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Figure 3 Cumulative recurrence rates of hepatocellular carci-
noma in patients without sustained virological response.
Recurrence rates were assessed according to the length of inter-
feron administration.

Overall survival rates

A total of 159 patients died during the observation
period: 23 (29.9%) in the IFN-treated group and 136
(45.0%) in the untreated group. Crude survival rates of
patients after potentially curative therapy for HCC in the
IFN-treated and untreated patients were 90.7% and
88.5% at the end of the third year, 85.6% and 68.8% at
the fifth year, 76.5% and 50.9% at the seventh year, and
47.0% and 34.7% at the tenth year, respectively (Fig. 4).
The survival rates of IFN-treated group were significantly
higher than that of those of untreated group (log-rank
test, P = 0.0044).

Table 3 Independent factors affecting the recurrence of hepa-
tocellular carcinoma after curative treatment, according the
length of interferon administrationt

Factors Category Hazard ratio P
(95% CI)

Interferon therapy 1: None 1 0.044

2: <2 years 0.80 (0.51-1.24)

3: >2 years 0.60 (0.40-0.91)
ICG R15 1: <20% 1

2: 220% 1.37 (1.06-1.77) 0.018
Alpha-fetoprotein ~ 1: <40 mg/L 1

2:240 mg/L  1.31 (1.00-1.71) 0.051
Cancer treatment  1: Surgical 1

resection
2: PRFA 1.28 (0.98-1.65) 0.066

tFour patients with sustained virological response were excluded
in the analysis. ICG R15, indocyanine green retention rate at

15 minutes; PRFA, percutaneous radiofrequency ablation
therapy.
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Figure 4 Overall survival rates of patients with or without
interferon therapy after potentially curative therapy for hepa-
tocellular carcinoma.

Multivariate analysis showed overall survival rates
were significantly affected by interferon therapy
(P=0.014), albumin concentration (P=0.015), plate-
let count (P=0.014), and ICG R15 (P=0.0068)
(Table 4). Hazard ratio for death in those patients with
IFN therapy was 0.55 (95% confidence interval 0.34-
0.88).

DISCUSSION

LTHOUGH THIS STUDY was not a prospective,

randomized one, there was no significant differ-
ence in the background features and laboratory tests
except for age, between the treated and untreated
groups. This study was based on a long-term observa-
tion for a median of 4.6 years, and the number of
patient was sufficiently large for sensitivity and reliabil-

Table 4 Independent factors affecting the survival rates of
patients with hepatocellular carcinoma after curative treatment

Factors Category Hazard ratio P
(95% C.1.)
Interferon  1: None 1
therapy  2: Yes 0.55 (0.39-0.88) 0.014
ICG R15 1: <20% 1
2: 220% 1.65 (1.15-2.37)  0.0068
Albumin 1: <3.5 g/dl 1
2:23.5 g/dl 0.64 (0.44-0.92) 0.015
Platelet 1: <100,000/mm3 1
count 2:>100,000/mm3  0.64 (0.45-0.91) 0.014

ICG R15, indocyanine green retention rate at 15 minutes.
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ity for the data regarding recurrence and survival. We
also analyzed only those patients with “an early stage”
of HCC to minimize the influence of tumor recurrence
due to small and undetectable metastatic tumors often
found in patients with large or multiple tumors. In the
establishment of the diagnosis of early stage of HCC,
more than 93% of the patients underwent intensive
imaging investigation with CT-HA and CT-AP, together
with dynamic CT and dynamic MRI study. Therefore,
the diagnosis of a few numbers with small-sized tumor
was sufficiently reliable in the study.

This cohort study indicated IFN suppressed the recur-
rence rate after potentially curative treatment of HCC
caused by HCV. Indeed SVR effect after IFN therapy did
decrease recurrence rate, majority of patients were not
tolerable for a large amount of IFN administration with
or without ribavirin because of an old age or advanced
liver disease with significant cytopenia. This study
demonstrated interferon significantly decreased tumor
recurrence rate, irrespective of “anti-viral interferon
effect”. This study also revealed relatively “rapid” anti-
carcinogenic effect compared with the results of a study
performed by Mazzaferro etal.'' Most cases of late-
phase recurrence are thought to be due to metachronous
multicentric, or de novo, carcinogenesis. This is quite
understandable, because the remaining liver, often cir-
rhotic, is still at high risk of carcinogenesis.

Our study also emphasizes that long-term, low-dose,
intermittent administration of IFN was useful in preven-
tion of tumor recurrence in patients without SVR, with a
hazard ratio of 0.60 compared to those with no IFN
administration.

The reason why IFN administration suppresses the
recurrence rate in HCV-related liver disease remains
uncertain. One reason may be anti-tumor activity in
the early stage of HCC and another antiviral or anti-
necroinflammatory effect for hepatitis. Our data did
not disclose the relationship between ALT normaliza-
tion and prevention of cancer recurrence, since the
number of BR group was small (N=7), and since
many patients were currently continuing IFN therapy
with normal ALT. Human lymphoblastoid IFN alpha
has a powerful anti-proliferative effect on human
hepatoma cell line PLC/PRE/5, both in vitro and in
vivo, after implantation in nude mice."” Lai et al.?
showed IFN induced objective tumor regression in a
significant number of patients with inoperable hepato-
cellular carcinoma in a randomized controlled trial.
Considering the short period to recurrence in our
study, IFN may have a direct anti-tumor effect on
clinically undetectable HCC. Wang et al.”' showed

© 2010 The Japan Society of Hepatology
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anti-angiogenesis activity of IFN, and Wu et al.** dem-
onstrated suppression of vascular endothelial growth
factor and inhibition of tumor signaling pathways.
Moreno et al.” reported that IFN induced remission of
liver fibrosis irrespective of anti-viral effect. Control of
necro-inflammatory process may therefore induce a
suppression of the growth process of HCC. Tarao
etal” reported that high aminotransferase activity
resulted in an increased HCC recurrence rate. A ran-
domized controlled trial of IFN for patients with cir-
thosis showed that IFN therapy decreased the HCC
appearance rate in association with disappearance of
HCV-RNA’. We also demonstrated IFN suppressed the
carcinogenesis rate in patients with chronic hepatitis
type C°. Taking into account that hepatocellular car-
cinogenesis in HCV-related chronic liver disease is
accelerated by a prolonged period of necro-
inflammation of hepatocytes, IFN is hypothesized to
diminish the HCC appearance rate through suppres-
sion of excessive replication and turnover of hepato-
cytes. Since the entire process of hepatocellular
carcinogenesis from initial transformation of a hepato-
cyte to detectable growth is considered to take at least
several years, the influence of IFN on the carcinogen-
esis rate or recurrence rate might not be evaluated in as
short period of three years or less. Aside from the exact
mechanism of the prevention of HCC recurrence, our
study demonstrated an encouraging result in the
medical management of HCC.

