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Fig. 5. Decision tree for the prediction of response to therapy. The boxes indicate the factors used for splitting. Pie charts indicate the rate of response for each group of
patients after splitting. The rate of null virological response, relapse, and sustained virological response is shown. [This figure appears in colour on the web.]

group of patients. Using this model, we can rapidly develop an
estimate of the response before treatment, by simply allocating
patients to subgroups by following the flow-chart form, which
may facilitate clinical decision making. This is in contrast to the
calculating formula, which was constructed by the traditional
logistic regression model. This was not widely used in clinical
practice as it is abstruse and inconvenient. These results support
the evidence based approach of selecting the optimum treatment
strategy for individual patients, such as treating patients with a
low probability of NVR with current PEG-IFN/RBV combination
therapy or advising those with a high probability of NVR to wait
for more effective future therapies. Patients with a high probabil-
ity of relapse may be treated for a longer duration to avoid a
relapse. Decisions may be based on the possibility of a response
against a potential risk of adverse events and the cost of the ther-
apy, or disease progression while waiting for future therapy.
We have previously reported the predictive model of early
virological response to PEG-IFN and RBV in chronic hepatitis C

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the 1L28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the IL28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low
lipid levels [48] which suggest that IL28B genotypes may be also
associated with steatosis. In fact, there were significant correla-
tions between the 1L28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of
GGT, another predictive factor in our previous study, was signif-
icantly associated with IL28B genotype in the present study
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Fig. 6. Validation of the CART analysis. Each patient in the validation group was
allocated to one of the six subgroups by following the flow-chart form of the
decision tree. The rate of (A) sustained virological response (SVR) and (B) null
virological response (NVR) in each subgroup was calculated and plotted. The X-
axis represents the rate of SVR or NVR in the model building patients and the Y-
axis represents those in the validation patients. The rate of SVR and NVR in each
subgroup of patients is closely correlated between the model building and the
validation patients (correlation coefficient: r* = 0.98-0.99).

(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the IL28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the IL28B genotype.

In conclusion, the present study highlighted the impact of the
1L28B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to
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support selection of the optimum treatment strategy for individ-
ual patients, which may enable personalized treatment.
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Effect of Aging on Risk for Hepatocellular Carcinoma
in Chronic Hepatitis C Virus Infection

Yasuhiro Asahina,' Kaoru Tsuchiya,! Nobuharu Tamaki,' Itsuko Hirayama," Tomohiro Tanaka,"
Mitsuaki Sato,"? Yutaka Yasui," Takanori Hosokawa,' Ken Ueda," Teiji Kuzuya," Hiroyuki Nakanishi,'
Jun Ttakura,' Yuka Takahashi,! Masayuki Kurosaki,' Nobuyuki Enomoto,” and Namiki Izumi'

An increase in the aging population is an impending problem. A large cohort study was
carried out to determine the influence of aging and other factors on hepatocarcinogenesis
in patients treated with interferon. Biopsy-proven 2547 chronic hepatitis C patients regis-
tered at our referral center since 1992 were included. Of these, 2166 were treated with
interferon-based therapy. Incidences of hepatocellular carcinoma (HCC) associated with
interferon were analyzed by Kaplan-Meier and person-years methods for an average fol-
low-up of 7.5 years. Factors associated with HCC risk were determined by Cox propor-
tional hazard analysis. HCC developed in 177 interferon-treated patients. The risk for
HCC depended on age at primary biopsy and increased more than 15-fold after 65 years
of age. Even when stratified by stage of fibrosis, the cumulative and annual incidences of
HCC were significantly higher in older patients than in younger patients (P < 0.001) at
the same stage of fibrosis, except for cirrhosis. Progression of fibrosis over time was signifi-
cantly accelerated in older patients. The impact of viral eradication on HCC prevention
was less significant in older patients than in younger patients. Multivariate analysis con-
firmed that age, gender, liver fibrosis, liver steatosis, total cholesterol level, fasting blood
sugar level, baseline and postinterferon alpha-fetoprotein level, and virological response to
interferon were independent risk factors associated with HCC. Aging was the strongest
risk factor for a nonvirological response to interferon-based antiviral therapy. Conclusion:
Elderly patients are at a higher risk for HCC. Hepatitis C viral eradication had a smaller
effect on hepatocarcinogenesis in older patients. Patients should therefore be identified at
an earlier age and treatment should be initiated. (HeraToLoGY 2010552:518-527)

rimary liver cancer is the third most common
cause of cancer mortality worldwide,’ and
hepatocellular carcinoma (HCC) is one of the
23 Infection with
hepatitis C virus (HCV) is a common cause of chronic
hepatitis, which progresses to HCC in many patients.4
The prevalence of older patients has been increasing in

most frequent primary liver cancers.

Japan, and this is an impending problem in other
countries where viral spread has occurred more
recently.” The number of Americans older than 65
years is expected to double by the year 2030.° In
Western Europe, people older than 65 years already
constitute  15%-18% of the population”; thus,
aging patient who is chronically infected with HCV is

Abbreviations: AFE alpha-feroprovein; HBc, hepatitis B core; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis;

SVR, sustained virological response.
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one of the most important issues confronted by
physicians.

Viral eradication with interferon-based therapy for
chronic hepatitis C has been shown to prevent HCC
by studies conducted in Japan and Italy.*"' However,
this finding is controversial according to another study
conducted in Europe and Canada,'? in which viral
eradication did not significantly reduce the risk for
HCC in 479 consecutively treated patients. The likeli-
hood of development of HCC among interferon-
treated patients is difficult to determine because of the
paucity of adequate long-term cohort studies. More-
over, in patients who are treated with interferon the
effect of certain factors, including aging, on the risk
for HCC remains unclear. Furthermore, the benefit of
viral eradication with interferon-based therapy, includ-
ing pegylated interferon and ribavirin combination
therapy, in older patients remains unknown. To further
clarify this, we conducted a large-scale, long-term
cohort study and analyzed the influence of aging and
other host and virological factors in patients treated
with interferon.

Patients and Methods

Patients. Consecutive patients (n = 2547) chroni-
cally infected with HCV who underwent liver biopsy
between 1992 and January 2008 at our referral center
were enrolled. Of these, 2166 patients were treated
with interferon-based antiviral therapy, whereas 381
patients did not receive interferon treatment (Fig. 1).
All patients had histologically proven chronic hepati-
tis or cirthosis. HCV infection was proven in all
patients by identification of HCV RNA. Patients
with a history of HCC, autoimmune hepatitis, or
primary biliary cirthosis were excluded. We also
excluded patients who had a history of excessive alco-
hol consumption (50 g/day) and confirmed alcohol
abstinence during follow-up. No patient was positive
for hepatitis B surface antigen or antthuman immu-
nodeficiency virus antibody. Written informed consent
was obtained from all patients. The study was
approved by the Ethical Committee of Musashino
Red Cross Hospital in accordance with the Declara-
tion of Helsinki.

