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Background: In hepatocellular carcinoma (HCC), des-r-carboxy prothrombin (DCP) more accurately reflects the malignant
potential than alpha-fetoprotein (AFP). Next-generation DCP (NX-DCP) was created to overcome some of the limitations of
conventional DCP. This study assessed the predictive value of NX-DCP for vascular invasion in HCC.

Methods: We prospectively studied 82 consecutive patients who were scheduled to undergo resection for HCC. Patients were
divided into two groups according to the presence or absence of pathological vascular invasion. The predictive powers of AFP,
conventional DCP, and NX-DCP for vascular invasion were compared by receiver operating characteristic curve analysis, and
correlations with tumour markers and the presence of vascular invasion were assessed.

Results: Vascular invasion was pathologically confirmed in 21 patients (positive group) and absent in 61 patients (negative group).
The NX-DCP level was significantly higher in the positive group than in the negative group (510.0 mAU ml� 1 (10–98 450) vs
34.0 mAU ml� 1 (12–541), Po0.0001), while the AFP level did not differ significantly between the groups (9.7 ng ml� 1

(1.6–43 960.0) vs 11.0 ng ml� 1 (1.6–1650.0), P¼ 0.49). The area under the curve (AUC) of NX-DCP (AUC¼ 0.813, sensitivity¼ 71.4%,
1� specificity¼ 13.1%) had good sensitivity for the prediction of vascular invasion, while the AUC of AFP was 0.550
(sensitivity¼ 28.6%, 1� specificity¼ 1.60%). The suitable cutoff value for identifying pathological vascular invasion in HCC was
33 mm (AUC: 0.783, sensitivity¼ 71.43%, 1� specificity¼ 11.48%).

Conclusions: The NX-DCP level can be used to predict the presence of vascular invasion in HCC.

Des-r-carboxy prothrombin (DCP), also known as protein-induced
vitamin K absence or antagonist-II (PIVKA-II), is known to be a
biomarker for hepatocellular carcinoma (HCC), with a sensitivity
of 40–56% and a specificity of 81–98% (Suehiro et al, 1994;
Imamura et al, 1999; Koike et al, 2001; Marrero et al, 2003). Several
studies have demonstrated that the DCP value better reflects the
malignant potential of HCC, associated with conditions such as
vascular invasion or intrahepatic metastasis than alpha-fetoprotein
(AFP) (Adachi et al, 1996; Imamura et al, 1999; Koike et al, 2001;
Shirabe et al, 2007; Hirokawa et al, 2014). However, conventional

DCP has not become a popular marker, because it is difficult to
accurately quantify in the presence of vitamin K deficiency, the use
of anticoagulants, or poor nutritional status associated with
alcoholic abuse or jaundice (Toyoda et al, 2012; Nanashima et al,
2013; Tameda et al, 2013; Tanaka et al, 2013). The diagnostic
accuracy of AFP alone is also unsatisfactory and ranges from 41%
to 51%. The AFP value reflects the degree of chronic hepatitis and
cirrhosis (Hirokawa et al, 2014). These two markers have different
implications in the diagnosis of HCC, and the sensitivity increases
to 67–89% when both markers are used (Suehiro et al, 1994;
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Adachi et al, 1996; Imamura et al, 1999; Koike et al, 2001; Marrero
et al, 2003; Shirabe et al, 2007).

The local recurrence of HCC depends on tumour diameter,
vascular invasion, and intrahepatic metastasis via the portal vein
(Adachi et al, 1996; Koike et al, 2001; Shirabe et al, 2007).
Thus identifying which patients have vascular invasion before
determining treatment would be ideal. However, pathological
vascular invasion can rarely be diagnosed on imaging studies alone.

Next-generation DCP (NX-DCP) was created to improve the
disadvantage of having to use two different antibodies (P-11 and
P-16) (Toyoda et al, 2012; Tameda et al, 2013; Tanaka et al, 2013).
The diagnostic accuracy of NX-DCP for HCC associated
with various conditions has been reported recently (Marrero
et al, 2003; Toyoda et al, 2012; Hirano et al, 2013; Miyahara et al,
2013; Nanashima et al, 2013; Takeji et al, 2013; Tameda et al, 2013;
Tanaka et al, 2013). To date, however, no study has focussed on the
relation between vascular invasion and NX-DCP. The present
study was designed to assess the predictive value of NX-DCP for
vascular invasion in patients with HCC.