Since these results were not generated from a prospec-
tive randomized study, we tried to adjust background
biases using multivariate analysis between the treated
and untreated group, if any. We should realize the sig-
nificance of the decrease in recurrence rate by IFN
therapy with a hazard ratio by 0.66. Cost-effectiveness
and individual and social expenses should be evaluated
in detail between those patients with reduction of recur-
rence rate and those with high recurrence rate with addi-
tional tumor ablation therapy. Considering that a long-
term prospective trial with and without IFN arm seemed
very difficult to perform ethically and economically, we
should further accumulate these comparative studies
and consider the efficacy of weekly injections of pegy-
lated TFN and adequate dose and length of IFN therapy.
Identification of suitable cases for IFN therapy and exact
mechanisms of suppression of tumor recurrence are
of paramount importance for increasing number of
patients with HCC.

In conclusion, long-term intermittent IFN therapy
reduced HCC recurrence rate in patients with HCV-
related HCC.
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BACKGROUND: This retrospective cohort study assessed the impact of diabetes mellitus on hepatocarci-
nogenesis and determined the predictors of hepatocarcinogenesis in noncirrhotic, interferon-treated pa-
tients with hepatitis C virus infection.

METHODS: A total of 2058 hepatitis C virus-positive, noncirrhotic patients treated with interferon were
enrolled. The median follow-up period was 6.7 years. The primary end point was the onset of
hepatocellular carcinoma. The cumulative rate of new hepatocellular carcinoma cases was computed
by the Kaplan-Meier method and Cox proportional hazard analysis according to diabetic state and
response to interferon therapy.

RESULTS: The cumulative rates of hepatocellular carcinoma in diabetic patients (3.2% at 4 years, 8.5%
at 8 years, and 24.4% at 12 years) were significantly higher than those of nondiabetic patients (1.3%
at 4 years, 2.2% at 8 years, and 5.6% at 12 years, P <.001). In patients with a sustained virologic
response, diabetes had no significant effect on the rate of hepatocarcinogenesis. In contrast, the rate
in patients with a nonsustained virologic response was significantly higher in diabetic than in
nondiabetic patients. Multivariate analysis identified lack of sustained virologic response (hazard ratio
[HR] 7.28; 95% confidence interval [CI], 3.28-16.15; P <.001) and diabetes as independent risk
factors for hepatocarcinogenesis (HR 2.00; 95% CI, 1.05-3.84; P = .036).

CONCLUSIONS: Our results highlight the enhancing effect of diabetes mellitus on hepatocarcinogenesis in
noncirrhotic, interferon-treated patients with hepatitis C virus. The sustained virologic response induced by
interferon therapy eliminates the influence of diabetes and markedly reduces the rate of hepatocarcino-
genesis in such patients.

© 2010 Elsevier Inc. All rights reserved. © The American Journal of Medicine (2010) 123, 951-956

Hepatitis C virus is a common cause of chronic liver disease
worldwide and a major risk of hepatocellular carcinoma.!'°
The estimated incidence of hepatocellular carcinoma in pa-
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tients with hepatitis C virus-related cirrhosis is 5% to 10%
per year, and hepatocellular carcinoma is one of the major
causes of death, especially in Asian countries.!® In recent
years, diabetes mellitus has attracted attention as a risk
factor of hepatocarcinogenesis. Evidence suggests that in
addition to various factors that affect liver fibrosis and
hepatocarcinogenesis, diabetes and obesity are independent
risk factors for the progression of liver fibrosis and devel-
opment of hepatocellular carcinoma in chronic hepatitis
C.'*" The majority of such clinical studies included pa-
tients with liver cirrhosis. However, for pathophysiologic
reasons, liver cirrhosis increases the probability of impaired
glucose tolerance. Therefore, in studies of cirrhotic patients,
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it is difficult to pinpoint the true effects of diabetes on
hepatocarcinogenesis. On the other hand, we recently re-
ported that a sustained virologic response to interferon ther-
apy reduces the incidence of type 2 diabetes onset in chronic
hepatitis C.'® Thus, there is a gap in our knowledge on the
exact effect of diabetes on hepato-
carcinogenesis in interferon-trea-
ted patients.

The present retrospective study
was designed to determine the effects
of diabetes on hepatocarcinogenesis
in noncirrhotic, interferon-treated
patients with chronic hepatitis C
virus infection, including the ef-
fects of viral clearance on diabe-
tes-related hepatocarcinogenesis.

PATIENTS AND METHODS
Study Population

In this retrospective cohort study,
we obtained the medical records
of all patients in our database who
had received interferon therapy
for chronic hepatitis C between
1987 and 2007 at the Department
'of Hepatology, Toranomon Hospi-

CLINICAL SIGNIFICANCE

wath chrbmc hepatms C wrus.

oIn pat1ents ‘without a sustamed wro-
. logic response from interferon therapy,
the hepatocarcinogenesis rate of dia-
betic cases was approximately 15 times
greater than that of nondiabetic, non-
cirrhotic patients with chronic hepatitis
€ and a sustained virologic response.

Background and Laboratory Data

Table 1 (available online) summarizes the clinical profile and
laboratory data of 2058 interferon-treated patients with chronic
hepatitis C. The male to female ratio was 1.78:1. Of 2058
patients, 164 (8.0%) were alcoholic (total alcohol intake > 500
kg until the initiation of interferon
therapy). Before the initiation of in-
terferon therapy, 104 patients (5.1%)
were known diabetics. Further-
more, 71.2% patients had a high
viral titer (low viral load; Ampli-
cor <100 KIU/mL [Cobas Ampli-
cor HCV Monitor Test, version
2.0, Roche Molecular Systems,
Inc, Belleville, NJ] or probe <1
MEg/mL [branched DNA probe
assay; version 2,0; Chiron, Dai-
ichi Kagaku, Tokyo], high viral
load; Amplicor =100 KIU/mL or
probe =1 MEqg/mL).

Type of Interferon and
Assessment of Response
to Interferon Therapy
Among 2058 patients treated with in-

terferon, 1207 (58.6%) received inter-
feron-a, 329 (16.0%) received inter-

tal, Tokyo, Japan. Of these pa-
tients, 2058 satisfied the following
criteria: 1) no evidence of diabetes
after termination of interferon; 2) laparoscopy or liver bi-
opsy performed before initiation of interferon therapy con-
firmed the lack of liver cirrhosis; 3) measurement of sero-
logic type and hepatitis C virus viral load before initiation of
interferon therapy; 4) platelet count of =10 X 10*/mL; 5)
negativity for hepatitis B surface antigen, antinuclear anti-
bodies, or antimitochondrial antibodies in serum, as deter-
mined by radioimmunoassay or spot hybridization; 6) no
underlying metabolic disease, such as hemochromatosis,
alpha-1-antitrypsin deficiency, or Wilson disease; 7) no
underlying systemic disease, such as systemic lupus ery-
thematosus or rheumatic arthritis; 8) no evidence of hepa-
tocellular carcinoma on ultrasonography or computed to-
mography before the initiation of interferon therapy; and 9)
follow-up period of =24 weeks.

