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a b s t r a c t
Background: Aim was to select naïve patients with genotype 1 chronic hepatitis C having a high probability
of response to Peg-interferon + ribavirin therapy.
Methods: In 1073 patients (derivation cohort), predictors of rapid and sustained virological response
were identiﬁed by logistic analysis; regression coefﬁcients were used to generate prediction models for
sustained virological response. Probabilities at baseline and treatment week 4 were utilized to develop
a decision rule to select patients with high likelihood of response. The model was then validated in 423
patients (validation cohort).
Results: In the derivation cohort, 257 achieved rapid virological response and 818 did not, with sustained
virological response rates of 80.2% and 25.4%, respectively; interleukin-28B polymorphisms, ﬁbrosis staging, gamma-glutamyl transferase, and viral load predicted sustained virological response. Assuming a
<30% sustained virological response probability for not recommending Peg-interferon + ribavirin, 100
patients (25.6%) in the validation cohort were predicted a priori to fail this regimen. Assuming a ≥80%
sustained virological response probability as a threshold to continue with Peg-interferon + ribavirin, 61
patients were predicted to obtain sustained virological response, and 55 of them (90.2%) eventually did.
Conclusions: This model uses easily determined variables for a personalized estimate of the probability
of sustained virological response with Peg-interferon + ribavirin, allowing to identify patients who may
beneﬁt from conventional therapy.
© 2014 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction
For patients with hepatitis C virus genotype 1 (HCV-1) infection,
triple therapy with peg-interferon and ribavirin (PEG/RBV) plus
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HCV NS3-NS4a protease inhibitors has boosted sustained virological response (SVR) to levels as high as 63–75% [1,2]. The arrival of
novel therapies directed against speciﬁc viral targets holds promise
of even greater success [3,4]. Eligibility for treatment will remain
driven largely by efﬁcacy, safety and affordability of antiviral therapies. Conventional dual therapy with PEG/RBV remains efﬁcacious
for about 40–50% of HCV-1 patients who have never been treated
before [5,6]. Accordingly, the a priori estimation of the individual likelihood of response to PEG/RBV could effectively maximize
treatment efﬁcacy while containing health care costs. Indeed, this
strategy may drive an individualized treatment algorithm.
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Patients who clear the virus after the initial 4 weeks of PEG/RBV
therapy are the best candidates to obtain viral eradication [7]. By
pooling data from several trials, we estimated that this condition
may be achieved by 25–30% of naïve HCV-1 patients in Europe
and in Australasia [8]. Several guidelines recommend for all previously untreated HCV-1 patients to commence therapy with a
4-week phase of PEG/RBV before the addition of a protease inhibitor
[9–12]. Albeit this strategy would allow patients with rapid virological response (RVR) to obviate the use of a protease inhibitor
[13] and could eventually be utilized to adjust treatment duration
[5,14], it would expose naïve patients unlikely to obtain RVR to
suboptimal therapy.
Some host and viral features at baseline that portend a low
likelihood of obtaining SVR after PEG/RBV have been recognized
[5,14–18]: the staging of liver ﬁbrosis, serum gamma-glutamyl
transferase (␥GT) levels, HCV viral load, and the interleukin-28B
polymorphisms (IL28B) have been concordantly recognized as
impacting on the outcome of dual therapy. However, although
useful, these predictors are only capable of identifying gross subclasses of patients. Indeed within each subclass, i.e. liver cirrhosis,
some patients will and some others will not respond to PEG/RBV.
What is currently lacking is a tool to assess the a priori probability
of the therapeutic outcome before the patient actually undergoes
PEG/RBV, in the same way as the MELD score estimates the probability of mortality for patients with end-stage liver disease [19].
We aimed to develop a prediction model capable of estimating probability of responding to dual therapy with PEG/RBV at
presentation. The robustness of the model was validated in an independent cohort of naïve patients. Such a tool could assist physicians
in counselling patients on the most appropriate antiviral therapy.
2. Materials and methods
2.1. Patients
This investigation refers to a retrospective analysis of a database
of 1075 naïve HCV-1 patients with chronic hepatitis, who underwent PEG/RBV treatment at 15 Italian centres between 2005 and
2010. These patients were used as a model derivation cohort. Main
characteristics of patients, as well as relevant inclusion and exclusion criteria, have been presented elsewhere [7]. Baseline features
recorded included age, gender, serum levels of alanine-aminotransferase (ALT), and gamma-glutamyl transferase (␥GT), blood
platelet counts, HCV viraemia levels, genotypes of the IL28B locus,
diabetes and the stage of liver ﬁbrosis. The latter information was
