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Background & Aims: Assessment of the risk of hepatocellular
carcinoma (HCC) development is essential for formulating per-
sonalized surveillance or antiviral treatment plan for chronic
hepatitis C. We aimed to build a simple model for the identifica-
tion of patients at high risk of developing HCC.

Methods: Chronic hepatitis C patients followed for at least
5 years (n = 1003) were analyzed by data mining to build a pre-
dictive model for HCC development. The model was externally
validated using a cohort of 1072 patients (472 with sustained
virological response (SVR) and 600 with nonSVR to PEG-inter-
feron plus ribavirin therapy).

Results: On the basis of factors such as age, platelet, albumin, and
aspartate aminotransferase, the HCC risk prediction model iden-
tified subgroups with high-, intermediate-, and low-risk of HCC
with a 5-year HCC development rate of 20.9%, 6.3-7.3%, and
0-1.5%, respectively. The reproducibility of the model was con-
firmed through external validation (r?=0.981). The 10-year
HCC development rate was also significantly higher in the high-
and intermediate-risk group than in the low-risk group (24.5%
vs. 4.8%; p<0.0001). In the high-and intermediate-risk group,
the incidence of HCC development was significantly reduced in
patients with SVR compared to those with nonSVR (5-year rate,
9.5% vs. 4.5%; p = 0.040).

Conclusions: The HCC risk prediction model uses simple and
readily available factors and identifies patients at a high risk of
HCC development. The model allows physicians to identify
patients requiring HCC surveillance and those who benefit from
IFN therapy to prevent HCC.

Keywords: Decision tree; Prediction; Pegylated interferon; Ribavirin; Risk.
Received 27 May 2011; received in revised form 8 August 2011; accepted 4 September
2011

* Corresponding author. Address: Division of Gastroenterology and Hepatology,
Musashino Red Cross Hospital, 1-26-1 Kyonan-cho, Musashino-shi, Tokyo
180-8610, Japan. Tel.: +81 422 32 3111; fax: +81 422 32 9551.

E-mail address: nizumi@musashino.jrc.or.jp (N. Izumi).

© 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common can-
cer worldwide [1] and its incidence is increasing in many
countries [2]. Chronic viral hepatitis is responsible for 80% of
all HCC cases [2]. The need to conduct HCC surveillance should
be determined according to the risk of HCC development
because this surveillance is cost-effective only in populations
with an annualized cancer development rate of >1.5% [3]. The
annualized rate of developing HCC from type C liver cirrhosis
is 2-8% [4-6], indicating that this population with type C liver
cirrhosis needs surveillance. However, the annualized rate of
HCC development is <1.5% in patients with chronic hepatitis C
but without cirrhosis and the benefit of surveillance for all
patients with chronic hepatitis has not yet been established
[3]. HCC surveillance may be needed for patients with advanced
fibrosis because the risk of HCC development increases in
parallel with the progression of liver fibrosis {7,8]. Liver biopsy
is the most accurate means of diagnosing fibrosis, but a single
liver biopsy cannot indicate long-term prognosis because liver
fibrosis progresses over time. Serial liver biopsies are not feasi-
ble because of the procedure’s invasiveness. Moreover, factors
other than fibrosis, such as advanced age, obesity, sex, lower
albumin, and low platelet counts, also contribute to the devel-
opment of HCC from chronic hepatitis C [8-11]. Therefore, these
factors must be considered while assessing the risk of HCC
development.

A meta-analysis of controlled trials [12] has shown that
interferon (IFN) therapy reduced the rate of HCC development
in patients with type C liver cirrhosis. However, there was a
marked heterogeneity in the magnitude of the prevention effect
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of IFN on HCC development among the studies, probably due to
the large differences in the baseline rate of HCC development
among the different trials [12]. Whether the incidence of HCC
development could be reduced in all patients with chronic hep-
atitis C, especially in those without liver cirrhosis, remains to be
elucidated.

Data mining analysis, unlike conventional statistical analysis,
is performed in an exploratory manner without considering a
predefined hypothesis. Decision tree analysis, the major compo-
nent of data mining analysis, is used to extract relevant factors
from among various factors. These relevant factors are then
combined in an orderly sequence to identify rules for predicting
the incidence of the target outcome [13]. Data mining analysis
has been used to define prognostic factors in various diseases
[14-20]. In the field of hepatic diseases, data mining analysis
has proven to be a useful tool for predicting early response
[21], sustained virological response (SVR) [22-25], relapse [26],
and adverse events [27] in patients with chronic hepatitis C trea-
ted with pegylated interferon (PEG-IFN) plus ribavirin (RBV). The
findings of data mining analysis are expressed as flowcharts and
are therefore easily understood [28] and readily available for clin-
ical use, even by physicians without a detailed understanding of
statistics.

In the present study, data mining analysis was used to identify
risk factors for HCC development in a cohort of patients with
chronic hepatitis C who had been followed for at least 5 years.
An HCC risk prediction model was constructed on the basis of
simple and generally available tests because the goal was to
make the model easy to use in the clinic. The suitability, repro-
ducibility, and generalizability of the results were validated using
the data of an external cohort that was independent of the model
derivation cohort.

Materials and methods
Patients

The model derivation cohort consisted of 1003 chronic hepatitis C patients
without cirrhosis who had a non-sustained virological response (nonSVR) to
previous IFN administered at the Musashino Red Cross Hospital and were fol-
fowed for at least 5 years. Patients who had SVR or those who were followed
for less than 5 years were not included. An analytical database on age, body
mass index, albumin, aspartate aminotransferase (AST) levels, alanine amino-
transferase (ALT) levels, y-glutamyltransferase (GGT) levels, total bilirubin lev-
els, total cholesterol levels, hemoglobin levels, and platelet count at the start of
the observation was created. Histological data such as fibrosis stage, activity
grade, or degree of steatosis was not included in the database because the goal
of the present study was to make the model on the basis of simple and gen-
erally available tests. The patients who developed HCC more than 5 years after
the start of the observation were considered not to have developed HCC by the
5-year point because the model was intended to predict HCC development
within 5 years. The 1072 chronic hepatitis C patients included in the external
validation cohort were treated with PEG-IFN and RBV at the University of
Yamanashi, Tokyo Medical and Dental University, Osaka University, Osaka City
University, Nagoya City University, or Toranomon Hospital and followed for at
least 5years. Among them, 600 had nonSVR and 472 had SVR. Data from
nonSVR patients in this external cohort were used for external validation of
the HCC prediction model. To assess the preventive effect of PEG-IFN plus
RBV therapy on HCC development, the cumulative HCC development rate
was compared between SVR and nonSVR patients in the external validation
cohort after stratification by the risk of HCC development as determined by
data mining analysis. Informed consent was obtained from each patient. The
study protocol conformed to the ethical guidelines of the Declaration of Hel-
sinki and was approved by the institutional review committees of all con-
cerned hospitals.

HCC surveillance and diagnosis

HCC surveillance was conducted by performing abdominal ultrasonography every
4-6 months. Contrast-enhanced computer tomography, magnetic resonance
imaging, or angiography were performed when abdominal ultrasonography sug-
gested a new lesion suspicious for HCC. Classical HCC was diagnosed for tumors
showing vascular enhancement with washout on at least two types of diagnostic
imaging. Tumor biopsy was used to diagnose tumors with non-classical imaging
findings.

Statistical analysis

The IBM-SPSS Modeler 13 (IBM SPSS Inc., Chicago, IL, USA) was used for decision
tree analysis. The statistical methods used have been described previously
[21,22,24-27]. In brief, the software searched the analytical database for the fac-
tor that most effectively predicted HCC development and for its cutoff value. The
patients were divided into two groups according to that predictor. Each divided
group was repeatedly assessed and divided according to this 2-choice branching
method. Branching was stopped when the number of patients decreased to <20
to avoid over fitting. Finally, an HCC risk prediction model was created through
this analysis. The model classified patients into subgroups with different HCC
development rates in a flowchart form. For model validation, nonSVR patients
from an external cohort were individually fitted into the model and classified into
the subgroups and the HCC development rates of those subgroups were then cal-
culated. The suitability and reproducibility of the model were validated by com-
paring the subgroup HCC development rates of the model derivation group to
those of the validation group.

