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The incidence of hepatocellular carcinoma (HCC) continues to increase in Japan, but the clinical characteris-
tics of Japanese patients with HCC have not been well described. The aim of this study was to determine the
frequencies and utilities of elevated a-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP) levels as
biomarkers in cryptogenic HCC.

A total of 2638 patients with HCC diagnosed between 1999 and 2010 in the Nagasaki Association Study of Liver
(NASLD) were recruited for this study. The cause of HCC was categorized into 4 groups; HCC-B, HCC-C, HCC-BC,
and HCC-nonBC. The significance of factors was examined for HCC-nonBC using logistic regression analysis in
all patients.

Multivariate analysis identified age, sex, BMI, alcohol consumption, platelet count, AST, ALT, AFP, DCP, and TNM
stage as independent and significant risk factors for HCC-nonBC. According to TNM stage, the median AFP lev-
els in HCC-nonBC with TNM stages |, I, and Ill were significantly lower than in either HCC-B or HCC-C. In TNM
stage IV, the median AFP level in HCC-nonBC was significantly lower than in either HCC-B or HCC-BC. The me-
dian DCP levels in HCC-nonBC with TNM stages I and Il were significantly higher than those in either HCC-B or
HCC-C. In TNM stage Ill, the median DCP level in HCC-nonBC was significantly higher than that in HCC-C

DCP was more sensitive than AFP for the diagnosis of early stage cryptogenic HCC. DCP should be used as the
main serum test for cryptogenic HCC detection.

HCC « DCP » AFP
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Background

Primary liver cancer accounts for approximately 6% of all human
malignancies. It is estimated that half a million cases occur world-
wide annually, making primary liver cancer the fifth most common
malignancy in men and the ninth in women [1-6]. Hepatocellular
carcinoma (HCC) accounts for 85% to 90% of primary liver can-
cers [7] and the age-adjusted HCC mortality rate has increased
in recent decades in Japan [8]. Similarly, a rising HCC trend has
been reported in several developed countries in North America,
Europe, and Asia [9,10]. HCC often develops in patients with liv-
er cirrhosis caused by hepatitis B virus (HBV), hepatitis C virus
(HCV), excessive alcohol consumption, or nonalcoholic fatty liver
disease. Of the hepatitis viruses that cause HCC, HCV is predomi-
nant in Japan [11-14]. However, it has been reported that the ab-
solute numbers and proportion of HBsAg and HCVab negative HCC
(HCC-nonBC) have both been steadily increasing in Japan [15,16].

The prognosis for patients with HCC is still poor. Surgical resec-
tion and liver transplantation are the standard curative treat-
ments available. Recently, radio-frequency ablation (RFA) and
percutaneous ethanol injection (PEI) have also been recognized
as effective methods of achieving complete tumor necrosis for
small HCCs [17]. However, the chance of curative treatment is
often limited by several features of HCC itself. HCCs are usually
large before they produce symptoms. Bilobar or multifocal tu-
mors are common. The incidence of associated cirrhosis is also
high, exceeding 80% in most series [18-20]. Transcatheter intra-
arterial chemoembolization (TACE), with which complete necro-
sis of HCCs is thought to be difficult to achieve, is also impacted
by the above factors [21]. To increase opportunities for meaning-
ful intervention and to improve survival, early detection of HCC
by measuring alpha-fetoprotein (AFP) and/or imaging screen-
ing is implemented in many countries [15,22-25]. However, the
poorer prognosis of patients with HCC-nonBC is reportedly at-
tributable to its late detection in an advanced stage, owing to
the lack of a surveillance system for early detection of HCC [26].

In this retrospective cohort study, our aim was to character-
ize consecutive patients who had been diagnosed with HCC-
nonBC during an 11-year period (1999-2010) at the centers
comprising the Nagasaki Association Study of Liver Disease
(NASLD) group. We evaluated the clinical characteristics of pa-
tients with HCC-nonBC, their tumor stages, treatment, AFP and
DPC as potential biomarkers, and survival.

