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Discussion

The present study revealed that viral factors such as substitutions in ISDR and
Core70 are significant and independent predictors of sustained virological response to
PEG-IFN plus RBV in chronic hepatitis C. In a decision-treec model for the pretreatment
prediction of sustained virological response, the number of substitutions in ISDR was
the best predictor of sustained virological response, followed by younger age, wild-type
sequence at Core70, higher level of LDL-C, and absent fibrosis. This decision-tree
model could identify patients with high probability of sustained virological response
(83%) among difficult-to-treat genotype 1b chronic hepatitis C patients. Using this
model, rapid estimates of the response before treatment can be made by allocating
patients to specific subgroups with a defined rate of response simply by following the
flowchart form. Because more potent therapy, such as a combination of protease
inhibitor, PEG-IFN, and RBY, is under clinical trial and may become available in the
near future [Hezode et al., 2009; McHutchison et al., 2009], pretreatment prediction of
the likelihood of sustained virological response may be useful for both patients and
physicians to support clinical decisions whether to start current standard therapy or to
wait for emerging new therapics.

Two or more substitutions in ISDR had a strong impact on sustained virological
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response, because this factor was selected as a top variable in decision-tree analysis and
had the highest odds ratio in multivariable analysis. Moreover, even among patients
with unfavorable ISDR (0 or 1 mutation), younger patients (<60 years) with the
wild-type sequence at Core70 and high level of LDL-C (>120 mg/dL) had a high rate of
sustained virological response. The sustained‘ virological response rate of these 2
subgroups of patients was 83% in the model-building patients and 75% in the validation
patients. Thus, patients with high possibility of sustained virological response could be
extracted by the combined analysis of ISDR and Core70. These patients may be the
best-suited candidates for treatment with the current combination therapy. Conversely,
the following patients with O—1 mutation in ISDR had a low probability of sustained
virological response (32%-35%): (1) older (>60 years); or (2) younger (<60 years)
patients but having mutant-type sequence at Core70; or (3) younger (<60 years) patients
having a wild-type sequence at Core70, but having a low level of LDL-C (<120 mg/dL)
and advanced fibrosis. These patients may be advised to wait for a more effective
therapy. Decision may be made on a case-by-case basis, taking into account the
potential risk of disease progression while waiting.

In a previous decision-tree model using simple and noninvasive standard tests

that are available readily worldwide [Kurosaki et al., 2010b], the rate of sustained
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virological response was at most 65%-76% among those in the high-probability group.
That model focused on use by general physicians in routine general practice, especially
where specialized resources, such as liver biopsy or determination of viral sequences,
are not available. In that model, younger age, male sex, higher platelet counts, lower
alpha-fetoprotein (AFP) levels, and lower GGT levels were identified as favorable
predictive parameters. Higher AFP levels and lower platelet counts that are hallmarks of
advanced fibrosis [Akuta et al., 2007b; Shiratori and Omata, 2000] were associated with
low probability of sustained virological response in that model. On the other hand, the
present analysis aimed to clarify the significance of viral factors for pretreatment
prediction of sustained virological response, and to build an advanced model that may
be used by specialist physicians engaged in the treatment of hepatitis. In the present
model, stage of fibrosis was sclected as a predictive factor, but at lower level of
significance than HCV mutations. Morcover, the predicted rate of sustained virological
response in the high-probability group of the present model is higher than that in the
previous model (75%-83% versus 65%—76%). These results indicate that substitutions
in ISDR and Core70 were important pretreatment predictors of sustained virological
response. Determination of these viral factors is not available readily in clinical practice,

but is of value in improving the accuracy of pretreatment prediction of sustained
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virological response.

Substitutions in ISDR and Core70 have been reported previously to be
associated with efficacy of IFN therapy. The association between the number of
substitutions in ISDR and response to therapy was demonstrated originally in patients
treated with IFN mono-therapy [Enomoto et al., 1995; Enomoto et al., 1996; Kurosaki
et al., 1997], but recent studies have reported a positive correlation with PEG-IFN and
RBV combination therapy as well [Ikeda et al., 2009; Munoz de Rueda et al., 2008;
Shirakawa et al., 2008]. Another important viral factor relevant to treatment response is
amino acid substitution in Core70. The sequence of this amino acid was reported
originally to be associated with non-response to therapy [Akuta et al., 2005], but
subsequent studies confirmed the positive correlation of a wild-type Core70 with
sustained virological response [Akuta et al., 2009]. The multiple logistic regression
analysis showed that ISDR and Core70 were independent factors associated with
sustained virological response along with host factors. How these important viral factors
and other host factors can be combined to predict response to PEG-IFN plus RBV is an
important clinical question. Decision-tree modeling can make the response probability
apparent by combining all these factors. Some factors that may be associated with

treatment outcome, such as levels of ferritin or homocysteine, were not included. This
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may be a potential limitation of the present study.

It is of interest that a recent study by Li et al. [Li et al., 2010] has shown that a
high serum level of LDL-C is linked to the J/L28B major allele (CC in rs12979860). In
that study, a high serum level of LDL-C was associated with sustained virological
response, but it was no longer significant when analyzed together with the /1.28B
genotype in multivariate analysis. Thus, the association between treatment response and
LDL cholesterol levels in the present study may reflect the underlining link of LDL
cholesterol levels to the IL28B genotype. Recent reports indicate that the IL28B
genotype and HCV substitutions are correlated closely [Akuta et al., 2010; Kurosaki et
al., 2010c]. Still, Core70 [Akuta et al., 2010] or ISDR [Kurosaki et al., 2010c| were
predictors of response to therapy independent of fL28B genotype. Future study is
needed to elucidate the possible mechanisms underlying the association between HCV
sequences and host genetic factors, and also the role of host and viral factors for the
prediction of treatment response.