On univariate analysis, Student’s t-test was used for continuous variables and
Fisher's exact test was used for categorical data. Logistic regression was used for
multivariate analysis. A log-rank test for Kaplan-Meier analysis was used to sta-
tistically test HCC development rates over time. p-Values of <0.05 were consid-
ered significant. SPSS Statistics 18 (IBM SPSS Inc.) was used for these analyses.

Results

Univariate and multivariate analysis of factors associated with HCC
development

The baseline characteristics of patients are shown in Table 1. The
5-year HCC development rate in the model derivation group was
6.2%, which did not differ significantly from the rate of 6.0% in the
nonSVR group of the external cohort, but the rate of 2.0% in the
SVR group of the external cohort was significantly lower than
that in the model derivation group (p = 0.0003) and the nonSVR
group of the external cohort (p = 0.0012). On univariate analysis,
the factors found to be associated with HCC development in the
model derivation cohort were age, AST levels, albumin levels,
total cholesterol levels, and platelet count. On multivariate anal-
ysis, age (odds ratio 1.086), albumin levels (odds ratio 0.248), and
platelet count (odds ratio 0.842) were significant predictors of
HCC development (Table 2).

HCC risk prediction model by data mining analysis

The results of decision tree analysis are presented in Fig. 1. Age
was selected as the first predictor. The 5-year HCC development
rate was 3.4% in younger patients (<60 years) and 8.6% in older
patients (=60 years). The second predictor for younger patients
(<60 years) was platelet count. The HCC development rate was
6.9% in patients with a lower platelet count (<150 x 10°/L) and
0.8% in patients with a higher count (150 x 10°/L). The second
predictor for older patients (>60 years) was also platelet count.
The HCC development rate was 13.1% in patients with a lower
platelet count (<150 x 10%/L) and 1.8% in patients with a higher
count (>150 x 10°/L). The third predictor was albumin levels,
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Table 1. Baseline characteristics of patients for model deviation and external validation.

Model derivation

External cohort, non-SVR External cohort, SVR

(n = 1003) (n = 600) (n = 472)
Sex: Male/Female® 463 (46%)/540 (54%) 306 (51%)/294 (49%) 299 (63%)(173 (37%)
Age(yn 57.3(11.1) ' 55996  514(108)
Body massindex (kgm)  285(32) 2348 . - 238360
Abumin (g/d) 4103 40(04) 40(03)
AST (U/L) 642(365) ' e73(438 . erBusy
ALT (IULL) 80.6(55.1) 81.2(62.3) 88.6 (82.1)
fleriinn o RS o s
Total cholesterol (mg/dl) 1721 (31.5) 168.2 (31.0) 1743 (337)
Platelet (10%1) '  154.0(53.0)  1537(832)  1766(497)
Hemoglobin (g/dl) 13.3(1.5) 142 (15) " 14.4 (1.4) V
'HCC development within 5 years: n (%)* 62 (6.2%) . 36(60% 0 10Q20%)

Data expressed as mean (standard deviation) unless otherwise indicated.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCC, hepatocellular carcinoma; SVR, sustained virological response.

*Data expressed as number of patients (percentage).

whose cutoff value was 3.75 g/dl in patients with a higher plate-
let count (150 x 10%/L). The HCC development rate was 6.3%
when albumin levels were lower (<3.75 g/dl) and 1.5% when lev-
els were higher (>3.75 g/dl). The cutoff value for albumin levels
was 4.0 g/dl in patients with a lower platelet count (<150 x 10°/
L). The HCC development rate was 20.9% when albumin levels
were lower (<4.0g/dl) and 6.4% when levels were higher
(>4.0 g/dl). The fourth and final predictor was AST levels. The
HCC development rate was 7.3% when AST levels were at least
40 IUJL and 0% when the levels were <40 IU/L. On the basis of this
analysis, seven subgroups with a 5-year HCC development rate of
0-20.9% were identified. The area under the receiver operating
characteristic curve according to the HCC risk prediction model
was 0.817.

External validation of the HCC risk prediction model with an
independent external cohort

Six hundred nonSVR patients from an external cohort were fitted
into the HCC risk prediction model and classified into the seven
subgroups. The 5-year HCC development rate of these subgroups
was 0-17.9%. The HCC development rate in the individual sub-
groups of the model derivation group was closely correlated to
that in the corresponding subgroups of the external validation
group (Fig. 2; correlation coefficient r* = 0.981). The HCC develop-
ment rate in the subgroup of patients with the highest risk of HCC
development (high-risk group) according to the model older age
(=60 years) with a lower platelet count (<150 x 10°/L) and lower
albumin levels (<4.0 g/dl) was 20.9% in the model derivation

Table 2. Multivariable analysis of factors associated with subsequent devel-
opment of HCC within 5 years.

Odds ratio 95% Cl p value
Age 1086  1.029-1.146  0.003
Albumin 0.248 0.100-0.613  0.003
Platelet ~ 0.842 © 0.769-0921  <0.0001

(I, confidence interval.

group and 17.9% in the external validation group. The intermedi-
ate-risk group or the patients with an HCC development rate of at
least 5% consisted of the following three subgroups: (1) older age
(>60 years), lower platelet count (<150 x 10°%/L), higher albumin
levels (>4.0 g/dl), and higher AST levels (=40 IU/L); (2) older age
(>60years), higher platelet count (>150 x 10°/L), and lower
albumin levels (<3.75g/dl); and (3) younger age (<60 years)
and lower platelet count (<150 x 10%/L). In these intermediate-
risk groups, the 5-year HCC development rate was 6.3-7.3% in
the model derivation group and 5.3-7.9% in the external valida-
tion group. The low-risk group consisted of the following three
subgroups: (1) younger age (<60 years) and higher platelet count
(=150 x 10%/L); (2) older age (=60 years), lower platelet count
(<150 x 10°/L), higher albumin levels (>4.0g/dl), and lower
AST levels (<40 IU/L); and (3) older age (>60 years), higher plate-
let count (=150 x 10°/L), and higher albumin levels ( >3.75 g/dI).
In these low-risk groups, the 5-year HCC development rate was
0-1.5% in the model derivation group and 0-2.9% in the external
validation group.

Predictability of the HCC risk prediction model on HCC development
rate beyond 5 years

Cumulative HCC development rates in the high-, intermediate-,
and low-risk groups were compared over time using the
Kaplan-Meier method. The 10-year rates were 28.9% in the
high-risk group, 22.9% in the intermediate-risk group, and 4.8%
in the low-risk group (Fig. 3A). The high and intermediate-risk
group created by pooling data from the high- and intermediate-
risk groups had a significantly higher cumulative HCC develop-
ment rate than the low-risk group beyond 5 years (Fig. 3B; 5-year
rate, 11.6% vs. 1.0%; 10-year rate, 24.5% vs. 4.8%; p <0.0001).

Effect of response to PEG-IFN plus RBV therapy in the reduction of
HCC development: analysis stratified by the HCC risk prediction
model

The 600 nonSVR patients and 472 SVR patients in the external
cohort were fitted into the HCC risk prediction model and
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<150 x 10%L 2150 x 10%L

Fig. 1. The decision tree model of HCC development within 5 years. Boxes indicate the factors used to differentiate patients and the cutoff values for those different
groups. Pie charts indicate the HCC development rate within 5 years for each group of patients after differentiation. Terminal groups of patients differentiated by analysis

are numbered from 1 to 7.

classified into the high-and intermediate-risk group or the low-
risk group, as defined above. The HCC development rate was sig-
nificantly lower in SVR patients than in nonSVR patients in the
high-and intermediate-risk group (5-year HCC rate, 9.5% vs.
4.5%; p = 0.040, log-rank test). In the low-risk group, the 5-year
rate was 1.8% in nonSVR patients and 0.9% in SVR patients. Both
rates were low and not significantly different (p = 0.331, log-rank
test) (Fig. 4).