Material and Methods

Patients

In total, 2638 patients with HCC diagnosed between 1999 and
2010 in the NASLD were recruited for this study. The diagnosis
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of HCC was based on AFP and/or DCP levels, as well as the re-
sults of imaging techniques such as ultrasonography (USG),
computerized tomography (CT), magnetic resonance imaging
(MRI), and hepatic angiography (HAG), and/or liver biopsy. The
diagnostic criteria included characteristic liver biopsy findings,
elevated AFP (>20 ng/mL) and/or DCP (>40 ng/mL), and neo-
vascularization on HAG, CT, and/or MRI.

The diagnosis of chronic HCV infection was positive for both
anti-HCV, by a third-generation enzyme-linked immunosorbent
assay (ELISA), and for HCV RNA by polymerase chain reaction
(PCR). The diagnosis of chronic HBV infection was based on
the presence of HBsAg (enzyme-linked immunosorbent assay;
Abbott Laboratories); serum AFP was measured by radioimmu-
noassay (Abbott Laboratories). The history of alcohol intake
was obtained from medical records; habitual drinking was de-
fined as an average daily consumption of an amount equiva-
lent to 80 g of pure ethanol for a period of more than 10 years.

HCC etiologies were categorized into 4 groups: (1) HCC-B,
HBsAg positive, and HCVAb negative; (2) HCC-C, HCVAb posi-
tive, and HBsAg negative; (3) HCC-BC, both HBsAg and HCVAb
positive; and (4) HCC-nonBC, both HbsAg, and HCVAb negative.
The significance of age, sex, body mass index (BMI), alcohol
intake, diabetes mellitus, underlying liver disease Child-Pugh
score, platelet count, prothrombin time (PT), albumin (ALB),
total bilirubin (Bil), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), AFP, DCP, and Tumor-Node-Metastasis
(TNM) stage were examined to identify possible relationships
with HCC-nonBC using logistic regression analysis.

Treatment modalities

Patients diagnosed with HCC were assessed for surgery based on
the extent of lobar involvement and liver function status. The ex-
tent of lobar involvement was evaluated based on a combination
of USG, CT, MRI, and HAG findings. Patients were considered to
be poor candidates for resection if they met any of the following
criteria: (1) bilobar involvement, (2) evidence of tumor infiltration
into the main portal vein or thrombosis of the vein, (3) evidence
of extrahepatic metastases, (4) Child’s grade C cirrhosis, or (5)
poor cardiac and/or respiratory status. If surgery was contraindi-
cated or the patient refused to undergo an operation, RFA or PEI
therapy was the second treatment choice, offered to those with
HCCs less than 3 cm in diameter. The remaining patients with-
out main portal vein thrombosis or extrahepatic metastasis were
advised to undergo TACE, regardless of tumor size or number.

After initial treatment, the AFP levels and liver functions of the
patients were assessed every 1 to 3 months, and USG imaging
was performed every 3 to 6 months during the follow-up pe-
riod. Patients suspected to have HCC recurrence were further
evaluated by CT and/or MRI. The assessment of treatment for
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recurrent HCC was based on lobar involvement and liver function
status as described for the initial treatment. RFA or liver trans-
plantation to treat HCC was started at our institution in 2002.
Furthermore, none of the subjects in our study received either of
these treatments for recurrent HCC during the follow-up period.

Statistical analysis

The survival duration was the time from the diagnosis of HCC
until the time of death or the time of preparation of this man-
uscript. The survival rate was analyzed using the Kaplan-Meier
method, and differences between the survival probability curves
were tested using the log-rank test. Descriptive summaries of
study groups are reported as the median value (SD: standard
deviation) and number (%). Data were analyzed using the Mann-
Whitney U test for continuous ordinal data, and the chi-square
test with Yates’ correction and Fisher’s exact test were used for
intergroup comparisons to determine the association between
2 qualitative variables. P values <0.05 were considered to in-
dicate a statistically significant difference. Variables achieving
statistical significance according to univariate analysis were
subsequently included in the multivariate analysis using a logis-
tic regression model and were described as hazard ratios (HR)
with 95% confidence intervals (Cl). Coefficients were calculat-
ed from the linear discriminating function of the variables. Data
analysis was performed using SPSS version 16.0 for Windows.

