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A predictive model of response to peginterferon ribavirin
in chronic hepatitis C using classification and regression

tree analysis

Masayuki Kurosaki,' Kotaro Matsunaga,? Itsuko Hirayama,' Tomohiro Tanaka,'
Mitsuaki Sato,’ Yutaka Yasui,' Nobuharu Tamaki,' Takanori Hosokawa,' Ken Ueda,'
Kaoru Tsuchiya,' Hiroyuki Nakanishi,' Hiroki lkeda,’ Jun Itakura,' Yuka Takahashi,’
Yasuhiro Asahina,’ Megumu Higaki,* Nobuyuki Enomoto® and Namiki 1zumi'

'pivision of Gastroenterology and Hepatology and *Division of Pathology, Musashino Red Cross Hospital, Tokyo,
*First Department of internal Medicine, University of Yamanashi, Yamanashi, and ‘Department of Medical

Science, Jikei Medical University, Tokyo, Japan

Aim: Early disappearance of serum hepatitis C virus (HCV)
RNA is the prerequisite for achieving sustained virological
response (SVR) in peg-interferon {PEG-IFN} plus ribavirin (RBV)
therapy for chronic hepatitis C. This study aimed to develop
a decision tree model for the pre-treatment prediction of
" response.

Methods: Genotype 1b chronic hepatitis C treated with PEG-
IFN aipha-2b and RBV were studied. Predictive factors of rapid
or complete early virological response (RVR/CEVR) were
explored in 400 consecutive patients using a recursive parti-
tioning analysis, referred to as classification and regression
tree (CART) and validated.

Results: CART analysis identified hepatic steatosis (<30%)
as the first predictor of response followed by low-density-
lipoprotein cholesterol {LDL-C) (2100 mg/dL), age {<50 and
<60 years), blood sugar (<120 mg/dL), and gamma-
glutamyltransferase (GGT) (<40 IU/L) and built decision tree

model. The model consisted of seven groups with variable
response rates from low (15%) to high (77%). The reproducibil-
ity of the model was confirmed by the independent validation
group {r* = 0.987). When reconstructed into three groups, the
rate of RVR/CEVR was 16% for low probability group, 46% for
intermediate probability group and 75% for high probability
group.

Conclusions: A decision tree model that includes hepatic

_ steatosis, LDL-C, age, blood sugar, and GGT may be useful for

the prediction of response before PEG-IFN plus RBV therapy,
and has the potential to support clinical decisions in selecting
patients for therapy and may provide a rationale for treating
metabolic factors to improve the efficacy of antiviral therapy.

Key words: data mining, decision tree, HCV,
low-density-lipoprotein-cholesterol, steatosis

INTRODUCTION

OMBINATION THERAPY WITH pegylated inter-
feron (PEG-IFN) and ribavirin (RBV) is now recog-
nized as a standard treatment for patients with chronic
hepatitis C.! However, the rate of sustained virological
response (SVR) to 48 weeks of PEG-IFN RBV combina-
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tion therapy is only 50% in patients with hepatitis C
virus (HCV) genotype 1b and high HCV RNA titer, so
called difficult to treat chronic hepatitis C patients.?
Within this difficult to treat group, the response to treat-
ment sometimes can be highly heterogeneous for cases
which are apparently equivalent in HCV RNA titer,
making the prediction of response before treatment a
difficult task. It has been suggested that early virological
response (EVR), defined as either undetectable HCV
RNA or a 2 log drop in HCV RNA at week 12, is a reliable
means to predict SVR.>* More recently, it has been sug-
gested that patients with a rapid virological response
(RVR: undetectable HCV RNA at week 4) and a com-
plete EVR (cEVR: undetectable HCV RNA at week 12)
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achieve high SVR rates, while patients with a partial EVR
(PEVR: 2 log drop in HCV RNA but still detectable at
week 12) have lower rates of SVR.®° Since PEG-IFN RBV
combination therapy is costly and accompanied by
potential adverse effects, the ability to predict the pos-
sibility of RVR or cEVR before therapy and identifying
curable patients may significantly influence the selection
of patients for therapy. Moreover, identification of base-
line predictors of poor response is particularly impor-
tant to establish a rationale for identifying therapeutic
targets to improve the efficacy of antiviral therapy.
Data mining is a method of predictive analysis which
explores tremendous volumes of data to discover hidden
patterns and relationships in highly complex datasets

and enables the development of predictive models. The -

classification and regression tree (CART) analysis is a core
component of the decision tree tool for data mining and
predictive modeling,® is deployed to decision makers in
various fields of business, and currently is being used in
the area of biomedicine.”'* The results of CART analysis
are presented as a decision tree, which is intuitive and
facilitates the allocation of patients into subgroups by
following the flow-chart form.'* CART has been shown to
be competitive with other traditional statistical tech-
niques such as logistic regression analysis.'

In the present study, we used the CART analysis to
explore baseline predictors of response to PEG-IFN plus
RBV therapy among clinical, biochemical, virological
and histological pretreatment variables and to define a
pre-treatment algorithm to discriminate chronic hepati-
tis C patients who are likely to respond to PEG-IFN plus
RBV therapy.

MATERIALS AND METHODS

Patients

TOTAL OF 419 chronic hepatitis C patients were

treated with PEG-IFN alpha-2b and RBV at
Musashino Red Cross Hospital between December 2001
and December 2007. Among them, 400 patients who
fulfilled the following inclusion criteria were enrolled in
the present study. (i) infection by genotype 1b (ii) HCV
RNA higher than 100 KIU/mL by quantitative PCR
(Cobas Amplicor HCV Monitor, Roche Diagnostic
systems, CA) which is usually used for the definition of
high viral load in Japan (iii) lack of co-infection with
hepatitis B virus or human immunodeficiency virus (iv)
lack of other causes of liver disease such as autoimmune
hepatitis, primary biliary cirrhosis, or alcohol intake of
more than 20 g per day, and (v) having completed at

© 2009 The Japan Society of Hepatology
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least 12 weeks of therapy with an early virological
response that could be evaluated. Patients received PEG-
IFN alpha-2b (1.5 microgram/kg) subcutaneously every
week and were administered a weight adjusted dose
of RBV (600 mg for <60 kg, 800 mg for 60-80 kg, and
1000 mg for >80 kg) which is the recommended dosage
in Japan. Data from two third of patients (269 patients)
were used for the model building set and the remaining
one third of patients (131 patients) were used as a vali-
dation set. Consent in writing was obtained from each
patient and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review committee.

Laboratory tests

Blood samples were obtained before therapy, and at
least once every month during therapy and analyzed for
hematologic tests, blood chemistries, and HCV RNA. In
the present study, RVR and cEVR was defined as unde-
tectable HCV RNA by qualitative PCR with a lower
detection limit of 50 IU/mL (Amplicor, Roche Diagnos-
tic systems, CA) at week 4 and 12, respectively. SVR was
defined as undetectable HCV RNA at week 24 after the
completion of therapy.