Discussion

An awareness of the risk of HCC development in the context of
routine care for chronic hepatitis C is essential for formulating

an HCC surveillance plan personalized for individual patients.
The risk of developing HCC from chronic hepatitis is lower than
that from cirrhosis [7]; therefore, across-the-board surveillance
for chronic hepatitis C is not recommended [3]. A method to eas-
ily determine this risk, without performing serial liver biopsies,
would be extremely significant clinically. In the present study,
an HCC risk prediction model that included the factors such as
age, platelet count, albumin levels, and AST levels was con-
structed. The model was found to have excellent reproducibility
when validated with an external cohort. This model could iden-
tify subgroups of chronic hepatitis C patients at high risk of
HCC development; the 5-year HCC development rate for the
high- and intermediate-risk groups was 11.6%, yielding an annual
incidence of 2.3%. This HCC risk prediction model requires only
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Fig. 2. External validation of the decision tree model with an independent
cohort. Each patient in the external validation group was allocated to groups 1-7
following the flowchart of the decision tree. The HCC development rates were
then calculated for each group and the graph plotted. The x-axis represents the
HCC development rate in the model derivation group, and the y-axis represents
the HCC development rate in the external validation group. The HCC development
rates in each subgroup of patients are closely correlated between the model
derivation group and the external validation group (correlation coefficient:
R?=0981).

simple test values that are readily obtained in routine care and
can therefore be easily used at the patient bedside. The model
can be used to identify patients with a high risk of HCC develop-
ment and therefore requiring surveillance, thereby allowing the
formulation of surveillance plans personalized for individual
patients.

Advanced fibrosis has been reported as independent risk fac-
tors for HCC development [7,8]. Platelet counts and albumin lev-
els, which were factors selected for discrimination of the risk of
HCC development, are closely related to the stage of fibrosis.
Their correlation with the HCC risk has been repeatedly demon-
strated [9-11,29-31]. The present study confirmed the impact
of old age and advanced fibrosis, as reflected by low platelet
counts and albumin levels. These results are consistent with
our previous report [32]. What is unique to the present study
was the study design to build a simple and reliable model for

A B
—— High risk group: Group 1 —— High and intermediate
— — Intermediate risk group: Group 2-4 risk group: Group 1-4
8 --—- Low risk group: Group 5-7 --—-  Low risk group: Group 5-7
c
8 40 40
g8
28
o
g%s
6] 0 5 10 0 5 10

Observation period (yr) Observation period (yr)

Fig. 3. Cumulative incidence of HCC development beyond 5 years in sub-
groups of patients defined by the decision tree model. Cumulative incidences
of HCC in the groups classified by the decision tree model are compared. (A) The
cumulative HCC development rate beyond 5 years is higher in the high- (group 1)
and intermediate-risk (groups 2-4) groups compared to the low-risk group
(groups 5-7). (B) The high and intermediate-risk group created by pooling data
from the high- and intermediate-risk groups has a significantly higher cumulative
HCC development rate than the low-risk group (5-year rate, 11.6% vs. 1.0%;
10-year rate, 24.5% vs. 4.8%; p <0.0001).
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High and intermediate risk group Low risk group

Cummulative incidence

Observation period (yr) Observation period (yr)

Fig. 4. Sustained virological response to PEG-IFN plus RBV therapy reduces
the incidence of HCC development after stratification by the HCC risk. The 600
nonSVR patients and the 472 SVR patients in the external cohort were fitted into
the HCC risk prediction model and classified into the high and intermediate-risk
group or the low-risk group. The HCC development rate is significantly lower in
SVR patients than in nonSVR patients in the high and intermediate-risk group
(groups 1-4) (5-year HCC rate, 9.5% vs. 4.5%; p = 0.040). In the low-risk group
(groups 5-7), the 5-year rate is 1.8% in nonSVR patients and 0.9% in SVR patients.
Both rates are low and not significantly different (p = 0.331).

the prediction of HCC development that could be easily used in
the clinic. For this purpose, a novel statistical method was used,
histological factors were excluded in the analysis, the model der-
ivation cohort was restricted to those who had nonSVR and had a
long follow-up period duration (5 years), and the reproducibility
of the model was independently validated by an external cohort.
These are the major differences of the present study compared to
our previous report. Many researchers have put a lot of efforts to
formulate regression models for HCC prediction [9,10,33]. These
prediction models are useful for identifying high-risk patients
but are somewhat complicated to use at the bedside because they
require calculations to be performed. Our prediction model is
used simply by incorporating patients’ data obtained through
simple tests into the decision tree and following the flowchart.
These prediction models based on factors easily accessible in
routine clinical settings help physicians identify high-risk
patients out of chronic hepatitis.

Viral eradication is the short-term goal of IFN therapy, but the
ultimate goal is the prevention of HCC occurrence. Previous
reports have shown that SVR to IFN therapy suppresses HCC
occurrence in patients with type C liver cirrhosis and chronic
hepatitis [7,12,30,34,35]. However, there is a marked heterogene-
ity in the magnitude of the treatment effect on the risk of HCC
among studies, probably due to differences in the baseline risk
of HCC among different trials [12]. Thus, the question remains
whether the preventive effect of IFN therapy on HCC develop-
ment could apply to all patients with chronic hepatitis C, espe-
cially those without liver cirrhosis. The result of the present
study indicated that among high- and intermediate-risk patients,
as assessed with our HCC risk prediction model, the cumulative
HCC development rate was significantly reduced in SVR patients
compared with nonSVR patients. This finding suggests that
patients with chronic hepatitis, in whom disease has not yet pro-
gressed to hepatic cirrhosis but who are at a high risk of HCC
development, benefit from antiviral treatment. The preventive
effect of IFN on HCC development was not evident in low-risk
patients within 5 years of observation. A longer observation term
may be required to analyze the possible effect of antiviral therapy
in these patients. Application of the present model on treatment
decision may have limitations in that effect to prevent HCC devel-
opment may differ in newer therapeutic agents such as protease
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inhibitors [36,37], and that low-risk patients may also benefit
from therapy after a longer term observation period such as
15-20 years.

Patients with chronic hepatitis often have no subjective symp-
toms accompanying their disease and therefore have a low con-
sciousness of the disease. The broad array of adverse reactions
and the high cost of [FN therapy are frequent hurdles in motivat-
ing patients to undergo therapy. However, patients may be con-
vinced to undergo therapy or remain motivated for continued
therapy if they are made aware of their risk of HCC development
and the preventive effect of IFN on HCC development.

In conclusion, a reproducible HCC risk prediction model,
which includes the factors such as age, platelet count, albumin
levels, and AST levels, was constructed to predict the 5-year
HCC development rate in patients with chronic hepatitis C. The
model requires only a combination of readily available test values
and can therefore be easily used at the bedside. The information
provided by the model allows the physician to identify patients
requiring IFN therapy for the prevention of HCC and formulate
plans for imaging HCC surveillance.
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Abstract

AIM: To evaluate whether metabolic factors are related
to distant recurrence of hepatocellular carcinoma (HCC)
and survival after curative treatment.