All patients who did not show a sustained virologic
response and persistently high alanine aminotransferase
level (normal range: 6-50 IU/L) received liver protection
therapy, consisting mainly of glycyrrhizin and ursodeoxy-
cholic acid (300-600 mg/d), during this research.

In all patients, the observation starting point was the time
of initiation of the first interferon treatment. All of the
studies were performed retrospectively by collecting and
analyzing data from the patient records. The study was
approved by the institutional review board of the Torano-
mon Hospital.

feron-B, and the remaining 522

(25.4%) received a combination ther-
apy of interferon and ribavirin. The response to interferon therapy
was assessed on the basis of sustained virologic response (sus-
tained virologic response was regarded as elimination of hepatitis
C virus-RNA at 6 months after the termination of interferon
treatment). After interferon therapy, 52.5% of the patients showed
sustained virologic response.

Markers of Hepatitis B and C Viruses
Anti-hepatitis C virus was detected using a second-genera-
tion enzyme-linked immunosorbent assay (ELISA II; Ab-
bott Laboratories, North Chicago, IL). Hepatitis C virus-
RNA was determined by the Amplicor method (Cobas
Amplicor HCV Monitor Test, version 2.0; Roche, Tokyo,
Japan) or the branched DNA probe assay (branched DNA
probe assay; version 2.0; Chiron). Hepatitis B surface anti-
gen was tested via radioimmunoassay (Abbott Laboratories,
Detroit, MI). The used serum samples were stored at —80°C
at the first consultation. Diagnosis of hepatitis C virus in-
fection was based on detection of serum hepatitis C virus
antibody and hepatitis C virus RNA.

Histopathologic Examination of the Liver

Liver biopsy specimens were obtained percutaneously or at peri-
toneoscopy using a modified Vim-Silverman needle with an in-
ternal diameter of 2 mm (Tohoku University, Kakinuma Factory,
Tokyo, Japan), fixed in 10% formalin, and stained with hema-
toxylin—eosin, Masson’s trichrome, silver impregnation, and pe-
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Treated Paj;xents vnth Chronic Hepatitis € V1rus Inf :CtIO
|the Inmatlon of Interferon and Efficacy ‘

(n = 2058) |

Parameter

Gender (M:F) 1317:741
Age (v)t 50 (15-72)
Histopathologic grade (F1-2:F3)  1916:142
Total ethanol intake (=500 kg) 164:1894

(ves/no)

Follow-up period (d)t 2443 (170-7562)

Albumin (g/dL)t 4.2 (2.3-5.3)
Total bilirubin (mg/dL)t 0.7 (0.1-11.7)
AST (IU/L)t 68 (21-488)
ALT (IU/L)t 77 (5-1212)
¥-GTP (TU/L)t 43 (5-805)
Platelet count (X10%/uL)t 18.3 (10.0-48.1)
AFP (ng/L)t 4 (1.0-780)

Fasting/casual plasma glucose

(mg/dL)t

96 (66-376)/100 (49-415)

Diabetes (yes/no) 104:1954

Total cholesterol (mg/dL)t 172 (102-348)

Triglyceride (mg/dL)t 89 (32-325)

LDL cholesterol (mg/dL)t 105 (39-209)

HDL cholesterol (mg/dL)t 46 (8-107)

IFN (monotherapy/combination  1536:522
therapy)

HCV serologic group (1:2) 1310:748

Viral load (low:high) 592:1466

Efficacy of IFN therapy acquired 1081:977

viral elimination* (yes:no)

riodic acid-Schiff after diastase digestion. All specimens for ex-
amination contained at least 6 portal areas. Chronic hepatitis was
diagnosed on the basis of histopathologic assessment according to
the scoring system of Desmet et al.'”

Definition of Diabetes Mellitus

Diabetes was diagnosed by the use of the 2003 criteria of
the American Diabetes Association.'® These criteria include
1) casual plasma glucose =200 mg/dL; 2) fasting plasma
glucose = 126 mg/dL; and 3) 2-hour post-glucose (oral glu-
cose tolerance test) =200 mg/dL.

Follow-up and Diagnosis Procedure of
Hepatocellular Carcinoma

The starting time of follow-up was the point of the initiation
of the first interferon treatment. After that, patients were
followed up monthly to tri-monthly in our hospital. Physical
examination and biochemical tests were conducted at each
visit together with regular checkups. Ultrasonography or
computed tomography were performed every 3 to 6 months.

The diagnosis of hepatocellular carcinoma was performed
by biochemical examination (include alpha-fetoprotein and
des-gamma carboxyprothrombin) and triple-phase dynamic
computed tomography study. The number of cases lost to
follow-up was 147 patients (7.1%) in this group.

Statistical Analysis

The cumulative rate of hepatocarcinogenesis (new cases
of hepatocellular carcinoma) was calculated from the point of
initiation of the first interferon treatment to the diagnosis of
hepatocellular carcinoma using the Kaplan-Meier method.
Differences in the development of hepatocellular carcinoma
between different groups were tested using the log-rank test.
Independent factors associated with the rate of hepatocellu-
lar carcinoma were analyzed by the Cox proportional hazard
model. The following 19 variables were analyzed for po-
tential covariates for incidence of hepatocellular carcinoma
at the time of first interferon treatment initiation at Torano-
mon Hospital: gender, age, histologic stage of the liver,
amount of total ethanol intake, existence of diabetes, viral
serologic group, viral load, existence of sustained viral
clearance by interferon therapy, serum concentration of
albumin, total bilirubin, aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyl transpeptidase, alpha-
fetoprotein, total cholesterol, triglyceride, low-density li-
poprotein cholesterol, high-density lipoprotein cholesterol,
and platelet count. A P value of less than .05 in a 2-tailed
test was considered significant. Data analysis was per-
formed using the Statistical Package for the Social Sciences
version 11.0 for Windows (SPSS, Inc, Chicago IL).

RESULTS

Incidence of Hepatocellular Carcinoma in
Noncirrhotic, Interferon-Treated Patients with
Chronic Hepatitis C

In this cohort, hepatocellular carcinoma developed in 73
patients (3.5%) during a median observation period of 6.7
years. The cumulative rate of newly diagnosed hepatocel-
lular carcinoma was 1.2% at 4 years, 2.6% at 8 years, and
6.8% at 12 years (Figure 1). The hepatocarcinogenesis rate
according to interferon therapy was 2.1% at 4 years, 4.4% at
8 years, and 11.6% at 12 years in patients who did not
acquire a sustained virologic response, and 0.7% at 4 years,
1.0% at 8 years, and 1.6% at 12 years in patients who
acquired a sustained virologic response (Figure 2). The
cumulative incidence rate of hepatocellular carcinoma was
significantly lower in patients who acquired a sustained
virologic response than in those who did not (P <.001).

