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Summary
Simeprevir plus peg-interferon/ribavirin (PR) is approved to treat chronic hepatitis C (HCV) genotype 1
(GT1) and GT4 infection. This study aimed to assess baseline and on-treatment the factors predictive of
sustained virologic response 12-weeks post-treatment (SVR12) in patients receiving 12 weeks of simeprevir plus PR followed by 12 or 36 weeks of PR.
Data from participants in four studies (QUEST-1, QUEST-2, ATTAIN and PROMISE) were pooled to examine the efficacy and safety of simeprevir+PR in HCV GT1 patients. The predictive power of baseline
variables for SVR12 was assessed using univariate and multivariate logistic regression models while the
relationship between early (Week 4) on-treatment response and SVR12 was analyzed by GT1 subtype and
treatment experience.
Data for 1160 patients were analyzed (overall SVR12: 71%). Baseline factors predictive of SVR12
were: IL28B CC genotype, GT1a/Q80K-negative, treatment-naïve/prior relapser, no cirrhosis, HCV-RNA
≤2,000,000IU/mL, albumin >42g/L, platelets >200x109/L. Patients with HCV GT1b (86%), IL28B CC genotype (87%), and treatment-naïve patients (83%) were predicted to achieve the highest SVR12 rates and
rates of rapid virologic response. Week 4 early on-treatment response identified treatment-naïve and prior
relapse patients likely to achieve SVR12.
Patients likely to respond to simeprevir+PR can be identified using baseline factors. Early on-treatment
response predicts treatment success.
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INTRODUCTION
All treatment-naïve patients chronically infected with genotype 1 (GT1) hepatitis C virus (HCV) and with compensated chronic HCV-related liver disease should be considered for direct-acting antiviral (DAA) therapy (EASL 2015)
unless they are unwilling to be treated or have contraindications to treatment. Untreated chronic HCV infection
resulting in cirrhosis is associated with an annual risk of
hepatocellular carcinoma (HCC) of up to 5%, and hepatic decompensation of up to 6% (Majumdar et al., 2016).
Increasing the typology and number of patients treated is
expected to result in improved patient outcomes, reduce
the impact of disease transmission, and provide economic benefits by preventing expensive disease complications
(Mennini et al., 2014).
Many therapies using direct-acting antivirals (DAAs) are
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currently approved for the treatment of hepatitis C (HCV).
The desired outcome of HCV treatment is sustained virologic response (SVR), which is considered indicative of
cure of the infection (Pearlman and Traub, 2011). SVR
is typically measured 12 weeks after the end of treatment
(SVR12).
However, the use of new HCV therapies varies among
countries, from exclusive use of IFN-based therapy to exclusive use of IFN-free regimens. In some countries, such
as Italy, the choice of regimen depends upon the patient to
be treated - the availability of IFN-free therapy is limited
to patients with advanced fibrosis (fibrosis stage F3-F4)
(AISF 2016, Parekh and Shiffman, 2014) due to limited resource settings). Indeed new DAA are expensive and may
not be affordable in all countries so the identification of
subsets of HCV-infected patients with high probability of
response to IFN-based regimens may still be relevant.
Simeprevir is a potent selective inhibitor of the HCV
NS3•4 protease with activity in HCV genotype (GT)1, 2
and 4-6. It is approved in Europe in GT1 or GT4-infected
treatment-naïve and -experienced adult patients in combination with peginterferon/ribavirin (PR), or in combination with sofosbuvir as IFN-free therapy (European Medicines Agency, 2014).

©2017 by Edimes - Edizioni Internazionali Srl. All rights reserved

20

G. D’Offizi MD, C. Cammà MD, C. Taibi MD, et al.

The efficacy of IFN-based simeprevir therapy has been
demonstrated in Phase 3 clinical trials with SVR rates of
80% in treatment-naïve patients (Jacobson et al., 2014,
Manns et al., 2014), 79% in prior relapsers (Forns et al.,
2014), 70% in prior partial responders and 44% in prior
null responders to PR therapy (Reddy et al., 2015). The
combination therapy displayed a good safety profile, with
similar rates of adverse events and discontinuations compared to placebo plus PR (Fluss et al., 2005).
In order to help identify patients with the best chance of
cure with IFN-based simeprevir therapy, we conducted a
pooled analysis of four Phase 3 studies of simeprevir plus
PR in patients with HCV GT1: QUEST-1 (Jacobson et al.,
2014), QUEST-2 (Manns et al., 2014), PROMISE (Forns et
al., 2014) and ATTAIN (Reddy et al., 2015). We explored
the use of patient baseline characteristics to predict the
likelihood of SVR12 achievement, and investigated the
role of on-treatment response in predicting the outcomes
of patients typically treated in the clinic with IFN-based
simeprevir therapy. The aim of this paper was to provide
data useful for an evidence-based strategy for treatment
stratification in resource-constrained settings where new
treatment options may not be available.

