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Abstract

Infection with hepatitis C virus (HCV) persisted for longer
than 29 weeks in 2 chimpanzees after they had been inocu-
lated with it experimentally. One of them (G-210) received
short-term subcutaneous interferon-o (IFN-o)) 6 million units
(MU) daily for 7 days at week 29. He cleared HCV RNA from
the serum and remained negative for it during 25 weeks af-
ter the withdrawal of IFN. The other (C-224) did not respond
to 2 courses of a short-term IFN monotherapy at weeks 20
and 23. Twelve weeks thereafter, he received [FN-a 3 MU dai-
ly for 2 weeks and then 3 times a week for 14 weeks com-
bined with orat ribavirin 600 mg daily during 16 weeks. HCV
RNA disappeared from the serum and stayed negative until
thelast follow-up 24 weeks after the completion of combina-
tion therapy. Copyright © 2011 5. Karger AG, Basel

Due to a very narrow species-specificity of hepatitis C
virus (HCV), chimpanzees remain the only animal that
can be infected with it. Once they served as the sole means

.

of identifying the infection with HCV that had been re-
ferred to as non-A, non-B hepatitis virus until its discov-
ery in 1989 [1]. HCV infection can persist in chimps at
rates ranging from 30 to 60%, depending on the age and
gender as well as viral strains in inocula they have re-
ceived [2, 3]; the persistence rate is comparable to that of
55-85% in humans [4, 5]. The long-term outcome of
chimpanzees infected with HCV is not known, nor have
there been any attempts to treat them with either inter-
feron (IFN) alone or IFN in combination with ribavirin.
Two chimps with acute prolonged HCV infection re-
ceived antiviral treatment. They were chimps No. 210
(male, 14 years old and weighing 62.8 kg) and No. 224
(male, 14 years old and weighing 59.1 kg). Both of them
were kept in individual cages and received humane care,
in accordance with all relevant requirements for the use
of primates in an approved facility. Chimp No. 210 par-
ticipated in the experimental transmission study for de-
termining the minimum infectious dose of HCV [6]. He
received 1 ml of fresh-frozen plasma from a donor in the
window period of HCV infection with mixed genotypes
(1b plus 2a) containing 7.0 X 10° copies/ml of HCV RNA.
Chimp No. 224 was inoculated with 1 ml of fresh-frozen
plasma from another donor in the window period of
HCYV infection with genotype 1b containing 8.4 x 105
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copies/m! of HCV RNA; his preacute plasma has been
included in the panel for standardization of polymerase
chain reaction (PCR). They both received IFN therapy for
evaluating the efficacy in treatment of acute prolonged
HCYV infection. The study design was approved by the
Committee of Ethics for Handling of Primates in the in-
stitutions.
The 2 chimps were bled under anesthesia with ket-
“amine hydrochloride weekly for the initial 21-24 weeks,
and then at intervals until the completion of this study.
HCV RNA was determined qualitatively by Amplinat
MPX (Roche Diagnostics K.K., Tokye, Japan). Antibody
to HCV (anti-HCV) was determined semiquantitatively
using a commercially available hemagglutination assay
system (the second-generation HCV PHA, Abbott Japan,
Co. Ltd., Tokyo, Japan), and the results were expressed by
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the highest twofold dilution of serum (2V) that induced
hemagglutination. They received IFN-a (Sumiferon®,
Sumitomo Pharmaceutical Co. Ltd., Tokyo, Japan) alone
or in combination with ribavirin. '

Figure 1 illustrates the clinical course of chimp No.
210 who had been inoculated with 7.0 X 10° copies/ml of
HCV of mixed genotypes (1b and 2a) and developed vi-
remia during the first 24 weeks. He developed anti-HCV,
11 weeks after inoculation, along with sharp increases in
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels. Anti-HCV increased, reached 2%
hemagglutination titers and remained positive through
the observation period of 55 weeks. Upon the confirma-
tion of HCV RNA 29 weeks after inoculation, he received
IFN-o 6 MU daily for 1 week. HCV RNA was not detect-
able by qualitative assay in his sera at the next week,
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whereupon the IFN monotherapy was discontinued. He
stayed negative for HCV RNA until the last observation
25 weeks after the withdrawal of IFN monotherapy.

Figure 2 depicts the clinical course of chimp No. 224
who was inoculated with 8.4 X 10° copies of HCV of
genotype 1b. HCV RNA was detected in his serum at
week 1. HCV RNA stayed positive through 20 weeks, and
he was considered to have developed persistent infection.
IFN-o 6 MU was given daily for 7 days since the 21st
week. Because HCV RNA was positive at the next exam-
ination, IFN monotherapy was given again during the
23rd week.