METHODS: This retrospective study included 344
patients whose HCC was treated curatively by radio-
frequency ablation (RFA) therapy. The mean age was
67.6 years and the mean observation period was 4.04
years. The etiological background of liver disease was
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hepatitis B virus infection in 30, hepatitis C virus infec-
tion in 278, excessive alcohol drinking in 9, and other
in 27 patients. The Child-Pugh classification grade was
A (7 = 307) or B (7 = 37). The number of HCC nodules
was one in 260, two in 61, and three in 23 patients. For
surveillance of HCC recurrence after curative therapy
with RFA, patients were radiologically evaluated every 3
mo. Factors associated with distant recurrence of HCC
or survival were studied.

RESULTS: Inadequate maintenance of blood glucose
in diabetic patients was associated with higher inci-
dence of distant recurrence. The 1-, 2-, and 3-year
recurrence rates were significantly higher in diabetic
patients with inadequate maintenance of blood glucose
compared with the others: 50.6% vs 26.8%, 83.5% vs
54.4%, and 93.8% vs 73.0%, respectively (P = 0.0001).
Inadequate maintenance of blood glucose was an in-
dependent predictor of distant recurrence [adjusted
relative risk 1.97 (95%CI, 1.33-2.91), (P = 0.0007)]
after adjustment for other risk factors, such as number
of HCC nodules [2.03 (95%CI, 1.51-2.73), £ < 0.0001]
and initial level of serum alpha fetoprotein (AFP) [1.43
(95%CI, 1.04-1.97), P = 0.028]. Obesity was not an
independent predictor of recurrence. The incidence of
distant recurrence did not differ between diabetic pa-
tients with adequate maintenance of blood glucose and
non-diabetic patients. Among 232 patients who had
HCC recurrence, 138 had a second recurrence. The 1-,
2-, and 3-year rates of second recurrence were signifi-
cantly higher in diabetic patients with inadequate main-
tenance of blood glucose than in the others: 9.0% vs
5.9%, 53.1% vs 24.3%, and 69.6% vs 42.3%, respec-
tively (P = 0.0021). Inadequate maintenance of blood
glucose in diabetic patients [1.99 (95%CI, 1.23-3.22),
P = 0.0049] and presence of multiple HCC nodules
[1.53 (95%CI, 1.06-2.22), # = 0.024] were again
significantly associated with second HCC recurrence.
Inadequate maintenance of blood glucose in diabetic
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patients was also a significant predictor of poor survival
[2.77 (95%CI, 1.38-5.57), # = 0.0046] independent of
excessive alcohol drinking [6.34 (95%CI, 1.35-29.7),
P = 0.019], initial level of serum AFP [3.40 (95%CI,
1.88-6.18), 2 < 0.0001] and Child-Pugh classification
grade B [2.24 (95%CI, 1.12-4.46), P = 0.022]. Com-
paring diabetic patients with inadequate maintenance
of blood glucose vs the others, the 1-, 2-, and 3-year
survival rates were significantly lower in diabetic pa-
tients with inadequate maintenance of blood glucose:
92% vs 99%, 85% vs 96%, and 70% vs 92%, respec-
tively (P = 0.0003).

CONCLUSION: Inadequate maintenance of blood glu-
cose in diabetic patients is a significant risk factor for
recurrence of HCC and for poor survival after curative
RFA therapy.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide! and its incidence has been
increasing in many countries?. Surgical resection, liver
transplantation, and local ablation therapy, such as radio-
frequency ablatdon (RFA) therapy, have been considered
as efficient curative therapies for HCC. RFA therapy is
now widely performed in patients with small HCC™ and
a randomized controlled study demonstrated that the sut-
vival rates were similar in patients with small HCC receiv-
ing RFA or surgical resection™. A characteristic of HCC
is its high rate of recurrence after curative resection or lo-
cal ablation therapy, reaching approximately 80% within 5
years® . Identification of factors related to recurrence of
HCC and therapeutc interventon targeting these factors
may lead to prevention of frequent recurrence of HCC
and improved survival.

Tumor factors, such as the number of HCC nodules
and their size, are associated with the recurrence of HCC
and survival prognosis®'”. Another factor that is associ-
ated with the recurrence of HCC and survival is the he-
patic reserve function at the time of HCC therapy™*'".
Hepatitis C virus (HCV) and hepatitis B virus (HBV)
infection are the major causes responsible for 8(1)20{2] of

HCC cases™ and antiviral therapy targeting HCV'*' or
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HBV" has been shown to dectease HCC recurtence, and
improve hepatic reserve function and survival. Non-alco-
holic steatohepatitis (NASH) has also received attention
as a cause of HCC™. Metabolic factors, such as obesity
and diabetes, are closely linked to the etiology of INASH.
These metabolic factors have also been idendfied as risk
factors for several other types of cancer. Obesity is associ-
ated with increased mortality rates of several cancers'*'"!
and diabetes is also reported as a tisk factor for liver, pan-
creatic, renal, and colon cancers". If these metabolic
factors are related to the recurrence of HCC, therapeutic
intervention tatgeting these factors may lead to preven-
ton of frequent recurrence of HCC and improved sut-
vival. The impact of diabetes on the recurrence of HCC
after treatment has been discussed, but with conflicting
results™ ),

In this study, factors contributing to the recurrence
and prognosis of HCC after curative treatment were ana-
lyzed. We found that inadequate maintenance of blood
glucose was related to the high rate of HCC recurrence
and poor survival.

MATERIALS AND METHODS

Patients whose HCC was treated by RFA at the Musash-
ino Red Cross Hospital were studied retrospectively for
factors associated with recurrence of HCC and survival.
The inclusion criteria were as follows: (1) HCC treated
curatively with RFA at the Musashino Red Cross Hospital
between 1999 and 2007; (2) maximum diameter of HCC
nodule < 3 cm; (3) number of HCC nodules < 3; (4) no
previous history of treatment for HCC; and (5) follow-
up observation for at least 6 mo after RFA therapy. 344
patients met these criteria, including 140 women and 204
men, with a mean age of 67.6 years and mean obsetrva-
tion time of 4.04 years. The clinical characteristics of the
patients are summatized in Table 1. The etiological back-
ground of liver disease was HBV infection in 30, HCV
infection in 278, excessive alcohol drinking (intake of
ethanol = 60 g/d for = 5 years continuously) in 9, and
non-B non-C non-alcoholic etiology in 27 patients. The
Child-Pugh classification grade was eithet A (# = 307) or
B (# = 37). The number of HCC nodules was one in 260,
two 1n 61, and three in 23 patients. Thus, 260 patients had
a single lesion, and 84 had multiple lesions. The maximum
diameter of HCC nodules was 19.9 + 0.3 mm.

Obesity was defined as a body mass index > 25 kg/
m” according to the definition of the Japan Society for
the Study of Obesity™. Blood glucose was measured
monthly for 6 mo after HCC treatment and the average
value was determined. Inadequate maintenance of blood
glucose was defined as an average value of blood glucose
= 200 mg/dL. The level of hemoglobin Alc (HbAlc)
was not used in the present study because the lifespan
of erythrocytes is shortened due to hypersplenism in
patients with chronic hepatitis or cirrhosis, leading to
lower HbAlc levels relative to the blood ghucose level™.
Diagnosis of type 2 diabetes was made according to the
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g ,Va'l,d,

Variable
Sex (male/female)
Agelyn
Etiology of liver dis

ase: HBV/HCV/NBNC

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NBNV: Neither HBV nor
HCV; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: y-glutamyltransferase; T-Chol: Total cholesterol; TG: Triglyceride;

BMI: Body mass index; AFP: a-fetoprotein; HCC: Hepatocellular
carcinoma.

American Diabetes Association criteria of a fasting blood
glucose level = 126 mg/dL (= 7.0 mmol/L) and/or
HbA1lc level = 6.5%. After initial treatment of HCC
by RFA, the ablated area was confirmed by contrast-en-
hanced computed tomography (CT) within one week. If
the ablated area was not sufficient, then RFA therapy was
repeated until the HCC nodule was completely ablated.