PATIENTS AND METHODS

Patients. Between May 2012 and May 2013, data were collected
for 102 consecutive patients who underwent liver resection for
HCC in Nihon University Itabashi Hospital. To objectively assess
the predictive powers of conventional DCP and NX-DCP, we
excluded six patients in whom liver resection was contraindicated
by poor functional reserve (n¼ 4) or poor nutritional status
(n¼ 2), three patients with intrahepatic cholestasis (n¼ 3), and
one patient with a recent history of receiving intravenous cephem
antibiotics (n¼ 1) before operation. Ten patients were excluded
because they had a pathologically confirmed diagnosis of
cholangiocellular carcinoma (n¼ 2), obstructive jaundice (n¼ 2),
were receiving warfarin (n¼ 1) or had liver adenoma (n¼ 1), liver
yolk sac tumour (n¼ 1), or unresectable tumour at operation
(n¼ 3). The remaining 82 patients were studied. Vascular invasion
was pathologically confirmed in 21 patients (positive group) and
absent in 61 patients (negative group).

Blood samples (6 ml) were obtained from the patients under
general anaesthesia before operation. NX-DCP in the patients’
concentrated sera was quantified with the use of a Sandwich
Electrochemiluminescence Immunoassay Kit (EIDIA Co., Ltd.,
Tokyo, Japan), employing two independent, novel anti-human
DCP monoclonal antibodies, P11 and P16 (Toyoda et al, 2012;
Nanashima et al, 2013). Informed consent was obtained from all
patients, and the scientific committee in our hospital approved this
study.

Surgical procedures. The indications and procedures for liver
resection were selected in accordance with Makuuchi’s criteria for
hepatic functional reserve (Makuuchi et al, 1993). Nearly all liver
transections were performed with intermittent clamping of the
hepatoduodenal pedicle (Pringle’s manoeuvre) for 15 min, followed
by release for 5 min. Before liver transection, intraoperative
ultrasonography was performed in all patients to detect vascular
invasion around HCC. The perioperative management procedures
in our hospital have been described previously (Yamazaki et al,
2011, 2012a, b).

Histopathological study. All resected specimens were cut into 10-
mm-thick slices. If visible vessels were found in the specimens, they
were sliced longitudinally. The sliced specimens were fixed in 10%
formalin. A pathologist examined the fixed specimens. All possible
metastases and sites of vascular invasion were trimmed for paraffin
blocks. Then 5-mm-thick slices of microscopic sections were
stained with haematoxylin and eosin. Glisson’s sheath was found
near the tumour or was difficult to discriminate because of vascular

invasion, and all specimens were additionally stained with elastica
van Gieson stain. Vascular invasion was defined by the presence of
clusters of cancer cells linked by endothelial cells in the vascular
space. If the tumour invaded Glisson’s sheath and the structure was
partially destroyed by cancer cells, some of the serial microscopic
sections were stained.

Statistical analysis. Continuous variables were compared using
Student’s t-test or the Mann–Whitney U-test. Multiple compar-
isons were made by repeated-measure analysis of variance. The
cutoff values and correlation coefficients of each variable were
obtained from a receiver operating characteristic (ROC) curve.
P-values of o0.05 were considered to indicate statistical
significance. All analyses were performed using the JMP 9.0
software (SAS, Chicago, IL, USA).