However, HCV RNA did not disappear from the se-
rum after 2 courses of IFN monotherapy. At 36 weeks
when HCV RNA was confirmed to be present in the se-
rum, he received a combination therapy with IFN-a
3 MU, daily for 2 weeks and then 3 times a week for 14
weeks, along with oral ribavirin 600 mg daily in 2 divid-
ed doses. HCV RNA decreased 1 week after the institu-
tion of combination therapy, and became undetectable
the next week; the loss of HCV RNA continued through-
out the following 15 weeks on treatment. He was con-
firmed negative for serum HCV RNA at tests performed
4, 12 and 24 weeks, respectively, after the completion of
combined IFN and ribavirin. Transaminase levels in-
creased moderately 6 weeks after the initiation of combi-
nation therapy, but thereafter they returned to normal
through the observation till 24 weeks after the comple-
tion of therapy. Chimp No. 224 did not respond to HCV
infection by raising anti-HCV, and remained seronega-
tive throughout 76 weeks since he received inoculation.

The biggest problem with HCV infection in human
beings is its strong propensity to persist in up to 85% of
individuals who contract it, although chances of persis-
tence depend on sex, age and route of transmission [4, 5].
We have reported that HCV replicates very rapidly in
chimpanzees inoculated with it at a doubling time of 6.3~
8.6 h [7]; it is much shorter than that of HBV estimated at
1.9-3.4 days [8]. Such a fast replication velocity of HCV
might contribute toward a high persistence rate after the
primary infection; cellular immune responses to clear
HCV may not be able to catch up with exponentially in-
creasing population and rapidly evolving HCV quasispe-
cies.

The sustained virological response to pegyrated-IFN
combined with ribavirin in patients with chrenic hepati-
tis C remains insufficient; it is achieved in merely one half
of the patients infected with HCV genotype 1 in a high
viral load [9]. This stands in sharp contrast to the excel-
lent efficacy of IFN on patients with acute prolonged hep-
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atitis C [10]. Hence, we started treating 2 chimpanzees in
whom acute infection with HCV had prolonged after
they were experimentally transmitted with HCV [6, 7].
The preacute serum from one of them (chimp 210) served
for illustrating the early dynamics of HCV infection, and
provided blood centers with the standards of HCV RNA,
containing defined copy numbers per milliliter, for cali-
brating nucleic acid amplification test (NAT).

Chimp 210 cleared HCV infection after he had re-
ceived IFN-a 6 MU daily for 1 week (fig. 1). Chimp-224
failed to clear HCV after 2 courses of the IFN monother-
apy. Thereafter, he responded to IFN 3 MU daily for 2
weeks followed by 3 times a week for 14 weeks in combi-
nation with oral ribavirin 600 mg daily. The virological
response with loss of HCV RNA from the serum was
achieved during treatment, and sustained 24 weeks after
the completion of combination therapy (fig. 2). They both
had kept HCV for 29 and 36 weeks before treatment, re-
spectively, exceeding 6 months for the clinical definition
of persistent infection. There remains a possibility, how-
ever, that chimp 210 may have been clearing HCV natu-
rally without therapeutic intervention, in view of his re-
markable response to a short-term IFN monotherapy.
Chimp 210 was infected with HCV of genotype 1b and
2a, and chimp 224 with HCV of genotypes 1b. HCV of
genotype 2a might have disappeared earlier than HCV of
genotype 1b in chimp 210, in view of different sensitivity
to IFN of these 2 HCV genotypes in clinical trials {11, 12].

‘We have shown that acute prolonged HCV infection
can be cured in chimps if they receive IFN alone or com-
bined with ribavirin soon enough after they have been
infected, as in the treatment of acute hepatitis C in pa-
tients [10]. Hopefully, the efficacy of IFN with or without
ribavirin would be extended in additional chimps with
acute prolonged HCV infection after they have complet-
ed transmission studies. Furthermore, such treatments
would need to be considered in many chimps who have
acquired persistent HCV infection after experimental
transmission during the long past.
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Abstract

Background Increases in tumor markers are sometimes
seen in patients with chronic liver disease without hepa-
tocellular carcinoma (HCC). The aim of this study was to
determine the relationship between the levels of three
tumor markers [alpha-fetoprotein (AFP), Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3%), and des-y-
carboxy prothrombin (DCP)] and hepatic carcinogenesis to
identify hepatitis C virus (HCV) carriers at high risk for
cancer development.

Methods A total of 623 consecutive HCV carriers with
follow-up periods of >3 years were included. The average
integration values were calculated from biochemical tests,
and tumor markers, including AFP, AFP-L3%, and DCP,
and factors associated with the cumulative incidence of
HCC were analyzed.