HCC surveillance and diagnosis of recurrence
Diagnosis of HCC was based on abdominal ultrasonog-
raphy, contrast-enhanced CT, magnetic resonance imag-
ing (MRI), or angiography. Classical HCC was diagnosed
for tumors showing vascular enhancement with washout
on at least two types of diagnostic imaging, Tumor bi-
opsy was used to diagnose tumors with non-classical im-
aging findings.

For surveillance of HCC recurrence after curative
therapy with RFA, patients were evaluated by abdomi-
nal ultrasonography, contrast-enhanced CT, or contrast-
enhanced MRI evety three months. Recuttence of HCC
was diagnosed based on a new lesion detected by ultraso-
nography showing vascular enhancement with washout
on CT or MRIL If the tumor was not hypervascular, a
tumor biopsy was performed to confirm the diagnosis.

Statistical analysis

For analysis of survival and recutrence, the dme of inital
RFA treatment was defined as day zero. Survival rate and
recutrence rate wete analyzed by the Kaplan-Meier meth-
od and log rank test. Multivariate analysis was performed
using a Cox proportional hazard model. Data were ana-
lyzed using StatView Version 5.0 (SAS Institute Inc, Cary,
Notth Carolina, United States) and IBM-SPSS statistics
vetsion 18 (IBM SPSS Inc, Chicago, IL, United States).
Statistical significance was set at P < 0.05.
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RESULTS

Factors associated with HCC recurrence

Of the 344 patients whose HCC was curatively treated
by RFA, 232 had HCC recurrence. The 1-, 2-, and 3-year
recurrence rates were 29.3%, 57.5%, and 75.2%, respec-
tvely. On univariate analysis, inadequate maintenance of
blood glucose, higher initial level of serum AFP and mul-
tiple HCC nodules were significantly associated with HCC
recurrence. Obesity (P = 0.06) and diabetes (P = 0.65)
were not significantly associated with HCC recurrence.

Thirty-seven patients had diabetes with inadequate
maintenance of blood glucose, 122 patients had diabetes
with adequate maintenance of blood glucose, and 185
patients did not have diabetes. The HCC recurrence rate
was significantly higher in diabetic patients with inad-
equate maintenance of blood glucose than in the others (P
= 0.0001) (Figure 1A).

Comparing patients with diabetes (# = 159) and pa-
tients who did not have diabetes (# = 185), there was no
significant difference in the recurrence rate (P = 0.65).
Upon comparison of the three groups, i.e., the diabetes
with inadequate maintenance of blood glucose group,
the diabetes with adequate maintenance of blood glucose
group, and the non-diabetes group, the recurrence rate
was significantly higher in the diabetes with inadequate
maintenance of blood glucose group than in the other
two groups (P = 0.0001) (Figure 1B). On the other hand,
there was no significant difference in the HCC recurtrence
rate between the diabetes patients with adequate main-
tenance of blood glucose group and the non-diabetes
group.

In terms of the number of HCC nodules, namely,
single (# = 260) »s multiple (# = 84), the recurtence rate
was significantly higher in patients with multiple HCC
nodules (P = 0.0001). Within each subgroup of patients
with single and multiple HCC nodules, diabetes with in-
adequate maintenance of blood glucose was significantly
associated with recurrence of HCC (single, P = 0.006;
multiple, P = 0.025) (Figure 2A, B). In terms of the initial
level of serum AFP =100 ng/mL (» = 70) »s < 100 ng/
ml. (# = 274), the recurrence rate was significantly higher
in patients with AFP = 100 g/mL (P = 0.018). Within
each subgroup of patients with AFP = 100 ng/mL and
< 100 ng/mL, diabetes with inadequate maintenance of
blood glucose was associated with a higher rate of recur-
rence (AFP = 100 ng/ml, P = 0.005; AFP < 100 ng/
mL, P=0.017) (Figute 2C, D).

Independent risk factors for distant recurrence of
HCC on multvariate analysis were inadequate mainte-
nance of blood glucose in diabetic patients [adjusted rela-
tive risk, 1.97 (95%CI, 1.33-2.91), P = 0.0007], multple
HCC nodules {2.03 (1.51-2.73), P < 0.0001], and AFP =
100 ng/mlL [1.43 (1.04-1.97), P = 0.028] (Table 2).

Factors associated with second recurrence

Among the 232 patients who had HCC recurrence, 138
had a second recurrence. Regarding second recurrence,
inadequate maintenance of blood glucose in diabetic pa-
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Figure 1 Kaplan-Meier curves showing a higher rate of hepatocellular carcinoma recurrence in diabetic patients with hyperglycemia. A: The cumulative inci-
dence of the recurrence of hepatocellular carcinoma (HCC) was significantly higher in diabetic patients with inadequate maintenance of blood glucose (blood glucose
= 200 mg/dL solid line) than in the others (dotted line) (P = 0.0001); B: The HCC recurrence rate was significantly higher in diabetic patients with inadequate main-
tenance of blood glucose (solid line) than in diabetic patients with adequate maintenance of blood glucose (blood glucose < 200 mg/dL, broken line) or non-diabetic
patients (dotted line) (P = 0.0001). There was no significant difference in HCC recurrence rate between diabetic patients with adequate maintenance of blood glucose

and non-diabetic patients.

Inadequate maintenance of blood glucose was defined as an average of
casual blood glucose of = 200 mg/dL. HCC: Hepatocellular carcinoma;
AFP: g-fetoprotein.

dents and multiple HCC nodules were again significantly
associated with HCC recurrence. Obesity (P = 0.18), dia-
betes (P = 0.31) and initial level of serum AFP (P = 0.08)
wete not associated with second recurrence. In terms of
the number of HCC nodules, namely, single s multiple,
the 1-, 2-, and 3-year recurrence rates were significantly
higher in patients with multiple lesions (6.4% »5 6.1%,
39.3% ws 23.1%, and 52.5% o5 42.3%, respectively, P =
0.013). Upon comparing diabetic patients with inadequate
maintenance of blood glucose #s the others, the rate of
second recurrence was significantly higher in diabetic
patients with inadequate maintenance of blood glucose
(P = 0.0021) (Figure 3A). Upon comparing patients with
diabetes s patients who did not have diabetes, the rates
of second recurtence were not significantly different (P
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= 0.31). Upon compatison of the three groups, i.e., the
diabetes with inadequate maintenance of blood glucose
group, the diabetes with adequate maintenance of blood
glucose group, and the non-diabetes group, the second
recutrence rate was again significantly higher in the diabe-
tes with inadequate maintenance of blood glucose group
than in the other two groups (P = 0.0035) (Figure 3B).
On the other hand, thete was no significant difference in
the second recurrence rate between the diabetes with ad-
equate maintenance of blood glucose group and the non-
diabetes group.

Independent risk factors for second recurrence of
HCC on multivariate analysis were inadequate main-
tenance of blood glucose [1.99 (95%CI, 1.23-3.22), P
= 0.0049] and multiple HCC nodules [1.53 (95%CI,
1.06-2.22), P = 0.024] (Table 2).

Factors associated with survival

There were 52 HCC-related or hepatic failure deaths.
On univariate analysis, inadequate maintenance of blood
glucose, excessive alcohol drinking, higher initial level of
serum AFP and Child-Pugh classification grade B were
significantly associated with survival. Obesity (P = 0.81)
and diabetes (P = 0.11) were not significantly associated
with survival.

