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

tree analysis
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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 alpha-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 (<120mg/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-IEN) 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, oralcohol intake of
more than 20 g per day, and (v) having completed at
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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 tothe clinical
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.'® 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-
rhosis) 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 clinical 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 funiction: (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,
1L) 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,
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