Results HCC developed in 120 (19.3%) of the 623
patients. Age >65 years [adjusted relative risk, 2.303 (95%
confidence interval, 1.551-3.418), P < 0.001], low platelet
count [3.086 (1.997-4.768), P <0.001], high aspartate
aminotransferase value [3.001 (1.373-6.562), P < 0.001],
high AFP level [>10, <20 ng/mL: 2.814 (1.686-4.697),
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P < 0.001; >20 ng/mL: 3.405 (2.087-5.557), P < 0.001]
compared to <10 ng/mL, and high AFP-L3% level [>5,
<10%: 2.494 (1.291-4.816), P = 0.007; >10%: 3.555
(1.609-7.858), P < 0.001] compared to <5% were signif-
icantly associated with an increased incidence of HCC on
multivariate analysis.

Conclusions Increased AFP or AFP-L3% levels were
significantly associated with an increased incidence of
HCC. Among HCV carriers, patients with >10 ng/mL AFP
or patients with >5% AFP-L3% are at very high risk for
the development of HCC even if AFP is less than 20 ng/
mL or AFP-L3% is less than 10%, which are the most
commonly reported cutoff values.

Keywords Alpha-fetoprotein (AFP) - Lens culinaris
agglutinin-reactive fraction of AFP - Hepatic regeneration -
Necroinflammatory activity - Hepatocarcinogenesis

Introduction

Serum alpha-fetoprotein (AFP) is a widely used marker for
hepatocellular carcinoma (HCC) [1]. However, serum AFP
levels are increased in patients with liver diseases other
than HCC, including viral hepatitis {2-4], with a preva-
lence of 10-42% [2, 5-7]. Increases in AFP are a marker of
hepatic regeneration following hepatocyte destruction in
viral hepatitis [8]. However, the pathogenesis and clinical
significance of this phenomenon remain unclear.

The Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3%) and des-y-carboxy prothrombin (DCP) are also
markers for HCC [9-12]. Available data suggest that these
tumnor markers are more highly specific for HCC than AFP
alone [9]. However, there are no reports examining the
prognostic value of these markers in hepatocarcinogenesis.

Co
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Results of biochemical tests, including tumor markers,
can fluctuate for a given patient and can vary between
different patients, and repeated measurements over time
may provide a more accurate picture of disease develop-
ment or progression. The arithmetic mean value is often
used to assess biochemical parameters over time, but this
value can be greatly affected by the interval between
measurements such that a short period of very high values
can inappropriately skew the mean. We have previously
argued that the average integration value is more mean-
ingful than the arithmetic mean value for the purposes of
monitoring disease progression [13, 14].

The aim of this study was to determine the relationship
between three tumor markers (AFP, AFP-1.3%, and DCP)
to better identify hepatitis C virus (HCV) carriers at high
risk for the development of HCC. Of note, we used the
average integration values of these parameters in our
analysis.

Patients, materials, and methods
Patient selection

A total of 1623 consecutive patients positive for anti-HCV
antibody visiting the Department of Gastroenterology at
Ogaki Municipal Hospital during the period January 1995
to December 1997 were considered for enrollment. The
present study cohort included the following criteria for
enrollment: (1) positive for anti-HCV antibody by second-

or third-generation enzyme-linked immunosorbent assay
and detectable HCV RNA for at least 6 months; (2) no
evidence of positivity for hepatitis B surface antigen; (3)
exclusion of other causes of chronic liver disease (i.e.,
alcohol consumption lower than 80 g/day, no history of
hepatotoxic drug use, and negative tests for autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, and
Wilson’s disease); (4) follow-up period greater than
3 years; (5) measurement of AFP, AFP-L3%, and DCP at
least every 6 months; (6) no evidence of HCC for at least
3 years from the start of the observation periods; and (7)
interferon (IFN) therapy completed greater than 3 years
before the detection of HCC in patients who received IFN
therapy. A total of 623 patients fulfilled these criteria
(Fig. 1).

Fibrosis was histologically evaluated in 187 of the 623
patients and staged according to Desmet et al. [15] as
follows: FO, no fibrosis; F1, mild fibrosis; F2, moderate
fibrosis; F3, severe fibrosis; and F4, cirrhosis. The
remaining 436 patients were evaluated by ultrasound (US)
findings and biochemical tests. The diagnosis of cirrhosis
was made according to typical US findings, e.g., super-
ficial nodularity, a coarse parenchymal echo pattern, and
signs of portal hypertension (splenomegaly >120 mm,
dilated portal vein diameter >12 mm, patent collateral
veins, or ascites) [16-18]. In this study patients who did
not satisfy these criteria were classified as having chronic
hepatitis. Four hundred and sixty-three patients were
diagnosed with chronic hepatitis and 160 patients with
cirrhosis. '

Fig. 1 Schematic flowchart of

enrolled patients. *Serum alpha-
fetoprotein (AFP), Lens
culinaris agglutinin-reactive
fraction of AFP (AFP-L3%),
and des-y-carboxy prothrombin
(DCP). **Hepatocellular
carcinoma (HCC)

1623 consecutive patients positive for
anti-hepatitis C virus antibody, no
evidence of hepatitis B virus infection,
and exclusion of other causes of
chronic liver disease (1995-1997)

645 lost to follow-up

978 were followed up for >3 years

within 3 years

104 did not undergo monitoring of

874 underwent monitoring of
tumor markers* at least every 6
months

A4

tumor markers* at least every 6
months

168 showed confirmed HCC**

706 had no evidence of HCC** >3
years from the start of the observation
period

¥

within 3 years of the start of
the observation period

83 completed interferon

623 fulfilled the criteria.