RESULTS

Patients. There was no significant difference in gender (P¼ 0.72),
age (P¼ 0.31), or the number of tumours (P¼ 0.50) between the
positive group and the negative group (Table 1). The tumour
diameter was significantly larger in the positive group than in the
negative group (45 mm (11–165) vs 20 mm (9–65), respectively;
Po0.0001). The liver functional reserve before operation did not
differ significantly between the groups; however, the platelet count
differed significantly (16.4 mm4 dl� 1 (5.8–33.9) vs 11.9 mm4 dl� 1

(4.2–23.9), respectively; Po0.0001). Pathological liver cirrhosis
was seen in a higher proportion of patients in the negative group
than in the positive group (25 patients (41.0%) vs 4 patients
(19.1%), respectively; P¼ 0.07), although the difference did not
reach statistical significance. The proportions of patients with
different histological types of HCC did not differ significantly
between the groups.

The NX-DCP level (510 mAU ml� 1 (10–98 450) vs
34.0 mAU ml� 1 (12–541), respectively; Po0.0001) and conven-
tional DCP level (250 mAU ml� 1 (17–18 790) vs 31.0 mAU ml� 1

(16–813), respectively; Po0.0001) were significantly higher in the
positive group than in the negative group (Table 2). In contrast, the
AFP value did not differ significantly between the two groups and
did not reflect vascular invasion (9.7 ng ml� 1 (1.6–43,960.0) vs
11.0 ng ml� 1 (1.6–1650), respectively; P¼ 0.49). There was also no

Table 1. Patients’ characteristics

Positive
group (n¼21)

Negative
group (n¼61) P-value

Gender (male) 15 (71.4%) 46 (75.4%) 0.72

Age (years) 71 (41–82) 71 (33–82) 0.31

Viral infectiona 14 (66.7%) 54 (88.5%) 0.05

Single nodule 17 (81.0%) 45 (73.8%) 0.5

Tumour diameter (mm) 45 (11–165) 20 (9–65) o0.0001

Aspartate aminotransferase
(IU dl�1)

32 (13–147) 36 (12–157) 0.74

Alanine aminotransferase
(IU dl�1)

46 (17–84) 46 (14–139) 0.8

Albumin (g dl� 1) 4.1 (3.0–5.0) 3.9 (2.8–4.8) 0.09

Total bilirubin (mg dl�1) 0.45 (0.71–1.46) 0.71 (0.24–2.12) 0.91

Prothrombin activity (%) 100 (82–100) 97 (68–100) 0.07

Platelet (mm4 dl�1) 16.4 (5.8–33.9) 11.9 (4.2–23.9) 0.005

Pathological cirrhosis 4 (19.1%) 25 (41.0%) 0.07

Well differentiated 1 (4.8%) 11 (18.0%) 0.14

Poor differentiated 4 (19.1%) 5 (8.2%) 0.17
aHepatitis B virus or hepatitis C virus.
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significant difference in the vascular endothelial growth factor
(VEGF) value (20.3 (7.81–91.1) vs 24.5 (7.8–150.8), respectively;
P¼ 0.63) or the VEGF receptor value (135.0 (5.8–474.2) vs 138.8
(79.6–540.4), respectively; P¼ 0.92).

Relation between tumour diameter and vascular invasion. The
AFP value was unrelated to tumour diameter in the study group as
a whole (r¼ 0.348). There was also no relation between the AFP
value and tumour diameter in the positive (r¼ 0.312) or negative
group (r¼ 0.170) (Figure 1A). In contrast, the NX-DCP value
strongly correlated with tumour diameter in the study group as a
whole (r¼ 0.817), as well as in the positive group (Figure 1B). The
correlation was stronger in the vascular invasion positive group
(r¼ 0.853) than in the negative group (r¼ 0.283). In the positive
group, the ROC curve analysis revealed that the optimal tumour
cutoff diameter for predicting pathological vascular invasion was
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Figure 1. Correlation between tumour markers and tumour diameter. (A) The AFP value poorly correlated with tumour diameter (r¼0.348) in the
study group as a whole. Moreover, this trend was unchanged in patients positive (r¼0.312) or negative (r¼0.170) for vascular invasion.
(B) A strong correlation was observed between tumour diameter and the NX-DCP value (r¼0.817). This trend was more evident in the vascular
invasion positive group (r¼ 0.853) while the correlation was weak in the negative group (r¼ 0.283). (C) The ROC curve analysis revealed that the
optimal tumour cutoff diameter for predicting pathological vascular invasion was 33 mm (AUC 0.783, sensitivity¼71.43%, 1� specificity¼11.48%).