METHODS
Studies

Data from four Phase 3 studies: QUEST-1, QUEST-2,
PROMISE, and ATTAIN, were pooled for analysis.
QUEST-1 and QUEST-2 included treatment-naïve patients. PROMISE and ATTAIN included patients who had
previously relapsed, and prior null or partial responders to
IFN-based therapy, respectively.
Patients in all four studies received 12 weeks of once-daily simeprevir plus PR. Three studies (QUEST-1, QUEST-2
and PROMISE) utilized response-guided therapy criteria
to determine whether PR treatment should be shortened
to 24 weeks or maintained at 48 weeks: patients with HCV
RNA <25 IU/mL detectable or undetectable at Week 4 and

<25 IU/mL undetectable at Week 12 were eligible to receive the shortened PR regimen. In all studies, HCV RNA
levels were determined by Roche COBAS TaqMan® v2.0
assay (lower limit of quantification: 25 IU/mL; limit of detection 15 IU/mL).
A less stringent virologic stopping rule than that specified
by the simeprevir SmPC was used: simeprevir treatment
was stopped according to the virologic stopping rules if
the HCV RNA level was >1000 IU/mL (rather than ≥25 IU/
mL) at Week 4.

Patients and patient disposition

The pooled analysis was performed on intent-to-treat
(ITT) subjects who were assigned to receive 12 weeks of
simeprevir plus PR followed by 12 or 36 weeks of PR in
each of the four studies. Overall across the four studies
1160 patients received simeprevir plus PR.
Prior relapsers were defined as patients who had undetectable HCV RNA at the end of treatment or within two
months of the end of treatment, but documented relapse
within one year after therapy. Prior null responders were
defined as patients who had on-treatment <2 log10 reduction in HCV RNA from baseline at Week 12 and detectable
HCV RNA at the last on-treatment measurement. Prior
partial responders are defined as patients who had ≥2 log10
reduction in HCV RNA from baseline at Week 12 and detectable HCV RNA at last on-treatment measurement on
or after Week 20.

Primary endpoint data - pooled analysis

Study endpoints for each of the four studies were similar.
The primary endpoint of each study was SVR12. Other
efficacy endpoints included the rapid virologic response
rate (RVR), defined as the proportion of patients with HCV
RNA <25 IU/mL undetectable at Week 4. Early on-treatment response rate, defined as the proportion of patients
with HCV RNA <25 IU/mL detectable or undetectable at
Week 4, was also evaluated for the purposes of this post
hoc statistical analysis.
Figure 1 - CONSORT Diagram
showing disposition of patients
receiving simeprevir in four
phase 3 studies.
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Predictors of response analysis

A descriptive analysis of patient baseline characteristics
was conducted. The univariate and multivariate effects of
each of these parameters on the likelihood of achieving SVR
were assessed descriptively and via logistic regression models (odds ratio, receiver operating characteristics (ROC)
curve analysis). Model selection for multivariate logistic
regression was based on the outcome of automated model
selection procedures and the results of the univariate analyses. The following categorical variables were included in
the selected model: treatment experience (treatment-naïve;
prior relapser; prior partial responder; prior null responder), IL28B genotype (CC; CT; TT), HCV GT1 subtype (GT1a
with Q80K; QT1a without Q80K; GT1b), cirrhosis status
(cirrhotic; non-cirrhotic), baseline HCV RNA (≤2,000,000
IU/mL; >2,000,000 IU/mL), baseline albumin (≤42 g/L; >42
g/L), baseline platelet count (≤200x109/L; >200x109/L). Cutoffs for the latter three variables were determined using
Youden’s index so as to maximize the sensitivity and specificity of the predictor (Fluss et al., 2005).
ROC curve analysis (Steyerberg et al., 2010) was performed
to assess the goodness-of-fit of the multivariate model for
predicting SVR12, with and without the inclusion of RVR
or Week 4 early on-treatment response data. Predicted
SVR rates corresponding to each factor, controlling for all
other factors, were estimated from the multivariate model
data and subgroups with predicted SVR exceeding 80%
identified.
An additional multivariate analysis with RVR as the dependent variable was also conducted. The same approach
was taken to build the multivariate model, which included
the following variables in the selected model: treatment
experience (treatment-naïve; prior relapser; prior partial
responder; prior null responder), baseline body mass index (BMI), baseline alpha-fetoprotein (AFP), IL28B genotype (CC; CT; TT), HCV GT1 subtype (GT1a with Q80K;
QT1a without Q80K; GT1b), baseline ratio of total cholesterol to high-density lipoprotein (HDL), and baseline HCV
RNA (≤2,000,000 IU/mL; >2,000,000 IU/mL).