L4

therapy within 3 years of
the detection of HCC**
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All patients were followed up at our hospital at
least twice a year. During each follow-up examination,
platelet count, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma glutamyl transpeptidase
(y-GTP), total bilirubin, cholinesterase, alkaline phospha-
tase (ALP), lactate dehydrogenase (LDH), albumin, total
cholesterol, AFP, AFP-L3%, and DCP were measured.
Platelet count and ALT, AST, y-GTP, total bilirubin,
cholinesterase, ALP, LDH, albumin, total cholesterol, AFP,
AFP-L3%, and DCP values were expressed as average
integration values [13, 14]. Briefly, using ALT as an
example, the area of a trapezoid is calculated by multi-
plying the sum of two ALT values by one-half of the
interval between the measurements. This value is then
divided by the observation period to obtain the average
integration value, and this technique provides a better
representation of values over time when there are extremes
of high and low values [14, 16]. In patients who developed
HCC during the observation period, AFP, AFP-1.3%, and
DCP values obtained at least 1 year before the diagnosis of
HCC were assessed. Serum AFP concentration was deter-
mined with a commercially available kit. AFP-1.3% was
measured by lectin-affinity electrophoresis and antibody-
affinity blotting with the AFP Differentiation Kit L (Wako
Pure Chemical Industries, Osaka, Japan) [10]. DCP was
measured with a DCP reagent (Picolumi PIVKA-II; Eizai,
Tokyo, Japan) [11]. Cutoff levels for AFP, AFP-L3%, and
DCP were set at 20 ng/mL, 10%, and 40 mAU/mL,
respectively, according to previous reports [10-12]. HCV
genotype and quantification of HCV RNA (Amplicor 2;
Roche Diagnostics, Tokyo, Japan) were determined in 513
cases. All patients underwent imaging modalities (US,
computed tomography [CT], or magnetic resonance
imaging [MRI]), every 3 months in patients with cirrhosis
and every 6 months in patients with chronic hepatitis.

The diagnoses of HCC were confirmed by histologic
examination of resected hepatic tumors or US-guided
needle biopsy specimens. When biopsy of the tumor was
contraindicated, the HCC diagnosis was made using clin-
ical criteria and imaging findings obtained from B-mode
US, CT angiography, or MRI [19, 20]. HCC was histo-
logically diagnosed in 46 patients, and in the remaining
74 patients, the diagnosis was made based on clinical cri-
teria [19, 20]. All tumors were 3 cm or less in maximum
diameter, and there were 3 nodules or less on diagnosis.

One hundred eighty-nine patients received IFN therapy.
Patients were classified into three groups according to the
type of response to IFN therapy: sustained virologic
response (SVR), defined as the absence of serum HCV
RNA at 6 months after IFN therapy; the non-SVR group,
defined as the presence of serum HCV RNA at 6 months
after IFN therapy; and the no IFN therapy group.

@ Springer

Patients were classified into three groups for each of the
tumor markers according to the average integration values
of AFP, AFP-L3%, and DCP: Al, <10 ng/mL (n = 452);
A2, =10, <20 ng/mL. (n=80); and A3, >20 ng/L
(n=91); L1, <5% (n = 588); L2, =5, <10% (n = 18);
and L3, >10% (n=17); and DI, <20 mAU/mL
(n = 379); D2, >20, <40 mAU/mL (n = 170); and D3,
>40 mAU/mL (n = 51), respectively.

The present study ended on 31 December 2008 or the
date of identification of HCC occurrence. The median
follow-up period was 9.0 years (range 3.0-13.0 years). The
total number of blood examinations was 25.721, and the
median number of blood examinations was 23 (range
6-105) per subject.