Histological Evaluation. A liver biopsy specimen
was obtained laparoscopically using 13G needles.
When laparoscopy was impossible, ultrasound-guided
liver biopsy was performed with 15G needles (n =
254). The mean length of the specimen was 18 mm
(range 12-40 mm), and the mean number of portal
tracts was 17 (range 8-34). Liver biopsy specimens
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Fig. 1. Clinical outcomes of the patients enrolled in the present
study. HCC, hepatocellular carcinoma; SVR, sustained virological
response.

were scored by board-certified pathologists for stage of
fibrosis and grade of inflammatory activity according
to the classification of Desmet et al.'> Additional mac-
roscopic pathological information was obtained from
laparoscopic findings. The percentage of steatosis was
quantified by determining the average proportion of
hepatocytes affected by steatosis. In this study, super-
imposed nonalcoholic steatohepatitis (NASH) was
defined as a central pattern of colocalization of hepatic
steatosis and hepatocyte ballooning with pericellular/
perisinusoidal fibrosis or Mallory hyaline.

Interferon Treatment. Among the 2166 patients
treated with interferon-based antiviral therapy, 1062
patients received interferon-alpha or beta monotherapy
either for 24 weeks (n = 1003) or for 2 to 5 years (n
= 59); 386 patients received interferon-alpha and riba-
virin combination therapy for 24 weeks; 306 received
pegylated interferon-alpha monotherapy for 48 weeks;
and 412 received pegylated interferon-alpha and riba-
virin combination therapy for 48 weeks. All interferon
treatment was initiated within 48 weeks after liver
biopsy.

Definitions of Response to Interferon Therapy. A
patient negative for serum HCV RNA after the first 6
months of completion of interferon-based therapy was
defined as a sustained viral responder. HCV RNA was
determined by the qualitative Amplicor or TagMan
HCV assay (Roche Molecular Diagnostics, Tokyo,
Japan).

Data Collection and Patient Follow-up. Data on
patient characteristics, biochemical data, hematological
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data, virological data, histological data, and treatment
details were collected at enrollment. Age was deter-
mined at primary liver biopsy. Patients were examined
for HCC with abdominal ultrasonography, dynamic
computed tomography, and/or magnetic resonance
imaging every 3-6 months. Serum alpha-fetoprotein
(AFP) levels were measured every 1-2 months. This
screening program constitutes the standard of care in
Japan. To evaluate the effect of interferon-induced
AFP reduction on hepatocarcinogenesis, the average
AFP level after interferon treatment was calculared in
each patient. HCC diagnosis was confirmed with nee-
dle biopsy, surgically resected specimens, or typical ra-
diological findings diagnosed by board-certified radiol-
ogists. Figure 1 shows the schema for patient follow-
up and clinical outcomes.

The start date of follow-up was the date of primary
liver biopsy and the endpoint of follow-up was the de-
velopment of HCC or the latest medical attendance
until January 2009. The mean follow-up period was 7.5
years (range 0.5-17 years). The factors associated with
development of HCC were retrospectively analyzed.

Change in Fibrosis Staging Over Time. To evalu-
ate change in fibrosis staging over time, 271 patients
who had not achieved a sustained virological response
(SVR) with interferon therapy underwent a sequential
biopsy after the initial biopsy. The interval berween
the paired biopsies was on average 4.8 years (range
0.7-14 years). The yearly rate of progression of fibrosis
was calculated as the change in fibrosis staging divided
by the time between paired biopsies.

Statistical Analysis. Categorical data were com-
pared by the chi-square test and Fisher’s exact test.
Distributions of continuous variables were analyzed
with Student’s ¢ test or the Mann-Whitney U test for
two groups. All tests of significance were two-tailed
and a P value of <0.05 was considered statistically sig-
nificant. The cumulative incidence curve was deter-
mined with the Kaplan-Meier method and differences
among groups were assessed using the log-rank test.
Factors associated with HCC risk and virological
response to interferon therapy were determined by the
Cox proportional hazard model and logistic regression
analysis, respectively. To depict the role of aging in
developing risk for HCC, the multivariate Cox pro-
portional hazard model was used after adjusting for
stage of liver fibrosis, steatosis, and virological response
to interferon. A polynomial regression was used to fit
risk ratios for segments of the age distribution. Statisti-
cal analyses were performed using the Statistical Pack-
age for the Social Sciences software version 11.0
(SPSS, Chicago, IL).

HEPATOLOGY, August 2010

Results

Patient Characteristics. Patient characteristics at
the time of enrollment are shown in Table 1. The dis-
tribution of stages of liver fibrosis differed berween
younger and older patients, indicating the need to
adjust for stage of liver fibrosis when comparing the
two subgroups.

Response to Interferon Therapy. The response to
interferon therapy was determined in 2042 (97.2%) of
the interferon-treated patients, excluding those who
received prolonged interferon treatment at the end-
point. SVR rates are shown in Table 1. The percentage
of patients showing SVR was significantly lower in older
patients (>65 years) than in younger patients (<65
years) (P < 0.001). Overall response rates to the differ-
ent types of interferon therapy were as follows: inter-
feron monotherapy, 31.5% (312/992); interferon-alpha
and ribavirin combination therapy, 28.6% (108/378);
pegylated interferon-alpha monotherapy, 37.9% (108/
285); and pegylated interferon-alpha and ribavirin com-
bination therapy, 41.1% (159/387). Response rates in
genotype-1 patients (n = 1347) were 20.6% (114/554),
17.9% (29/162), 18.9% (56/297), and 36.8% (123/
334), and those in nongenotype-1 patients (n = 565)
were 52.2% (163/312), 63.1% (77/122), 65.0% (52/
80), and 70.6% (36/51). Overall response rates of inter-
feron and pegylated interferon monotherapy seem to be
high because of the high response rates in the nongeno-
type-1 patients treated with these regimens.

Overall Cumulative Incidence of HCC. During
follow-up, HCC developed in 177 interferon-treated
patients (Fig. 1). The cumulative incidence of HCC 5,
10, and 15 years after interferon therapy was 4.7%,
11.6%, and 15.5%, respectively. The cumulative inci-
dence in SVR patients was 2.1%, 4.3%, and 4.3%,
respectively, which was significantly lower than that in
non-SVR patients (5.8%, 14.9%, and 20.2%, respec-
tively; log-rank test, P < 0.001).