scored from 0 to 4, based on liver histology according to Metavir
[20] or liver elastometry (Fibroscan) [21]. Patients with clinically
evident cirrhosis, granted by concomitant laboratory abnormalities
(such as platelet count <100,000 mL–1 and/or an APRI score >1.5)
[22] and ultrasound evidence of portal hypertension (portal vein
diameter >13 mm and spleen longitudinal diameter (>14 cm) [23]
we scored as ﬁbrosis stage 4.
In order to generalize the validity of the prediction model [24],
an independent cohort of 423 naïve patients who received PEG/RBV
treatment during the same time span was used as an external validation setting. These patients were recruited between 2003 and
2012 at 7 Italian centres who did not participate in the previous
study [7].
2.2. Methods
Virological analyses and IL28B genotyping were conducted as
previously reported [7]. Commercial assays were used to measure
HCV RNA levels at local investigational sites, but real-time PCR
based methods were used in all centres: levels below the lower
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limit of quantiﬁcation at treatment week 4 or at week 24 of follow
up off therapy were taken as indicative of RVR or SVR, respectively. All patients had given prior informed consent for use of
data and serum for research purposes. The study was conducted
in accordance with provisions of the Declaration of Helsinki and
Good Clinical Practice Guidelines.
2.3. Statistical analysis
Continuous variables, i.e. age (in years), platelet counts
(×103 cells/mL), HCV RNA levels (IU/mL), and serum ALT (expressed
as times the upper normal limit) were summarized by median, ﬁrst
and third quartile because most of them showed a skew distribution
which signiﬁcantly departed from the normal density. All remaining variables were categorized as follows: diabetes (yes, no), ␥GT
(normal, abnormal), ﬁbrosis stage (F1, F2, F3, F4), HCV-1 subtype
(1a, 1b), HBcAb status (positive, negative), genotype (1a, 1b) and
described by absolute and relative frequencies. The genotype of
the IL28B locus was given individually as CC, CT and TT. Associations between categorical variables were evaluated by 2 -test;
Fisher exact test was preferred in case of sparse tables. Continuous covariates were compared by t-test or Wilcoxon rank-sum test
when a signiﬁcant departure from normality was detected. Multivariate analysis was based on the logistic model [24]. The following
covariates at baseline were considered as factors potentially affecting the probability of achieving RVR and SVR: age, gender, stage
of liver ﬁbrosis, ILB28 genotyping, HBcAb status, diabetes, ␥GT,
platelet count, ALT, HCV viral load, and genotype. Variable selection was based on a non-automated backward selection, taking
correlation structure among covariates and clinical interpretation
of their effects into account. All numerical data were used as continuous variables in the multivariate analyses, except ␥GT that was
recorded as normal vs abnormal levels. Since the distribution of
HCV RNA levels was extremely skew, the log10 transformation of
values was used. Of considered variables, the maximum percentage of missing data was 3% for ALT determination. No attempt was
made to impute missing data, and incomplete observations were
excluded from multivariable analysis. In the ﬁnal logistic models
only four patients had incomplete information on selected covariates. When a model to predict SVR was developed, in addition to
baseline features, obtainment of RVR was also considered as an
on-treatment predictor.
To evaluate the ability of the proposed models to predict RVR
and SVR, receiver operating characteristic (ROC) curves were computed, and the area under the curve (c-statistic) reported. The
Hosmer and Lemeshow test was performed to detect possible lack
of ﬁt of the ﬁnal models to the observed data [25]. The conﬁdence
interval displacement diagnostic was used to measure the inﬂuence
of individual observations on the regression estimates [26]. The
change in deviance and in 2 statistic attributable to deleting the
individual observation was considered as well. Poorly ﬁtted observations were identiﬁed by the standardized deviance and Pearson
residuals. All analyses were performed using SAS version 9.3.
3. Results
3.1. Model derivation cohort
The cohort included 414 (38.5%) subjects who obtained SVR and
661 (61.5%) who did not. Baseline characteristics in the two subgroups of patients are shown in Table 1. SVR patients were younger,
had lower baseline viral load, more frequently had genotype CC of
the IL28B polymorphism, and included fewer cirrhotics. In addition, they presented more frequently with normal ␥GT levels,
and were less often diabetics. After treatment with PEG/RBV, 257
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Table 1
Characteristics of the 1075 naïve patients with HCV-1 infection included in the derivation cohort, and stratiﬁed by sustained virological response to dual therapy with
peg-interferon and ribavirin.
SVR (n = 414, 38.51%)
Median or number
Age (years)
Gender (male)
Fibrosis
F1
F2
F3
F4
IL28B
CC
TT/CT
Genotype (1a)
HBcAb status (positive)
Diabetes (yes)
␥GT (abnormal)
Platelets (×103 /mL)
ALT (×ULN)a
HCV RNA (×103 IU/mL)
Rapid virological response