Statistical analysis

Statistical analysis was performed with the Statistical
Program for Social Science (SPSS ver.17.0 for Windows;
SPSS Japan, Tokyo, Japan). Continuous variables are
shown as medians (ranges). The Mann—Whitney U-test
was used for continuous variables, and Fisher’s exact test
was used for categorical variables. Actuarial analysis of
the cumulative incidence of hepatocarcinogenesis was
performed by the Kaplan-Meier method, and differences
were tested by the log-rank test. The Bonferroni cor-
rection was performed for multiple comparisons. The
Cox proportional hazards model and forward selection
method were used to estimate the relative risk of HCC
development associated with age (<65 or >65 years),
sex (female or male), body mass index (BMI <25.0 or
>25.0 kg/m?), HCV genotype (type 1 or type 2), viral
concentration (<100 or >100 KIU/mL), platelet count
(<12.0 x 10*%mm?® or >12.0 x 10%mm?), ALT (<35 or
>35 IU/mL), AST (<40 or >40 IU/mL), total bilirubin
(<12 or >1.2mg/dL), y-GTP (<56 or >56 IU/mL),
ALP (<338 or >338 IU/mL), cholinesterase (<431 or
>431 IU/mL), LDH (<250 or >250 IU/mL), albumin
(<35 or =>3.5g/dL), total cholesterol (<130 or
>130 mg/dL), cirrhosis (presence or absence), and IFN
treatment (no therapy, non-SVR, or SVR) for univariate
and multivariate analyses. We used the lower or upper
limit of the reference values at our institute as cutoff
values for platelet count, ALT, AST, total bilirubin,
y-GTP, ALP, cholinesterase, LDH, albumin, and total
cholesterol levels. Statistical significance was set at
P < 0.05.

The study protocol was approved by the Ethics Com-
mittee at Ogaki Municipal Hospital in January 2009 and
the study was performed in compliance with the Helsinki
Declaration. Informed consent was obtained from each
patient for analyzing patient records and images.
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Fig. 2 Overall cumulative
incidence rate of HCC

Table 1 Patient characteristics
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Cumulative incidence of
hepatocarcinogenesis (%)

18.5%

23%

0
0

No. atrisk 623

Age (years)

Sex (F/M)

BMI (kg/m?)

HCV genotype (type 1/type 2)
Viral concentration (KIU/mL)
AFP (ng/mL)

AFP-L3 (%)

DCP (mAU/mL)

Platelets (x 10%/mm®)

ALT (IU/L)

AST (IU/L)

y-GTP (IU/L)

Total bilirubin (mg/dL)

ALP (IU/L)

Cholinesterase (IU/L)

LDH (IU/L)

Albumin (g/dL)

Total cholesterol (mg/dL)
Fibrosis (FO/F1/F2/F3/F4)*
Cirrhosis (present/absent)

IFN therapy (none/non-SVR/SVR)

61 (26-84)
265/358

22.5 (12.0-34.9)
356/157

270 (0.5-6300)
4.8 (0.8-341.5)
0.1 (0.0-32.5)

18.1 (8.5-99.6)
14.8 (3.0-33.9)
464 (10.1-340.4)
485 (13.3-168.9)
37.6 (9.9-2207)
0.6 (0.2-2.7)
276.4 (86.8-845.5)
242.9 (38.8-545.30)
196.4 (118.4-650.1)
40 (2.4-49)

155.8 (77.9-264.1)
32/73/56/2412
160/463
434/146/43

Continuous variables are quoted as medians (ranges)

BMI body mass index, HCV hepatitis C virus, AFP alpha-fetoprotein,
AFP-L3Lens culinaris agglutinin-reactive fraction of AFP, DCP des-
y-carboxy prothrombin, ALT alanine aminotransferase, AST aspartate
aminotransferase, GTP gamma glutamyl transpeptidase, ALP alkaline
phosphatase, LDH lactate dehydrogenase, IFN interferon, SVR sus-
tained virologic response

® Staging of chronic hepatitis according to Desmet et al. [15]

623 611 548 465 300 103

Results

HCC developed in 120 (19.3%) of the 623 patients. The
5- and 10-year cumulative incidences of HCC were 2.3 and
18.5%, respectively (Fig. 2). Demographic and medical
data for the 623 patients are summarized in Table 1.

Factors associated with the incidence of hepatic
carcinogenesis on univariate analysis

Factors associated with the incidence of HCC are listed in
Table 2. Age >65 years, high AFP level, high AFP-1.3%
level, high DCP level, low platelet count, high ALT level,
high AST level, high LDH level, high ALP level, low
cholinesterase level, low albumin level, presence of cir-
rhosis, and response to IFN therapy were significantly
associated with the development of HCC on univariate
analysis.