Effect of Aging on Risk for HCC. The risk ratio
determined by multivariate Cox proportional hazards
analysis after adjustment for stage of liver fibrosis,
degree of liver steatosis, and virological response to
interferon demonstrated that the risk for HCC after
interferon treatment was age-dependent and increased
predominantly when the age at primary liver biopsy
was >65 years (Fig. 2A). Hence, we defined older
patients as those >65 years of age at primary liver bi-
opsy and younger patients as those aged <65 years. As
shown in Fig. 2B, the cumulative incidence of HCC
was significantly higher in older patients than in
younger patients (log-rank test, P < 0.001).
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Table 1. Characteristics of Patients Enrolled in the Present Study

ASAHINA ET AL. 521

Characteristics Total <65 year >65 year P Value*

Patients, n 2166 1614 552
Sex, n (%) <0.0011

Male 1080 (49.9) 840 (52.0) 240 (43.6)

Female 1086 (50.1} 774 (48.0) 312 (56.4)
Age (SD), year 55.4 (12.1) 51.1 (10.8) 68.4 (2.9) <0.001%
BMI (SD), kg/m? 233 (3.1) 23.4 (3.0) 233 (3.1) 0.9%
Fibrosis stage, n (%) <0.001t

Fo 27 (1.3) 24 (1.5) 3 (0.5)

F1 860 (39.7) 704 (43.6) 156 (28.2)

F2 733 (33.8) 515 (31.9) 218 (39.5)

F3 444 (20.5) 301 (18.6) 143 (25.9)

F4 102 (4.7) 70 (4.3) 32 (5.8)
%Severe steatosis (>10%) 27.6 27.1 29.3 0.4t
ALT level (SD}, IU/L 95 (18) 101 (119) 76 (58} <0.001%
HCV load (SD), KIU/mL 880 (10486) 861 (1016) 924 (1116) 0.2%
HCV genotype, n (%) <0.0011

1a 7 (0.3) 5 (0.3) 2(0.4)

ib 1414 (69.6) 1036 (68.9) 378 (71.3)

2a 373 (18.3) 273 (18.2) 100 (18.9)

2b 211 (10.4) 164 (10.9) 47 (8.9)

Others 28 (1.4) 25 (1.7) 3(0.8)
Duration (SD), year 7.5 (4.4) 8.1 (4.4) 5.8 (3.7) <0.001f
IFN regimen, n (%) <0.001t

IFN mono 1062 (49.0) 833 (51.6) 229 (41.5)

PEG-IFN mono 306 (14.1) 200 (12.4) 106 (19.2)

IFN + RBV 386 (17.8) 291 (18.0) 95 (17.2)

PEG-IFN -+ RBV 412 (19.0) 290 (18.0) 122 (22.1)
SVR, n (%) 686 (33.6)§ 565 (36.6) 121 (24.3)9 <0.001%

Unless otherwise indicated, data are given as the mean (SD).

ALT, alanine aminotransferase; BMI, body mass index; HCV, hepatitis C virus; IFN, interferon; N/A, not applicable; PEG, pegylated; RBV, ribavirin; SVR, sustained

virological response.

*Comparison between <65 years and >65 years.

tChi-squared test.
fStudent t test.

§Virological responses were determined in 2042 patients.
Wirological responses were determined in 1545 patients.
§Virological responses were determined in 497 patients.

As shown in Fig. 2C-E, even when stratified by
stage of fibrosis the cumulative incidences among
patients at stages FO/F1, F2, and F3 were significantly
greater in older patients than in younger patients (log-
rank test, P < 0.001). These differences were not sig-
nificant among patients with cirrhosis (Fig. 2F log-
rank test, P = 0.7).

The annual incidence of HCC after interferon treat-
ment was calculated by the person-years method
(Table 2); it increased with the degree of liver fibrosis
from 0.2% (FO or F1) to 4.6% (F4) and was higher
among older patients at the same stage of liver fibrosis.

Among the 177 patients with HCC, 92 showed evi-
dence of a single blood transfusion. We analyzed the
relationship between duration of infection and age in
these 92 patients. A significant and strong negative
correlation was found between the interval from blood
transfusion to development of HCC and the age of
the patients at the time of blood transfusion (r =

—0.74, P < 0.001) (Fig. 3A). The mean duration of
chronic infection was 22.0 years in patients who had
received blood transfusion at >40 years of age, which
was significantly shorter than that in patients who
received it at <40 years of age (40.6 years, P <
0.001).

The presence of cirrhosis at the time of develop-
ment of HCC, which was defined as having any of the
following criteria, was evaluated: (1) histological evi-
dence for cirrhosis, (2) findings of cirrhosis in any ra-
diological study, or (3) presence of marked portal
hypertension (i.e., presence of esophagogastric varices).
Following this, 142 of the 177 with HCC (80.2%)
were diagnosed as having cirrhosis, of which 42 were
diagnosed histologically, 69 radiologically, and 31
based on the presence of marked portal hypertension.
No significant difference was found in the proportion

of patients with cirrhosis between older and younger
patients, at the rate of 78.3% (94/120) in older
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patients and 84.2% (48/57) in younger patients (P =
0.36, comparison at the age of HCC development).

Influence of Aging on Progression in Fibrosis Stag-
ing Over Time. In 271 patents who underwent
paired biopsies, fibrosis staging progressed in 69
patients (25.5%), remained unchanged in 154
(56.8%), and regressed in 48 patients (17.7%). The
overall rate of progression of fibrosis in these patients
was 0.06 * 0.02 fibrosis stages per year. Progression
of fibrosis over time was significantly accelerated in
older patients than in younger patients (0.21 * 0.10
versus 0.03 £ 0.21 fibrosis stages per year, P = 0.03,
Mann-Whitney U test) (Fig. 3B).

Effect of Viral Eradication on Risk for HCC in
Older Patients. As shown in Fig. 4, the effect of viral
eradication on the prevention of HCC was less signifi-
cant in older patients than in younger patients. The
annual incidence was higher among older patients
than among younger patients with the same virological
response (Table 2).

Influence of Liver Steatosis on Risk for HCC. The
cumulative incidence of HCC after interferon therapy
was significantly higher in patients with severe steatosis
(>10%) than in those with milder steatosis (at 5, 10,
and 15 years: 8.6%, 19.1%, 32.0% versus 1.8%,
4.8%, 7.0%, respectively, log-rank test, P < 0.001).
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Table 2. Annual Incidence of HCC After IFN Treatment

Factors Total <65 Years >65 Years
Fibrosis stage

FO/F1 0.2% 0.1% 0.9%

F2 0.8% 0.6% 1.7%

£3 2.5% 1.8% 4.6%

F4 4.6% 4.4% 5.1%

Total 1.1% 0.8% 2.4%
Degree of liver steatosis

<10% 0.5% 0.2% 1.4%

>10% 2.0% 1.8% 3.0%
Virological response

SVR 0.4% 0.2% 1.3%

Non-SVR 1.4% 1.0% 2.9%

Data were calculated by the person-years method. IFN, interferon; SVR, sus-
tained virological response.