No SVR (n = 661, 61.49%)
Q1–Q3 or %

Median or number

52
230

43–62
55.56

57
393

48–64
59.46

140
111
71
92

33.82
26.81
17.15
22.22

141
160
118
242

21.33
24.21
17.85
36.61

183
231
59
91
36
152
200
2.0
503

44.20
55.80
14.53
22.25
8.70
36.71
159–229
1.2–3.0
160–1330

206

49.76

p value

Missing

<0.0001
0.2075
<0.0001

0
0
0

Q1–Q3 or %

<0.0001

0

103
558
71
151
94
393
180
2.0
909

15.58
84.42
10.99
23.23
14.22
59.64
123–223
1.5–3.0
386–2099

0.0893
0.7111
0.0069
<0.0001
<0.0001
0.0288
<0.0001

23
16
0
2
0
16
0

51

7.72

<0.0001

0

SVR, sustained virological response; No SVR, failure to obtain sustained virological response; Q1–Q3, interquartile range; IL28B, interleukin-28B polymorphism; Genotype
1a, subtype of hepatitis C virus genotype 1; HBcAb, hepatitis B core antibody; ␥GT, gamma-glutamyl transferase; ALT, alanine-amino-transferase; HCV-RNA, hepatitis C virus
RNA serum levels.
a
ULN, upper limit of normal.

subjects (23.9%) achieved RVR and 818 did not; SVR rates were
80.2% and 25.4%, respectively.

3.2.1. RVR prediction (logistic Model A)
Among baseline features, IL28B genotype, staging of liver ﬁbrosis, ␥GT levels, and viral load were identiﬁed as predictors of RVR.
As RVR rates did not signiﬁcantly differ among patients with F1, F2,
and F3 ﬁbrosis, in the ﬁnal logistic model ﬁbrosis was categorized
as <F4 vs F4 (Model A, Table 2). The area under the cross-validated
ROC curve was 0.745 (Fig. 1A). Two individual patients were found
to be highly inﬂuential on the ﬁtting of the ﬁnal model. In order to
test the model robustness, they were excluded from the analysis,
and the model was reﬁtted: the maximum change in parameter
estimates was observed for the variable ﬁbrosis, whose regression
coefﬁcient decreased from −0.76 to −0.71 value; all the selected
variables remained highly signiﬁcant. Inspection of residuals led
to identify 34 poorly predicted observations (3.2%): in all, but one
of them, RVR was obtained, although the predicted probability was
lower than 0.14. The regression coefﬁcients, shown in Table 2 Panel
A, were used to develop an RVR score for each individual patient
according to the following formula:

was observed in the effect of F1, F2 and F3 on the rate of SVR, thus
ﬁbrosis stage was categorized as <F4 vs F4. A signiﬁcant interaction between RVR and ﬁbrosis emerged from the analysis. Although
only 55 (16.5%) cirrhotics experienced RVR, they had a much higher
probability to obtain SVR than those who did not achieve RVR
(OR = 30.0). Conversely, for non-cirrhotic patients, achievement of
RVR had a considerably lower impact in predicting SVR (OR = 5.07).
Conversely, ﬁbrosis F4 was a strong predictor of failure to respond
to PEG/RBV only in the absence of RVR. As illustrated in Fig. 2a, the
predictive capability of Model B, as measured by the area under
the cross-validated ROC curve, was 0.818. Five observations were
highly inﬂuent in determining the ﬁnal parameter estimates: all
these patients obtained RVR despite having a degree of ﬁbrosis F4,
but none of them achieved SVR. When the model was re-ﬁtted after
excluding these individuals, the major change was observed in the
interaction coefﬁcient which increased from 1.77 to 3.20. All the
selected covariates remained highly signiﬁcant. Residual analysis
identiﬁed 29 outliers (2.7%): 19 of them achieved SVR despite not
experiencing RVR and having a <0.14 predicted probability of SVR.
The remaining 10 patients failed to clear the infection despite their
estimated probability was higher than 0.87. We derived a SVR predictive score according to the parameter estimates (i.e., intercept
value and regression coefﬁcients) given in Table 3, by the following
formula:

RVR score = 4.21 (theintercept) − (1.37 ifIL28BTT/CT )

SVRScore = 3.95 − (0.02 × age) − (1.22 ifIL28BTT/CT )

3.2. Development of logistic models to predict virological
outcomes

− (0.63 ifF4fibrosis) − (0.47 ifabnormalgGT )

− (0.55 ifabnormalgGT ) − (0.44 × log 10 HCVRNA)

− (0.71 × 1og 10 HCVRNA).

+ (1.62 ifRVR) − (0.80 ifFibrosis = F4)
+ (1.78 ifRVRandFibrosis = F4).

According to the logistic model, the a priori estimated probability for the patient to obtain RVR was derived by the equation:
Exp(RVR Score)
ProbabilityofRVR =
.
1 + Exp(RVR Score)

(1)

3.2.2. SVR prediction given RVR status (logistic Model B)
At multivariate analysis (Table 2, Panel B), predictors of SVR
included age and RVR, in addition to the IL28B genotype, ﬁbrosis stage, ␥GT levels, and baseline viral load. Again, no difference

Finally, the probability of SVR was derived as follows:
Probability of SVR =

Exp(SVR Score)
.
1 + Exp(SVR Score)

(2)

3.2.3. Estimate of the a priori probability to achieve SVR after
Peg-IFN and ribavirin
After having estimated the probability of RVR by Model A and
the probability of SVR given RVR status by Model B, we estimated
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Table 2
Odds ratios for rapid virological response in the model derivation cohort: results from the logistic model based on baseline characteristics (Panel A) and including rapid
virological response at 4 weeks (Panel B).
Panel A
Variable

Parameter estimate

Odds ratio

95% Wald conﬁdence interval

p value

Intercept
IL28B TT/TC vs CC
Fibrosis (stage F4 vs stage <F4)
␥GT (abnormal vs normal)
HCV RNA (×unit, log10 scale)

4.21
1.37
−0.63
−0.47
−0.71

0.25
0.53
0.63
0.49

0.19
0.37
0.46
0.40

<0.0001
0.0007
0.0037
<0.0001

0.35
0.77
0.86
0.61

Panel B
Variable

Parameter estimate

Intercept
Age (years)
IL28B TT/CT vs CC
␥GT (abnormal vs normal)
HCV RNA (×unit, log10 scale)
Fibrosis (F4 vs <F4)
RVR (yes vs no)
RVR*Fibrosis
RVR yes vs no if Fibrosis < F4
RVR yes vs no if Fibrosis F4
Fibrosis F4 vs <F4 if RVR yes
Fibrosis F4 vs <F4 if RVR no