Histological examination

For all patients, liver biopsy specimens were obtained
before therapy and were evaluated independently by
three pathologists who were blinded to the dinical
details. If there was a disagreement, the scores assigned
by the majority of pathologists were used for the analy-
sis. Fibrosis and activity were scored according to the
METAVIR scoring system.'s Fibrosis was staged on a
scale of 0-4: FO (no fibrosis), F1 (mild fibrosis: portal
fibrosis without septa), F2 (moderate fibrosis: few
septa), F3 (severe fibrosis: numerous septa without cir-
thosis) and F4 (cirrhosis). Activity of necroinflamma-
tion was graded on a scale of 0-3: A0 (no activity), Al
(mild activity), A2 (moderate activity) and A3 (severe
activity). Percentage of steatosis was quantified by deter-
mining the average proportion of hepatocytes affected
by steatosis and graded on a scale of 0-3: grade 0 (no
steatosis), grade 1 (0-9%), grade 2 (10-29%), and
grade 3 (over 30%) as we reported previously.”

Database for analysis

A pretreatment database of 72 variables was created
containing histological findings (grade of fibrosis, activ-
ity, and steatosis), laboratory tests including the quantity
of HCV RNA by Cobas Amplicor, and dinical informa-
tion (age, gender, body weight, and body mass index).
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The baseline characteristics and test results are listed in
Table 1. The overall rate of RVR/cEVR was 43% in the
model building set and 48% in the validation set. There
were no significant differences in the clinical back-
grounds between these two groups. Hepatitis C viral
mutations, such as mutations in interferon-sensitivity
determining region or core amino acid residues 70 and
91, were not included in the present analysis. The dataset
of laboratory tests was based on the digitized records in
this hospital. Continuous data was split into categorized
data by increment of 10; For example, age was catego-
rized into <30, 30-39, 40-49, 50-59, 60~69, and 270.

Statistical analysis

Based on this database, the recursive partitioning analy-
sis algorithm referred to as CART was implemented to
define meaningful subgroups of patients with respect
to the possibility of achieving RVR/cEVR. The CART
belongs to a family of nonparametric regression
methods based on binary recursive partitioning of data.
The software automatically explore the data to search for
optimal split variables, builds a decision tree structure
and finally classifies all subjects into particular sub-
groups that are homogeneous with respect to the
outcome of interest.’”® During the CART analysis, first,
the entire study population, and thereafter, all newly
defined subgroups, were investigated at every step of the
analysis to determine which variable at what cut-off
point yielded the most significant division into two
prognostic subgroups that were as homogeneous as pos-
sible with respect to estimates of RVR/cEVR possibilities.
This algorithm uses the impurity function (Gini crite-
rion function) for splitting.” A restriction was imposed
on the tree construction such that terminal subgroups
resulting from any given split must have at least 20
patients. The CART procedure stopped when either no
additional significant variable was detected or when the
sample size was below 20. The resulting final subgroups
were most homogeneous with respect to the probability
of achieving RVR/cEVR. For this analysis, data mining
software Clementine version 12.0 (SPSS Inc, Chicago,
IL) was utilized. SPSS 15.0 (SPSS Inc, Chicago, IL) was
used for logistic regression analysis.

RESULTS
Factors associated with RVR/CEVR by
standard statistical analysis

E FIRST ANALYZED 72 variables by univariate
and multivariate logistic regression analysis to
find factors associated with RVR/cEVR (Table 2).

Prediction model of response to peg-IFN and RBV 3

Patients with RVR/cEVR were significantly younger than
those without. Among histological findings, grade of
steatosis and stage of fibrosis was significantly lower in
RVR/cEVR. Among hematologic tests, hemoglobin and
hematcrit was significantly higher in RVR/cEVR. Among
blood chemistry tests, creatinine and low-density lipo-
protein cholesterol (LDL-C) was significantly higher
and gamma-glutamyltransferase (GGT), low-density-
lipoprotein cholesterol (LDL-C), and blood sugar were
significantly lower in RVR/cEVR. The level of HCV RNA
was significantly lower in RVR/cEVR. There were no
significant differences in other tests.

Multivariate logistic regression analysis was per-
formed on age, fibrosis stage, steatosis, HCVRNA, crea-
tinine, hemoglobin, GGT, LDL-C, and blood sugar:
hematcrit was not included since it is closely associated
with hemoglobin. On multivariate analysis, age, grade
of steatosis, level of HCV RNA, creatinine, hemoglobin,
GGT, and LDL-cholesterol remained significant whereas
stage of fibrosis, hemoglobin and blood sugar were not.

The CART analysis

The CART analysis was carried out on the model build-
ing set of 269 patients using the same variables as
logistic regression analysis. Figure 1 shows the resulting
decision tree. The CART analysis automatically selected
five predictive variables to produce a total of seven sub-
groups of patients. The grade of steatosis was selected as
the variable of initial split with an optimal cut-off of
30%. The possibility of achieving RVR/cEVR was only
18% for patients with hepatic steatosis of 30% or more
compared to 47% for patients with hepatic steatosis of
less than 30%. Among patients with hepatic steatosis
of less than 30%, the level of serum LDL-C, with an
optimal cut-off of 100 mg/dL, was selected as the vari-
able of second split. Patients with higher LDL-C level
had the higher probability of RVR/cEVR (57% vs. 32%).
Among patients with LDL-C of less than 100 mg/dL,
age, with an optimal cut-off of 60, was selected as the
third variable of split. Younger patients had the
higher probability of RVR/cEVR (49% vs. 15%). Among
patients younger than 60, the blood sugar, with an
optimal cut-off of 120 mg/dL, was selected as the forth
variable of split. Patients with lower blood sugar level
had the higher probability of RVR/cEVR (71% vs. 31%).
Among patients with hepatic steatosis of less than 30%
and LDL-C of 100 mg/dL or more, age, with an optimal
cut-off of 50, was selected as the third variable of split,
younger being the predictor of higher RVR/cEVR prob-
ability (77% vs. 50%). Among patients older than 50,

© 2009 The Japan Society of Hepatology
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Table 1 Clinical characteristics of patients

Hepatology Research 2009

Model set Validation set P-value
n=269 n=131

Sex (M/F) 127/142 55/76 0.325
Age (years) 57.7%110.1 57.6%+10.0 0.932
Body weight (kg) 59.6+11.0 575%9.5 0.094
Body mass index (kg/m?) 23.213.1 233+38 0.934
Total protein (g/dL) 7.6+05 77106 0.558
Albumin (g/dL) 42+03 42103 0.349
Globulin (g/dL) 34105 3.4£0.6 0.989
Aspartate aminotransferase (1U/L) 58.1 £43.1 55.8 £37.5 0.601
Alanine aminotransferase (IU/L) 70.9+49.2 66.4£52.6 0.462
Gamma-glutamyltransferase (IU/L) 49.6 + 44.0 4521344 0.33