Results

Patient characteristics at enroliment

We diagnosed 2638 patients with HCC during the study period.
Patient characteristics at the time of HCC diagnosis are present-
ed in Table 1. The underlying causes of HCC were as follows:
474 (18%) patients were positive for HBsAg, 1533 (58%) were
positive for HCVAb, 40 (2%) were positive for both HBsAg and
HCVADb, and 591 (22%) were negative for HBsAg and anti-HCV.

Overall, the median survival of all 2638 patients was 1.8 years.
The cumulative 5-year survival rates of the patients with HCC-B,
HCC-C, HCC-BC, and HCC-nonBC were 43%, 52%, 49%, and
47%, respectively (Figure 1). Patients in the HCC-C group had
a higher cumulative survival rate than those in the HCC-B and
HCC-nonBC groups.

Univariate and multivariate analyses of the factors
associated with HCC-nonBC

Univariate and multivariate analyses were performed to identify
factors independently related to HCC-nonBC. In the univariate
analysis, the following 13 factors significantly influenced HCC-
nonBC: age, sex, BMI, alcohol consumption, diabetes mellitus,
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underlying liver disease, platelet count, Bil, AST, ALT, AFP, DCP,
and TNM stage (Table 2). Multivariate analysis identified age
(>70 years, HR 1.63), sex (female, HR 1.73), BMI (>25, HR 2.12),
alcohol consumption (not excessive, HR 3.41; excessive, HR
14.73), diabetes mellitus (HR 2.42), underlying liver disease
(chronic hepatitis, HR 0.46; cirrhosis, HR 0.52), platelet count
(<116,000/pL, HR 1.88), AST (<56 IU/L, HR 1.47), ALT (<46 IU/L,
HR 2.48), AFP (20-199 ng/mL, HR 0.60; >200 ng/mL, HR 0.63),
DCP (20-199 mAU/mL, HR 1.64; >200 mAU/mL, HR 2.08), and
TNM stage (II, HR1.67; Ill, HR1.88; IV, HR 2.40), as independent
and significant factors associated with HCC-nonBC (Table 3).

Comparison of biomarkers according to liver disease cause

The positive rate of AFP (>20 ng/ml) in HCC-B, HCC-C, HCC-BC,
and HCC-nonBC were 62%, 55%, 61%, and 44%, respective-
ly; whereas the positive rate of DCP (>40 mAU/ml) were 67%,
55%, 75% and 77%, respectively (Figure 2). The positive rate
of AFP in HCC-nonBC was significantly lower than those in the
HCC-B and HCC-C groups, whereas the positive rate of DCP was
significantly higher than that in the HCC-B and HCC-C groups.

The median AFP and DCP levels in HCC-B, HCC-C, HCC-BC, and
HCC-nonBC according to TNM stage are presented in Table 4.
The median AFP levels in HCC-B, HCC-C, HCC-BC, and HCC-
nonBC were 60 ng/mL, 25 ng/mL, 29 ng/mL, and 13 ng/mL,
respectively; whereas the DCP levels were 4990 mAU/mL, 418
mAU/mL, 612 mAU/mL, and 3077 mAU/mL, respectively. The
median AFP level in HCC-nonBC was significantly lower than
those in the other groups; whereas the median DCP level was
significantly higher than that in the HCC-C group.

According to TNM stage, the median AFP levels in HCC-nonBC with
TNM stages |, II, and Il were significantly lower than that in either
HCC-B or HCC-C. In TNM stage IV, the median AFP level in HCC-
nonBC was significantly lower than that in either HCC-B or HCC-
BC. The median DCP levels in HCC-nonBC with TNM stages | and
Il were significantly higher than that in either HCC-B or HCC-C. In
TNM stage lll, the median DCP level in HCC-nonBC was significant-
ly higher than that in HCC-C. However, there were no significant
differences in the median DCP level among TNM stage IV cases.

The survival rate of patients in the high DCP group
(200 mAU/mL) was significantly lower than that of patients
classified into the low DCP (40-199 mAU/mL) and DCP nega-
tive (<40 mAU/mL) groups among those with HCC-B, HCC-C,
and HCC-nonBC (p<0.001; log-rank test) (Figure 3).

Discussion

The age-adjusted mortality rate for HCC has increased over the
past few decades in Japan [27]. However, most patients are
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Table 1. Characteristics of 2,638 HCC patients.