Effect of Diabetes Mellitus on
Hepatocarcinogenesis in Noncirrhotic,
Interferon-Treated Patients with Hepatitis C

During the follow-up period, 58 of the 1954 nondiabetic patients
(3.0%) developed hepatocellular carcinoma, and 15 of the 104
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diabetic patients (14.4%) developed hepatocellular carcinoma.
The cumulative rate of hepatocellular carcinoma in nondiabetic
patients was 1.3% at 4 years, 2.2% at 8 years, and 5.6% at 12
years. For diabetic patients, these rates were 3.2%, 8.5%, and
24.4%, respectively (Figure 3). The cumulative rate of hepato-
cellular carcinoma was significantly higher in patients with dia-
betes than those without (P <<.001).

Effect of Sustained Virologic Response on
Rate of Hepatocarcinogenesis in Noncirrhotic,
Interferon-Treated Patients with Hepatitis C
According to Presence of Diabetes

In the nonsustained virologic response group (n = 977), 47
(5.2%) of the nondiabetic patients (n = 906) developed hep-
atocellular carcinoma during the observation period, whereas
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14 (19.7%) of diabetic patients (n = 71) developed hepato-
cellular carcinoma. In the sustained virologic response
group (n=1081), 11 (1.0%) of the nondiabetic patients
(n = 1048) developed hepatocellular carcinoma during the
observation period, whereas 1 (3.0%) of the diabetic pa-
tients (n = 33) developed hepatocellular carcinoma.
Analysis of data according to the efficacy of interferon therapy
in diabetic and nondiabetic patients showed that in patients with
nonsustained virologic response, the cumulative rate of hepatocel-
lular carcinoma in nondiabetic patients was 1.9% at 4 years, 3.6%
at 8 years, and 9.6% at 12 years, whereas in diabetic patients, these
rates were 4.7%, 12.1%, and 31.0%, respectively (Figure 4). The
cumulative rate of hepatocellular carcinoma was significantly
higher in diabetic patients with a nonsustained virologic response
than in nondiabetic patients (P <.001). The same analysis in
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patients with a sustained virologic response showed a cumulative
rate of hepatocellular carcinoma of 0.7%, 1.0%, and 1.7% in
nondiabetic patients, and 0.0%, 0.0%, and 0.0% in diabetic pa-
tients, respectively (Figure 5). There was no significant difference
between diabetic and nondiabetic groups in patients with a sus-
tained virologic response (P = .249).

Factors Associated with Rate of
Hepatocarcinogenesis

Multivariate Cox proportional hazard analysis revealed the
following independent factors for hepatocellular carcinoma
development after the initiation of the first interferon therapy in
patients who showed a nonsustained virologic response (haz-
ard ratio 7.28; 95% confidence interval [CI], 3.28-16.15;
P<.001): male (hazard ratio 4.90; 95% CI, 2.47-9.71;
P <.001), aged =60 years (hazard ratio 3.28; 95% CI, 1.88-
5.74; P <.001); aspartate aminotransferase = 50 IU/L (hazard
ratio 3.91; 95% CI, 1.81-8.43; P=.001); alpha-fetopro-
tein=20 mg/L (hazard ratio 2.89; 95% CI, 1.43-5.84;
P =.003); diabetes (hazard ratio 2.00; 95% CI, 1.05-3.84;
P = .036); and platelet count <17 X 10*mL (hazard ratio 1.96;
95% (I, 1.11-3.48; P=.021) (Table 2, available online).

Rate and Prognosis of Diabetic Patients with
Marked Fatty Deposition at First Interferon
Initiation

Fourteen of 104 diabetic patients (13.5%) had fatty deposi-
tion in hepatic cells of =30% before the initiation of inter-
feron therapy. Of these 14 patients, 2 were diagnosed with
hepatocellular carcinoma during the observation period.
One patient underwent liver resection to treat hepatocellular
carcinoma, and background liver tissue was liver cirrhosis.
One patient did not receive a liver resection; however, this
patient’s platelet count was approximately 20 X 10%/uL at
the time of diagnosis of hepatocellular carcinoma. Thus,
severe fibrosis was not suspected in view of this platelet
count level.

Rate of Liver Cirrhosis at Hepatocellular
Carcinoma Diagnosis

In 23 of 73 patients with hepatocellular carcinoma (31.5%),
hepatic resection was performed for treatment. Five of 23
resected patients (21.7%) had liver cirrhosis in background
hepatic tissue. The remaining 50 of 73 patients (68.5%) did
not receive hepatic resection, and these patients received
other nonresection therapy. Because the platelet count level
was less than 10X 10*/uL in 17 of 50 patients without
resection (34.0%), liver cirrhosis was suspected. In these
patients with histologic or clinical diagnosis of liver cirrho-
sis at the time of onset of hepatocellular carcinoma, none
had a sustained virologic response by interferon therapy.

DISCUSSION

The present study described the incidence of hepatocellular
carcinoma after the initiation of interferon therapy in pa-

tients with chronic hepatitis C infection. The results indicate
that the annual incidence of hepatocellular carcinoma over a
prolonged follow-up from first interferon therapy among
noncirrhotic patients with hepatitis C virus is 0.3% to 0.5%.
The present study was limited by its retrospective design.
Moreover, the number of diabetic and nondiabetic patients
was markedly different, which might be a potential source
of bias. Another limitation of the study was that patients
received different types of antiviral therapies for different
duration. Thus, we did not evaluate the effect of different
interferon regimens but assessed the impact of having or not
having a sustained virologic response. This heterogeneity
makes it somewhat difficult to interpret the results. On the
other hand, the strengths of the present study are the long-
term follow-up in a large number of patients treated at the
same institution. The present study highlights several new
findings with regard to the development of hepatocellular
carcinoma after interferon therapy in noncirrhotic patients
with hepatitis C virus. First, in patients with a sustained
virologic response, diabetes had no significant effect on the
rate of hepatocarcinogenesis. Second, in patients with a
nonsustained virologic response, the rate of hepatocarcino-
genesis was significantly higher in diabetics; diabetes was
associated with 2-fold increase in the incidence of hepato-
cellular carcinoma.

In the present study, no significant difference was noted in the
rate of hepatocarcinogenesis in patients with a sustained virologic
response with and without diabetes. However, at least 2 studies
have described a relationship between diabetes and hepatocellular
carcinoma in patients without viral hepatitis.'®'® In our study,
7.3% of the patients with a nonsustained virologic response were
diabetics, compared with approximately 3.0% in the group with a
sustained virologic response. These rates were lower than those in
the general Japanese population (~15% for men, 9% for women),
especially in those with a sustained virologic response. With
regard to interferon treatment, previous studies reported that insu-

=®

50
Log-rank test P=249

40

lar carcinoma

30

rate of h

20

Diabetes complicated

Diabetes uncomplicated

Time (years)

- 887 -



956 The American Journal of Medicine, Vol 123, No 10, October 2010

lin resistance and diabetes lower the sustained virologic response
rate in patients treated with peginterferon plus ribavirin.”*?'
Therefore, interferon therapy itself may explain the different rates
of diabetes in the 2 groups.