Lactate dehydrogenase (IU/L) 289.3 11123 301.5+109.3 0.417
Total bilirubin (mg/dL) 0.71£0.28 0.69 +0.23 0.317
Direct bilirubin (mg/dL) 0.23£0.12 0.2510.10 0.147
Indirect bilirubin (mg/dL) 0.48 £0.21 0.44 £0.16 0.064
Alkaline phosphatase (IU/L) 290.9 £ 107.6 292.5+107.6 0917
Leucine aminopeptidase (IU/L) 64.3+14.3 6551123 0.543
Thymol turbidity test (KU} 71134 8.01%3.7 0.062
Zinc sulfate turbidity test (KU) 154149 163154 0.188
Choline esterase (IU/L) 318.1181.7 321.1+£78.1 0.798
Ammonia (microg/dL) 39.7+20.2 45.0%15.6 0.668
Blood sugar (mg/dL) 1259 £ 41.1 117412479 0.081
Glycohemoglobin (%) 5616 54+1.2 0.797
Total cholesterol (mg/dL) 170.8 £ 33.9 175.6 £36.8 0.170
Low-density-lipoprotein-cholesterol (mg/dL) 96.5+25.2 100.9 £ 28.5 0.153
High-density-lipoprotein-cholesterol (mg/dL) 54.2115.9 552+17.4 0.612
Triglyceride {mg/dL) 108.5 + 47.8 102.8 £ 46.4 0.306
Creatinine (mg/dL) 0.7210.15 0.74£0.17 0.236
Urea nitrogen (mg/dL) 14.1£3.4 14913.9 0.123
Uric acid (mg/dL) 5311.2 52%1.2 0.715
Sodium (mEq/L) 1422120 1424120 0.471
Potassium (mEq/L) 43+03 43+0.4 0.578
Chloride {mEq/L) 104.0£2.2 104.0£ 2.6 0.905
Calcium (mg/dL) 9.1 0.4 9.2£0.4 0.479
Phosphorus (mg/dL) 3505 35106 0.814
Magnesium (mg/dL) 22102 23103 0.390
Amylase (IU/L) 178.7 £125.8 175.1+£133.1 0.118
Creatine kinase (IU/L) 11491 147.6 119.3173.7 0.849
Iron (microg/dL) 104.7 £ 53.2 109 £ 37 0.726
Ferritin (ng/mL}) 111.3+103.3 59.7+118.5 0.405
C-reactive peptide (mg/dL) 0211 0101 0.586
Immunoglobulin G (mg/dL}) 1849 + 426 1988 £ 525 0.129
Immunoglobulin M (mg/dL) 141169 205 £ 106 0.200
Immunoglobulin A (mg/dL) 323+ 675 291 £81 0.784
Triiodothyronine (pg/mL} 23103 22+03 0.358
Thyroxin (ng/dL) 0910.1 09+0.1 0.872
Thyroid stimulating hormone {micro 1U/mL) 1.8t 1.4 17107 0.939
White blood cell count (/microl) 5243 £ 1591 5286 £ 1101 0.843
Segmented neutrophils (%) 554+10.8 57.0110.0 0.297
Band neutrophils (%) 15%1.6 05106 0.250
Eosinophils (%) 29123 2414 0.127

©® 2009 The Japan Society of Hepatology
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Table 1 Continued

Prediction model of response to peg-IFN and RBV 5

Model set Validation set P-value
n=269 n=131

Basophiles (%) 0.60.4 0.6%0.3 0.727
Lymphocytes (%) 34.6+9.6 340193 0.682
Monocytes (%) 6.612.2 62126 0.149
Red blood cell count (10%/microl) 458 +43 455 + 47 0.643
Hemoglobin (g/dL) 144%1.5 14515 0.618
Hematcrit (%) 42.7+4.0 429+4.4 0.717
Reticulocytes (%) 14104 14104 0.762
Mean corpuscular volume (fL) 93.314.5 93.8+5.41 0.466
Mean corpuscular hemoglobin concentration (pg) 31.5%1.9 31.7+23 0.583
Mean corpuscular hemoglobin concentration (g/dL) 33.81£0.9 33.7+13 0910
Platelets (10*/microl) 16.8+5.4 163145 0.480
Prothrombin time (s) 11.7+1.2 11.7+£0.9 0.762
Prothrombin time (activity %) 104.6+ 14.4 102.6 £ 14.8 0.363
Prothrombin time (international normalized ratio) 1.010.1 1.010.1 0.387
Thrombin time (%) 97.2%31.3 109 £31.5 0.231
Activated partial thromboplastin time (s) 29.714.4 29.1+2.7 0.260
Hepaplastin test (%) 97.8120.3 95.4119.4 0.523
Fibrinogen (%) 23744 225145 0.069
"Hepatitis C virus RNA (<850/2850 KIU/mL) 130/139 70/61 0.394
Histological grade of

Activity (A1/A2/A3) 138/107/24 62/55/14 0.714

Fibrosis (F1/F2/F3/F4) 135/74/57/3 58/40/27/6 0.131

Steatosis (0%/1-9%/10-29%/30%=) 89/109/37/34 49/45/21/16 0.643
Hepatitis C virus RNA negative at week 12 ( yes/no) 116/153 63/68 0.349

the level of GGT, with an optimal cutoff of 40 U/L, were
then selected as the fourth level of split, low levels being
the predictor of higher RVR/cEVR probability (60% vs.
35%).

All five factors selected as significant variables in the
CART analysis were also significantly associated with
RVR/cEVR by univariate analysis (Table 2). In addition,
steatosis, LDL-C, age and GGT were also independently

Table 2 Factors associated with rapid or complete early virological response by univariate and multivariate logistic regression

analysis
Parameter Category Univariate Multivariate

Odds 95% CI P-value Odds 95%ClI P-value
Age (years) <50 vs. 250 2.65 1.51-4.65 <0.001 2.03 1.04-3.97 0.039
Fibrosis stage F1-2 vs. F3-4 2.47 1.31-4.66 0.005 1.77 0.85-3.68 0.120
Steatosis (%) <30 vs. 230 4.11 1.64-10.29 0.003 2.88 1.07-7.79 0.037
Hepatitis C virus RNA (KIU/mL) <850 vs. 2850 1.21-3.22 0.007 1.93 1.09-3.43 0.025
Creatinine (mg/dL) 20.8 vs. <0.8 3.30 1.96-5.56 <0.001 3.54 1.88-6.67  <0.001
Hemoglobin (g/dL) 214.5 vs. <14.5 1.08-2.87 0.023 1.38 0.74-2.57 0.320
Hematcrit (%) 243 vs. <43 1.07-2.84 0.003
Gamma-glutamyltransferase (1U/L) <40 vs. 240 1.26-3.37 0.004 245 1.32-4.56 0.005
Low-density-lipid cholesterol (mg/dL) ~ 2100vs.<100 271  1.61-4.55  <0.001 221  1.21-406 0010
Blood sugar (mg/dL) <120 vs. 2120 2.00 1.02-3.95 0.045 1.42 0.64-3.13 0.390

CI, confidence interval.