On-treatment response analysis

Treatment-naïve and prior relapser patients only were included in an additional subgroup analysis of the pooled
data to evaluate the relationship between early on-treatment response at Week 4 and subsequent achievement of
SVR12. Further subset analyses were conducted in this
patient population, split according to fibrosis stage and
HCV GT1 subtype.
The statistical analyses were conducted using SAS® software version 9.2.

Primary endpoint data - pooled analysis

Overall, 828/1160 (71%) patients achieved SVR12 following treatment with 12-week simeprevir plus PR for 24 or
48 weeks. 811/1160 (70%) had undetectable HCV RNA at
Week 4 and were deemed to have displayed RVR. A further
210/1160 (18%) had HCV RNA <25 IU/mL detectable at
Week 4. Hence, 1021/1160 (88%) of included patients displayed an early on-treatment response.

Baseline predictors of SVR

Baseline predictors associated with SVR12 were identified using univariate (Figure 2a) and multivariate logistic
regression analyses. Multivariate analysis was performed
using models that excluded (Figure 2b) and included (Figure 2c) rapid virologic response at Week 4 (RVR).
The following factors were found to be predictive of SVR12
Table 1 - Baseline demographics and disease characteristics
of patients (N=1160) who received simeprevir plus PR in four
Phase 3 studies [9–12] and were included in pooled analysis.
SMV + PR (N=1160)
Male, n (%)

710 (61)

Race, n (%)
White
Black
Other

N=1159
1063 (92)
71 (6)
25 (2)

Age, years, median (range)

N=1160
49 (18–73)

BMI, kg/m2
<25
≥25-30
>30

N=1159
414 (36)
475 (41)
270 (23)

HCV genotype, n (%)
GT1a/other* without Q80K
GT1a/other with Q80K
GT1b

N=1149
370 (32)
152 (13)
627 (55)

Baseline HCV RNA >2,000,000 IU/mL,
n (%)

N=1160
732 (63)

Cirrhosis present, n (%)‡

N=1135
174 (15)

Fibrosis score (Metavir)
F0-F1
F2
F3
F4

N=1067
427 (40)
290 (27)
207 (19)
143 (13)

IL28B genotype, n (%)
CC
Non-CC

N=1142
229 (20)
913 (80)

Albumin** >42 g/L, n (%)

N=1160
427 (37)

Platelet count** >200 x 109/L, n (%)

N=1158
680 (59)

AFP<10 pmol/L, n (%)

N=1160
273 (24)

Prior treatment status:
Treatment naïve
Prior relapse
Partial responder
Null responder

N=1160
521 (45)
260 (22)
145 (13)
234 (20)

RESULTS
Patient disposition

A total of 1160 treatment-naïve and -experienced patients
who received simeprevir plus PR in one of four Phase 3
studies were included in this pooled analysis. The disposition of patients receiving simeprevir plus PR and included in the pooled analysis from each of the four studies is
shown in Figure 1.

Baseline characteristics

Most (92%) patients were white, with a median age of 49
years. 55% of patients had HCV genotype 1b, 67% had
METAVIR F0-2 fibrosis (Table 1).

*GT1a/other includes GT1e, GT1l and unspecified GT1 subtype.
‡Cirrhosis was determined by liver biopsy.
**Cutoff at baseline was determined by Youden’s index which, based on this dataset, maximizes sensitivity and specificity.
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Figure 2 - Baseline predictors
of SVR in patients who received
simeprevir plus PR, identified
by a) univariate analysis, b)
multivariate analysis and c)
multivariate analysis including rapid virologic response at
Week 4 (RVR).

achievement in all three models: absence of cirrhosis;
IL28B CC genotype (vs CT or TT), GT1a/Q80K-negative or
GT1b (vs Q80K-positive), treatment-naïve or prior relapser (vs null responder), baseline albumin >42 g/L (vs lower
baseline albumin), and baseline platelets >200x109/L (vs
lower baseline platelet count).
Baseline HCV RNA <2,000,000 IU/mL (vs higher baseline
HCV RNA) was predictive of SVR achievement only when
RVR at Week 4 was not included in the model.
When predicted response rates across all patients were
analyzed according to METAVIR fibrosis stage, an expected trend of decreasing mean SVR12 rate with increasing
severity of fibrosis was observed (F0-F1 83%; F2 78%; F3
75%; F4 69%).