Diabetes is an independent predictor of several types of
cancers, including hepatocellular carcinoma in patients with
or without viral infection.!®?2?* However, the rate of hepa-
tocarcinogenesis in our patients with a sustained virologic
response was not significantly influenced by the presence or
absence of diabetes. Our retrospective study included a low
rate of diabetes compared with that of the general Japanese
population. This lower rate of diabetes in patients with a
sustained virologic response may explain the lack of effect
of diabetes on the rate of hepatocarcinogenesis.

Several studies reported the relevance of hepatitis C
virus core gene to insulin resistance in patients with chronic
hepatitis C.2*?® interferon therapy is considered to worsen
blood glucose control, but if the cause of insulin resistance
is based on the involvement of hepatitis C virus core gene,
one could consider probable improvement of insulin resis-
tance after a sustained virologic response. Further studies
are necessary to examine in these points.

CONCLUSIONS

Our retrospective cohort study is the first to examine the
effects of diabetes mellitus and sustained virologic response
on hepatocarcinogenesis in noncirrhotic, interferon-treated
patients with hepatitis C infection. Our results indicate that
a sustained virologic response induced by interferon therapy
eliminates the influence of diabetes mellitus and markedly
reduces the rate of hepatocarcinogenesis in noncirrhotic,
interferon-treated, hepatitis C virus-positive patients.
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Abstract. In recent years, the number of elderly patients with
hepatocellular carcinoma (HCC) has been increasing. The
aim of this study was to compare the liver function and
the background factors of HCC patients with hepatitis C
virus (HCV) infection by generation and to examine the
characteristics of this disease in the elderly. A total of 1096
patients (776 men and 320 women) diagnosed with HCV-
related HCC at our institution from 1995 to 2006 were divided
into 4 groups as follows: D group, 75 years of age or older;
C group, 65-74 years of age; B group, 55-64 years of age;
A group, 54 years of age or younger, and the liver function
and other clinical characteristics were compared among
these 4 groups. The average age at initial diagnosis of HCV-
related HCC was 66.9 years of age. The A, B, C and D groups
were comprised of 87, 363, 514 and 132 patients, respectively.
The rate of Child-Pugh class A patients in the D group was
significantly higher than that of the other groups (P<0.05).
The average levels of ALT, TB and PT-INR in the D group
were significantly lower than the levels in the other groups
(P<0.05). The average Alb level in the D group was signi-
ficantly higher than that in the other groups (P<0.05). In
conclusion, we found that HCV-related HCC in the elderly
occurred against a background of chronic liver disease with
mild inflammation and fibrosis.

Introduction

In recent years, the average age of the population of Japan
has been increasing annually, and in 2006, elderly individuals
over 65 years of age accounted for more than 20.8% of the
entire population. The number of elderly, 65 years of age or
older, who are afflicted with hepatocellular carcinoma (HCC)
has also been increasing rapidly since 1990 (1,2). The average
age at initial diagnosis of HCC at our institution from 1986 to

Correspondence to: Dr Akio Takata, Division of Gastro-
enterology, Department of Medicine, Kurume University School of
Medicine. 67 Asahi-machi, Kurume, Fukuoka 830-0011, Japan
E-mail: oika@med kurume-u.ac.jp

Key words: elderly patients, HCV-related HCC, mild inflammation
and fibrosis, age

1993 was 60.9 years and 68.4 years in the period 2000 to
2006 and has been increasing annually (Fig. 1).

In Japan, more than 80% of HCC patients have hepatitis C
virus (HCV) infection, and therc arc approximately 2 million
patients with HCV-related chronic liver disease. It is estimated
that there are 700,000 patients with undiagnosed HCV
infection (3-5). The contributing factors include the spread of
stimulant drugs, vaccinations and medical counter measures
(injections, surgeries, blood transfusion) during the period after
World War IT when preventative measures against infection
were inadequate. As a result, the incidence of HCC in patients
with HCV who were infected during this period has been
increasing in recent years (1,2,4,5).

Generally, 60-80% of patients develop chronic hepatitis
after HCV infection, while many patients present with HCC
approximately 30 years after HCV infection (6-9). On the
other hand, it has been reported that the majority of patients
with posttransfusion chronic HCV infection develop HCC
after the age of 60 years regardless of when they acquired the
HCYV infection (10). Moreover, with the increase in fibrosis
of transplanted livers in HCV-infected patients, it has been
reported that the age of the donor is closely correlated with the
rate of progression of fibrosis of the transplanted liver rather
than the age of the recipient (11). Namely, the age of the
patients who were infected with HCV is a more significant
factor than the duration of the HCV infection in regards to the
progression of HCV-persistent infection and fibrosis or
carcinogenesis (10). Furthermore, in recent years the number
of patients in which HCC does not occur before 60 years of
age but thereafter develops in patients in their 70s or 80s has
been increasing (12-16).

Therefore, it is assumed that age is the important factor
contributing to hepatocarcinogenesis of HCV-related HCC.
Therefore, we divided HCV-related HCC patients into 4
groups according to age. The aim of this study was to compare
the liver function and the background features of the HCV-
related HCC patients by generation, particularly focusing on
the elderly group and examining the characteristics of this
disease in the elderly.

Materials and methods

Patient population and experimental design. Among 1404
patients with primary HCC consecutively diagnosed at our
institution from January 1995 to December 2006, 1096 patients
(776 men and 320 women) who were both HCV antibody-
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Figure 1. Changes in the average age at intitial diagnosis of HCC. The average age of onset was 60.9 years in 1986-1992, 64.9 years in 1993-1999, and 68 4

years in 2000-2006, with an annual increase in the average age.

positive and hepatitis B surface (HBs) antigen-negative were
enrolled. The average age at inital diagnosis of HCC was
6619 years (range, 42-87). The clinical characteristics of the
patients are documented in Table I. These patients were
divided into 4 groups as follows: D group, patients =75 years
of age; C group, patients =65 and <75 years of age; B group,
patients =55 and <65 years of age, and A group, patients
<54 years of age. Liver function and background factors
were compared among the 4 groups. A liver biopsy was also
performed in noncancerous areas in 18 patients in the D
group targeted consecutively from 2005 to 2006.

HCC diagnosis. The diagnosis of HCC was based on hyper-
vascularity, confirmed by dynamic computed tomography
(CT), magnetic resonance imaging (MRI), angiography or
CT angiography, when the serum levels of HCC-related
tumor markers, such as a-fetoprotein (AFP) or des-y carboxy
prothrombin (DCP), were increased or a mass lesion was
observed by ultrasonography. When a nodule was not proven
to be hypervascular, percutaneous biopsy under ultrasono-
graphy was performed for confirmation of the diagnosis of
HCC, and thereafter a pathological study using hematoxylin
and eosin staining was carried out. The fibrosis staging scores
and activity grades were assigned according to the criteria of
Desmet and colleagues (17) and the French METAVIR
Cooperative Study (18-20). Staging was defined as FO (no
fibrosis), F1 (mild fibrosis), F2 (moderate fibrosis), F3 (severe
fibrosis), or F4 (cirrhosis), and grading was defined as AO
(no activity), Al (mild activity), A2 (moderate activity), or A3
(severe activity). Three pathologists independently evaluated
the disease stage and grade. Portal vein tumor thrombosis
(PVTT) was defined as a protrusion of the tumor into the first
and/or second branch, or into the main trunk of the portal vein.
Tumor stage was classified according to the International
Union Against Cancer (UICC) TNM classification.