The annual incidence was higher in older patients
than in younger patients with the same degree of liver
steatosis (Table 2). In patients with severe steatosis
(>10%), superimposed NASH was diagnosed in 6.0%
(26/435). Overall, superimposed NASH was signifi-
cantly associated with hepatocarcinogenesis on univari-
ate analysis (risk ratio, 4.1; 95% confidence interval
[CI], 1.8-9.4; P < 0.001), but not on multivariate
analysis. Superimposed NASH was significantly associ-
ated with high body mass index (27.2 = 4.6 kg/m®
versus 23.0 = 3.1 kg/m?, P < 0.001), hyperglycemia
(186 * 67 mg/dL versus 115 * 39 mg/dL, P <
0.001), and advanced fibrosis (F3) (risk ratio, 2.9;
95% CI, 1.4-6.0; P = 0.005).

Factors Associated with Hepatocarcinogenesis Af-
ter Interferon Therapy. Univariate analysis demon-
strated factors that increase the risk ratio for the devel-
opment of HCC (Table 3). Multivariate analysis using
Cox proportional hazards regression confirmed that
aging was one of the most significant independent fac-
tors associated with the development of HCC after
interferon therapy. In this analysis, advanced fibrosis,
presence of steatosis, male gender, lower total choles-
terol level, higher fasting blood sugar level, higher
baseline AFP level, insignificant improvement of mean
AFP level after interferon therapy, and nonresponse to
interferon therapy were also significantly associated
with risk for HCC (Table 3).

We identified 22 patients in whom HCC developed
even after achieving SVR. Univariate and multivariate
logistic regression analyses indicated that both liver ste-
atosis and aging were independently associated with
the development of HCC among patients who
achieved SVR (n = 686) (Table 4). Anti-HBc was
detected in only 4 out of 22 patients and the age dis-
tribution was similar among ant-HBc-positive and
anti-HBc-negative patients.

ASAHINA ET AL. 523

Response to Interferon Therapy in Older
Patients. Multivariate logistic regression analysis con-
firmed that aging, female gender, severe liver fibrosis,
extremely severe liver steatosis, genotype-1, high HCV
load, and nonuse of pegylated interferon and ribavirin
were independent risk factors for non-SVR (Support-
ing Table 1). The odds ratio, determined by multivari-
ate logistic regression analysis after adjustment for
these factors, demonstrated that the risk for non-SVR
was age-dependent (Supporting Fig. 1). It was also
~22.5 times higher in patients aged >65 years than in
those aged <35 years.

In patients with genotype-1b and a high viral load
who were treated with pegylated interferon and riba-
virin combination therapy, the SVR rate was signifi-
cantly lower in older patients than in younger patients
(<49 years, 59.3%; 50-59 years, 50.5%; 60-65 years,
27.3%; >65 years, 25.2%; intention-to-treat analysis).
Multivariate logistic regression analysis showed that

>

Interval from blood transfusion
to the development of HCC

Age at blood transfusion (years old)

e
»

e
©

e
()

{stage / year)

e
-

Change of fibrosis stage U
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Age at initial biopsy (years old)

(n=43)

Fig. 3. (A) Relationship between the interval from blood transfusion
to development of HCC and the age at blood transfusion (n = 92). A
significant and strong negative correlation was observed (r = —0.74,
P < 0.001). (B) Change in fibrosis staging over time. A total of 271
patients who had not achieved SVR by interferon therapy underwent a
sequential biopsy after the initial biopsy. The yearly rate of progression
of fibrosis was calculated as the change in fibrosis stage divided by
the time between the paired biopsies. The yearly rate of progression of
fibrosis was significantly higher in older patients (>65 years) than in
younger patients (<65 years) (P = 0.03, Mann-Whitney U test).
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Fig. 4. Cumulative incidence of HCC after interferon therapy among SVRs (dotted lines) and non-SVRs (solid lines) according to age. (A)
Younger patients (<65 years). The cumulative incidence of HCC was significantly higher in. SVR than in non-SVR (log-rank test, P < 0.001). (B)
Older patients (>>65 years). The cumulative incidence of HCC was significantly higher in SVR than in non-SVR {log-rank test, P = 0.02). How-
ever, the difference between SVR and non-SVR was less in older patients than in younger patients. The number of HCC events and patients at

risk at each timepoint are shown below the graphs.

aging was the strongest independent factor contribut-
ing to SVR in these patients (data not shown). The
odds ratio for the risk of non-SVR was 1.8 for each
additional 10 years of age (95% CI, 1.5-2.3, P <
0.001).

Discussion

In this large cohort study we demonstrated that
aging is significandy associated with the development
of HCC in patients treated with interferon. The risk
ratio increased predominantly in patients older than
65 years, which was more than 15 times that in
patients in their 20s. Aging is becoming the most criti-
cal risk factor for the development of HCC. Although
liver fibrosis was also an important risk factor, we
clearly demonstrated that the risk for hepatocarcino-
genesis after interferon treatment was significantly
higher in older patients at each stage of liver fibrosis
except for cirrhosis. Hence, physicians should be aware
that older patients can develop HCC regardless of the
stage of fibrosis.

Because the present study included a large cobort, it
was difficult to determine the duration of infection in
all patients, and this might have affected the risk deter-
mination for HCC development. Therefore, we ana-
lyzed the relationship between duration of chronic
infection and HCC development in patients who
underwent a single blood transfusion. We found a sig-
nificant and strong negative correlation between the

interval from blood transfusion to development of
HCC and the age of the patients at the time of blood
transfusion. Consistent with our results, a previous
report with posttransfusion HCV demonstrated that
the age of patients, rather than the duration of HCV
infection, was more significant for HCC develop-
ment.'*1¢ Therefore, older age and not duration of
infection is more likely to influence hepatocarcinogen-
esis. Moreover, our analysis of sequential biopsy speci-
mens demonstrated that the progression rate of liver fi-
brosis significandy accelerated in patients aged >65
years. Hence, the progression of fibrosis along with
aging may also contribute to the increased risk for
hepatocarcinogenesis in older patients.