Baseline predictors of RVR

Baseline predictors associated with RVR were identified
using a multivariate logistic regression analysis (Figure 3).
Several baseline factors were associated with a higher likelihood of achieving RVR: Predictors were IL28B CC genotype,
absence of Q80K in GT1a, treatment-naïve/relapser status,
baseline HCV RNA <2,000,000 IU/mL, lower baseline AFP,
higher baseline ratio total cholesterol/HDL. Baseline BMI
was not found to have a significant effect on achieving RVR.

ROC analysis and goodness-of-fit tests

The ROC analysis demonstrated that the first multivariate
model (including baseline data only) as strongly predictive of likelihood of achieving SVR, with an AUC of 0.79
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indicating a good fit (Figure 4). Replacing cirrhosis with
METAVIR fibrosis score did not affect model fit. Of the
specific predictive factors that were included in this model, prior treatment status was univariately more strongly
predictive than any other single factor (AUC=0.66; Figure
4). When RVR or Week 4 on-treatment response (HCV
RNA <25 IU/mL detectable or undetectable) were included
in the model, AUC increased to 0.84, and 0.85, respectively
(Figure 4).
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Factors predictive of SVR ≥80%

Subgroups of patients in whom treatment with simeprevir plus PR was associated with a multivariate model-predicted SVR12 of ≥80%, when other factors in the model
were controlled for, included GT1a without Q80K, IL28B
CC genotype, absence of cirrhosis and baseline albumin
>42g/L. GT1b was associated with SVR >80%, as well as
the treatment-naïve and prior relapser subgroups (Figure
5). Among patients with either GT1a (without Q80K) or

Figure 3 - Baseline predictors
of RVR in patients who received
simeprevir plus PR, identified
by multivariate analysis.

Figure 4 - ROC curves to analyse the goodness-of-fit of the
multivariate model of factors
that predict SVR.
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Figure 5 - Subgroups of patients with predicted SVR over 80% controlling for other baseline characteristics.
Error bars indicate the lower and upper limit of the 95% confidence interval. Predicted SVR rates control for other factors
in the model.
GT1b, the predicted mean SVR rate was 83%. Among patients who were either treatment-naïve or had previously
relapsed following PR treatment, the predicted mean SVR
rate was 82%.

Subgroup analysis of on-treatment response and
subsequent SVR12 in treatment-naïve and prior
relapser patients (observed data)

Among the cohort of treatment-naïve and prior relapser patients with METAVIR F0–F2 fibrosis and with HCV
GT1a [without Q80K] or GT1b, 443/461 patients (96%)
had a Week 4 on-treatment response. Of these, 396/443
(89%) achieved SVR12. Slightly higher SVR12 rates were
seen in treatment-naïve patients vs relapsers (Figure 6).
Analysis of treatment-naïve patients with METAVIR F0-F2
(with HCV GT1a [without Q80K] or GT1b) who displayed
a Week 4 on-treatment response showed that an SVR12
rate of 90% was achieved in this patient subgroup. In prior relapsers, slightly higher SVR12 rates were observed
among patients with GT1b than GT1a (without Q80K)
(89% vs 83%) (Figure 6b).
As expected, lower SVR12 rates were seen in patients with
METAVIR F3-F4 fibrosis. 157/165 (95%) of patients in this
subgroup displayed a Week 4 on-treatment response; of
these, 124/157 (79%) subsequently achieved SVR12.

DISCUSSION
We conducted a pooled analysis of four simeprevir Phase
3 studies to examine baseline and on-treatment predictors
of SVR in patients treated with simeprevir IFN-based therapy. Our findings confirmed that on-treatment response at
Week 4 (HCV RNA <25 IU/mL) can help to identify patients with a good chance of achieving high SVR rates.
In this pooled analysis of 1160 patients, including prior
partial and null responders and patients with advanced
fibrosis or cirrhosis (METAVIR F3-F4), an overall SVR12
rate of 71% (828/1160) was achieved. SVR12 rate in naïve
and relapsers was 79-80%. SVR12 rate in prior partial and
null responders was 54%.