Factors evaluated in the analysis. The following 19 factors
were compared: gender, a history of blood transfusion, a
history of habitual drinking, underlying diseases except for
liver diseases, gastro-esophageal varices, Child-Pugh
classification, serum albumin (Alb), serum total bilirubin (TB),
prothrombin time-international normalized ratio (PT-INR),

Table I. Profile of the 1096 patients at initial diagnosis of
HCV-related HCC.

Age (range) 66.9+7.6 (42-87)
Gender (male/female) 776/320
Alcohol consumption (none/light/heavy) 392/371/333
Underlying disease (none/single/multiple) 471/436/189
Gastro-esophageal varices (none/small/large)* 436/393/240
Blood transfusion (yes/no) 3771719
Child-Pugh classification (A/B/C) 751/290/55
Alb (g/dl) 3.48+0.47
PT-INR 1.1740.15
TB (mg/dl) 1.17+0.66
ALT (UN) 64.4+39.0
PLT (x10*p1) 10.8+5.54
HA (ng/ml) 363+385
ICG R15 (%) 32.1x174

Date are expressed as the median range + standard deviation (SD).
*Twenty seven patients did not undergo endoscopic examination. Alb,
serum albumin; PT-INR, prothrombin time-international normalized
ratio; TB, serum total bilirubin; ALT, serum alanine aminotransferase;
PLT, platelet count; HA, hyaluronic acid; ICG R15, indocyanine green
retention rate at 15 min.

serum alanine aminotransferase (ALT), platelet count (PLT),
indocyanine green retention rate at 15 min (ICG R15), serum
hyaluronic acid (HA), ‘number of tumors, tumor size, portal
vein tumor thrombosis (PVTT), tumor stage, u-fetoprotein
(AFP) and extra-hepatic metastasis. The values at initial
diagnosis of HCC were used for Alb, TB, PT-INR, ALT, PLT,
ICG R15 and HA. Chronic hepatitis was included as Child-
Pugh class A. Gastro-esophageal varices were classified into

- three types according to the endoscopic form factor grade:

none, no varix; small, form 1 or 2; large, form 3, based on the
classification of the Japanese Research Society for Portal
Hypertension (21). The underlying diseases included
hypertension, diabetes mellitus, cerebrovascular damaée,
cardiac disorder, renal disorder and cancer of other organs, and
these were divided into three groups: none, no underlying
disease; single, underlying disease by one disorder; multiple,
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Figure 2. The age at initial diagnosis of HCC and background factors. The number of female patients, the patients without a history of habitual drinking and
the patients with underlying diseases increased with age. (a) Concerning gender, the number of female patients in the D group was significantly higher than
that in groups A and B (*P<0.01). (b) The number of patients without a history of habitual drinking in the D group was significantly higher than that in the
A and B groups ("'P<0.01). (c) The number of patients with underlying diseases in the D group was significantly higher than that in the A and B groups
(""P<0.01). (d) A history of blood transfusion was noted most frequently in the D group and was significantly higher than that in the A group ("P<0.05).

*P<0.05, *'P<0.01 between the indicated groups.

underlying diseases by more than two disorders. A history of
‘habitual drinking was classified into three groups: none, non-
drinker; light, <84 g/day of ethanol; heavy, >84 gfday of
ethanol for >5 years. The number of tumors was divided into
two groups: solitary and multiple tumors. Tumor size was
divided into two groups: those measuring <3 cm and >3 cm in
size. The AFP level was divided into three categories: <20,
21-200 and >200 ng/ml.

Statistical analysis. Data are expressed as the mean +
standard deviation (SD). Data regarding Alb, TB, PT-INR,
ALT, PLT, ICG R15 and HA levels were analyzed by one-
way analysis of variance followed by the Dunnett's multiple
comparison of means test. A Logistics regression analysis
was used to analyze the effects of the background factors
(gender, a history of blood transfusion, a history of habitual
drinking, underlying diseases, degree of gastro-esophageal
varices, Child-Pugh classification) and the tumor features
(number of tumors, tumor size, PVTT, tumor stage, AFP,
extrahepatic metastasis) on age at the initial diagnosis of
HCC. The background factors and the tumor features were
individually chosen as outcome variables, and the age at initial
diagnosis of HCC divided into four groups were dummy coded
and used as predictor variables. The statistical analysis was
performed using SPSS for Windows (version 12.0). P<0.05
was considered to be statistically significant.

Results

Comparison of background factors. Among the 1096
patients, 132 (12%) were classified in the D group (patients
=75 years of age), with the oldest patient being 87 years of
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Figure 3. The age at initial diagnosis of HCC and Child-Pugh classification.
The percentages of Child-Pugh class A patients were 59.8, 64.5, 70.1 and
79.5% in the A, B, C and D groups, respectively. The rate of Child-Pugh
class A patients increased with age, and the rate of Child-Pugh class A
patients in the D group was significantly higher than the rate in the other
groups (D vs. A and B, "P<0.01; D vs. C, ‘P<0.05). *P<0.05, **P<0.01
hetween the indicated groups.

age, The number of female patients increased with age, and the
male:female patient ratio in the D group was 82:50. As a result,
the number for female patients in the D group was
significantly higher than that in the A and B groups (patients
<65 years of age) (P<0.01) (Fig. 2a). The number of patients
without a history of habitual drinking increased with age, and
that of the D group was significantly higher than that in the
A and B groups (P<0.01) (Fig. 2b). The number of patients
with underlying diseases increased with age, and that of the
D group was significantly higher than that in the A and B
groups (P<0.01) (Fig. 2c). A history of blood transfusion was
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Figure 4. A comparison of age at initial diagnosis of HCC and liver functions. The average values of (a) ALT, (b) TB and (c) PT-INR in the D group were
significantly lower than the values in the other groups (ALT: D vs. A, B and C, **P<0,01; TB and PT-INR: D vs. A and B, *'P<0.01, D vs. C, 'P<0.05). The
average value of (d) Alb in the D group was significanily higher than that in the other groups (D vs. A and B, “P<0.01; D vs.C, P<0.05). The average value
of (&) ICG R15 in the D group was significantly lower than the value in the A and B groups (D vs. A and B, **P<0.01). The average value of (f) HA did not
show a significant difference. *P<0.05, “*P<0.01 between the indicated groups.
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Figure 5. Comparison of age at initial diagnosis of HCC and PLT, and PLT in Child-Pugh class A patients. (2) The average value of PLT in the D group was
significantly higher than the value in the A ("*P<0.01) and B (*P<0.05) groups. (b) The rate of 160,000 or more of PLT in Child-Pugh class A patients of the
D group was significantly higher than that in the A (*"P<0.01) and B ('P<0.05) groups. "P<0.05, "P<0.01 between the indicated groups.