We further demonstrated that liver steatosis was an
independent risk factor for the development of HCC,
which was not mentioned in previous reports.*"" The
presence of steatosis is related to both viral (genotype-
3 or HCV core protein) and host metabolic fac-
tors.””'® In our cohort, most superimposed NASH
was associated with host metabolic factors such as high
body mass index and hyperglycemia, whereas infection
of genotype-3 was only noted in two patients. In vitro
experiments have suggested an association between
liver steatosis induced by HCV core protein and hepa-
tocarcinogenesis,'” and have proposed virus-associated
steatohepatitis as a new aspect of chronic hepatitis
C.2%?! Because steatosis was likely to be related to
hepatocarcinogenesis, patients with chronic hepatitis

C, whose liver histology shows superimposed NASH,
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Table 3. Factors Associated with HCC After IFN Therapy

Univariate Analysis Multivariate Analysis
Risk Factor Value Risk Ratio (95% CI) P Value Risk Ratio (95% CI) P Value
Age (by every 10 year) 2.2 (1.8-2.7) <0.001 3.0 (1.9-48) <0.001
Sex
Female 1 1
Male 1.2 (0.9-1.6) 0.2 2.0 (1.0-3.8) 0.04
BMI (by every 10 kg/m?) 2.0 (1.2-1.3) 0.005 1.1 (0.4-3.5) 0.8
Fibrosis stage
FO/F1/F2 1 1
F3/F4 5.4 (3.9-7.5) <0.001 25 (1.2-4.9) 0.01
Degree of steatosis
<10% 1 1
>10% 4.5 (3.0-6.9) <0.001 3.5 (1.9-6.4) <0.001
Esophagogastric varices
No 1 1
Yes 3.3 (2.0-5.3) <0.001 1.6 (0.6-4.4) 0.3
Virological response
SVR 1 1
Non-SVR 3.3 (2.1-5.2) <0.001 2.6 {1.2-5.5) 0.001
Genotype
Non-1 1 1
1 1.7 (1.2-2.5) 0.006 1.0 (0.5-2.3) 0.9
Albumin (by every 1 g/dL) 0.2 (0.1-0.3) <0.001 0.6 (0.2-2.2) 0.3
ALT (by every 100 IU/L) 1.0 (0.9-1.0) 0.8 0.4 (0.1-1.8) 0.6
AST (by every 100 1U/L) 1.2 (1.1-1.3) 0.001 1.1 (0.6-1.8) 0.8
y-GTP (by every 100 IU/L) 1.3 (1.1-1.6) 0.009 0.6 (0.3-1.6) 0.3
ALP (by every 100 1U/L) 1.3 (1.2-1.5) <0.001 0.6 (0.3-1.2) 02
Total bilirubin {by every 1 mg/dL) 1.6 (1.3-2.1) <0.001 1.2 (0.6-2.7) 0.6
Total cholesterol (by every 100 mg/dL) 0.3 (0.2-0.6) <0.001 0.2 (0.1-0.6) 0.006
Triglyceride (by every 100 mg/dL) 0.8 (0.5-1.1) 0.2 0.1 (0.02-1.1) 0.08
Fasting blood sugar (by every 100 mg/dL) 1.8 (1.5-2.2) <0.001 1.1(1.0-1.1) 0.04
WBC (by every 100/ uL) 0.1 (0.03-0.3) <0.001 0.1 (0.01-2.2) 0.2
RBC (by every 10%/ut) 0.5 (0.4-0.7) <0.001 1.8 (0.7-4.4) 0.2
Platelet counts (by every 10%/ul) 0.3 (0.2-0.4) <0.001 0.6 (0.3-1.6) 0.3
Baseline AFP (by every 10 ng/mL) 1.0 (0.9-1.1) 0.2 1.3 (1.0-1.7) 0.04
Post IFN AFP (by every 10 ng/mL) 12 (1.1-1.3) <0.001 1.9 (1.5-2.4) <0.001
HCV load (by every 100 KIU/mi) 1.0 (0.9-1.0) 0.4 1.0 (1.0-1.1) 0.06
IFN regimen
IFN monotherapy 1 1
IFN 4+ RBV (24 W) 1.2 (0.8-1.8) 0.4 1.5 (0.7-3.2) 0.3
PEG-IFN monotherapy (48 W) 1.1 (0.6-1.9) 0.8 1.5 (0.4-5.5) 0.6
PEG-IFN + RBY 0.4 (0.2-0.9) 0.03 1.0 {(0.3-3.1) 0.9

Risk ratios for development of HCC were calculated by Cox proportional hazards regression analysis. AFP, alpha fetoprotein; ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspirate aminotransferase; BMI, body mass index; y-GTP, gamma-glutamylitranspeptidase; HCC, hepatocellular carcinoma; IFN, inter-
feron; PEG, pegylated; RBC, red blood cell counts; RBV, ribavirin; SVR, sustained virological response; WBC, white blood cell count.

may be at a higher risk of developing HCC. Further
study is necessary to confirm this association in a clini-
cal situation. Because several developed countries are
in the midst of a growing obesity epidemic, the risk
related to obesity cannot be ignored in patients with
chronic hepatitis C who are treated with interferon.
Several retrospective cohort studies have been con-
ducted to evaluate the effect of interferon on the inci-
dence of HCC among patients with chronic hepatitis
C.2!! Qur results, obtained from one of the largest
cohort studies, confirm the efficacy of viral eradication
in preventing HCC. In one study conducted in a
Western population, no statistically significant reduc-

tion was found in the development of HCC among
patients with SVR compared with those without SVR
(adjusted hazard ratio, 0.46; 95% CI, 0.12-1.70; P =
0.25).'% Because relatively few occurrences of HCC
were observed in this cohort, and the duration of fol-
low-up was shorter, the differences in HCC develop-
ment between patients with and without SVR might
be less pronounced.

Interestingly, our results demonstrated that the risk
for HCC remains even after achieving SVR in older
patients, confirming the findings of previous studies
conducted with a smaller number of patients.”>** The
cumulative incidence of HCC during the first 5 years
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Table 4. Factors Associated with Development of
HCC After Achieving SVR

Risk Factor 0dds Ratio (95% ClI) P-value
Univariate analysis

Age (by every 10 year) 3.2 (1.8-5.5) <0.001
Sex

Female 1

Male 3.0 (1.0-8.8) 0.04
Fibrosis stage

FO/F1/F2 1

F3/F4 5.9 (2.5-14.0) <0.001
Degree of steatosis

<10% 1

>10% 5.5 (2.0-15.2) 0.001
BMI (by every 10 kg/m?) 3.2 (0.8-12.6) 0.09
ALT (by every 10 IU/L) 0.9 (0.7-1.3) 0.7
AST (by every 10 1U/L) 1.1 (0.9-1.4) 0.3
Genotype