(SD) (%) ] (SD) (%)
All 2,638 Treatment
A T o0 103 Sugicalresection 391 15
m"S-ex --------- PETOIRFA 740 oo
Male ) : 1,786 68 TACE ST i e 1,221 46
Female 852 32 “"m&gr-r;;t-ﬁerapy -------- 51 2
?Ji?(:zlv:glssl;r)nption Transplantation 10 1
e e 236 9 Only palliative care 225 9
 Notexcessve 511 13 Platelets (104/ml) 116 80
gD 54 SO L s R o
oWnewnaze) i LR B AT T 45 402
(+) 651 25 "mB>i-l“(>r-ng/dL) --------------- 0.9 o
& 1661 v e 37 06
BMI (unknown 594) 22.7 0.5 PT(%) ---------------------------------- 83 18
 Gtiology of ver disease AFP(ng/ml) 25 89580
HBV ------------------------------- 474 18 <20 ---------- 1200 s
HCV --------------------------- 15533 e 20—1-9; ----------------------- 761 29
| ey 40 2 S 668 25
NBNC -------------------------- 591 22 DCP (mAl-j};';\-I-.) 89 75076
(e e o
Normal 42 2 40-199 583 22
Chronlchepatltls --------------- 686 26 2200 1,064 40
ek e 1,800 68 Observation period (years) g 23
CRIId PSR G rade e s Sl S R e s e
Sunkiowis e B RG e i e s he L e
A 1796 68
B ------------------------------------ 606 S e B T
C 148 6
M'-I'NM R
I : 682 s e
s e st 1,039 prn o A SR e G
----- 1] 579 22
----- v 338 12

Alcohol consumption: excessive; average daily consumption of an amount equivalent to 80 g of pure ethanol for a period of more
than 10 years. Not excessive; Alcohol consumption: excessive; average daily consumption of an amount equivalent to 1-79 g of pure
ethanol for a period of more than 10 years. Data are presented as median value (SD: standard deviation) or frequency (%).
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Figure 1. Cumulative survival rate of HCC patients according to
chronic viral hepatitis infection.

still diagnosed at an advanced stage and their survival time is
therefore short. Patients with chronic HBV and/or HCV infection
in addition to cirrhosis should be monitored with USG and/or
CT and/or MRI of the liver to detect tumors at an early stage.
HCC surveillance using imaging modalities is usually performed
at 6-month intervals [28,29]. There is a large population of in-
dividuals infected with HCV, HBV, or both in whom cancer is in
the latency period. For those who harbor chronic HCV and/or
HBV infections, attention must be focused on the detection of
HCC at an early stage. In this study, more than 75% of patients
with HCC were positive for HBV and/or HCV. Additionally, our
data showed patients with HCC-nonBC to generally be diag-
nosed at an advanced stage. Thus, the target population for
HCC surveillance must be easily identifiable. However, it will
not be easy to select appropriate subjects for screening of HCC
among those negative for both HBsAg and HCVAb.

AFP has long been considered the ideal serological marker for
detecting HCC. Persistently elevated AFP is well known to be
related to the presence of HCC and its determination can fa-
cilitate better identification of patients at risk. However, in our
present dataset, the median serum AFP level in HCC-nonBC
was not abnormal, whereas those in HCC-B and HCC-C cas-
es were abnormal. Few early-stage HCC-nonBC cases present
with abnormal AFP serum levels. Several reports have shown
elevated AFP to be a risk factor for HCC development in HCV
and/or HBV patients [24,30-36]. However, our results sug-
gest AFP alone to be insufficient for HCC-nonBC surveillance.

Since Liebman et al. demonstrated DCP to be a useful mark-
er for HCC diagnosis, many studies have compared DCP
and AFP. Several investigations have made comparisons
of the usefulness of DCP and AFP for HCC diagnosis [37-
40]. However, whether AFP is superior to DCP in all cases
is still controversial. Even the sensitivities and specificities
reported by these studies were quite different. One reason
for these differences involves the use of different cut-off
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Table 2. Univariate analysis of factors associated with HCC-nonBC.

