 0.013 mol/L CaCl2,
0.1% Tween 20, 0.1% NaN3, 5% normal rabbit serum, and
0.1% mouse serum) when in use.

Measurement of conventional DCP (with MU-3 antibody), NX-
DCP (with P-11 and P-16 antibodies), and NX-DCP ratio. Con-
ventional DCP, which is measured using MU-3 antibody and
is currently used in clinical settings, was measured with EC-
LIA using the Picolumi III automated analyzer (EIDIA). NX-
DCP was measured by ECLIA. Briefly, 25 lL magnetic
beads coated with P-16 mAb (1 mg/mL) and 150 lL Ru-con-
jugated P-11 mAb (1 lg/mL) were added to samples at 30°C
for 9 min to obtain the value of NX-DCP. The NX-DCP
ratio was calculated by dividing the value of DCP measured
using the conventional Picolumi method by the value of
NX-DCP.

Reactivity of MU-3, P-11, and P-16 mAbs based on the time
allowed for decarboxylation from prothrombin. We prepared
DCP with varying numbers of Glu residues by applying differ-
ent time intervals for decarboxylation from prothrombin
(Enzyme Research Laboratories, Swansea, UK), according to
the method of Bajah et al.(2) Specifically, 0.78 mL ammonium
bicarbonate solution (0.1 mol/L, pH 8.0) was applied to
4.6 mg/mL prothrombin solution overnight for dialysis against
an ammonium bicarbonate solution at 4°C. Then 0.1 mol/L
EDTA*2Na was applied to the solution after dialysis until a
final concentration of 10 mmol/L was achieved, and the solu-
tion was allowed to stand at room temperature for 30 min.
This solution was dialyzed again against an ammonium
bicarbonate solution for 2 h at 4°C then aliquoted into six
heat-resistant vials with a screw cap and lyophilized. The
vials were then filled with nitrogen gas and heated to 110°C
for 0, 30 min, 1, 2, 6, or 23 h to create six different sam-
ples. We coated microplates with 100 lL of each sample at
0.1 lg/mL, and tested reactivity of the MU-3, P-11, and
P-16 mAbs in the presence of 4 mmol/L calcium chloride.
The experiments were repeated three times and the average
value was calculated.

Patients. A total of 338 patients were diagnosed with pri-
mary, non-recurrent HCC between January 2006 and Decem-
ber 2009 at Ogaki Municipal Hospital (Ogaki, Japan). Of
these, 14 patients had been taking warfarin when HCC was
diagnosed. Six patients at Osaka Red Cross Hospital (Osaka,
Japan) who were diagnosed as having primary HCC during the
same period and had been taking warfarin at the time of diag-
nosis were also enrolled in the study. We analyzed the stored
serum samples from these 20 patients, obtained at the time of
HCC diagnosis. The diagnosis of HCC was made by histologi-
cal examination or appropriate imaging characteristics using
criteria of the guidelines by the American Association for the
Study of Liver Diseases.(11) Tumor stage on imaging findings
was assessed according to the TNM classification of the Liver
Cancer Study Group of Japan.(12)

Control samples were obtained from 56 patients with chronic
liver disease without HCC who were followed up at Ogaki
Municipal Hospital. Samples were collected during routine
HCC surveillance during the same period. These patients had
been taking warfarin when serum samples were collected and
provided informed consent for their stored serum samples to
be used for research. The diagnosis of chronic liver disease
was made with histological examination in 45 patients, includ-

ing 10 with cirrhosis. The remaining 11 patients were diag-
nosed with cirrhosis based on imaging findings and
biochemical tests. To ensure that controls did not have HCC,
these patients were followed for 3 years after serum sampling
by ultrasonography, CT, or MRI to ensure that none had devel-
oped HCC.
The protocol for the clinical part of this study was approved

by the institutional review board of Ogaki Municipal Hospital
and carried out in compliance with the Helsinki Declaration.
Written informed consent was obtained from all study patients
for the use of clinical and laboratory data and stored serum
samples.