The 5-, 7-, and 10-year cumulative incidences of HCC
were 1.1, 2.1, and 7.5% in group Al; 2.6, 9.6, and 42.1%
in group A2; and 6.6, 18.3, and 50.0% in group A3,
respectively, and the cumulative incidence of HCC dif-
fered significantly between groups Al and A2 and groups
Al and A3 (Fig. 3). The 5-, 7-, and 10-year cumulative
incidences of HCC were 1.4, 4.6, and 15.6% in group L1;
19.6, 39.7, and 73.6% in group L2; and 12.5, 25.0, and
56.7% in group L3, respectively, and the cumulative
incidence of HCC differed significantly between groups
L1 and L2 and groups L1 and L3 (Fig. 4). The 5-, 7-, and
10-year cumulative incidences of HCC were 0.5, 4.6, and
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Table 2 Factors associated with hepatocarcinogenesis (univariate

analysis)

Crude hazard
ratio (95% CI)

Age (years)
<65
>65
AFP (ng/mL)
Al; <10
A2; >10, <20
A3; =20
AFP-L3 (%)
Ll; <5
L2; =5, <10
L3; =10
DCP (mAU/mL)
Di; <20
D2; >20, <40
D3; =40
Platelets (x 10%/mm®)
>12.0
<12.0
ALT (IU/L)
<35
>35
AST QU/L)
<40
>40
LDH (IU/L)
<250
>250
ALP (IU/L)
<338
>338
Cholinesterase (IU/L)
>431
<431
Albumin (g/dL)
>3.5
<3.5
Cirrhosis
Absent
Present
IFN therapy
No therapy
Non-SVR
SVR

1
2.318 (1.580-3.400)

1
6.061 (3.768-9.750)
8.985 (5.874-13.744)

1
8.032 (4.388-14.700)
3.781 (1.838-7.778)

1
1.209 (0.788-1.855)
4.535 (2.840-7.241)

1
5.887 (3.982-8.702)

1
2.632 (1.574-4.400)

1
8.120 (4.115-16.024)

1
1.970 (1.249-3.106)

1
2.509 (1.724-3.650)

1
3.288 (2.209-4.893)

1
3.948 (2.635-5.917)

1
3.474 (2.413-5.002)

1
0.312 (0.180-0.539)
0.215 (0.075-0.620)

<0.001

<0.001
<0.001

<0.001
<0.001

0.385
<0.001

<0.001

<0.001

<0.001
0.004

Continuous variables are quoted as medians (ranges)

CI confidence interval, AFP alpha-fetoprotein, AFP-L3Lens culinaris aggluti-
nin-reactive fraction of AFP, DCP des-y-carboxy prothrombin, ALT alanine
aminotransferase, AST aspartate aminotransferase, LDH lactate dehydrogenase,
ALP alkaline phosphatase, IFN interferon, SVR sustained virologic response

14.8% in group D1; 1.8, 4.3, and 16.3% in group D2; and
10.0, 25.0, and 48.2% in group D3, respectively, and the
cumulative incidence of HCC differed significantly

4 Springer

between groups D1 and D3 and groups D2 and D3
(Fig. 5).

Factors associated with the incidence of hepatic
carcinogenesis on multivariate analysis

Factors associated with the incidence of HCC as analyzed
by the Cox proportional hazards model and the forward
selection method are listed in Table 3. Age >65 years, low
platelet count, high AST level, high AFP level, and high
AFP-L3% level were significantly associated with the
incidence of HCC. Factors associated with the incidence of
HCC were analyzed in patients with chronic hepatitis and
cirthosis (Table 4). High age, low platelet count, high AST
level, and high AFP level were significantly associated
with the incidence of HCC in chronic hepatitis, and male
sex, high age, low platelet count, high AFP level, and high
AFP-L3% level were significantly associated with the
incidence of HCC in cirrhosis. Factors associated with the
incidence of HCC were analyzed in patients with and
without IFN treatment (Table 5). Male sex, low platelet
count, low cholinesterase level, and high AFP level were
significantly associated with the incidence of HCC in
patients with IFN therapy and male sex, high age, low
platelet count, high AFP level, and high AFP-L3% level
were significantly associated with the incidence of HCC in
patients without IFN therapy.

Discussion

Advances in US, CT, and MRI have allowed for the more
frequent and earlier detection of small HCC tumors less
than 2 cm in diameter during the routine follow-up of
patients with chronic liver disease [21-23]. However, the
performance and resolution of the imaging device, the
skills of individual operators, and the diagnostic acumen of
the interpreting radiologist all affect the early detection of
HCC. AFP, AFP-L3%, and DCP levels have been used as
prognostic markers rather than diagnostic markers for HCC
[9]. However, the detection rate of small HCC tumors with
these markers is low; AFP-L3% and DCP have low sen-
sitivity, and AFP has low specificity. Sassa et al. [12]
reported detection rates of 22.6 and 48.4% for AFP-L3%
and DCP, respectively, in patients with small HCC tumors.
It is currently thought that serum markers are useful for
follow-up after HCC therapy in patients with high tumor
marker levels before treatment [24].