© 2009 The Japan Society of Hepatology
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anure 1 Classification and regression tree analysis. Boxes indicate the factors used for splitting and the cut-off value for the
split. Pie charts indicate the rate of RVR/cEVR for each group of patients after splitting. Terminal subgroups of patients dis-
criminated by the analysis are numbered from one to seven. GGT, gamma-glutamyltransferase; LDL, low-density-lipoprotein.

associated with RVR/cEVR by multivariate logistic
regression analysis while blood sugar was not (Table 2).
On the other hand, HCVRNA and creatinine which were
significantly associated with RVR/cEVR by multivariate
analysis were not selected as significant variables in
CART analysis.

The probabilities of RVR/cEVR for the seven sub-
groups derived by this process were highly variable. The
subgroup whose hepatic steatosis was less than 30%,
serum LDL-C was 100 mg/dL or more and of an age less
than 50 years (subgroup 7) showed the highest prob-
ability of RVR/cEVR (77%), while the subgroup whose
hepatic steatosis more than 30% (subgroup 1) and the
subgroup whose hepatic steatosis was less than 30% but
serum LDL-C was less than 100 mg/dL and of an age

© 2009 The Japan Society of Hepatology

greater than 60 years (subgroup 2) showed the lowest
probability of RVR/cEVR (18% and 15%, respectively).

Validation of the CART analysis

The results of the CART analysis were validated with a
validation dataset of 131 cases which is independent of
the model building dataset. Each patient in the valida-
tion set was allocated to subgroups 1-7 using the flow-
chart form of the CART tree. The rates of RVR/cEVR were
20% for subgroups 1 and 2, 29% for subgroups 3, 38%
for subgroup 4, 59% for subgroup 5, 71% for subgroup
6, and 85% for subgroups 7. The rates of RVR/cEVR
for each subgroup of patients were closely correlated
between the model building dataset and the validation
dataset (Fig. 2).
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Figure 2 Validation of the classification and regression tree
(CART) analysis: Subgroup stratified comparison of the rate
of rapid or complete early virological response (RVR/cEVR)
between the model building and validation datasets. Each
patient in the validation set was allocated to subgroups 1-7 by
following the flow-chart form of the CART tree and the rates of
RVR/cEVR were calculated. The rate of RVR/cEVR in each sub-
group was plotted. The x-axis represents the rate of RVR/cEVR
in the model building datasets and the y-axis represents the
rate of RVR/cEVR in the validation datasets. The rates of achiev-
ing RVR/cEVR in each subgroup of patients closely correlated
between the model building dataset and the validation dataset
(*=0.987).

Construction of 3 groups according to the
probability of RVR/CEVR

If the seven subgroups were reconstructed into three
groups according to their rate of RVR/cEVR, the rate of
RVR/cEVR was 16% for low probability group (sub-
group 1 and 2), 46% for intermediate probability group
(subgroup 3, 4, and 5) and 75% for high probability
group (subgroup 6 and 7; P < 0.0001).

Effect of adherence

Adherence of PEG-IFN and RBV was not included as a
variable of analysis since the present study aimed to
develop a pre-treatment model for the prediction of
response. To analyze the possible effect of adherence on
the result of CART analysis, three groups of patients
divided by CART (low, intermediate and high probabil-
ity group) were further stratified according to adherence

Prediction model of response to peg-IFN and RBV 7

of PEG-IFN and RBV. Poor adherence was defined as
taking less than 80% planned dose of PEG-IFN or RBV at
12 weeks, and good adherence was defined as taking
more than 80% planned dose of both PEG-IFN and RBV
at 12 weeks. The result is shown in Figure 3. Among
patients with good adherence, the rate of RVR/cEVR was
19% for low probability group, 52% for intermediate
probability group and 77% for high probability group.
Among poor adherence group, the rate of RVR/cEVR was
13% for low probability group, 41% for intermediate
probability group and 73% for high probability group.
Collectively, even after adjustment for adherence, 3
groups of patients divided by CART analysis still had
low, intermediate and high probability of achieving
RVR/cEVR, respectively.

DISCUSSION

N THE PRESENT study, we performed the CART
analysis and built a simple decision tree model for the
pre-treatment prediction of response to PEG-IFN plus

100

8 8

70

50
40

Rate of RVR/CEVR (%)

20
10

I
0 ! it
Low probability

Intermediate High probability

probability

Figure 3 The rate of rapid or complete early virological
response (RVR/cEVR) between the classification and regression
tree (CART) groups stratified by adherence. The three groups of
patients divided by CART (low, intermediate and high prob-
ability group) were further stratified according to adherence of
peg-interferon (PEG-IFN) plus ribavirin (RBV). Black, white
and gray boxes in the bar chart indicate total patients, patients
with poor adherence (taking less than 80% planned dose of
PEG-IFN or RBV at 12 weeks), and good adherence (taking
more than 80% planned dose of both PEG-IFN and RBV at
12 weeks), respectively. Even after adjustment for adherence, 3
groups of patients divided by CART analysis still had low,
intermediate and high probability of achieving RVR/cEVR,
respectively.

© 2009 The Japan Society of Hepatology

— 443 —



8 M. Kurosaki et al.

RBV therapy. The analysis highlighted five host variables
relevant to response: steatosis, LDL-C, age, blood sugar
and GGT. Classification of patients based on these vari-
ables identified subgroups of patients with high prob-
abilities of achieving RVR/cEVR among difficult to treat
chronic hepatitis C patients. The reproducibility of the
model was confirmed by the independent validation
datasets. According to the result of the CART, patients
were categorized into 3 groups: the rate of RVR/cEVR
was 16% for low probability group, 46% for intermedi-
ate probability group and 75% for high probability
group. The result of the CART analysis could be readily
applicable to clinical practice because patients could be
allocated to specific subgroups with a defined rate of
response simply by following the flow-chart form.
Although an early disappearance of serum HCV RNA is
the prerequisite for achieving SVR, no reliable baseline
predictors of response to PEG-IFN plus RBV therapy are
established to date. Thus, this model may have the
potential to support decisions in patient selection for
PEG-IFN plus RBV therapy or to tailor treatment strate-
gies for individual patients. Moreover, our result may
provide a rationale for treating metabolic factors to
improve the efficacy of antiviral therapy.

Among variables relevant to the prediction of RVR/
cEVR, the grade of hepatic steatosis was selected as the
variable of the first split. Previous studies suggested that
steatosis induces resistance to IFN and RBV combina-
tion therapy?®?! along with underlining metabolic
factors such as insulin resistance or obesity.2'-* In the
present study, the grade of steatosis correlated positively
with BMI and serum glucose level (data not shown)
suggesting the etiologic role of metabolic factors. In
addition, serum glucose level was selected as a predictor
of RVR/cEVR at the fourth level of split. Serum GGT,
which is associated with obesity,”® insulin resistance?
and response to IFN therapy,”-* was also selected as a
predictor of RVR/cEVR at fourth level of splitting which
may emphasize the importance of metabolic factors in
therapeutic resistance. These findings raise the possibil-
ity that treatment of these metabolic factors may
improve the virological response to the PEG-IFN plus
RBV therapy. This hypothesis should be examined by a
prospective study.