Statistical analyses. Differences in percentages between
groups were analyzed using the v2-test. Differences in mean
quantitative values were analyzed by the Mann–Whitney U-
test. Changes in the NX-DCP ratio with increases in HCC
stage were analyzed with the Jonckheere–Terpstra test. Data
analyses were carried out using JMP statistical software, ver-
sion 6.0 (Macintosh version; SAS Institute, Cary, NC, USA).
All P-values were derived from two-tailed tests, with P < 0.05
considered to indicate statistical significance.

Results

Reactivity of MU-3, P-11, and P-16 antibodies with DCP based
on time allowed for decarboxylation from prothrombin. Figure 1
shows the reactivity of the MU-3, P-11, and P-16 antibodies
according to the time allowed for decarboxylation from pro-
thrombin. MU-3 did not react with prothrombin (0 min) and
its reactivity increased as the heating time (time allowed for
decarboxylation) increased, with maximum reactivity to the
sample after 6 h of heating. In contrast, P-11 and P-16 showed
maximum reactivity to the 1-h sample and reactivity decreased
as the heating time (time allowed for decarboxylation)
increased.

Patient characteristics and levels of conventional DCP, NX-DCP,
and NX-DCP ratio. Warfarin was used to treat atrial fibrillation
in 48 patients, a history of mitral or aortic valve replacement
in 13 patients, and a history of cerebral infarction in 15
patients. Table 1 summarizes the characteristics of the patients
with and without HCC. There were no differences in patient
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Fig. 1. Reactivity of MU-3, P-11, and P-16 antibodies according to
the time allowed for decarboxylation from prothrombin. MU-3 did
not react with prothrombin (0 min) and its reactivity increased as the
heating time (time allowed for decarboxylation) increased, with maxi-
mum reactivity to the sample after 6 h of heating. Both P-11 and P-16
showed maximum reactivity to the 1-h sample and reactivity
decreased as the heating time increased.
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age, sex, serum albumin, serum total bilirubin, platelet count,
or prothrombin levels.
Figure 2 compares conventional DCP levels, NX-DCP lev-

els, and NX-DCP ratios between patients with and without
HCC. No differences were found in conventional DCP levels
between patients with and without HCC (median,
2600.5 mAU/mL and range, 1060–96920 mAU/mL in patients
with HCC versus median, 20550.5 mAU/mL and range, 1355–
71783 mAU/mL in patients without HCC; P = 0.7952). In
contrast, NX-DCP levels in patients with HCC (median,
34135.0 mAU/mL; range, 260–67581 mAU/mL) were signifi-
cantly lower than in patients without HCC (median,
40708.0 mAU/mL; range, 5026–60443 mAU/mL; P = 0.0291).
As a result, the NX-DCP ratio was significantly higher in
patients with HCC (median, 1.92; range, 0.35–10.32) than in
patients without HCC (median, 0.49; range, 0.12–1.33;
P < 0.0001).

Sensitivity, specificity, and positive and negative predictive val-
ues of NX-DCP ratio for diagnosis of HCC. Figure 3(a) shows the
receiver operating characteristic (ROC) curve of the NX-DCP
ratio for the diagnosis of HCC. The area under the ROC curve
was 0.8928. The highest Youden index was 0.68 when the cut-
off was fixed as 0.65 and the highest accuracy was 89.5%
when the cut-off was fixed as 1.50, based on the sensitivity
and specificity analysis (Fig. 3b). When the cut-off was fixed
as 0.65, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy were 95.0%,
73.2%, 55.9%, 97.6%, and 78.9%, respectively. When the cut-
off was fixed as 1.50, sensitivity, specificity, PPV, NPV, and
accuracy were 60.0%, 100.0%, 100.0%, 87.5%, and 89.5%,
respectively.