Parameters Hazard ratio P value
Age (years) 270 1.59 <0.001
Sex Female el <0.001
BMI (kg/m?) 225 ------- 1.85 <0.001
 Alohol consumption
TN 1 -
 Notexcessive 257 <0.001
 Excessive 1241 <0.001
 Diabetes melitus (%)
+ ------------------------ 2.96 <0.001
 Underlyingliver
disease
------- Normal 1 =
Chronic hepatitis 0.20 <0.001
ClrrhOSIS -------------- 0.20 <0.001
" Child-Pugh grade
"""""" Pt e Ul 1 5
B -------------- 0.92 0.446
C 1.34 0.131
-m;’latelets (103-/uL) 21“16 2.22 <0.001
| o 215 <0.001
AT s 264 «0.001
PT8 1.26 0016
B|| (mg/dL) <O.§ ------ 0.89 0.229
“ Alb (mg/dL) 3.7 106 0.547
W‘AFP (ng/mL) -
e 1 -
o 0.48 woo1
"""" o 0.82 0079
DCP (mA;Li/mL) ——————
<40 s =
40-199 1.66 0001
2200 273 <0.001
P oS
SRt e 1 -
II ------------------------ 1.66 <0.001
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Table 3. Multivariate analysis of factors associated with HCC-nonBC.
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Parameters Hazard ratio 95% Cl P value
Age (years) >70 1.63 1.21-2.20 0.001
o D 133-285 Gl
BMI (kg/m?) >25 2.12 1.58-2.83 <0.001
© Alohol consumption
None b = ; L
Notexcesswe -------------- e 2.43-4.79 <0.001
Excessive 14.73 9.48-22.9 <0.001
Diabetes mellitus (%) :
G e e o e <0.001
Underly}};-g- -I-iver disea;t; -----------------------------------------------------------------------------------------------------------------------
ol b 1 e ShEal
Chroni;:“hepatitis : : 0.46 0.01-0.16 <0.001
Cirrhosis 052 0.02-0.19 <0.001
" Platelets doabilte o 1.88 1.35-2.60 <0.001
Shsmise e 147 101-2.10 ool
ALT (IU/L)<46 ------------------------------------- 2.08 1.47-2.94 <0.001
PT(%)283 --------------------------------------- 0.97 0.71-1.32 0.826
e i ;
SRR T 1 2 -
20—199 ---------------------------------------- 0.60 0.42-0.85 0.005
22(-)-(-) >>>>>>>>>>>>>>>> 0.63 0.43-0.92 0.079
ThemumE T
T R : 1 = =
40—1;§ ----------------------- 164 1.13-2.39 0.010
2200 1 88 1.35-2.60 0.018
ey
‘"""i ------------------------------------------------- 1 - -
II ------------------------------------------------ 1.67 1.13-2.48 Goni
III --------------------------- 1.88 1.19-2.96 0.007
IV ----------- 2.40 1.324.35 <0.001

Cl - confidence interval.

values in the various studies (e.g., 40, 60, and 100 mAU/mL
for DCP; and 20, 100, and 200 ng/mL for AFP). Other pos-
sible reasons include differences in the causes of the un-
derlying liver diseases, and patients with cirrhosis tending
to have higher AFP levels than those with chronic hepati-
tis [36,41]. Another possible reason for these differences
might be etiological differences in liver diseases among the
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patients examined in prior studies. In this study, the median
AFP level in HCC-nonBC was significantly lower than that in
either HCC-B or HCC-C, whereas the median DCP level was
significantly higher. Our data suggest that DCP levels dif-
fer among liver diseases with different etiologies. The high
value identified in our study may be related to the high-
er DCP values in patients without hepatitis virus infection.
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0P Figure 2. The positive rate of AFP (=20 ng/ml)
and DCP (40 mAU/ml) in HCC-B,
H<20mg/ml M20-199mg/ml O >200mg/ml  W<40 mAU/ml B40-199 mAu/ml O >200 mAU/ml HCC-C, HCC-BC and HCC-nonBC.
0030 0009

<0.001

HC(C-B
N=474 N=1,533 N=40

HCC-C HCC-BC HCC-nonBC
N=591

HCC-B
N=474 N=1,533 N=40

HCC-C  HCC-BC HCC-nonBC
N=591

Table 4. Median AFP and DCP levels in HCC-B, HCC-C, HCC-BC and HCC-nonBC according to TNM stage.