We and others have reported that steatosis, obesity
and insulin resistance are associated with the progres-
sion of fibrosis,'”*-** which can interfere indirectly with
the effect of IFN on hepatocytes. Other possible mecha-
nisms of resistance by steatosis or metabolic factors
include dysregulation of adipocytokines* or oxidative
stress which may inhibit intracellular IFN signaling

© 2009 The Japan Society of Hepatology
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pathway.*® Despite these findings, the precise mecha-
nism of resistance is not established and further inves-
tigation is needed.

Another factor relevant in the prediction of RVR/cEVR
was LDL-C. LDL-C was selected as the second factor for
splitting by CART, and was an independent predictor of
RVR/cEVR by logistic regression analysis. LDL-C recently
has attracted attention as a novel predictor of response
to IFN or PEG-IFN plus RBV.2%%37 Since in vitro study
showed that LDL-C receptor acts as a receptor for HCV
and LDL-C competitively inhibit the binding of HCV,*
high level of serum LDL-C may inhibit HCV entry to
hepatocytes and attenuate replication. LDL-C and its
receptor may be a future therapeutic target.

Not all factors selected as significant variables in the
CART analysis were also significantly associated with
response by standard statistical analysis: blood sugar
was associated with response by univariate analysis but
not by multivariate logistic regression analysis On the
other hand, HCVRNA and creatinine which were signifi-
cantly associated with RVR/cEVR by multivariate analy-
sis were not selected as significant variables in CART
analysis. These differences may indicate both the unique
feature and the limitations of the CART analysis. To
note, blood sugar was significantly associated with RVR/
cEVR within specialized subgroups of patients defined
by the CART analysis: in subgroup of patients with ste-
atosis <30%, LDL-C <100 mg/dL and younger than 60,
which indicate the unique feature of the CART analysis
that it could visualize significant predictors that specifi-
cally apply to selected patients. The limitation is that not
all significant factors may be adopted in the decision
tree since we applied the rule to stop CART procedure
when the sample size was below 20. This rule was
applied to avoid the generation of over-fit model which
may lack universality. Therefore, it is possible that
HCVRNA or creatinine may become a significant vari-
able in the CART analysis if larger number of patients
were included in the analysis. Stage of fibrosis was
significantly associated with response to therapy by
univariate analysis but not by multivariate analysis and
not selected as a significant variable in the CART analy-
sis. The possible reason is that advanced fibrosis is asso-
ciated with older age as a confounding factor.

CART analyses are gaining acceptance in medical
research in addition to biomedical field. Recent publi-
cations include the prediction of aggressive prostate
cancer,® diabetic vascular complications,'? prognosis of
melanoma,’* response to preoperative radiotherapy for
rectal tumor,’ prognostic groups in colorectal carci-
noma,'? and outcome after liver failure."” An advantage
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of CART over traditional regression models is that it can
identify prognostic subgroups that are useful in clinical
practice. Because the results of CART analysis are pre-
sented as a decision tree, which is intuitive, they can be
readily interpreted by medical professionals without any
specific knowledge of statistics. The most important
consideration is that five variables used in the decision
tree were clinical parameters that are readily available by
the usual work-up of patients before therapy. Especially,
glucose, GGT and LDL-C are simple biochemical
markers that are easily measured at a low cost. Using
this model, we can rapidly develop an estimate of the
response before treatment, which may facilitate clinical
decision making.

In conclusion, we built a pre-treatment model for the
prediction of virological response in PEG-IFN plus RBV
therapy. Because this decision tree model was made up
of simple host factors such as steatosis, LDL-C, age,
blood sugar and GGT, it can be easily applied to clinical
practice. This model may have the potential to support
decisions in patient selection for PEG-IFN plus RBV
therapy based on the possibility of response against a
potential risk of adverse events or costs, and may
provide a rationale for treating metabolic factors to
improve the efficacy of antiviral therapy.
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Hepatic steatosis in chronic hepatitis C is a significant risk

factor for developing hepatocellular carcinoma ,
independent of age, sex, obesity, fibrosis stage and
response to interferon therapy
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Aim: Hepatic steatosis is linked to development of hepato-
cellular carcinoma (HCC) in non-viral liver disease such as
non-alcoholic steatohepatitis. The present study aimed to
assess whether hepatic steatosis is associated with the devel-
opment of HCC in chronic hepatitis C.

Methods: We studied a retrospective cohort of 1279
patlents with chronic hepatitis C who received interferon (IFN)
therapy between 1994 and 2005 at a single regional hosplta
in Japan. Of these patients, 393 had a sustained virological
response (SVR) and 886 had non-SVR to IFN therapy. After.IFN.
therapy, these patients were screened for development of
HCC every 6 months. The average period of observation was
4.5 years.

Results: HCC developed in 68 patients. The annual inci :

of HCC was 2.73% for patients with a steatosis grade of 10% !
greater and 0.69% for patients with a steatosis

On multivariate analysis, higher grade of steatosis was a sig-
nificant risk factor for HCC independent of older age, male
sex, , higher body mass index (BMI), advanced fibrosis stage

.and non-SVR to'JFN therapy. The adjusted risk ratio of hepatic
. "stéatosis was 3,04 (confidence interval 1.82-5.06, P < 0.0001),
¥ whichwas. higherthan that of older age (1.09), male sex (2.12),

non-SVR to {FN (2.43) and higher BMI (1.69).

onclusion: Hepatic steatosis Is a significant risk factor for
evelopment of HCC in chronic hepatitis C independent of
other known risk factors, which suggest the possibility that

{‘amelioratnun of hepatic steatosis may prevent hepatocarcino-
"genems

words: body mass index, fibrosis, sex, hepatocellular
arcinoma, interferon, steatosis, virological response.

INTRODUCTION

EPATOCELLULAR CARCINOMA {HCC) is one of
the most common cancers worldwide and its inci-
dence has been increasing.This recent increase in
HCC incidence may likely:b buted to the higher

Correspondence: *® Namtkl Lzurm, Division of Gastroenterology and
Hepatology, Musashino. Red Cross Hospital, 1-26-1 Kyonan-cho,
Musashino-shi, Tokyo 180- 8610, Japan. Email:
nizumi@musashinojrc.orjp -

Received 23 January 2010; revision 10 May 2010; accepted 21 May
2010.

© 2010 The Japan Soaety of Hepatology

prevalence of non-alcoholic fatty liver disease (NAFLD)
and hepatitis C virus (HCV) infection.!