Serum alpha-fetoprotein (AFP) and Lens culinaris agglutinin-
reactive fraction of AFP (AFP-L3) levels in patients with HCC.
Serum levels of AFP and AFP-L3 were measured(13) in
patients with HCC in the same serum for the measurement of
NX-DCP ratio (AFP-L3 was not measured in five patients).
The median (range) values were 18.4 ng/mL (0.8–68 470 ng/
mL) for AFP and 3.6% (0–45.2%) for AFP-L3. When the cut-
off levels of AFP and AFP-L3 were fixed as 20 ng/mL and
5%, respectively, according to previous reports,(14–16) 10 of 20
patients (50.0%) showed elevation of AFP and seven of 15
patients (46.7%) showed elevation of AFP-L3. These two
tumor markers were not increased in six of 15 patients
(40.0%).

NX-DCP ratio and progression of HCC. Figure 4 shows the
NX-DCP ratio in patients according to HCC stage. Despite
the small number of patients, there was a gradual increase in
the NX-DCP ratio as the stage increased (P = 0.0315).

Discussion

Hepatocellular carcinoma is the sixth most common cancer
and the third most common cause of cancer-related death
worldwide.(17,18) In Japan, HCC is currently the third most
common cause of death from cancer in men and the fifth in
women.(19) The incidence of HCC is also increasing in the
US.(20,21) Improvements of tumor markers specific for HCC
contribute to early detection of HCC. Three markers for HCC
are currently used clinically, AFP, AFP-L3, and DCP. The util-
ity of each of these tumor markers for detection and diagnosis
of HCC, for evaluation of tumor progression, and for determi-
nation of patient prognosis has been reported.(4,22–24) Elevation

Table 1. Background characteristics of study patients with and without hepatocellular carcinoma (HCC) (n = 76)

Patients with HCC (n = 20) Patients without HCC (n = 56) P-value

Mean age ± SD, years (range) 72.4 ± 8.0 (46–83) 70.0 ± 9.8 (46–86) 0.3211

Sex, female/male 6 (30.0)/14 (70.0) 19 (33.9)/37 (66.1) 0.9651

Albumin, g/dL (mean ± SD) 3.82 ± 0.42 3.97 ± 0.51 0.2276

Total bilirubin, mg/dL (mean ± SD) 1.02 ± 0.65 0.82 ± 0.52 0.1288

Platelets (9103/lL) 158 ± 75 160 ± 49 0.4754

INR 1.75 ± 0.58 1.76 ± 0.58 0.7816

Mean tumor size ± SD, cm (range) 3.35 ± 1.84 (1.1–8.4) – –

Number of tumors, single/multiple 15 (75.0)/5 (25.0) – –

Tumor stage, I/II/III† 3 (15.0)/11 (55.0)/6 (30.0) – –

†According to the TNM classification of the Liver Cancer Study Group of Japan. Unless otherwise indicated, values in parentheses indicate
percentages. INR, International normalized ratio.
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Fig. 2. Serum levels of conventional des-gamma-carboxy prothrombin (DCP), NX-DCP, and the NX-DCP ratio in patients with and without hepa-
tocellular carcinoma (HCC) taking warfarin. (a) Serum levels of conventional DCP. No differences were found between two groups (P = 0.7952).
(b) Serum levels of NX-DCP were significantly higher in patients without HCC compared to those with HCC (P = 0.0291). (c) The NX-DCP ratio
was significantly higher in patients with HCC than in those without HCC, consequently (P < 0.0001).
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of DCP is often observed in HCC patients without elevation of
AFP or AFP-L3, and is useful as a complement to these other
two markers in the diagnosis of HCC. In addition, elevation of
DCP is reportedly associated with a high rate of portal vein
invasion and poor prognosis.(25) Elevation of DCP is also asso-
ciated with better outcomes when hepatectomy, rather than ra-
diofrequency ablation, is carried out in patients treated with
curative intent.(26,27)