Using univariate and multivariate logistic regression analyses, the following factors were identified as predictive of
SVR: IL28B CC genotype, baseline HCV RNA <2,000,000
IU/mL, absence of cirrhosis, GT1b, absence of Q80K in
GT1a, treatment-naïve or relapser status, baseline albumin >42 g/L and baseline platelets >200x109/L. We therefore demonstrate in a large and varied patient population
that, consistent with previous reports, the baseline predictors of treatment response to IFN-based regimens include
host clinical factors, viral genetic factors, and immunological factors related to the host-virus interaction (Ridruejo,
2012, Cavalcante and Lyra, 2015).
ROC analysis confirmed the multivariate analysis model, including baseline data only, as strongly predictive
of achieving SVR (AUC=0.79). Of the predictive factors
within the model, prior treatment status was the single
most strongly predictive factor (AUC=0.66). When RVR
was added to the model, baseline HCV RNA <2,000,000
IU/mL was no longer identified as a predictor of SVR, although baseline HCV RNA itself was a predictor of Week
4 response. Therefore, this finding is likely due to the established link between the two factors (Izopet et al., 1998).
RVR has previously been reported to be the most important predictor of sustained virologic responses in patients
with HCV (Fried et al., 2011). Overall, 811/1160 (70%) patients in our analysis achieved RVR. Furthermore, the role
of Week 4 response in predicting SVR has previously been
described in reports of the individual simeprevir studies
QUEST-1, QUEST-2, PROMISE and ATTAIN: patients
having HCV RNA ≥25 IU/mL at Week 4 were observed to
be unlikely to achieve SVR.
Consequently, the simeprevir label states that patients
should stop all therapy if they have a HCV RNA level ≥25
IU/mL at treatment week 4 [SMV SmPC]. Goodness-offit analysis confirmed the improvement in the predictive
value of the model conferred by the inclusion of Week 4
on-treatment response data (ROC curve AUC 0.85 with
Week 4 data vs 0.79 without).
In order to reduce the transmission of HCV and to prevent the progression of liver disease to cirrhosis and the
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Figure 6 - Observed SVR in
treatment naïve and relapsers
with GT1b and GT1a without
Q80K, METAVIR F0-F2 fibrosis, with a Week 4 On-treatment
Response (HCV RNA <25 IU/
mL): a) overall, b) according
to HCV GT1 subtype and prior
treatment experience.

development of HCC and decompensation, it is important
to treat patients with chronic HCV infection - including
those with F0-F2 fibrosis - as early as possible. By doing
so, long-term healthcare costs associated with HCV infection may be reduced (Leidner et al., 2015). Our analysis
found that in treatment-naïve and prior relapser patients
with fibrosis stage F0-F2 infected with HCV GT1b or GT1a
without Q80K, the overall Week 4 on-treatment response
(HCV RNA <25 IU/mL) rate was 96% and of those, resulting in an overall SVR rate of 89%.
These are important findings, since achieving an early
on-treatment response may serve to motivate patients to
adhere to interferon-based therapy, given the expected
high chance of cure. Identifying the patients who are most
likely to achieve SVR with an IFN-based regimen is crucial,
especially in resource-limited settings where the availabil-

ity of IFN-free treatments is limited. Furthermore, identifying and treating patients with early-stage fibrosis who
have a high chance of success with such a regimen could
lead to considerable economic benefit, resulting from the
cessation of ongoing healthcare utilization and avoidance
of costly complications such as HCC (Leidner et al., 2015).
Moreover, simeprevir has been shown to have a good safety profile, with only mild-to-moderate transient increases
in bilirubin (without concurrent transaminase increases
or association with hepatic injury) observed with IFNbased simeprevir therapy compared with placebo plus PR
(Manns et al., 2015).
Though our analysis efficiently identified baseline and
on-treatment factors associated with SVR12, it is important to bear in mind that it represents a retrospective, post
hoc analysis of the data.
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The analysis of simeprevir plus PR pooled data presented here represent the output of the first statistical assessment of potential predictors of response. The findings
of the multivariate analysis indicate that IL28B CC genotype, HCV GT1b or GT1a/Q80K-negative, patients who
are treatment-naïve or prior relapsers, and non-cirrhotic
patients are associated with treatment success with simeprevir plus PR.
We also report that baseline albumin, HCV RNA and platelets may be useful surrogates of liver function to inform
treatment decisions, and that assessment of early on-treatment response at Week 4 can help to identify patients in
whom treatment is likely to be successful. The assessment
of baseline characteristics can therefore drive treatment
decisions in HCV GT1, by facilitating the identification
of patients who can be effectively treated with IFN-based
simeprevir therapy.
Concluding, therapeutic options with PR backbone are
less expensive and may still represent a chance unless
IFN-free treatment becomes more easily affordable. The
identification of patients that may achieve the best chance
of cure is relevant to increase the rate of SVR but counterbalancing the minimal risk of adverse events.
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