Non-alcoholic fatty liver disease is characterized by
hepatic steatosis with or without inflammation in the
absence of excessive alcohol consumption. Several
studies have indicated the etiological association
between NAFLD and development of HCC.>* Other
studies have shown that obesity or diabetes, a common
etiology of non-alcoholic hepatic steatosis, is associated
with development of HCC.*> Although the mechanism
of carcinogenesis in NAFLD has not been determined,
an animal model showed that obesity-related hepatic
steatosis leads to the development of hepatic
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hyperplasia, suggesting the possibility that hepatic ste-
atosis is a pre-malignant condition.?

Another important etiological agent for HCC is HCV
infection. Because steatosis is a common pathological
feature of HCV-infected patients,® the important ques-
tion is whether steatosis influences the progression of
liver disease in hepatitis C, by analogy with NAFLD.
Several studies, incuding ours® indicated that
hepatic steatosis promotes the progression of hepatic
fibrosis.!*"** The association between hepatic steatosis
and the development of HCC in chronic hepatitis C has
been proposed'® and was confirmed in two studies'”®
while another study failed to show such an assoda-
tion.” The present study was conducted to analyze the
association between hepatic steatosis and development
of HCC in a large cohort of chronic hepatitis C patients,
which enabled to adjust for known risk factors for HCC,

METHODS

Patients

TOTAL OF 1437 chronic hepatitis C patients were
treated with interferon (IFN) at Musashino Red:
Cross Hospital between October 1994 and Octob
2005. Among them, 1279 patients who fulfilled :the
followmg inclusion criteria were enrolled i in thls study

hepatitis B virus, autoimmune hepatms or p
biliary drrhosis; (m) had undergone lxver i0p:

for hepatitis B surface anugen, 9? P
biopsy, 53 patlents w1th less than

ed HCC within
e study pro-
uidelines of the Decla-
by the institutional

1 year of the completion of IPN the
tocol conformed to the etlugal

>y, regular visits to our
hospital every 1-3 months Six patients died of liver-
unrelated dlsease (two pauams ‘with gastric cancer and
atic cancer a.nd leukemia). There were 122 patients
who were lost to followiup because of relocation. We
mduded thelr data in th ‘, analysis, censored at the time

© 2010 The Japan Sodiety of Hepatology

of follow up was defined as the date o d1agnos1s of HCC
or the date of the last visit. The average pv" od of follow

hyperglycech; Tugs Informatlon regarding alcohol
consumption was obtained through an interview. Body
mass index (BMI) was calculated using the following
formula: weight in kilograms/height in meters squared.
The baseline. clinical features of patients at enrollment

Hlstologlcal examination

spectmens were obtained from all patients
before. therapy. The median length of liver biopsy speci-
ens;i was 13 mm (range 10-42 mm) and median
number of portal tracts was 11 (range 4-30). Histologi-
cal ﬁndmgs were re-evaluated recently by three indepen-
dent patholog1sts who were blinded to the clinical
details to ensure consistency over time. Fibrosis and
actlvxty were scored according to the METAVIR scoring
system.? Fibrosis was staged on a scale of 0-4: FO (no
brosis); F1 (mild fibrosis: portal fibrosis without
septa); F2 (moderate fibrosis: few septa); F3 (severe
fibrosis: numerous septa without cirthosis); and F4 (cir-
rhosis). Activity of necroinflammation was graded on a
scale of 0-3: A0 (no activity); Al (mild activity); A2
(moderate activity); and A3 (severe activity). Percentage
of steatosis was quantified by determining the average
proportion of hepatocytes affected by steatosis and
graded on a scale of 0%, 1-9%, 10-29% and 30% or
greater as reported previously.'” All three pathologists
assigned the same scale in 85% of cases for fibrosis
staging, 87% for inflammation grading and 95% for
steatosis grading. If there was discordance, the scores
assigned by two pathologists were used for the analysis.

Screening for HCC

At enrollment, no patient had HCC or any suspicious
lesion on abdominal ultrasonography or computed
tomography. Patients were examined for HCC by
abdominal ultrasonography or computed tomography
at least every 6 months. Suspicious lesions were exam-
ined further by a triphasic contrast-enhanced computer-
ized tomography or magnetic resonance imaging,
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Table 1 Clinical characteristics of patients

Male, n (%) 643 (50%)
Age (years) 542+11.9
BMI (kg/m?) 23.4+£3.1
Alcohol consumption 220 g/day, n (%) 44 (3%)
Diabetes Mellitus, n (%) 197 (15%)
AST level (IU/L) 68.9+45.3
ALT level (IU/L) 92.9475.9
GGT level (TU/L) 41.2+38.2
Platelet count (x10'%/L) 164£5.2
HCV genotype, n (%)
1b 873 (68.2%)
2a 236 (18.4%)
2b 139 (10.9%)
3 2 (0.2%)
Not determined 29 (2.3%)
Histological findings
Grade of activity, n (%)
A0 154 (12%)
Al 574 (45%)
A2 441 (34%)
A3 110 (9%)
Stage of fibrosis, n (%)
FO 24 (2%)
F1 591 (46%)
F2 378 (30%) .
F3 {
F4
Grade of steatosis, n (%)
0% )
1-9% 543 (42%)
10-29% 215 (17%)
230%

SVR to interferon therapy, n (%)
Development of HCC, n (%)

angiography or tumor biopsy to 5:0' 1:th
Diagnostic criteria of HCC on radJo f findings were
hyper-vascularity at angiography ort attenuation at
triphasic contrast-enhanced: computenzed ‘tomography
or magnetic resonance imaging g the hepatic arte-
rial phase.

Statistical analys
The SPSS software package ver., 15 was used for statis-
tical analysis. Categorical data v were analyzed using Fish-
er’s exact test, Continuousvariables were compared with
Student’s - test, ‘The time for the development of HCC
was deﬁned as the time . ﬁ'om the completion of IFN

RESULTS

Background factors for steatosis

ATIENTS WITH atosis grade of 10% or greater

were older (53. 6+12.6 vs 56.0+9.8, P=0.001),
hadahlgherBMI (23.0+ 3.0 vs 24.6 £ 3.3, P<0.0001),
higher frequency of diabetes (12% vs 24%, P < 0.0001),
i levels of aspartate aminotransferase (AST)
+43, P=0.002), Y-glutamyltransferase
vs 5233, P<0.0001), total choles-

(6646
(GET) (37

terol (173+32 vs 179 %33, P=0.005), triglycerides

123 £56 vs:145 +68,P<0. 0001) and a 1ower serum

34%, P< 0.0001) were higher. The proportion of non-

“sustained virological response (SVR) to IFN also was

higher (35% vs 19%, P< 0.0001). These results indicate
hat hepatic steatosis in hepatitis C is related to meta-
olic factors and associated with other risk factors for
the development of HCC such as older age, advanced
stage of fibrosis, and non-SVR to IEN therapy.