3.96
−0.02
−1.22
−0.55
−0.44
−0.80
1.62
1.78

Odds ratio

95% Wald conﬁdence interval

0.83 (10 years)
0.30
0.58
0.65

5.07
29.95
2.67
0.45

0.73
0.21
0.43
0.52

0.94
0.42
0.78
0.81

3.37
12.62
1.11
0.30

7.63
71.06
6.40
0.68

p value
0.0029
<0.0001
0.0004
<0.0001
0.0001
<0.0001
0.0003

Total number of patients = 1073 (missing 2); patients with sustained virological response (SVR) = 414 with rapid virological response (RVR = 257).
IL28B, interleukin-28B polymorphism; ␥GT, gamma-glutamyl transferase; HCV-RNA, hepatitis C virus RNA serum levels; RVR, rapid virological response.

the a priori probability for patients to achieve an SVR when PEG/RBV
would be administered. Indeed, Model B actually allows computing
two different SVR probabilities: the ﬁrst one in the event a patient
obtains RVR, the second one in the event he/she does not. Since
at presentation it is unknown whether a patient will or will not
obtain RVR, an a priori estimate of SVR will necessarily result from
a weighted balance of two distinct SVR probabilities. A basic rule
of probability allows to compute the a priori probability of SVR by

means of the following equation:
ProbabilityofSVR = (ProbabilityofSVRifRVR) × (ProbabilityofRVR)
+ (ProbabilityofSVRwithoutRVR)
× (ProbabilityofnoRVR).

(3)

Table 3
Model derivation cohort: rates of correct or incorrect predicted treatment failure (lack of sustained virological response) at baseline (A) and at week 4 (B) as a function of
increasing probability cut-off values.
(A)
Probability cut-off level

Selected patients (out of 1073)

0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60

222 (20.7%)
364 (33.9%)
469 (43.7%)
573 (53.4%)
662 (61.7%)
734 (68.4%)
776 (72.3%)
834 (77.7%)
877 (81.7%)

No SVR (n = 659)
Correctly classiﬁed

Incorrectly classiﬁed

False negative rate

188
301
369
447
504
546
560
590
610

34
62
100
126
158
188
216
244
267

15.3
17.0
21.3
22.0
23.9
25.6
27.8
29.3
30.4

(B)
Probability level

Selected patients (n = 1073)

0.60
0.65
0.70
0.75
0.80
0.85
0.90

263 (24.5%)
235 (21.9%)
209 (19.5%)
185 (17.2%)
150 (14.0%)
116 (10.8%)
65 (6.1%)

SVR, sustained virological response.

SVR (n = 414)
Correctly classiﬁed

Incorrectly classiﬁed

217
197
182
162
134
105
59

46
38
27
23
16
11
6

Speciﬁcity

False positive rate

93.0
94.2
95.9
96.5
97.6
98.3
99.1

17.5
16.2
12.9
12.4
10.7
9.5
9.2
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Fig. 1. Cross-validated receiver operating characteristic curve for the prediction of
rapid virological response (Model A) in the derivation cohort (Panel a) and in the
validation cohort (Panel b).

Of note, in this weighted average weights are given the probabilities of RVR, estimated according to model A.
Fig. 3 shows the relationship between the estimated probability
of SVR at presentation (Fig. 3a) and that at week 4 (Fig. 3b), together
with the predicted RVR at presentation. As shown in Fig. 3a, the a
priori estimated probability of SVR was constantly higher that the
probability of RVR. Fig. 3b highlights how knowing the RVR status
signiﬁcantly modiﬁed this relationship.
3.2.4. Development of a two-step predictive algorithm
Individual estimated probabilities of SVR, both at presentation
and at week 4, can be used to select patients who might reliably
beneﬁt from conventional dual therapy with PEG/RBV. The proposed procedure includes two sequential steps.