All patients

HCC-B

HCC-C

HCC-BC

HCC-nonBC

Number

474

1,533

40

AFP (ng/mL) (range)

60 (1-2,920,000)*

25 (1-1,438,472)*

29 (3-189,850)***

13 (1-8,145,000)

DCP (mAU/mL) (range)

4,990 (4-1,497,560)

418 (1-871,700)*

612 (10-266,260)

3,077 (5-265,000,000)

TNM stage |
Number 103 480 13 77
AFP (ng/mL) (range) 15 (1-6,300)** 16 (1-3,188)* 28 (3-2,120)* 6 (1-9,820)

DCP (mAU/mL) (range) 26 (3-1,038)** 25 (1-20,448)* 39 (14-353) 44 (12-12,224)
TNMssells

Number 150 624 11 254

AFP\(op/mD(range) 14 (1-181,150)* 24 (1-200,000)* 17 (5-952) 8 (1-114,907)

DCP (mAU/mL) (range)

72 (4-233,780)*

53 (2-74,493)*

173 (10-831)

255 (5-369,000)

TNM stage IlI

Number

92

319

112

157

AFP (ng/mL) {range)

77 (2-453,000)***

48 (1-196,000)**

47 (4-72,727)

25 (1-246,940)

DCP (mAU/mL) (range)

535 (10-172,000)

305 (4-14,410) ***

206 (16-4,039)

460 (10-109,350)

TNM stage IV

Number

129

102

103

AFP (ng/mL) (range)

4,450
(1.5-2,920,000)**

2,379
(2-1,438,472)

64,838
(2882-189,850)***

914
(1-8,145,000)

DCP (mAU/mL) (range) 9,573 (10-1,497,560) 8,954 (19-871,700) 104,254 (755-266,260) 3,340 (12-265,000,000)

* p<0.001 vs. HCC-nonBC; ** p<0.01 vs. HCC-nonBC; *** p<0.05 vs. HCC-nonBC.

The biological function of AFP is still not well identified. Since
AFP is similar to albumin, it is possible that AFP function as a
carrier for several ligands such as bilirubin, fatty acids, steroids,

heavy metals, flavonoids, phytoestrogens, dioxin, and various
drugs [42]. The increase of AFP levels to 500 ng/ml is correlated
with the tumor size; 80% of small HCC show no increase of AFP
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Figure 3. Cumulative survival rate of HCC
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stratified by chronic viral hepatitis
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concentration. Furthermore, sensitivity of AFP decreases from 52%
to 25% when tumor diameter is >3 and <3 cm, respectively [42].

There are various differences between DCP and total AFP. Firstly,
DCP is a more specific HCC marker than AFP because other
liver diseases do not cause an increase of DCP serum levels.
DCP measurement for HCC has a sensitivity of 48-62% and a
specificity of 81-98% [43]. However, we often encounter pa-
tients with liver disease who have slightly elevated DCP lev-
els, but undetectable HCC as assessed by imaging studies. It
has been reported that aberrant elevation of DCP is occasion-
ally observed in patients with alcoholic cirrhosis, obstructive
jaundice, or vitamin K deficiency [44]. Recently, Toyoda et al.
measured a novel DCP (NX-DCP) in serum using a newly de-
veloped sandwich ECLIA with new anti-DCP monoclonal anti-
bodies p11 and p16, and reported preliminary data from only
20 HCC patients. They showed that the DCP/NX-DCP ratio may
be useful for the diagnosis of HCC among warfarin users [45].

Neither DCP alone nor AFP alone was optimal for the detection
of HCC, but the combination of both markers enhanced sensitiv-

ity, indicating that these 2 markers are complementary. Several
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other studies have shown DCP and AFP to be complementary,
which is consistent with the production of DCP and AFP in HCC
occurring through different pathways, possibly explaining why
sex, race, underlying liver disease, and hepatic disease etiolo-
gies had opposite effects on these 2 markers [46-48].

Conclusions

In conclusion, this retrospective cohort study demonstrated
DCP to be more sensitive than AFP for the diagnosis of early-
stage cryptogenic HCC. We advocate that DCP be used as the
main serum test for detecting cryptogenic HCC.
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