Gastro-esophageal varices noted most frequently in the D group, and it was significantly

« higher than that in the A group (P<0.05) (Fig. 2d).
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Figure 6, The age at initial diagnosis of HCC and the endoscopic form factor
grade of varices. The number of patients with large varices was the lowest in

the D group and the highest in the A group. The number of patients with large
varices in the D group was significantly lower than that in the A ("P<0.01)
and B (*P<0.05) groups. *P<0.05, **P<0.01 between the indicated groups.

B, P<0.01; D vs. C,P<0.05) (Fig. 4a-c). The average value of
Alb in the D group was significantly higher than that in the
other groups (D vs. A and B, P<0.01; D vs. C, P<0.05)
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Table II. Characteristics of the HCC tumors of the 1096 patients at initial diagnosis of HCV-related HCC.
A group (87) B group (363) C group (514) D group (132) P-value
42-54 years of age  55-64 years 65-74 years 75-87 years
Number of tumors <005,Dvs.C
Solitary 37 156 217 59
Multiple 50 207 297 73
Tumor size > <0.05,Dvs. Aand B
<3cm ‘ 61 238 312 73
>3 cm 26 125 202 59
PVTT NS
Present 7 45 66 11
Absent 80 318 4438 121
TNM staging NS
I 14 88 106 20
I 37 120 171 51
m 30 107 174 49
v 6 . 48 63 12
AFP (ng/ml) NS
<20 28 120 185 53
21-200 41 158 183 42
>200 , 18 85 146 37
Extrahepatic metastasis NS
Yes 2 20 18 3
No 85 343 496. 129

PVTT, portal vein tumor thrombosis; AFP, «-fetoprotein.

(Fig. 4d). The average value of ICG R15 was the lowest in the
D group, and the average value of ICG R15 in the D group
was significantly lower than that in the A and B groups (D vs.
A and B, P<0.01) (Fig. 4e). The average value of HA was the
lowest in the C group, thus indicating a strong variation and no
significant difference (Fig. 4f). The average value of PLT
was the highest in the D group, and the average value of PLT
in the D group was significantly higher than that in the A and
B groups (D vs. A, P<0.01; D vs. B, P<0.05) (Fig. 5a). When
the Child-Pugh class A patients were divided per 100,000/1
of PLT and compared, the rate of 100,000 or more in the
D group increased with age, and it was higher than the A and
B groups (D vs. A, P<0.01; D vs. B, P<0.05) (Fig. 5b). The
number of patients with large varices decreased with age, and
the number of patients with large varices in the D group was
lower than that in the A and B groups (D vs. A, P<0.01; D
vs. B, P<0.05) (Fig. 6).

Comparison of characteristics of the HCC tumors. The
number of patients with small HCCs <3 cm in the D group
was lower than that in the A and B groups (D vs. A and B,
P<0.05), and the number of patients with solitary HCC tumor
in the D group was higher than that in the C group (D vs. C,
P<0.05) (Table II). There were no statistical differences in
the prevalence of PVTT, tumor stage, AFP or extrahepatic
metastasis.

Pathological findings of liver biopsies from noncancerous
areas. The pathological findings of patients for whom liver
biopsies from noncancerous areas were performed are
documented in Table III. Four of the 18 patients showed liver
cirrhosis with activity =2 and fibrosis 4 in the Desmet
classification. Fourteen of the 18 patients showed chronic
hepatitis that was milder than activity 2 and fibrosis 3 in the
Desmet classification,

Discussion

An elder is generally defined as anyone 65 years of age or
older, but this definition is not standardized worldwide. In
Japan, the average age at initial diagnosis of HCC is 65 years
or older (13,14,22). Therefore, it is not appropriate to draw
the dividing line at 65 years of age in order to define the
characteristics of HCC that presents at old age (23). On the -
other hand, it has been reported that HCV-related HCC
which develops in individuals in their 40s exhibits different
characteristics from HCV-related HCC which develops in
individuals 50 years of age or older, since HCC in individuals
in their 40s is independently related to heavy drinking and
the presence of HBV coinfection (24). It is therefore not
appropriate that younger patients in their 40s and older patients
who are 65 years of age or older are treated as a similar group,
even when HCC patients are divided by a line drawn at 70 years
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Table I1I. Pathological findings of liver biopsies from non-cancerous areas and the liver function of 18 patients with HCC 75 years

of age or older.

No. Age  Gender Histology PLT ALT TB PT-INR Alb ICGRI5 HA
Desmet classification  (x10%u1) (U/1) (mg/dl) (g/dl) (%) (ng/ml)

1 78 F AlF1 94 87 1.10 1.09 36 30.6 287
2 80 M A2F4 79 79 0.70 1.03 33 143 237
3 82 F . A2F2 375 37 0.50 0.97 4.1 9.7 123
4 85 F A2F2 83 28 0.50 1.06 4.1 16.8 470
5 75 M A2F2 138 44 0.90 1.03 35 289 265
6 77 M A2F2 17.5 64 1.30 1.13 40 30.3 225
7 75 M A2F1 12.5 22 0.90 0.97 4.1 142 62
8 80 F A2F2 153 54 1.00 1.12 34 457 1340
9 76 M A2F4 83 62 0.80 1.18 3.5 245 557
10 87 M A2F2 8.1 43 0.90 1.05 38 22.1 503
11 78 M AlF1 16.3 33 095 1.05 45 16.8 126
12 76 M A2F4 139 77 1.20 1.16 38 16.2 405
13 75 M A3F4 89 - 33 1.40 1.16 37 482 619
14 76 F AlF2 80 52 0.90 1.08 37 18.0 260
15 82 F A2F3 110 37 220 1.20 31 23.8 1360
16 76 F A2F2 119 45 0.70 1.02 42 9.6 353
17 76 M AlR2 133 40 040 1.04 34 259 732
18 77 M A2F3 10.1 54 102 1.01 4.1 452 163
Average 783 129 495 097 1.08 3.77 245 449

PLT, platelet count; ALT, serum alanine aminotransferase; TB, serum total bilirubin; PT-INR, prothrombin time-international normalized
ratio; Alb, serum albumin; ICG R15, indocyanine green retention rate at 15 min; HA, serum hyaluronic acid.

of age as reported in previous studies (14,1525 ,26). We
therefore divided the elderly into the C group (>65 years of age
and <75 years) and the D group (=75 years of age), and the non-
elderly into the A group (<54 years of age) and the B group
(>55 and <65 years of age) to create 4 groups. The clinical
characteristics of HCC in each group were thus examined in
further detail by comparing each group, while particularly
focusing on the D group.