Table 2. Biomarkers for detecting pathological vascular
invasion

Positive group
(n¼21)

Negative group
(n¼61) P-value

Next-generation
DCP (mAU ml�1)

250 (17–18 790) 31 (16–813) o0.0001

Conventional DCP
(mAU ml�1)

510 (10–98 450) 34 (12–541) o0.0001

Alpha-fetoprotein
(ng ml�1)

9.7 (1.6–43 960) 11 (1.6–1650) 0.49

Vascular endothelial
growth factor

20.27 (7.81–91.1) 24.52 (7.81–150.8) 0.63

VEGF receptor 135.0 (5.8–474.2) 138.8 (79.6–540.4) 0.92

Abbreviations: DCP¼des-r-carboxy prothrombin; VEGF¼ vascular endotherial growth
factor.
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33 mm (AUC 0.783, sensitivity¼ 71.43%, 1� specificity (false-
positive rate)¼ 11.48%) (Figure 1C).

Correlation between DCP and AFP in vascular invasion.
Among the 82 patients, the serum conventional DCP level was
above the upper limit of normal in 36 patients (43.9%), the AFP
value was above the upper limit of normal in 34 patients (41.4%),
and both markers were elevated in 16 patients (19.5%). The
predictive value for HCC when either or both markers were
elevated was 65.9% (54 out of 82 patients; Figure 2A).

Next, as for vascular invasion, the correlation coefficient
between AFP and NX-DCP was r¼ 0.466 in the study group as
a whole and r¼ 0.430 in the vascular invasion positive group.
(Figure 2B) In contrast, the correlation was weaker in the negative
group (r¼ � 0.051).

Diagnostic power of each biomarker for vascular invasion. The
results of ROC analysis performed to compare the predictive
powers of NX-DCP, conventional DCP, and AFP for vascular
invasion are shown in Figure 3. The AUC of NX-DCP was the
largest (AUC¼ 0.813), with a sensitivity of 71.4% and a
1� specificity of 13.1% at the cutoff value of 74 mAU ml� 1.
Conventional DCP had an AUC of 0.786, a sensitivity of 71.4%,
and a 1� specificity of 19.7% at the cutoff value of 66 mAU ml� 1

(normal limit: 40 mAU ml� 1). In contrast, the AUC of AFP was
the smallest (AUC¼ 0.550, sensitivity¼ 28.6%, 1� specificity¼ 1.60%),
and the cutoff value was very high (731 ng ml� 1).

When the cutoff value for NX-DCP obtained on ROC analysis
was used to predict the presence of vascular invasion, vascular
invasion was diagnosed in 15 patients (71.43%) in the positive
group (n¼ 21). The diagnostic powers of conventional DCP

(12 patients, 57.14%) and of AFP (9 patients, 42.86%), using the
respective upper limits of normal as the cutoff values, were lower
than that of NX-DCP (Table 3).

DISCUSSION

Our study showed that the NX-DCP level might be an excellent
tumour marker for HCC. The NX-DCP level predicted patholo-
gical vascular invasion with strong accuracy, associated with an
AUC of 0.813, a sensitivity of 71.4%, and a 1� specificity of 13.1%.