Fig. 2. Cross-validated receiver operating characteristic curve for sustained virological response, given the rapid virological response status (Model B) in the derivation
cohort (Panel a), and in the validation cohort (Panel b). RVR, rapid virological
response

Step 1: At presentation, the individual probability of SVR is computed according to formula (3). As an exempliﬁcation, we
consider a hypothetical 60-year-old patient with IL28B CC
genotype, stage 4 ﬁbrosis, normal serum ␥GT, and a HCV
RNA level of 350,000 IU/L. Based on Model A, the a priori
probability of RVR would be 0.41 (formula (1)). By applying
Model B, this patient is estimated to have an SVR probability
of 0.95 in the event of RVR (formula (2)), and of 0.38 in the
event of no RVR. In this patient with favourable characteristics but stage 4 of ﬁbrosis, it seems worthwhile to remark
that knowledge of the RVR status substantially modiﬁes
his/her probability to obtain an SVR. However, since at presentation the RVR status is unknown, the a priori probability
of SVR is computed by combining these two probabilities

A. Andriulli et al. / Digestive and Liver Disease 46 (2014) 818–825
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Fig. 3. Relationship of sustained to rapid virological responses in the validation cohort with conﬁdence band at baseline ignoring patient rapid virological response status
(Panel a) and at 4 weeks given patient rapid virological response status (Panel b). RVR, rapid virological response

according to formula (3), and is equal to 0.61. Based on
these individual a priori SVR probabilities, we can identify
patients unlikely to respond to PEG/RBV (futile treatment).
Table 3A illustrates different thresholds to be used to deﬁne
a treatment futile, together with the corresponding false
negative estimated rates.
Step 2: Patients having an a priori probability higher than the
chosen futility threshold will be started on PEG/RBV and reevaluated at treatment week 4. This would be the case for
our hypothetical patient who was computed with a futility SVR threshold of 0.60. The probability of SVR can now
be re-evaluated according to model B (formula (2)), using
the actual RVR status: in the event the patient obtained an

RVR, his probability of achieving SVR would increase from
0.61 (estimated at presentation) to 0.95. The model now
allows to identify patients who may continue PEG/RBV and
be expected to obtain SVR with a high degree of probability. Different SVR thresholds are considered in Table 3B,
together with the corresponding estimated false positive
rates.
3.3. Validation cohort
The validation cohort comprised 423 naïve patients who
received PEG/RBV treatment, and included 187 patients (44.2%)
who obtained SVR. Baseline characteristics of patients in this cohort
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are shown in Supplementary Table S1. These patients were signiﬁcantly younger, had less severe liver ﬁbrosis, were more often IL28B
genotype CC, and had lower viral load and ␥GT levels. Despite these
differential features, the performance of the RVR and SVR prediction models remained robust: c-statistics were 0.7286 and 0.7689,
respectively.