We have previously reported that the average integration
value of ALT correlates with the cumulative incidence
of hepatocarcinogenesis, even within the normal range
(13, 14]. In the present study, the average integration value
of AFP was not selected as a factor associated with the
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Fig. 3 Incidence of HCC L. — -
aclfording to the average Cumulatlvq mCIdenqe of Crude hazard ratio P
integration value of AFP. The hepatocarcinogenesis (%) - Al; <10 ng/mL (n=452) 1
cumulative incidence of HCC 100 - — - A2 210, <20 ng/mL (n=80) 6.061 (3.768-9.750)  <0.001
differed significantly between
groups Al (<10 ng/mL) and A2 — A3; 220 ng/mL (p=91) 8.985 (5.874-13.744)  <0.001
(=10, <20 ng/ml) and groups 20 -
Al and A3 (=20 ng/L)
60
40
20
0 T
No. at risk 0 2 4 6 8 10 1o Years
<10 ng/mL 452 452 444 405 357 239 85
210, <20 ng/mL 8o 80 78 69 49 28 11
220 ng/mL 91 91 90 75 59 33 8
Fig. 4 Incidence of HCC Crode hazard ratio P
according to the average
integration value of AFP-L3%. 777 L1; <5 % (n=588) 1
The cumulative incidence of Cumulative incidence of — . 12;25,<10% (n=18) 8.032(4388-14.700)  <0.001
HCC differed significantly hepatocarcinogenesis (%)
between groups L1 (<5%) and L3;210 % (n=17) 3.781(1.838-7.778) <0.001

L2 (=5, <10%) and groups L1 100 -
and L3 (>10%)
80 -
60
40
20
0
No. at risk 0
<5 % 588
25,<10 % 18
210 % 17

incidence of HCC on multivariate analysis. AFP produc-
tion is thought to be increased in response to injury, pos-
sibly due to increased hepatocyte turnover, in patients with
HCV who do not have HCC [25]. In contrast, increased
ALT levels are correlated with hepatocellular necrosis but
not with hepatocyte proliferation. This difference may at

2 |
588 577 521 448 291 99
18 16 12 8 4 1
17 16 14 9 6 4

least partially explain the absence of correlation between
ALT and AFP levels.

The multivariate analysis in our series was carried
out to minimize the influence of confounding factors, and
5 factors were selected by the forward selection method. Age
>65 years, low platelet count, high AST value, high AFP
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Fig. 5 Incidence of HCC
according to the average

Cumulative incidence of

Crude hazard ratio P

integration value of DCP. The hepatocarcinogenesis (%) - D1; <20 mAU/mL (n=379) 1
cumulative incidence of HCC 100 7 =+ D2; 220, <40 mAU/mL (n=170) 1.209(0.788-1.855)  0.385
differed significantly between  a . g
groups DI (<20 mAU/mL) and D3; 240 mAU/ml (n=51) 4.535(2.840-7.241)  <0.001
D3 (=40 mAU/mL) and groups 80
D2 (>20, <40 mAU/mL)
and D3
60
40 -
20
0 T
No. at risk 0 2
:;g mﬁgﬁw . 379 372 333 286 180 58
z 40,;AU by mbi70 170 168 162 136 101 40
- 51 51 51 42 35 15 5

Table 3 Factors associated with hepatocarcinogenesis (multivariate
analysis)

Adjusted hazard P
ratio (95% CI)
Age (years)
<65 1
>65 2.303 (1.551-3.418) <0.001
Platelets (x 10%mm?)
>12.0 1
<120 3.086 (1.997-4.768) <0.001
AST (IU/L)
<40 1
>40 3.001 (1.373-6.562) 0.006
AFP (ng/mL)
Al; <10 1
A2; >10, <20 2.814 (1.686-4.697) <0.001
A3; 220 3.405 (2.087-5.557) <0.001
AFP-L3 (%)
L1; <5 1
L2; >5, <10 2.494 (1.291-4.816) 0.007
L3; =10 3.555 (1.609-7.858) 0.002

AST aspartate aminotransferase, AFP alpha-fetoprotein, AFP-L3 Lens
culinaris agglutinin-reactive fraction of AFP

level, and high AFP-L3% level were significantly associated
with hepatic carcinogenesis in our multivariate analysis, but
serum ALT level was not a risk factor for developing HCC.
Ikeda et al. [26] reported that the cumulative incidence of
HCC increased significantly in cirrhotic patients with an
AFP level >10 ng/mL compared to those with an AFP level

@ Springer

<10 ng/mL, and the adjusted risk ratio was 15.788 in HCV
patients. They speculated that AFP is a marker of disease
activity or severity and cellular regeneration, and it acts as a
better predictor of HCC with viral etiology of cirrhosis. As an
index of hepatic regeneration, the AFP level better represents
the risk of hepatic carcinogenesis than an index of liver injury
(e.g., ALT level). In addition to AFP, AFP-L3% was iden-
tified as a factor predicting the development of HCC, and this
is a specific marker for the existence of HCC. Therefore,
elevations in AFP-L3% may reflect an occult cancer that is
undetectable with current imaging modalities. More inten-
sive surveillance is needed for patients such as those who
fulfill the criteria of groups L2 and L3 in our series, although
these groups were very small in size. However, similar to
other laboratory values, as high AFP-L3% values may be
associated with severe liver damage, it is necessary to
interpret these values carefully. DCP is well known to be also
a specific marker of HCC. DCP is more closely related to
tumor size than AFP and AFP-L3% [27]. Therefore, it is
thought that these were the reasons that DCP was not selected
as a predictive marker for HCC in our multivariate analysis.