Non-1 1

1 1.2 (0.6-3.0) 0.5
HCV load (by every 100 KiU/mL) 0.9 (0.8-1.0) 0.2
IFN regimen

IFN monotherapy 1

IFN 4+ RBV (24 W) 0.7 {0.2-2.3) 0.5

PEG-IFN monotherapy (48 W) 0.8 (0.2-3.6) 0.8

PEG-IFN + RBV 0.3 (0.03-2.0) 0.2

Multivariate analysis

Age (by every 10 year) 2.7 (1.5-5.1) 0.002
Sex

Female 1

Male 4.1 (0.9-18.9) 0.06
Fibrosis stage

FO/F1/F2 1

F3/F4 2.6 (0.9-7.5) 0.08
Degree of steatosis

<10% 1

>10% 5.6 {1.9-16.5) 0.002

0dds ratios for SVR were calculated by logistic regression analysis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMi, body
mass index; HCV, hepatitis C virus; IFN, interferon; HCC, hepatocellular carci-
noma; PEG, pegylated; RBV, ribavirin; SVR, sustained virological response.

after completion of interferon therapy was similar
between SVR and non-SVR patients in the older age
group, and the risk for HCC remained for 9 years af-
ter eradication of HCV in our padents. Therefore,
HCC patients with SVR who have a risk factor should
be screened for at least 5-10 years after the completion
of interferon therapy.

It has been reported that coffee consumption has a
protective effect against hepatocarcinogenesis’**> and
liver disease progression in patients with chronic HCV
infection.?® Because we could not review coffee con-
sumption in all the patients and fewer data were avail-
able in the previous literature as to whether a habitual
change of reducing coffee consumption occurs in older
patients, it is unclear whether increased risk for HCC
in older patients is an effect of this habitual change in
older patients. However, the majority (68%) of Japa-
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nese patients who have HCV (n = 1058) drink less
than 1 cup of coffee per day, and only 7.6% consume
more than 3 cups of coffee per day.”” Therefore, it is
unlikely that a habitual change in older patients affects
the increased risk for hepatocarcinogenesis in older
patients.

Recently, it was reported that interferon therapy
might be less effective in preventing HCC among
patients with chronic hepatitis C who are positive for
anti-HBc antibody,*® but this finding is still controver-
sial?>%® In the present study, ant-HBc was only
detected in 4 of 22 patients in whom HCC developed
after viral eradication, and age distribution was similar
among anti-HBc-positive and anti-HBc-negative patients.
Because no significant difference in mean age was
found between anti-HBc-positive and anti-HBc-nega-
tive patients in the recent study conducted in Japan,”®
it is unlikely that previous exposure to hepatitis B virus
or occult hepatitis B virus infection is responsible for
the difference in risk for HCC between younger and
elderly patients found in the present study.

In conclusion, aging has become one of the most
important risk factors for HCC. Even after stratifica-
tion by stage of fibrosis, the risk for HCC after antivi-
ral treatment was significantly higher in older patients,
and HCV eradication had a smaller effect on HCC-
free survival in older patients. Padents with HCV
should therefore be identified at an earlier age and
antiviral treatment should be inidated. The present
results have potentially important clinical implications
for physicians that may influence their decisions about
the treatment strategy in individual patients.
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A combination therapy with pegylated interferon (PEG-IFN) plus ribavirin (RBV) has made it possible to achieve a sustained
virological response (SVR) of 50% in refractory cases with genotype 1b and high levels of plasma HCVRNA. Several factors
including virus mutation and host factors such as age, gender, fibrosis of the liver, lipid metabolism, innate immunity, and single
nucleotide polymorphism (SNPs) are reported to be correlated to therapeutic effects. However, it is difficult to determine which
factor is the most important predictor for an individual patient. Data mining analysis is useful for combining all these together to
predict the therapeutic effects. It is important to analyze blood tests and to predict therapeutic effects prior to initiating treatment.
Since new anti-HCV agents are under development, it will be necessary in the future to select the patients who have a high

possibility of achieving SVR if treatment is performed with standard regimen.

1. Progress in Virological Response in the
Difficult-to-Treat Patients with Genotype 1
Hepatitis C Virus (HCV) Infection and
Factors Correlated to the Efficacy

Recently, the average age of the patients with chronic
hepatitis C has been increasing in Japan. Incidence of
hepatocellular carcinoma (HCC) in the elderly patients with
chronic hepatitis C (65 years or older) has demonstrated to
be higher than younger ones when adjusted by the stage of
hepatic fibrosis [1]. In Japan, refractory cases with genotype
1b and high HCVRNA levels are seen in as high as 70
percent of chronic hepatitis C patients. The outcome of
conventional IFN monotherapy has been an SVR response
of 3%-5% after 6 months of treatment in genotype 1b
and high HCVRNA patients [2, 3], and virus mutation
such as interferon sensitivity-determining region (ISDR) is
shown to be correlated with the virological response [2].
The association of ISDR mutations and virological response
to IFN monotherapy was denied in an Italian study [4];

however, it was confirmed by a Chinese study [5] and an
international meta-analysis [6].

However, pegylated IFN (PEG-IFN) extends the dura-
tion of therapy and reduces adverse effects, and for this
reason, PEG-IFN has become the cornerstone of therapy.
Furthermore, by the combination therapy with PEG-IFN
and ribavirin (RBV), the rate of SVR has dramatically
improved. Even in the patients with genotype 1b and high
HCVRNA level, SVR rate reaches as high as 40%-50%,
thereby improving the therapeutic effects both in Western
countries [7, 8] and in Japan [9, 10].

It is important to predict the rate of achieving SVR in the
individual patient, before initiating treatment, Both virus-
and host-related elements have been reported as factors
correlated to therapeutic effects of combination therapy [11-
13]. A particular focus has been placed on virus mutations,
age, gender, fibrosis of the liver, lipid metabolism, and degree
of fatty metamorphosis of the liver.

Among these factors related to PEG-IFN and RBYV, innate
immunity has been shown to be correlated in virological
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FIGURE 1: Expression of genes correlated to the intrahepatic innate immunity and virological response to PEG-IFN alpha-2b and RBV
combination therapy. Open column indicates SVR (n = 30), gray column indicates TR (n = 24), and closed column indicates NVR (n = 20).
Error bars indicate the standard error. The P values were analyzed by the Kruskal-Wallis test. Expression of Rig-I was significantly higher in
NVR than in SVR patients, and Cardif expression was higher in SVR than in NVR. The figure was cited from [8].

response. Asahina et al. reported that liver biopsies were
performed before the PEG-IFN and RBV combination
therapy to examine the correlation between the gene
expression involved in innate immunity and the therapeutic
effects, and in the patients in whom RIG-I expression is high
and the expression of Cardif, an adaptor gene, is low, it was
found that there are many nonresponders (NVRs) in which
HCVRNA does not become negative during the course of
treatment [13]. It was therefore revealed that there are many
NVRs among the patients in whom the ratio of RIG-I to
Cardif in liver tissue is high and that this ratio is low in the
SVR patients. Based on these findings, it has become clear
that innate immunity is correlated to therapeutic effects
(Figure 1).