Upon comparing diabetic patients with inadequate
maintenance of blood glucose ss the others, the survival
rate was significantly lower in patients with inadequate
maintenance of blood glucose (P = 0.0003) (Figure 4A).
Upon comparing diabetic patients »s non-diabetic pa-
dents, the survival rates were not significantly different
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Figure 2 Diabetic patients with inadequate maintenance of blood glucose have higher rate of hepatocellular carcinoma recurrence after stratification by
other risk factors. A: P = 0.006 for single hepatocellular carcinoma (HCC) nodule; B: P = 0.025 for multiple HCC nodules; C: P = 0.005 for AFP = 100 ng/mL; D: P
= 0.017 for o.-fetoprotein (AFP) < 100 ng/mL. The cumulative incidence of the recurrence of HCC was significantly higher in diabetic patients with inadequate mainte-
nance of blood glucose (solid line) than in the others (dotted line). after stratification by number of HCC nodules and by initial level of AFP.
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Inadequate maintenance of blood glucose was defined as an average of
casual blood glucose of = 200 mg/dL. AFP: o-fetoprotein.

(P = 0.11). of the survival rate was compared among the
three groups, ie., the diabetes with inadequate mainte-
nance of blood glucose group, the diabetes with adequate
maintenance of blood glucose group, and the non-
diabetes group. The survival rate was significantly poorer
in the diabetes with inadequate maintenance of blood
glucose group than in the other two groups (P = 0.0003)
(Figute 4B), while it did not differ between the diabetes
with adequate maintenance of blood glucose group and
the non-diabetes group.

The number of HCC nodules, which was a significant
factor for HCC recurrence, was not related to survival
(P = 0.34). Patients with excessive alcohol drinking had
poot survival prognosis compared to those with non-
excessive or no alcohol drinking (P = 0.046). Survival was
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better in patients in Child-Pugh A class than in patients
in Child-Pugh B class (P = 0.0082). AFP = 100 ng/mL
was associated with poor survival compared with AFP <
100 ng/mL (P < 0.0001).

On multvariate analysis, inadequate maintenance of
blood glucose was a significant predictor of poor sut-
vival [2.77 (95%CI, 1.38-5.57), P = 0.0046] independent
of excessive alcohol drinking [6.34 (95%CI, 1.35-29.7), P
= 0.019], initial level of serum AFP = 100 ng/mL [3.40
(95%CI, 1.88-6.18), P < 0.0001] and Child-Pugh clas-
sification grade B [2.24 (95%CI, 1.12-4.46), P = 0.022]
(Table 3).

DISCUSSION

The impact of metabolic factors, such as hyperglycemia,
diabetes and obesity, on distant recurtrence and survival
after curative RFA therapy for HCC was analyzed retro-
spectively. We identified that inadequate maintenance of
blood glucose in diabetic patients was a significant and in-
dependent risk factor for eatly recurrence of HCC and a
risk factor for poor survival, whereas obesity and diabetes
were not. Diabetic patients with inadequate maintenance
of blood glucose had a higher rate of HCC recurrence
and poorer survival compared with diabetic patients with
adequate maintenance of blood glucose and non-diabetic
patients. In other words, even in patents with diabetes, if
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Figure 3 Kaplan-Meier curves showing a higher rate of second recurrence of hepatocellular carcinoma in diabetic patients with inadequate maintenance
of blood glucose. A: The cumulative incidence of the second recurrence of hepatocellular carcinoma (HCC) was significantly higher in diabetic patients with inade-
quate maintenance of blood glucose (blood glucose = 200 mg/dL solid line) than in the others (dotted line) (P = 0.002); B: The rate of second recurrence of HCC was
significantly higher in diabetic patients with inadequate maintenance of blood glucose (solid line) than in diabetic patients with adequate maintenance of blood glucose
(blood glucose < 200 mg/dL, broken line) or non-diabetic patients (dotted line) (P = 0.004). There was no significant difference in the rate of second recurrence of
HCC between diabetic patients with adequate maintenance of blood glucose and non-diabetic patients.

the blood glucose was adequately maintained, the HCC
recurrence rate and survival did not differ significantly
compared with those in non-diabetic patients. These re-
sults indicate the possibility that adequate management
of hyperglycemia may lead to reduction in the risk of
HCC recurrence and improvement of overall survival.
The contribution of diabetes to the development of
HCC has been confirmed in several reports™ ™", The im-
pact of diabetes on the recurtence of HCC after treatment
has also been discussed, but with conflicting results™ .
A recent study from Taiwan demonstrated that diabetes
may not affect the intra-hepatic HCC recurrence and sur-
vival after RFA™, The results of the present study also
indicated that diabetes itself is not a significant risk fac-
tor if the level of blood glucose is adequately managed.
Rather, hyperglycemia was a significant risk factor for the
recurrence of HCC. There may be several mechanisms
involved in the relationship between hyperglycemia and
HCC recurrence. Hyperglycemia promotes cancer cell
roliferation in pancreatic cancer cells and breast cancer
cells® ™ through accelerated cell cycle progtession ot
through the production of reactive oxygen species, lead-
ing to activation of protein kinase C and increased DNA
synthesis in cancer cells®. A previous study in hepatitis
C patients indicated that hyperglycemia after challenge
with 75-g oral glucose tolerance test was associated with
the risk for HCC while hyperglycemia at fasting was
not™. A possible reason for this result may be that pa-
tents with post-challenge hyperglycemia may have higher
fluctuations in daily glucose levels that lead to oxidative
stress”™, because it was reported that acute fluctuations
in blood glucose levels cause greater oxidative stress than
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sustained chronic hyperglycemia®. Taken together, a
possible mechanism for the relationship between higher
level of casual blood glucose and development of HCC
in the present study may be that daily fluctuations in se-
rum glucose levels caused greater oxidative stress. Alter-
natively, hyper-insulinemia or increased level of insulin-
like growth factor, which are caused by hyperglycemia,
may be related to carcinogenesis® . Insulin levels were
not measured in our study; therefore, the effects of insu-
lin could not be identified.

Discussions are now taking place on methods of
treating diabetes from the standpoint of cancer preven-
tion. Control of hyperglycemia could reduce cancer in-
cidence, which means that hypetglycemia could directly
conttibute to the development of cancer™. The results
of our study also showed that adequate management
of hyperglycemia may lead to reduction in the risk of
HCC recurtence and improvement of overall survival.
Improvement in insulin resistance is undoubtedly the
most important factor for the treatment of diabetes, but
glycemic control is often difficult to achieve with dietary
therapy, exercise, or insulin resistance-improving drugs
alone. It was reported that metformin may be associated
with a lower risk of cancer™ and there is a theoretical
concern that exogenous insulin may be associated with
an increased risk of cancer™. In fact, a recent study
reported that insulin therapy in patients with HCV infec-
tion is linked with the development of HCC™. On the
other hand, with insulin treatment, concomitant use of
metformin has been reported to offset the carcinogenic
tisk of insulin®. Whether glycemic control should be a
ptiority, or whether avoiding hyper-insulinemia because
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of therapy should be a priority, is an issue for future in-
vestigation.

In terms of survival of HCC patients, associations
with liver function and tumor factors have been re-
ported™, but conflicting results have been reported for
the relationship with diabetes® !, These two studies
involved heterogeneous groups of HCC patients treated
with various therapies, including sutgery, local ablation
therapy and transcatheter arterial embolization. This het-
erogeneity may have led to the conflicting results, because
the survival of HCC patients may be strongly affected by
the initial treatment. Our study involved a homogeneous
patient population, ie., all patients were initially treated
curatively by RFA. The results of our study suggest
that glycemic control in diabetic patients, more so than
diabetes itself, plays a role in survival. The mechanism
by which glycemic control and survival are related is
unknown, but frequent recurtence of HCC in hypergly-
cemic patients and the accumulation of damage in liver
function because of repeated treatment intervention for
HCC may lead to worsening survival.

In conclusion, inadequate maintenance of blood
glucose in diabetic patients was a significant and inde-
pendent risk factor for early recurrence of HCC and for
poot survival. Adequate management of hyperglycemia
in diabetic patients may lead to reduction in the risk of
HCC recurrence and improvement in overall survival.