Consequently, the most significant characteristic in patients
with HCV-related HCC in the D group was that hepatic
reserve was maintained and HCC occurred against a back-
ground of liver disorder with mild inflammation and fibrosis.
In our study, levels of ALT and TB, which are well-known
markers of inflammatory necrosis in the liver, were signifi-
cantly lower in the D group than in all of the other groups.
Notably, some studies found that alcohol promotes the
progression of background chronic liver disease and
consequently enhances carcinogenesis of the liver or that
alcohol directly promotes carcinogenesis of the liver (27-29).
In our study, the A group of younger HCC patients included
many heavy drinkers of alcohol with severe inflammation in
addition to high values of ALT and TB, as was previously
found by Shimauchi er al (24). This finding corroborates
reports that HCC frequently occurs in association with severe
inflammation (30). Conversely, it was assumed to be one of
the main reason that the D group had many patients with low
values of ALT and TB, since the D group included many
patients who did not habitually consume alcohol.

1t has been reported that in chronic liver disease, changes
in the platelet count correlate with the degree of fibrosis in
liver histology (31-33). As a result, the platelet count is
regarded as a marker for fibrosis. In our study, the platelet
count in the D group was significantly higher than that in the
A and B groups (younger than 65 years of age), and the D
group in particular showed the highest platelet count of
100,000 or more in the Child-Pugh class A patients. The
study of 18 patients in the D group was assessed by means of
a liver biopsy, and the background liver showed chronic
hepatitis of less than F3 except for 4 cases of F4, thus
indicating that many patients with mild fibrosis had not
advanced to liver cirrhosis.

Gastro-esophageal varices arc the most common clinical
manifestation of portal hypertension in patients with liver
cirrhosis. Nakayama ef al (34) reported that as the endoscopic
form factor grade of varix increased, the incidence of the
occurrence of HCC also increased, and in particular, a form 3
(large size) factor of varices was an independent predictor for
HCC. In our study, many of the patients in the D group either
did not have varices or only had small varices, and also the
number of patients with large varices in the D group was
significantly smaller than the non-elderly groups (younger
than 65 years of age). Therefore, it was assumed that many of
the patients in the D group had not advanced to liver cirthosis,
and many cases of HCC had thus occurred against a back-
ground of chronic liver disease that was not conducive to
carcinogenesis.
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Alb, PT-INR and ICG R15 values are well-known markers
of hepatic reserve in the liver. In our study, the average values
of Alb, PT-INR and ICG R15 in the D group were higher
than in all of the other groups, showing the highest rate in the
Child-Pugh class A patients. Generally, it has been reported
that a decreased number of hepatocytes and decreased liver
weight due to aging generally results in a decreased regeneration
capacity of hepatocyles and a decreased hepatic blood flow
(35-38). In addition, it has been suggested that the elderly
often have a latent nutrient disturbance or metabolic anomalies,
thus causing a declining trend in Alb and ICG R15 (39.40).
However, in-our study, many cases of HCC in the D group
were present along with low values of ALT and TB, unlike
the non-elderly group. Therefore, it appears that the progression
of chronic liver disease was not promoted, and the hepatic
reserve was consequently well-maintained in the elderly
HCC group, despite the normal decline in the physiological
liver function with age. As noted above, many cases of HCC
in the elderly occur against a background of chronic liver
disease with mild inflammation and fibrosis, and it is assumed
that there are some characteristic factors which contribute to
hepatocarcinogenesis in the elderly.

In recent years, age has become a point of focus in the
progression of HCV-persistent infection and fibrosis or
carcinogenesis. Mahmood er al (41) reported that age was the
most important factor contributing to a high value of reactive
oxygen metabolites in the blood associated with HCV-related
chronic liver disease. Moreover, the involvement of oxidative
stress has been previously reported in aging itself, which is
believed to cause a decrease in various organ functions and
immunity (42). The elderly are susceptible to oxidative stress
due to a decrease in the SOD value related to the
antioxidation mechanism and the decrease in NK cell activity
(42,43). Therefore, hepatocarcinogenesis in the elderly may
occur in association with only mild inflammation or fibrosis.

In addition, an increase in the rate of women is cited as one
of the characteristics of HCC of the elderly. It has been reported
that sex hormones such as estrogen and immune response play
an important role in hepatocarcinogenesis (44 ,45). Since the
levels of sex hormones decrease in ageing women, the risk of
the incidence of HCC in elderly females increases.

In conclusion, we found that HCV-related HCC in the
elderly occurred against a background of chronic liver
discase with mild inflammation and fibrosis.
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Akio Takata,' Shuji Sumie,” Masahito Nakano,' Takumi Kawaguchi,' Tatsuya Ide,’
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'Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine, Kurume, and
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Center, Fukuoka, Japan

Aim: Interferon (IFN) dramatically reduces the risk of hepa-
tocellular carcinoma (HCC) after a sustained virological
response (SVR) to chronic hepatitis C (CH-C). However, HCC
still develops in some patients after SVR. To evaluate meta-
bolic factors in patients with HCC occurring after SVR and to
determine whether insulin resistance and adipocytokines
were involved in this etiology.

Methods: We examined clinical and biochemical features,
histological findings and serum levels of adipocytokine prior
to IFN therapy and at the detection of HCC in nine patients
who were diagnosed with HCC. As controls, 27 patients were
included who showed SVR but had not been diagnosed with
HCC for at least 5 years after SVR.

Results: Three of four patients who developed HCC within
5 years after SVR showed liver cirrhosis when HCC was diag-
nosed. Prior to IFN therapy, four of nine HCC patients were

diagnosed as having type 2 diabetes mellitus. Serum levels
of leptin and insulin, Homeostatic Model of Assessment of
Insulin Resistance and body mass index (BMI) were signifi-
cantly higher and serum adiponectin was significantly lower
in HCC patients at the time of HCC detection than in control
patients more than 5 years after SVR. Six HCC patients had
increased BMI and one HCC patient had a decreased BMI
during the observation period.

Conclusion: Hepatic fibrosis may be tightly related to the
emergence of HCC after SVR. Insulin resistance and adipocy-
tokine disorders may be implicated in hepatocarcinogenesis
after SVR, in part by promoting hepatic fibrosis.

Key words: adipocytokine, adiponectin, hepatocellular
carcinoma, insulin resistance, leptin, sustained virological
response.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of

the most common cancers worldwide, especially
in South-East Asia.! Hepatitis C virus (HCV) infection is
a major risk factor for HCC. Seventy to eighty percent of
Japanese patients with HCC are infected with HCV.2
Interferon (IFN) is an antiviral agent against HCV that
can eradicate the virus and which improves hepatic
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inflammation and fibrosis,> and is also believed
to prevent clinical complications, including the devel-
opment of HCC. IEN therapy for HCV was proven to
lower the incidence of HCC, especially in patients who
are treated successfully with IFN and show a
sustained virological response (SVR) to the therapy.*
However, previous studies have revealed that HCC still
develops in 1.5-4.0% of patients with SVR.*>""! Although
advanced age,*"" male sex,** an advanced histological
stage of hepatic damage,®'° higher aspartate ami-
notransferase levels," lower platelet counts,’" alcohol
intake’” and hepatic steatosis'® before IFN therapy are
thought to be risk factors for HCC, the mechanism of
carcinogenesis after SVR is not yet fully understood.
The liver is one of the major organs regulating glucose
metabolism. Patients with chronic liver disease
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