4. Discussion
In the rapidly evolving era of anti-HCV drug development, the
use of new drugs will conceivably largely depend on their cost and
their affordability by the healthcare systems, which may vary from
country to country. In this perspective, it is important to be able
to distinguish between patients who must be treated with new
drugs, and those who can be cured with conventional dual therapy
(PEG/RBV). The recently issued EASL Clinical Practice Guidelines on
the management of hepatitis C virus infection yet support a potential role for dual therapy for selected treatment-naïve patients with
genotype 1 infection [27].
In HCV-1 patients several host and viral features are used to optimize response to conventional therapy with PEG/RBV [5,16–18].
However, these predictors are only able to delineate broad categories of patients with low or high chances of treatment success,
but are unable to personalize treatment outcome. Indeed, it is
common knowledge that within each of these categories, i.e.
advanced/severe liver ﬁbrosis or different IL28B genotype patterns,
some patients will and some others will not respond to PEG/RBV.
It follows that the likelihood of response depends not only on the
identiﬁed factors, but also on their interplay with other variables.
The present study demonstrates the accuracy of a new model
for identifying patients with high or low probabilities of response
to PEG/RBV therapy. In contrast to previous studies that reported
percentages of SVR associated with each predictor, we cumulated
all data to generate a two-step logistic model for a personalized
estimate of an a priori probability of SVR. The model computation
incorporates ﬁve baseline variables (interleukin-28B polymorphisms, age, liver ﬁbrosis, serum ␥GT levels, and HCV viral load)
and a single on-treatment viral kinetic, i.e. the RVR. Due to the
strong relationship between RVR and SVR, the a priori probability of SVR was computed as the weighted average of the estimated
SVR probabilities in the presence or absence of RVR.
Our modelling proved to be highly accurate in predicting either
a negative or a positive outcome after dual PEG/RBV therapy, both
in the derivation and the validation cohort. The performance of the
ﬁnal model B showed a c-statistic of 0.818 in the derivation cohort,
and of 0.769 in the validation setting (Fig. 2A and B, respectively).
A practical application of this two-step predictive model in the
clinical setting is described for the validation cohort in Supplementary Fig. S1. Assuming an a priori probability of SVR of 0.30 as a
plausible futile threshold to administer conventional PEG/RBV dual
therapy, our model identiﬁed 100 (25.6%) of 391 patients (with
complete data) predicted to fall below this limit. The actual data
showed that, when these patients were challenged with PEG/RBV,
76 of them did not respond, i.e. were correctly predicted. As a
practical consequence, these patients should be immediately considered for alternative treatment. All the remaining 291 patients
with an a priori probability of SVR ≥ 30% were re-evaluated after
4 weeks of PEG/RBV, at a time when it became evident that they
had, or had not, obtained RVR. Assuming now a cut-off of ≥80%
as a plausible SVR rate to recommend continuation of PEG/RBV
treatment, the model identiﬁed 61 patients (15.6% of the whole
cohort). The actual data showed that 55 (90.2%) of them achieved
SVR, i.e. were correctly predicted. As illustrated in the algorithm
shown in Supplementary Fig. S1 our prediction model identiﬁed
230 patients who, after re-evaluation at week 4 of PEG/RBV therapy,

showed a <80% probability of obtaining SVR. Notably, this subgroup
of patients includes also 27 patients who achieved RVR but not SVR.
An additional ﬁnding of this study was that achieving RVR
appears to be crucial in cirrhotic patients, substantially increasing
their probability of obtaining SVR [28,29]. This observation reinforces the validity of our predictive model which is comprehensive
of baseline as well as on-treatment features.
While we are aware that the validity of the above proposed
strategy for allocating treatment may require a further prospective
validation, we feel that the information provided by our modelling will retain value even in the coming era of new treatment
regimens [3,4,26] for several reasons. First, even though guidelines will gravitate towards these newer preferred treatments, the
universal use of present or future triple therapies is certainly an
overtreatment for the subset of patients with favourable clinical,
genetic, and virological proﬁles [12,13,30]. Several scientiﬁc societies issued position papers stating that treatment-naïve patients
with favourable baseline and on-treatment predictive features do
not necessarily deserve triple therapy [11,12], a recommendation
which has undergone a formal validation in a recent clinical trial
[13]. Secondly, facing the cost of upcoming interferon-free therapies will be an issue. In many parts of the world, including those
with more extensive resources such as the United States and some
European nations, the cost of drugs will likely determine a disparity
in access to care with some regimens being prohibitive in countries with budgetary and resource constraints [31]. Aronsohn and
Jensen have recently pointed to the issue of distributive justice with
the arrival of new antivirals, as this medical breakthrough will be
coupled with resource scarcity [32]. This debate is conventionally
approached by the argument that “easy to treat” HCV-1 patients
might have access to double therapy only, the more costly new therapies being restricted to patients with “difﬁcult to treat” infections
[33].
A major limitation of the present study is that this model
deserves further external validation in an independent dataset of
non-Italian patients of either Caucasian and non-Caucasian ethnic
background. Finally, its prediction power for non HCV-1 genotypes,
and in particular for genotype 3, should also be assessed.
In conclusion, the proposed model, which uses easily determined and objective variables, allows to identify naïve HCV-1
patients with a high probability of failure to respond to PEG/RBV
therapy, as well as those with a high probability of obtaining SVR
with the conventional dual regimen. In doing so it provides useful additional information for clinicians to aid their therapeutic
decision-making process.
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