Furthermore, it was recently discovered that a single
nucleotide polymorphism (SNP) of the host gene IL28B is
significantly involved in the therapeutic response to the PEG-
IFN and RBV combination therapy [14, 15]. The possibility
of becoming an NVR is high in cases of the minor allele
carriers of IL28B. However, it is not possible to routinely
measure an SNP of IL28B in the clinical setting. In this paper,
factors which can actually be used in real clinical practice are
discussed for the prediction of the efficacy of PEG-IFN and
RBV combination therapy.

2. Amount of HCVRNA

In the patients with chronic hepatitis C, it is not pos-
sible to directly measure the amount of virus, and the

amount of HCVRNA is measured instead. Currently, a
real-time PCR method which has an advantage of wide
range and high sensitivity is utilized, and measurements
can be taken from a single blood sample of a very small
amount, that is, 1.2log copies/ml, to a very large amount,
that is, 8log copies/ml. This method has a higher level of
sensitivity than the conventional Amplicor monitor test and
can therefore detect HCVRNA even if only a very small
amount exists in the plasma. If the amount of HCVRNA
in plasma is less than the range of sensitivity of the real-
time PCR method, it is recorded as undetectable level. If
the indication is “less than 1.2log copies/ml of HCVRNA’,
it means that a very small amount of HCVRNA exists in the
plasma. Since the indication of the real-time PCR method
is based on log counts, a decrease of 1.0 in the numerical
value means that the amount of HCVRNA has decreased to
1/10. With the application of this real-time PCR method, it
has become possible to measure amounts of HCVRNA up
to 8 log copies/ml, and it has also become possible to predict
the efficacy before treatment and to monitor appropriately
the reactivity during the course of treatment. However, in
the patients in whom a PEG-IFN and RBV combination
therapy is performed, SVR can be acquired even when
the amount of virus prior to the treatment is quite large.
It is therefore difficult to predict the virological response
solely from the amount of HCVRNA before starting the
treatment. Once treatment has commenced, at what week
HCVRNA becomes negative is important for the prediction
of therapeutic effects, and this serves as a parameter for
deciding the duration of treatment [16].
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Ficure 2: Comparison of aa70 mutations in the HCV core region
and the rate of HCVRNA becoming negative during the course of
treatment. Compared with the wild type, among the patients of
aa70 mutations, there were fewer patients in whom HCVRNA had
become negative during the course of treatment.

Measuring the rate of viral clearance from serum is
helpful for predicting the likelihood of a response to PGEIFN
and RBV and useful for determining the optimal duration
of therapy if the patients start to receive the treatment
[17]. In the AASLD practice guideline, response-guided
therapy is highly recommended [18]. In two nationwide
registration trials conducted in Japan [9, 10], the SVR rate
was high, from 76% to 100%, in patients whose HCVRNA
was cleared rapidly from serum by week 4 (rapid virological
response; RVR), and 71% to 73% in patients who achieved
undetectable HCVRNA from week 5 to week 12 (early
virological response; EVR). In contrast, the SVR rate in
patients with late clearance of HCVRNA from week 13
to week 24 was low at 29% to 36%. No patients without
clearance of HCVRNA by week 24 achieved SVR.

The strategy of extending therapy in patients with
delayed virological responses, defined as clearance of HCV-
RNA between weeks 12 and 24, was evaluated in five studies
[19-23]. These results cannot be compared directly with
each other because of the heterogeneous study populations,
differences in the baseline characteristics, and the different
regimens utilized amongst them. Nevertheless, the results
showed a trend toward a higher SVR rate by extending
therapy from 48 to 72 weeks in patients with delayed
virological response.

3. Viral Mutations in Core and NS5A Region

In the patients with genotype 1b HCV infection, the muta-
tions in aa70 and aa91 in the core region have been shown
to correlate with early virological response (EVR) during
PEG-IFN and RBV combination treatment [11]. If aa70 in
the core region is mutated to anything other than arginine
and aa91 to anything other than leucine, it is difficult to
achieve EVR, and it is thus highly possible that such cases

Patient number, n
W
& 38

Relapse

1 ISDR 0-1 (n = 176)
BB I1SDR 22 (n = 52)

FiGURE 3: Number of ISDR substitutions and the comparison of
virological response, SVR, and relapse at the end of the treatment.
Compared with the patients with 2 or more sites of substitutions,
the rate of SVR was lower and the rate of relapse was higher in the
patients in whom there were fewer substitutions in ISDR, that is, 0
or 1 sites.

will become nonresponders. The examination results at our
institution including 292 patients with genotype 1b infection
demonstrated that, in the cases with mutations in aa70 in the
core region, the rate of HCVRNA becoming negative during
the course of combination treatment was low compared
to the wild type of aa70 (Figure 2). However, core aa70
mutation is shown to have quasispecies detectable by cloning,
and 70Q clone was positively selected during combination
treatment with PEGIFN and RBV [24].

Furthermore, Enomoto et al. reported that the patients
with 4 or more amino acid mutations were observed
in interferon sensitivity-determining region (ISDR) within
NS5A region [2]; SVR rate is higher than 90% by IFN
monotherapy, and SVR is less than 10% in the patients with
no mutation in ISDR. It has also been reported that, in PEG-
IFN and RBV combination therapy, the number of ISDR
mutations is involved in the SVR [12].

We analyzed the relationship between virological
response and ISDR mutations in the patients with genotype
1b infection treated by PEG-IFN alpha-2b and BRV
combination therapy. In the patients with 0 or 1 ISDR
mutation, even if the rate of HCVRNA becoming negative
at the end of treatment was the same, the rate of SVR would
be lower compared with the patients having 2 or more
mutations (Figure 3). This demonstrates that there is a
higher incidence of relapse after the end of treatment in the
patients with 0 or 1 ISDR mutation.

Enomoto and Maekawa reported that mutations both
in NS5A-ISDR (interferon sensitivity-determining region)
and core 70Q substitution are associated with no early viral
response during PEGIFN and RBV combination therapy
[25]. Association of core aa70 substitution and mutations
in NS5A region is confirmed to be associated with viral
response by PEGIFN and RBV combination therapy in a
Japanese multicenter cooperative study [26]. The number of
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mutations in the interferon sensitivity-determining region
was shown to be associated with the viral response to
PEGIFN and RBV combination treatment not only in Japan
[27], but also in Tunisia [28].