Background
Hepatocellular carcinoma (HCC) is one of the most common cancers world-
wide. Radiofrequency ablation (RFA) therapy is an efficient curative therapy
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for HCC, but long-term survival is limited because of the high rate of distant
recurrence of approximately 80% within 5 years. Identification of factors related
to recurrence of HCC and therapeutic intervention targeting these factors may
lead to prevention of frequent recurrence of HCC and improved survival.

Research frontiers

Metabolic factors, such as obesity and diabetes, have been identified as risk
factors for several types of cancer, such as cancer of the liver, pancreas, kid-
ney, and colon. These metabolic factors may be related to recurrence of HCC.
The impact of diabetes on the recurrence of HCC after treatment has been
discussed, but with conflicting results.

Innovations and breakthroughs

The authors identified that inadequate maintenance of blood glucose in diabetic
patients was a significant and independent risk factor for early recurrence of
HCC and a risk factor for poor survival, whereas diabetes was not. In other
words, even in patients with diabetes, if the blood glucose was adequately
maintained, then the HCC recurrence rate and survival did not differ signifi-
cantly from those in non-diabetic patients.

Applications

The results of the present study indicate the possibility that adequate manage-
ment of hyperglycemia in diabetic patients may lead to reduction in the risk of
HCC recurrence and improvement of overall survival.

Peer review

This is an important study in which the effect of inadequate maintenance of
blood glucose in diabetes has been shown as a significant risk factor for distant
recurrence of hepatocellular carcinoma and poor survival after curative radiofre-
quency ablation therapy.
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Abstract

Background We investigated whether the administration
of maintenance doses of interferon prevented hepatocellu-
lar carcinoma (HCC) in patients with chronic hepatitis C.
Methods Study 1: A multicenter, retrospective, coopera-
tive study was carried out to determine whether long-
term administration of low-dose peginterferon alpha-2a
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(PeglFNo-2a) prevented HCC development in patients with
chronic hepatitis C. In total, 594 chronic hepatitis C
patients without a history of HCC were enrolled and treated
with 90 pg PeglFNo-2a administered weekly or bi-weekly
for at least 1 year. Study 2: HCC developed in 16 of 99
additional patients without PegIlFNw«-2a treatment during
3.8 years of observation. A propensity-matched control
study was then carried out to compare the incidence of
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HCC between the 59 patients who received low-dose
PeglFNa-2a (PeglFNwa-2a group) and 59 patients who did
not receive PegIFNa-2a treatment (control group), matched
for sex, age, platelet count, and total bilirubin levels.
Results  Study 1: HCC developed in 49 patients. The risk
of HCC was lower in patients with undetectable hepatitis C
virus RNA, <40 IU/L alanine aminotransferase (ALT), or
<10 ng/L alpha-fetoprotein (AFP) 24 weeks after the start
of therapy. Study 2: The incidence of HCC was signifi-
cantly lower in the PeglFNwa-2a group than in the control
group.

Conclusions Low-dose and long-term maintenance
administration of PeglFNa-2a decreased the incidence of
HCC in patients with normalized ALT and AFP levels at
24 weeks compared with patients without normal ALT and
AFP levels.

Keywords Chronic hepatitis C - Hepatocellular
carcinoma - Peginterferon

Introduction

Hepatocellular carcinoma (HCC), the sixth most common
cancer worldwide, often develops because of long-term
hepatitis B or C virus infection [1, 2]. In particular, chronic
hepatitis C and hepatic cirrhosis increase the risk of HCC;
the annual incidence of tumor development in such patients
may be as high as 24 % [3-5]. The incidence of HCC
decreases in patients who achieve a sustained virological
response (SVR) to interferon (IFN) treatment, although the
incidence remains high in non-SVR patients [6-9]. A
detailed analysis of HCC development revealed that
chronic hepatitis C patients aged 65 years or more, espe-
cially those with advanced fibrosis of the liver, were at an
increased risk of developing HCC [10]. For patients
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65 years or older with advanced liver fibrosis, the dose of
ribavirin is often reduced or the agent is discontinued,
resulting in lower SVR rates in those with discontinuation
of ribavirin. Establishing an effective treatment strategy for
preventing the development of HCC is important for these
high-risk patients.

Factors related to the development of HCC have been
analyzed in patients who did not achieve an SVR even after
IFN treatment; advanced fibrosis of the liver and high
levels of serum alanine aminotransferase (ALT), and alpha-
fetoprotein (AFP) are risk factors for HCC development
[11, 12]. A randomized controlled trial was conducted in
Western countries to determine whether combined pegin-
terferon and ribavirin treatment with weekly administration
of 90 pg peginterferon alpha-2a (PegIlFNa-2a) could pre-
vent HCC in non-responders. A 3.5-year follow up showed
that administration of a maintenance dose of PegIFNo-2a
did not reduce tumor incidence in these patients [13].
However, after 8.5 years of observation, the incidence of
HCC was decreased among those in the PegIFNa-2a group
with cirrhosis [14]. Meanwhile, Bruix et al. [15] reported
that maintenance therapy with PeglFNo-2b did not prevent
HCC in chronic hepatitis C patients with cirrhosis. In
Japan, long-term low-dose administration of natural IFN
has been reported to decrease the incidence of HCC [16].
In light of these conflicting results, investigations should be
carried out in a large number of patients with chronic
hepatitis C to resolve the question of whether IFN treat-
ment prevents the development of HCC.

We carried out a multicenter retrospective cooperative
study of patients with chronic hepatitis C to determine
whether those treated with 90 pg PeglFNa-2a without
ribavirin had a reduced incidence of HCC compared with
those not treated with IFN.

Patients and methods

Study 1: analysis of risk factors for HCC in patients
treated with long-term low-dose-PegIFNo-2a

In total, at 21 hepatitis centers throughout Japan, 743
patients with hepatitis C who had received 90 ug of Peg-
IFNw-2a therapy weekly or bi-weekly for 1 year or more
without having received the full dose (180 pg) since
December 2003 were examined retrospectively for the
development of HCC. The end of enrollment in this study
was the end of December 2008 and the end of follow up
was the end of December 2010. Patients with a history of
HCC before the start of therapy and those with a therapy
period of less than 48 weeks were excluded, leaving 594
patients who had undergone long-term administration of
PeglFNw-2a for analysis. At the 21 centers involved in this
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Fig. 1 Flow diagram of the
patients’ enrollment in the
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study, 4,753 patients with chronic hepatitis C had been
treated; Peg-IFN and ribavirin combination treatment had
been administered to 3,877 patients, 743 patients had
received Peg-IFN alone, and 133 patients had not agreed to
receive IFN (a flow diagram of the enrollment of patients in
this study is shown in Fig. 1). In the patients with Peg-IFN
and ribavirin combination treatment, the SVR rate was
43.8 %; SVR was not achieved in 2,179 patients, and in
776 of these patients, the combination therapy was dis-
continued owing to adverse events or the patient’s choice.
Patients who failed to achieve an SVR were not included in
this study, because the incidence of HCC is known to be
reduced even in non-responders to IFN [17].

The backgrounds of the 594 patients studied are shown
in Table 1. Findings from the liver biopsies of the patients
were classified according to international standards [18].
Long-term PeglFNo-2a treatment is approved by the Jap-
anese Medical Insurance system. Written informed consent
was obtained from all patients prior to participation in this
study. The study design was approved by the regional
ethics committees of the 21 centers involved in this study,
including the Musashino Red Cross Hospital, in accor-
dance with the Helsinki Declaration. The 743 patients
treated with PeglFNa-2a alone were not indicated for Peg-
IFN« and ribavirin combination therapy because of anemia
or heart disease. The 133 patients who did not agree to
receive IFN served as the control group (see Fig. 1). A
large proportion of the 594 study patients had advanced
fibrosis of the liver and active inflammation. A dose of
90 pg PeglFNoa-2a was administered to 512 and 82 patients
weekly and biweekly, respectively, according to the
patients’ wishes. There were no significant differences
between the weekly and biweekly groups in the patients’
background data (data not shown).