Factors associated with the development
of HCC

Hepatocellular carcinoma developed in 68 patients
during follow up. An overall annual incidence of HCC
development was 1.19% by person-years. The annual
incidence of HCC development by person-years was
higher in patients with higher grade of steatosis: 0.45%
for patients without steatosis, 0.78% for patients with
1-9% of steatosis, 2.30% for patients with 10-29% of
steatosis, and 3.56% for patients with 30% of steatosis.
The relative risk of hepatic steatosis (grade of 210%) for
HCC development was 4.39 (95% confidence interval
2.66-7.26, P < 0.0001). The difference remained signifi-
cant, even after stratification for other risk factors such as
IEN therapy, stage of fibrosis, age, sex and BMI (Fig. 1).
When analyzed by the multivariate Cox proportional

© 2010 The Japan Society of Hepatology

— 449 —

55
56
57
58
59
60
61
62
63

64
65

66

67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83

85
86
87
88
89

90
91
92
93
94
95
96
97
98
99
101
102
103



|
|

|
JOBNAME: No Job Name PAGE: 4 SESS: 11 OUTPUT: Mon Jul 19 18:42:54 2010 SUM: 85AB5163

___/v2451/blackwell/journals/hepr_v0_i0/hepr_692

L N N P N

e e e
AW N = O

[
w

[a—
~IN

—
==

19
20
21

23
24

il
2
2
30
31

32
33

35
36
37
38

4 M. Kurosaki et al.

1 10 100 Odds ratio 95% C Pvalue
All P - 44 2.7-7.3 <0.0001
Age 260 B 12.3 4.1-37.3 <0.0001
Age <60 e 29 1.6-52 0.0006
Female - ] 4.7 2.1-10.,5 0.0002
Male e 43 22-8.2 <0.0001
SVR 80.8 3.1-15.9 0.0008
Non-SVR T e— 32 1.9-55 <0.0001
FO-2 e 47 21-10.3 0.0001 IEN) therapy, stage of fibro-
F3-4 ———— 5.3 4-2.7 0.0041
Em: ﬁg e e gg sustained virological

hazards regression method, a higher grade of steatosis,
older age, male sex, higher BMI, an advanced stage of
fibrosis and non-SVR to IFN therapy were independent
risk factors associated with the development of HCC
(Table 2). The adjusted risk ratio of hepatic steatosis was
3.04 (95% confidence interval 1.82-5.06, P < 0.0001).
The presence of diabetes and consumption of ethanol
were not significant. Figure 2(a) shows the Kaplan-
Meier curve of the time to development of HCC in the
entire cohort. The cumulative incidence of HCC was:
significantly higher with hepatic steatosis of 10% o significant steatosis is an independent risk factor for
greater. To adjust for other risk factors, patients were *the development of HCC in chronic hepatitis C. Our
stratified according to response to IEN therapy, stage of  studyinvolved the largest number of patients, compared
fibrosis, age, sex and BMI. The difference remained sig- to previous reports, and this enabled us to adjust for

DISCUSSION
NTHIS STUDY, we have shown that the presence of

Table 2 Multivariate analysis of risk factors for hepatocellular cinoma

Predictor 0Odds ratio (95% CI) P-value
Age 1.09 (1.05-1.13) <0.0001
Sex 2.12 (1.28-3.51) 0.004
Stage of fibrosis 4.30 (2.59-7.14) <0.0001
Grade of steatosis 3.04 (1.82-5.06) <0.0001
Response to IFN . 2.43 (1.13-5.23) 0.023
Diabetes Present vs absent 0.75 (0.42-1.33) 0.319
Ethanol consumption (g/day) 220 vs <20 0.50 (0.07-3.60) 0.478
BMI (kg/m2) 223 vs <23 1.69 (1.02-2.86) 0.043

BMI, body mass index; CI, confidence interval; IEN, interferon; SVR, sustained virological response.

Figure 2 Cumulative incidence ofhepatocellular carcinoma (HCC) among patients with steatosis (solid line) and without steatosis
(dotted line), stratified by other risk factors. The cumulative incidence of HCC was (a) significantly higher in patients with a
steatosis grade of 10% or greater (P < 0.0001 by the log—rank test), even after (b) stratification by the response to interferon therapy
(P <0.0001 for sustamed \ 'rologlcal response [SVR] and non-SVR by the log-rank test), (c) stratification by the stage of fibrosis
(P <0.0001 for F0-2 ‘and P = 0.0036 for F3-4 by the log-rank test), (d) stratification by age (P = 0.0001 for age 260 and P < 0.0001
for age <60 by the log-rank test), (e) stratification by sex (P < 0.0001 for men and women by the log-rank test), and (f) stratification
by body mass index (BMI) (P < 0.0001 for BMI 223 kg/m? and <23 kg/m? by the log-rank test). The number of patients at risk is
shown below each graph. .’
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(a) Entire cohort

80%-+ ~ Steatosis 10%<
.| - Steatosis 0—9“'%

70%-
2 60%1
-50%—
© 40%
30%1
20%-
10%-
0%+

Cumulatlve incidence
of HCC,

2 34567 89101112
Years of follow up

Number of patients at risk

Steatosis 0-9% 927 824 620 503 320 227 161 117 77 49 27 10
Steatosis 210% 352 271 207 157 113 83 54 48 32 179 1

0 1

() Stratified by stage of fibrosis
@ 80%] — F3-4, Steatosis >210%
Q
e F3-4, Steatosis 0-9%
_§ 70%1 E teatosis >10%
-5 ¥60%] FO—2 Steatosis 0-9%
£ (550%
2 240%1
K %5 30%]
= o0, VPRI |
- —
o °
0%.;
0 1
Years of follow up
Number of patients at risk
FO-2

Steatosis 0-9% 759 623 509 415 266 188 137 99
Steatosis 210% 234 190 146 107 77 55 37 32 1
F3—4

Steatosis 0-9% 118 81 61 50 36 28 17 1
Steatosis 210% 168 138 111 88 54 39 23

(e) Stratified by gend
8 % — male, Steatosns >10%
g 80%q — e Bloatosis 0-9%
@ 70%7 _female, Sioatosis >10%

% R60% female, Steatosis 0-9%
(=

:

§

|
_ﬁ e

Male

Steatosis 0-9%
Steatosis 210%
Female
Steatosis 0-9%
Steatosis 210%

4571372 3012387151 101 71 5
479137 109.84 59 43 33 2

~Nr

Steatosis and HCC in chron_ic-he ati

(b) Stratified by response to IFN. theragy
8 80%{ ~— Non-SVR, Steatosis 210%
€ e Non-SVR, Steatosis 0-9%

g 70%| — SVR, Steatosis >10%

B R60%] SVR, Steatosis 0-9%
= ¢3'50%
£ 240%

T %5 30%

g 20%-
3 10% I |

o 00/:* - J—

78 9 10 11 12

SVR

Steatosis 0-9% :25: 153 81 55 33 21 15 050
Steatosis 210% 67 50+ 10 4 20
Non-SVR

Steatosis 0—9% 601 507 416 350 23917212896 62 39 22 10
Steatosis > 22117313599 73 50 44 28 15 7 1

tratified by age

— Age >60 Steatosis 210%

- Age 60, Steatosis 0-9 %
— Age <60, Steatosis 210%
- Age <60, Steatosis 0-9%

123 456 7 8 9101112
Years of follow up

:Number of patients at risk

‘Ade <60

Sieatosis 0-9% 549 457 367 298 188 148 111 83 53 33197

Steatosis 210% 193 154 111 83 61 48 34 31 23 12 6 1

ge 260

6
Steatosis 0-9% 378 304 253205 13279 50 34 24 16 8 3
Steatosis >10% 159 11796 74 52 35 20 17 9 5 3 0

Stratified by BMI

—_
=
=

80%1 =~ BMI 223, Steatosis 210%
70% - BMI >23; Steatosis 0-9%
— BMI <23, Steatosis >10%