Among the other risk factors we identified for the
development of HCC, a low platelet count stands out. The
platelet count is a useful marker for the diagnosis of cirrhosis
[28], and cirrhosis is an established risk factor for HCC in
HCV carriers [26, 28-30]. Taken together with our other
findings, the low platelet count suggests that HCC develops
in patients with progressive or advanced liver disease. We
additionally used ultrasound (US) to distinguish cirrhotic
patients from non-cirrhotic patients [16-18]. The presence
of cirrhosis on US was strongly associated with an increased
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Table 4 Factors associated with hepatocarcinogenesis on multivari-
ate analysis in patients with chronic hepatitis and cirrhosis

Chronic Cirrhosis
hepatitis (n = 160)
(n = 463)
Age (years): <65 vs. >65 <0.001 0.008
Gender: female vs. male <0.001
Platelets (x 10*%mm®): >12.0 vs. <12 0.001 0.007
AST (IU/L): <40 vs. >40 0.043
AFP (ng/mL): <10 vs. >10, <20 vs. >20  <0.001 0.003
AFP-L3 (%): <5 vs. =5, <10 vs. >10 0.017

AST aspartate aminotransferase, AFP alpha-fetoprotein, AFP-L3 Lens
culinaris agglutinin-reactive fraction of AFP

Table 5 Factors associated with hepatocarcinogenesis on multivari-
ate analysis in patients with and without IFN treatment

With IFN  Without IFN
(n = 189) (n = 434)

Age (years): <65 vs. >65 0.001
Gender: female vs. male 0.005 <0.001
Platelets (x 10%/mm®): >12.0 vs. <12.0 0.047  <0.001
Cholinesterase (IU/L): >431 vs. <431 0.007

AFP (ng/mL): <10 vs. >10, <20 vs. 220 <0.001 <0.001
AFP-L3 (%): <5 vs. =5, <10 vs. >10 <0.001

IFN interferon, AFP alpha-fetoprotein, AFP-L3 Lens culinaris
agglutinin-reactive fraction of AFP

incidence of HCC on univariate analysis, but US-determined
cirrhosis was not identified as a risk factor on multivariate
analysis. Histologic assessment of fibrosis and cirrhosis was
obtained in only 187 patients (30.0%), and patients with F4
fibrosis had a higher incidence of HCC in our univariate
analysis. However, the population of patients with material
available for histologic review was only one-third the size of
the entire study population, and this small number may have
negatively affected our ability to detect the predictive nature
of fibrosis at all levels of severity. In contrast to serum ALT,
serum AST levels were significantly associated with the
incidence of HCC. AST levels are often abnormal in patients
with cirrhosis when ALT values are in the normal range, and
the AST/ALT ratio is frequently greater than 1 in cirrhotic
patients [31]. Elevated AST activity is a surrogate marker for
cirrhosis. Aging is associated with a number of events at the

molecular, cellular, and physiological levels that influence

carcinogenesis and subsequent cancer growth [32]. It has
been hypothesized that an age-associated decrease in DNA
repair [33] contributes to the development of HCC.

Recent reports have shown that AFP levels fall following
the administration of IFN with or without ribavirin [34, 35].
IFN has been shown to have antiviral, anti-inflammatory,
and anticancer activities [36]. One study demonstrated an

anticancer effect of IFN when this agent was given
following intrahepatic recurrence after HCC resection
[371, and in our study, previous treatment with IFN was
a factor associated with a reduced incidence of HCC on
univariate analysis. The median ages of our patients with
and without IFN treatment were 53 years (range 28-71)
and 65 years (range 26-84), respectively; the age in
those receiving IFN was significantly lower than the age
in the group without IFN (P < 0.0001). It is thought that
age and IFN therapy are confounding factors because
IFN therapy has better results in younger patients.
Although IFN was not identified as a predictive factor on
multivariate analysis, the possibility cannot be denied
that IFN may play an important role in modulating AFP
levels prior to the onset of HCC.

In conclusion, increased AFP or AFP-L3% levels were
significantly associated with an increased incidence of
HCC. Among HCV carriers, patients with >10 ng/mL AFP
or patients with >5% AFP-L3% are at very high risk for the
development of HCC even if AFP is less than 20 ng/mL or
AFP-L3% is less than 10%, which are the most commonly
reported cutoff values. Intensive imaging modalities
including US, CT, and MRI are recommended every
3-6 months for these patients.
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