However, DCP loses its value as a tumor marker of HCC in
patients taking warfarin.(7) Due to the marked decrease in vita-
min K level caused by warfarin intake, DCP levels signifi-
cantly increase in individuals taking warfarin, even in the
absence of HCC. Therefore, DCP has no clinical utility as a
tumor marker for HCC in this patient subpopulation.
The present study evaluated the reactivity of new antibodies

against DCP, antibodies P-11 and P-16, based on the number
of Glu residues. The number of Glu residues increases as the
time allowed for decarboxylation from prothrombin
increases.(2) Our results showed P-11 and P-16 have higher
reactivity with DCP with fewer Glu residues than MU-3, the

antibody that is conventionally used for the measurement of
DCP. The NX-DCP level that is measured by P-11 and P-16
antibodies, therefore, represents predominantly DCP caused by
reduced vitamin K availability. Consequently, the elevation of
the NX-DCP ratio calculated in the equation: conventional
DCP/NX-DCP, reflects more specifically the elevation of DCP
by HCC.
There were no differences in the conventional measurements

of DCP between patients with and without HCC who are
taking warfarin. The NX-DCP ratio was significantly lower in
patients without HCC than in patients with HCC. The
NX-DCP ratio varied in patients with HCC, as was conven-
tional DCP in patients not taking warfarin, because the produc-
tion of DCP by HCC is variable. In contrast, in all patients
without HCC, the NX-DCP ratio was low despite high conven-
tional DCP levels in the same patients; no patients had an ele-
vated NX-DCP ratio. The results indicate that the NX-DCP
ratio could pinpoint the elevation of DCP caused by HCC,
thereby restoring the value of DCP as a marker for HCC in
patients taking warfarin.
When the cut-off level was fixed at 1.5 on the basis of maxi-

mal accuracy, the sensitivity, specificity, PPV, and NPV were
comparable to those of conventional DCP in the general popu-
lation with normal vitamin K levels, as previously reported.(28)

The NX-DCP ratio, therefore, seems to be useful as a marker
for HCC in patients taking warfarin.
The elevation of other tumor markers for HCC, AFP and

AFP-L3, were observed in only half of the patients with HCC
taking warfarin. In addition, both AFP and AFP-L3 were nega-
tive in 40% of patients with HCC. Des-gamma-carboxy pro-
thrombin is a complimentary marker of AFP/AFP-L3 for HCC.
The elevation of DCP without the elevation of AFP and AFP-
L3 was observed in 16.1% of patients (cut-off, 20 ng/mL for
AFP, 10% for AFP-L3, and 40 mAU/mL for DCP)(29) and
24.8% of patients (cut-off, 400 ng/mL for AFP, 15% for AFP-
L3, and 100 mAU/mL for DCP).(30) The measurement of the
NX-DCP ratio, therefore, will be important for the detection
and diagnosis of HCC even when AFP or AFP-L3 is measured
simultaneously.
There are several limitations to this study. The most impor-

tant limitation was the small number of study patients, espe-
cially patients with HCC. The number of patients with HCC
taking warfarin is low, so it was difficult to increase the num-
ber of study patients. Consequently, it was difficult to evaluate
the value of the NX-DCP ratio in indicating progression of
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(P = 0.0315).
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HCC, including tumor stage progression and portal vein inva-
sion, and in predicting patient outcome. Further studies will be
necessary to establish the value of the NX-DCP ratio as a
tumor marker for HCC in patients taking warfarin. In addition,
the value of the NX-DCP ratio was evaluated only in patients
who were taking the vitamin K antagonist warfarin: its value
was not evaluated in HCC patients in whom vitamin K is
reduced or absent through other mechanisms such as heavy
alcohol intake or nutritional deficiency. The value of the NX-
DCP ratio as a marker for HCC should be confirmed for these
subpopulations in the future.
In conclusion, the novel NX-DCP ratio identified elevation

of DCP due to HCC in patients taking the vitamin K antago-

nist warfarin. Thus, by using this ratio, DCP can be used as a
marker for HCC even in patients taking warfarin.
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