The median duration of follow up in the PegIlFNa-2a
group was 1,273 days (range 228-2,768 days) and HCC
was observed in 49 of the 594 patients (Table 1). Pre-
treatment and on-treatment factors associated with the
development of HCC were analyzed by Student’s ¢-test, the

Excluded from this study
because of a history of HCC
and less than 48 w treatment (n=149)

No IFN (n=133)

Lost to follow-up (n=34) =

1 Peg-IFN-02a group (n=594) I ‘ Control group (n=99) ‘

Table 1 Background data of patients treated with PegIFNa-2a

(n = 594)

n = 5%
Age (years) 61.7 £ 11.7
Sex (male/female) 258/336
BMI 232 +33
Genotype (1/2) 443/151
Diagnosis (ASC/CH/LC) 4/460/130
History of excess alcohol consumption 118/376

(=60 g/day; yes/no)

Fibrosis (FO, 1, 2/F3, 4) 443/151
Inflammatory activity (A0, 1/A2, 3) 469/125
Diabetes mellitus (no/yes) 499/95
LDL cholesterol (mg/dL) 94.2 4+ 31.1
Fasting blood sugar (mg/dL) 106.3 £ 28.5
White blood cell count (/mm?) 4,360 £ 1,470
Red blood cell count (x10%, L) 423.8 4 56.4
Hemoglobin (g/dL) 133+ 1.8
Platelet count (x 10°/uL) 137 + 56
Albumin (g/dL) 40+£0.5
Total bilirubin (mg/dL) 0.8 0.6
AST (IU/L) 65.8 +47.8
ALT (IU/L) 72.1 + 68.0
Gamma-GTP (IU/L) 552+ 513
Esophageal varices (no/yes) 344/31
Alpha fetoprotein (ng/L) 6.9 (4.2-13.8)
Once weekly or biweekly PegIFNo-2a 512:82

Baseline HCV RNA (KIU/mL)
Development of HCC (no/yes)

1,024 (73-2,130)
545/49

PegIFN pegylated interferon, BMI body mass index, ASC asymto-
tomatic carrier, CH chronic hepatitis, LC liver cirrthosis, LDL low-
density lipoprotein, AST aspartate aminotransferase, ALT alanine
aminotransferase, GTP guanosine triphosphate, HCV hepatitis C
virus, HCC hepatocellular carcinoma

Values are means + SD, with ranges in parentheses

Mann—Whitney U-test, and the XZ test (Table 2). Inde-
pendent factors for the development of HCC were assessed
by multivariate analysis using logistic regression. The
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incidence of HCC was analyzed according to the ALT,
AFP, and hepatitis C virus (HCV) RNA levels 24 weeks after
the start of PeglFNa-2a administration by using the Kaplan—
Meier method. The risk of HCC was analyzed, using the
Kaplan—Meier method, only in the non-responders with
detectable HCV RNA during PegIFNa-2a administration by
dividing them according to the ALT and AFP levels 24 weeks
after the start of therapy. The incidence of HCC was com-
pared between the patients with ALT levels of <41 IU/L and
those with levels of >41 IU/L, and between patients with
serum AFP levels of <10 ng/L. and those with levels of
>10 ng/mL at 24 weeks after starting treatment, because at
most of the centers participating in the this study, the upper
normal range of serum ALT is set at 40 IU/L, and the most
significant difference in the incidence of HCC was observed
between the PeglFNa-2a and control group with the cut-off
serum ALT setat 41 TU/L and cutoff serum AFP set at 10 ng/
mL, 24 weeks after starting treatment. The HCV RNA level
was measured using the Amplicor Monitor method with a
lower detection limit of 50 IU/L (Roche Diagnostics, Tokyo,
Japan). A history of excess alcohol consumption was deter-
mined as >60 g alcohol per day in order to exclude alcoholic
liver disease.

An asymptomatic carrier was defined as a patient with a
serum ALT level within the normal range and minimal
inflammation or fibrosis in the biopsied tissues of the liver.
Chronic hepatitis was defined as mild-to-severe fibrosis of
the liver according to liver biopsy [18]. The diagnosis of
liver cirrhosis was based on the results of histological
examination of the biopsied liver tissues.

Study 2: incidence of HCC in the PeglFNa-2a therapy
and non-administration (control) groups in comparison
with propensity-matched controls

Ninety-nine of the 133 chronic hepatitis C patients who had
not received IFN were examined as controls; patients in
this group received liver-protective agents such as glycyr-
rhizin or were untreated, and the group was observed for
more than 1 year. None of the individuals in the control
groups had received IFN alone or PegIFNo and ribavirin
combination treatment. They were treated for a median of
1,395 days (range 75-6,556 days). Fifty-nine of these
patients underwent liver biopsy before the treatment and
were considered the control group for the propensity-mat-
ched study. For the propensity-matched study, 59 patients
were selected from the PeglFNa-2a group according to
their age, sex, platelet count, and total bilirubin levels,
which had been identified as independent pretreatment risk
factors for the development of HCC in Study 1. The rates
of HCC were analyzed using the Kaplan—Meier method,
and the risk of HCC was analyzed particularly in patients
with advanced fibrosis of the liver (F3 and F4).
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Table 2 Comparison of HCC and non-HCC patients with long-term
PeglFN¢-2a administration (n = 594)

Patients with or without p value
development of HCC
With HCC Without HCC
(n = 49) (n = 545)
Pretreatment parameters
Age (years) 63.8 £ 1.7 613 £ 0.5 <0.05
Sex (male/female)  32/17 226/319 <0.01
BMI 240+ 0.5 23.1+£02 n.s.
Genotype (1/2) 47/6 397/148 n.s.
History of excess 11/38 107/338 ns.
alcohol
consumption
(=60 g/day;
yes/no)
Fibrosis (FO, 1, 25/24 418/127 <0.001
2/F3, 4)
Inflammatory 7142 462/83 <0.001
activity
(A0, 1/A2, 3)
Diabetes mellitus 38/11 461/84 n.s.
(no/yes)
LDL cholesterol 882 + 9.0 947 £ 2.6 n.s.
(mg/dL)
White blood cell 4,355 £+ 210 4,360 + 64 n.s.
count (/mm>)
Red blood cell 420.8 + 8.1 424.1 £ 2.6 n.s.
count (x10%/pL)
Hemoglobin (g/dL) 13.6 = 0.3 133 £ 0.1 n.s.
Platelet count 106 £ 8 140 + 2 <0.001
(x10%/uL)
Albumin (g/dL) 38 +0.1 4.0+ 0.1 <0.001
Total bilirubin 1.2 £01 0.8 £0.1 <0.001
(mg/dL)
AST (IU/L) 78.1 £ 6.8 64.6 + 2.1 n.s.
ALT ({U/L) 72.8 £9.7 720 £ 2.9 n.s.
Gamma-GTP 687 +75 539 +23 n.s.
(IU/L)
Alpha fetoprotein 17.1 (4.4-36.8) 16.7 (4.1-23.1) n.s.
(ng/L)
Esophageal varices 29.0 % (9/31) 6.4 % (22/344) <0.01
On-treatment parameters
ALT (IU/L) 594 + 5.7 446 + 1.8 <0.05
Alpha fetoprotein 9.8 (4.6-17.4) 5.5 (3.7-11.1) <0.01
(ng/L)
HCV RNA level 236 (<0.5-2,210) 21 (<0.5-1,780) <0.05
(KIU/mL)

n.s. not significant

Statistical analysis

Categorical data were compared using the y* test or Fish-
er’s exact test. The distributions of continuous variables
were analyzed using Student’s 7-test and the Mann—Whit-
ney U-test for two groups. Multivariate analysis was