2 60%1 " BMI <23, Steatosis 0-9%

Cumulative incidence

012345678 9101112
Years of follow up

Number of patients at risk

BMI 223

Steatosis 0-9% 417 346 269 213 12094 66 49 31 19 8
Steatosis 210% 226 176 13710171 55 34 33 20 10 5
BMI <23

Steatosis 0-9% 510 415 351 290 191 13395 68 46 30 19
Steatosis >10% 12695 70 56 42 28 20 15 12 7 4
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1 other known risk factors for HCC. The impact of steato-
2 sis on HCC development remained significant even after
3 adjusting for other risk factors such as older age, male
4 sex, higher BMI, advanced fibrosis and non-SVR to IFN
5 therapy. These findings indicate the need of intensive
6 surveillance for HCC in patients with significant steato-
7 sis and provide an argument for therapeutic interven-
8 tions aimed at reducing steatosis, in order to reduce the
9 tisk of HCC.
10 The association between hepatic steatosis and the
11 development of HCC in chronic hepatitis C has been
12 proposed and the possible mechanism has been dis-
13 cussed.'® There are several cohort studies on this topic
14 but their results are conflicting, The first report
15 included 20 patients with SVR to IFN, 51 patients with
16 non-SVR to IFN and 90 patients who did not receive
17 IEN therapy.” In this cohort of 161 patients, older age,
18 absence of IEN therapy, cirrhosis and steatosis were
19 associated with HCC development. Another study
20 involved 25 patients with HCC and an equal number
21 of patients who did not develop HCC, matched for
22 age, sex, HCV genotype and stage of fibrosis.”” In this
23 study, only ALT and albumin were identified as predic-
24 tors of HCC and steatosis was not. The authors
25 acknowledged the small size of the cohort as a limi
26 tion and emphasized the need for larger cohort
27 studies. The third study analyzed explanted liver from
28 cirthotic patients who underwent liver transplan on
29 and included 32 patients with HCC and 62~pauents
30 without HCC.'® The authors found that oldgr age,
31 higher o-fetoprotein levels and steatosis were signi
) cantly associated with HCC. The major advantage of
33 this study was the standardization of fibrosis tage to.
34 cirrhosis. On the other hand, a hmmmon
35 rospective nature of the study; stea'gq valus
36 after the diagnosis of HCC, when cirrhosis already was
37 present (fibrosis stage F4). Because steatosis-has been
38 reported to decrease once cirrhosis: has developed this
39 study may have underestimated the grade of steatosis
40 present prior to the development.
41 cannot simply apply their-findin
42 where biopsies are usually, btained before the devel-
43 opment of cirthosis and years before the development
44 of HCC. Based on that: backgroun | the principal aim
45 of this study was to analyze the association between
46 hepatic steatosis and the development of HCC in
47 chronic hepatitis C paﬁents ad)usung for known risk
43 factors. We found:that steatosis was an independent
49 tisk factor by the multivariate Cox proportional
50 hazards regression analys1s and by the Kaplan-Meier
51 method and 1og-rank test after stratification by other

© 20: The,]apan‘? E‘éociety of Hepatology

How steatosis contributes to the development of HCC
remains unclear. Several smdles mcludmg ours,'® indi-

cated that hepatlc steatosxs prom the progressxon of

c negiilasia developed in
ibrosis, supporting the concept
that metabolic abnonnah telated to obesity initiate
the neoplastic process [ Leptin, an adipocytokine related
to steatosis in- chromc hepatitis C,2! was shown recently
to be mitogenic in an liver”? and thus may be a link
between steatosis and’ HCC development. Otherwise,
steatosis may be responsible for increased lipid peroxi-
dation and reactive oxygen species which induce genetic
damage. > Another study showed that mice transgenic
for the HCV core gene developed hepatic steatosis early
in life and ther_eafter HCC which indicates that the HCV
core protein has a chief role in the development of both
eatos1s and HCC development.”® The precise mecha-
sm of the association between steatosis and carcino-
genesis geeds further investigation.

The higher incidence of HCC in patients with signifi-
t steatosis has important clinical implications. The
most important question is whether therapeutic inter-

.. ventions aimed at reducing steatosis could reduce the
* zisk of HCC in chronic hepatitis C. Because the adjusted
risk ratio of hepatic steatosis was higher than that of

older age, male sex, non-SVR to IFN and higher BM],
we hypothesize that modification of lifestyle and the
amelioration of hepatic steatosis may efficiently prevent
hepatocarcinogenesis in patients having concomitant
risk factors. Apparently, further prospective studies
focusing on this point are necessary. Weight reduction
may provide an important treatment strategy because
one study indicated that weight reduction in chronic
hepatitis C leads to a reduction in steatosis and an
improvement in fibrosis despite the persistence of HCV
infection.”’ Alternatively, insulin resistance may be
another target of therapy because a study showed that
the administration of pioglitazone led to metabolic
and histological improvement in subjects with non-
alcoholic steatohepatitis.® A limitation of the present
study was that data for the plasma insulin concentration
was not available and thus insulin resistance could not
be assessed. Whether insulin resistance plays a role in
hepatocarcinogenesis or its amelioration could improve
steatosis and ultimately prevent development of HCC in
chronic hepatitis C awaits future investigation.
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1 Another important finding of the present study was
2 that steatosis was a significant risk factor for the devel-
3 opment of HCC in patients with SVR to IFN therapy.
4 Thus, steatosis may play a role in carcinogenesis in
5 patients who have cleared HCV. Several studies have
6 shown that the incidence of HCC is reduced but not
7 eliminated in those with SVR to IFN.*-%! Because the
8 predictors of HCC development in SVR patients have
9 not been established to date, steatosis may be used to
10 identify patients who need intensive surveillance and
11 long-term follow up, even after the clearance of HCV. In
1 conclusion, we showed that hepatic steatosis is signifi-
13 cantly associated with the development of HCC in
14 chronic hepatitis C independent of age, sex, BMI, degree
15 of fibrosis and response to previous IFN therapy. Steato-
16 sis may be a useful marker for identifying patients at
17 higher risk for HCC. Further studies are needed to evalu-
18 ate the hypothesis that therapeutic interventions aimed
19 at reducing steatosis may prevent hepatocarcinogenesis.
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