Recently, a consensus has been established that mutations
in aa70 in the core region are important for the prediction
of HCVRNA becoming negative during the early course of
treatment, and the number of ISDR mutations is important
for the prediction of relapse after the end of treatment.

4, Adherence

It has been confirmed that it is important to ensure 80%
or more of the scheduled dose of both PEG-IFN and BBV
in order to improve the rate of SVR, and together with
the duration of treatment, the 80 - 80 - 80 rule has been
established. However, Schiffman et al. recently reported that
the dose of PEG-IEN in the initial stage of administration
is important and that, if a sufficient dose of PEG-IFN is
administered, then 60% or more of the RVB dose would be
enough [29]. It is therefore of primary importance to ensure
the dose of PEG-IFN.

In Japan, the average age of patients with chronic
hepatitis C is increasing, and achieving good adherence is
difficult in many patients. Consequently, the rate of SVR is
low in elderly patients. How to improve the rate of SVR in
elderly patients is an important issue. With regard to the
dose of RBV, reducing the RBV dose based on the calculation
of the total body clearance (CL/F) has been proposed to
be useful for decreasing the discontinuation and improving
the rate of SVR. Although there is no consensus on an
appropriate dose of PEG-IFN in elderly patients, if the initial
dose is set lower than the usual dose, discontinuation would
be reduced. Thus, it is necessary to investigate whether such
an initial dose would improve the rate of SVR.

Recently, the risk of hemolytic anemia was clearly
demonstrated to correlate with ITAP gene SNP [30]. The
predictive implication should be analyzed prospectively in
clinical practice.

5. Host Factors

Zeuzem et al. described the factors related to the less
response to interferon-based therapy, and he showed that
several host factors such as older age, race, and obesity
are responsible factors for the poor response to IFN [31].
Recently, insulin resistance which was examined by home-
ostasis model assessment index (HOMA-IR) was shown to
be associated with a lower rate of SVR, and body mass index
(BMI) was not identified as a significant factor for the poor
response to PEGIFN and ribavirin combination therapy [32].
Insulin resistance was confirmed as a related factor to the
nonresponse to interferon-based treatment [33]. However,
Charlton et al. reported that obesity itself is an associated
factor for decreased efficacy of interferon-based therapies,
and they discussed the possible mechanism [34], and obesity
was shown to be associated with the increased enhancement
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of suppressor of cytokine signaling (SOCS) family in the
hepatocytes [35].

6. Data Mining Analysis

Both virus- and host-related factors are correlated to thera-
peutic effects of PEG-IFN and RBV. One important question
is which of these factors should be focused on in order to
predict the therapeutic effects in an individual patient. In
addition, in each individual patient, the host and virological
factors are different. It is therefore difficult to predict
the virological response in each case before treatment.
Furthermore, although it is important to predict the relapse
rate when HCVRNA becomes within an undetectable level
in an individual patient, prediction of the rate of SVR
including virological and host factors and adherence to
the treatment has never been carried out in an individual
patient.

A data mining analysis is the process of analyzing a
large amount of data by a computer in order to develop an
algorithm. Conventional statics have been used to examine
certain hypothesis. Data mining is superior in that it can set
an algorithm, using a computer, based on a large amount of
data without a hypothesis.

We therefore conducted at our institute a data mining
analysis of the patients with genotype 1b infection having
high levels of HCVRNA to whom a PEG-IFN alpha-2b and
RBV combination therapy was administered to investigate
whether by the 12th week after the commencement of
treatment HCVRNA became negative (EVR) (Figure 4) [36].
The most important factor for the prediction of EVR was
the steatosis of the liver: when steatosis was observed in 30%
or more of hepatocytes, EVR was found to be difficult to
achieve. In the patients in whom steatosis was not severe, the
second most important factor was the serum LDL cholesterol
value. While the rate of EVR was 57% in the patients in
whom this value was 100 mg/ml or above, the rate of EVR
was 32% in the patients in whom the LDL cholesterol was
less than 100 mg/dl.

The higher the LDL cholesterol value, the earlier the
HCVRNA became negative. Among the patients with low
LDL cholesterol values, while the rate of EVR was 15% in
patients 60 years of age or older, the rate was high in the
patients under the age of 60 years old, that is, 49%. Among
patients under the age of 60, the rate of EVR was low, that is,
31%, in patients with a blood glucose level of 120 mg/dl or
above whereas EVR was achieved in 71% of the patients with
a blood glucose level of less than 120 mg/dl (Figure 4).

On the other hand, in the patients with high LDL
cholesterol values, the next most important factor was age.
While the rate of EVR was 50% in patients 50 years of age
or older, EVR was achieved in 77% of the patients under the
age of 50. Among patients of 50 years of age or older, the
next most important factor was the gamma GTP value. While
the rate of EVR was 35% in the patients in whom gamma
GTP was 40 IU/L or above, EVR was achieved in 60% of the
patients where the value was less than 40 IU/L.
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FiGure 4: HCVRNA negative (EVR) algorithm at 12th week from data mining analysis of PEG-IFN alpha-2b plus RBV combination in the

genotype 1b and high levels of HCVRNA. Both virological and host factors were evaluated by data mining analysis software from SPSS. This
figure was cited from [36)].

Steatosis

LDL-cholesterol

EVR rate (%)
EVR rate (%)

0 1-9 10-29 30- <60 60-80 80-100 100 <

Il 12wRNA (+)

EEE 12wRNA (+)
12wRNA (-)

[ 12wRNA(-)

(a) (b)

FIGURE 5: The rate of EVR in the patients with genotype 1b and high levels of HCVRNA, based on fatty deposition in the liver (a), and the
LDL cholesterol value (b), respectively. EVR was highly achieved in the patients with less steatosis in the liver, and in those with high serum
LDL-cholesterol levels. This is univariate analysis, and cited from [36].
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We therefore compared these factors based on the orig-
inal data. A univariate comparison of the fatty infiltration
of the liver and the rate of EVR demonstrated that the
rate of EVR was higher when the steatosis of the liver was
less severe (Figure 5(a)). In addition, a comparison of the
LDL cholesterol value and the rate of EVR demonstrated a
significant correlation, confirming that the higher the LDL
cholesterol value, the higher the rate of EVR (Figure 5(b)).
Therefore, it was also proposed by the results of univariate
analysis of each factor extracted from the data mining
analysis that these factors were correlated to the rate of EVR.

From these observations, it is likely to improve the viral
response to PEGIFN and ribavirin by reducing steatosis of
the liver through daily walking or abstinating alcohol intake
or by refraining from high-fat diet.

By utilizing data mining, it is therefore possible to assess
virus- and host-related factors together and to predict the
virological response in each patient, and thereby clinically
useful information can be obtained. The algorithm should
be validated including a large number of the patients.
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