In conclusion, a data mining analysis emphasized the impact of substitutions in
ISDR and Core70 on pretreatment prediction of sustained virological response to
PEG-IFN plus RBV therapy. A decision-tree model that includes substitutions in ISDR

and Core70 of HCV could identify patients with high probability of sustained
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virological response, and could thereby improve the predictive accuracy over

predictions that are based on standard tests.

22

John Wiley & Sons

Page 22 of 40

VI - 99



VI -

Page 23 of 40

CoO~NOO A~ WN =

100

Journal of Medical Virology

Predictive model of response to peg-IFN and RBV Kurosaki et al.

Acknowledgements
This study was supported by a Grant-In-Aid from the Ministry of Health, Labor

and Welfare, Japan. The authors report no conflicts of interest.

23

John Wiley & Sons



OONOU & WN =

10

11

13

14

15

16

17

18

Journal of Medical Virology

Predictive model of response to peg-IFN and RBV Kurosaki et al.

Figure legends

Figure 1. Decision-tree model.

Boxes indicate the factors used for splitting and the cutoff value for the split.
Pie charts indicate the rate of sustained virological response for each group of patients
after splitting. Terminal subgroups of patients discriminated by the analysis are
numbered from 1 to 7. The rate of sustained virological response was >80% in
subgroups 1 and 2, 64% in subgroup 3, and 31%-36% in subgroups 4, 5, and 6. LDL-C
represents low-density lipoprotein cholesterol and Core70 represents amino acid

substitution at position 70 of the core region.

Figure 2. Validation of the decision-tree analysis: Subgroup-stratified comparison of
the rate of sustained virological response.

Each patient in the validation set was allocated to subgroups 1-6 by following
the flowchart form of the decision tree, and the rates of sustained virological response
were then calculated and plotted for each subgroup. The X axis represents the rate of
sustained virological response in the model-building datasets and the Y axis represents
the rate of sustained virological response in the validation datasets. The rates of

achieving sustained virological response in each subgroup of patients correlated closely
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between the model-building dataset and the validation dataset (correlation coefficient: r*

=0.94).

Figure 3. Comparison of sustained virological response rates between groups divided
by the decision tree.

The rate of sustained virological response was compared between 3 groups of
patients as divided by the decision-tree analysis. White, gray, and black boxes indicate
the low-probability group (subgroup 4, 5, and 6), intermediate-probability group
(subgroup 3), and high-probability group (subgroup 1 and 2), respectively. The rate of

sustained virological response showed significant difference between the 3 groups.

Figure 4. Comparison of the rate of sustained virological response between the
decision-tree groups stratified by drug adherence.

The 3 groups of patients divided by the decision tree (black, gray, and white
boxes indicating the low-, intermediate-, and high-probability groups, respectively)

were further stratified according to cumulative drug exposure to PEG-IFN and RBV.
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Table 1. Comparison of pre-treatment factors between model building and validation patients

Model (n=304)  Validation (n=201) P value
age (years) 55.6 (9.4) 56.0 (122) 0.80
male (%) 53 (%) 55 (%) 0.13
body mass index (kg/m2) 23.1 (3.1 23.1 (4.0) 0.99
albumin (g/dL) 40 (0.3) 40 (0.3) 0.47
creatinine (mg/dl) 0.72  (0.15) 0.72 (0.14) 0.62
AST (TU/L) 63.3 (45.6) 58.9 (46.4) 0.91
ALT(IU/L) 78.7 (58.6) 74.5 (67.5) 0.68
GGT (IU/L) 53.2 (49.1) 574 (63.5) 0.43
total cholesterol (mg/dl) 170.9 (32.6) 1694 (34.1) 0.33
triglyceride (mg/dl) 107.0 (44.7) 105.7 (48.0) 0.90
LDL-C(mg/dl) 95.5 (28.0) 96.4 (28.8) 0.34
White blood cell count (/uL) 4902 (1489) 4906 (1319) 0.86
Hemoglobin (g/dL) 4.1 (1.3) 143 (1.4) 0.09
Platelets (10°/L) 164 (56) 172 (55) 0.68
HCVRNA (10°TU/ml) 1859 (1468) 2021 (1393) 0.09
ISDR mutations: 2 (%) 15 (%) 20 (%) 0.11
Core 70: mutant (%) 36 (%) 29 (%) 0.22
Core 91: mutant (%) 40 (%) 36 (%) 0.20
Fibrosis: F2-4 (%) 49 (%) 48 (%) 0.36
Activity: A2-3 (%) 42 (%) 34 (%) 0.10

Data expressed as mean (SD)

AST: aspartate aminotransferase
ALT: alanine aminotransferase

GGT: gamma-glutamyltransferase

LDL-C: low-density-lipoprotein-cholesterol

ISDR: interferon sensitivity determining region
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Table 2. Multivariable logistic regression analysis for factors associated with SVR

Parameter Odds 95% Cl p value
Age (years) <60 vs. =60 2.28 1.31-3.94 0.003
Gender Male vs. Female 3.36 1.87-5.99 <0.0001
GGT(IU/L) <40 vs. 240 2.65 1.45-4.85 0.002
LDL-C(mg/dl) >120vs. <120 1.79 0.91-3.53 0.094
Platelets (109/L) 2120 vs. <120 2.69 1.22-5.90 0.014
ISDR mutations >2vs. 0-1 9.92 3.71-26.54 <0.0001
Core 70 Wild vs. Mutant 1.92 1.07-3.47 0.030

GGT: gamma-glutamyltransferase
LDL-C: low-density-lipoprotein-cholesterol
ISDR: interferon sensitivity determining region

John Wiley & Sons

Page 36 of 40

vi- 113