Small HCC can now be detected owing to recent advancements
in imaging modalities. However, it is often difficult to preopera-
tively detect vascular invasion on radiological studies alone
(Trevisani et al, 2004; Takayama et al, 2008). Vascular invasion,
along with tumour diameter, is known to be an independent
predictor of early local recurrence (Adachi et al, 1996; Imamura
et al, 1999; Shirabe et al, 2007). The conventional DCP level has
been demonstrated to be predictive of vascular invasion. A recent
gene-expression profiling study revealed that HCC with micro-
vascular invasion could be divided into invasive and highly
invasive phenotypes associated with two distinct gene-expression
profiles (Tanaka et al, 2010). Clinically, a high DCP level is closely
related to histological vascular invasion and is therefore an
independent predictor of outcomes in liver transplantation
(Shimada et al, 2005; Iguchi et al, 2015). Moreover, patients with
high DCP levels should be alerted to the high risk of vascular
invasion and are not suitable candidates for radiofrequency
ablation (RFA; Asaoka et al, 2014). However, conventional DCP
levels often cannot be accurately measured in patients with
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Figure 2. Independence between AFP and DCP. (A) Among a total 82 patients, the serum AFP level was above the normal limit in 34 patients
(41.5%), conventional DCP was above the normal limit in 36 patients (43.9%), and either or both of these markers were elevated in 54 patients
(65.9%). Neither marker was elevated in 28 patients (34.1%). (B) The correlation coefficient between AFP and NX-DCP was r¼0.466 in the study
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impaired activity of vitamin K and are thus unreliable (Marrero
et al, 2003; Takeji et al, 2013). These studies showed that the
treatment strategy for HCC associated with high biological
malignancy owing to the presence of factors such as vascular
invasion should be carefully considered before initiating therapy.
Therefore, we believe that the NX-DCP level will most likely have
an important role in treatment planning for HCC in future.

The AFP level has also been shown to reflect tumour
differentiation and the degrees of hepatitis and cirrhosis. In
contrast, the conventional DCP level is considered to reflect
tumour invasiveness, intrahepatic metastasis, and vascular invasion
(Adachi et al, 1996; Koike et al, 2001; Marrero et al, 2003; Shirabe
et al, 2007; Hirokawa et al, 2014). Our study found no relation
between AFP and DCP. The sensitivity of NX-DCP for the
detection of vascular invasion was higher than that of AFP. This
trend tended to be stronger in patients who had vascular invasion.
The antibodies used to measure NX-DCP (P-11 and P-16) are
closely related to vascular invasion, similar to the MU-3 antibodies
used to measure conventional DCP. Available evidence suggests
that some cases of HCC with malignant potential can be detected
by NX-DCP before operation. Such screening power might
contribute to the planning of treatment strategies for HCC in
future.

A positive surgical margin, vascular invasion, and a large
tumour size have been previously demonstrated to be poor
prognostic factors. Vascular invasion directly reflects the high
invasiveness of HCC. Thus anatomic resection or wide RFA was
performed when vascular invasion was anticipated (Machi et al,
2001; Groeschl et al, 2013). However, the detection rate of vascular
invasion on imaging studies performed before liver resection was
only 10.5% as compared with a pathological vascular invasion rate
of 25.6% (21 out of 82 patients) in the present study. Moreover, our
study also showed that the relation between the tumour diameter
and tumour marker value was more specific for NX-DCP than for

AFP. Therefore, assessment of AFP alone is insufficient for the
diagnosis and treatment of HCC.

There have been six preliminary reports on NX-DCP
(Makuuchi et al, 1993; Yamazaki et al, 2011; Toyoda et al, 2012;
Nanashima et al, 2013; Tameda et al, 2013; Tanaka et al, 2013).
Our study confirmed the sensitivity and prognostic value of HCC
and the reliability in any condition, such as in patients receiving
warfarin therapy. Some groups have advocated that the DCP/NX-
DCP ratio (i.e., conventional DCP divided by NX-DCP) is more
specific for HCC (Toyoda et al, 2012; Nanashima et al, 2013;
Tameda et al, 2013; Tanaka et al, 2013). However, the results of our
study indicate that the NX-DCP value itself is satisfactory for the
diagnosis of HCC and vascular invasion. Moreover, measuring two
DCP markers to determine the ratio was too complex for routine
clinical use. Therefore, the NX-DCP value alone combined with
AFP may be adequate in patients with HCC.

In conclusion, the diagnostic power of NX-DCP combined with
AFP is mandatory in HCC. Our study revealed that NX-DCP is a
more specific tumour marker than DCP for predicting the presence
of vascular invasion associated with HCC. The NX-DCP value
facilitates the planning of adequate treatment strategies for HCC,
including liver resection and RFA. We therefore recommend NX-
DCP with AFP as the clinical standard for the diagnosis of HCC.
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