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Abstract: Simeprevir (TMC435, Olysio™), a second-generation hepatitis C virus (HCV) 

 protease inhibitor, has been recently approved for the treatment of genotype 1 chronic  hepatitis C 

in combination with pegylated interferon and ribavirin. This molecule has very different char-

acteristics from first-generation protease inhibitors. Results from trials show that simeprevir is 

highly effective and safe, with few adverse events. We discuss the specific features of this new 

treatment option for HCV infection, in terms of in vitro data, pharmacological data, and clini-

cal trials. We also discuss the impact of Q80K polymorphism at baseline. Studies evaluating 

interferon-free regimens with simeprevir are ongoing. Future combinations of two or more 

direct-acting antiviral agents, targeting different viral enzymes and with synergistic antiviral 

effects, will be approved, allowing treatment of pan-genotypic HCV with optimized sustained 

virologic responses. Simeprevir will undoubtedly be part of future treatment strategies.
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Introduction
Hepatitis C constitutes a worldwide health problem, as more than 150 million people 

are infected with the hepatitis C virus (HCV).1 The great majority of HCV infections 

are accompanied by chronic liver disease, leading to fibrosis and cirrhosis, with a risk 

of complications including ascites and hepatocellular carcinoma. Over recent decades, 

the standard treatment for HCV genotype 1 chronic infection has been a combina-

tion of pegylated interferon (PEG-IFN) and ribavirin (RBV) for 48 weeks or longer. 

However, this treatment was limited by the low sustained virologic response (SVR) 

rate, the long duration of treatment, and adverse events. The recent development of 

direct-acting antiviral (DAA) agents has changed the optimal treatment regimen. The 

two first-generation NS3/4A protease inhibitors, telaprevir2,3 and boceprevir,4,5 were 

approved in 2011 for the treatment of genotype 1-infected patients in combination with 

PEG-IFN and RBV. Simeprevir (TMC435, Olysio™; Janssen Therapeutics, Titusville, 

NJ, USA) is the third oral protease inhibitor to be approved for use in combination 

with PEG-IFN and RBV for the treatment of chronic HCV genotype 1 infection in 

adults with compensated liver disease. While telaprevir and boceprevir belong to the 

class of a-ketoamide electrophilic trap-containing inhibitors, simeprevir belongs to 

the macrocyclic class of protease inhibitors.

This review is designed to summarize in vitro, pharmacological, safety profile, 

and clinical data for simeprevir in terms of improved SVR rates for the treatment of 

genotype 1 HCV infection.
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HCV genotype
Geographic differences in the overall prevalence and dis-

tribution of the seven HCV genotypes are well recognized. 

The occurrence of particular HCV genotypes is different in 

particular geographic regions of the world. HCV genotypes 

1, 2, and 3 are distributed globally, found in the US, South 

America, Europe, Australia, and Eastern Asia (People’s 

Republic of China, Japan, and Taiwan). In Japan, the preva-

lence of subtype 1b is higher (70%) than that of subtype 2a 

(20%), and the remainder of the population is infected with 

genotype 2b or other genotypes.6 Genotype 4 is mainly found 

in Egypt, the Middle East, and Central Africa, whereas geno-

type 5 is particularly common in Southern Africa. Hepatitis 

C genotype 6 is endemic in Southeast Asia, in countries such 

as Vietnam, Thailand, and Myanmar, and is predominant in 

some countries. However, in a context of globalization and 

migration of populations, some genotypes are emerging in 

Western countries; for instance, genotype 4 has recently been 

reported in France, and genotype 6 has been reported in the 

US, Canada, and Germany.7

Moreover, the outcome of therapy depends on multiple 

viral factors such as genotype. HCV genotype represents 

a strong and independent prognostic factor of treatment 

 efficacy, determining the type and duration of anti-HCV 

 therapy. SVR, defined as undetectable HCV RNA 24 weeks 

after the end of treatment with PEG-IFN and RBV, can 

be achieved by 40%–50% of patients infected with HCV 

 genotype 1 and .70% of patients infected with HCV 

 genotypes 2 or 3 in response to PEG-IFN and RBV 

 combination therapy.

HCV genotype 1, which remains the most widespread 

genotype, has been the focus of most experimental and 

clinical studies. The dual therapy currently available for 

chronic HCV infection, consisting of PEG-IFN and RBV, 

does not provide very high response rates and requires long-

term therapy. The addition of DAA agents to the standard 

of care could improve cure rates and shorten treatment 

duration.

Overview of the DAA  
agents market
In the past, optimal treatment for chronic genotype 1 HCV 

infection was based on PEG-IFN and RBV. However, this 

therapy presents a number of limitations, such as low SVR 

rates (40%–50%) and significant adverse effects, which lead 

to discontinuation of therapy and limit their clinical use.8,9

Major progress has recently transformed the standard 

treatment regimen for HCV genotype 1 infection,  including 

the availability of DAA agents.10 Each step of the viral 

cycle can now be targeted by anti-HCV drugs, and all viral 

enzymes (NS2 and NS3/4 proteases, their cofactor NS4A, 

NS5A replication complex, and NS5B RNA-dependent RNA 

polymerase) are potential drug targets. Four major classes 

of DAA agents, including NS3/A4 protease inhibitors, 

NS5B polymerase nucleos(t)ide analogs, NS5B polymerase 

nonnucleoside analogs, and NS5A inhibitors, are under 

development. Two inhibitors of the HCV NS3/A4 serine 

protease have currently been approved by the US Food and 

Drug Administration for the treatment of HCV genotype 1 

infection. In 2011, these two first-generation DAA agents, 

telaprevir and boceprevir, were registered in the US and 

Europe. The second-generation of NS3/4A protease inhibi-

tors is still being developed, including simeprevir which 

was approved in 2013. Other new molecules with different 

viral enzyme targets are also currently being evaluated in 

clinical trials.11

HCV protease
Boceprevir, telaprevir, and simeprevir specifically target HCV 

viral replication by inhibiting the HCV NS3/4A  protease and 

are therefore termed “protease inhibitors”. HCV NS3/4A 

protease is a trypsin-like serine protease, which is essential 

for the generation of components of the viral RNA replica-

tion complex. This protease is responsible for cleaving the 

polyprotein downstream of the NS3 site, allowing the release 

of functional proteins and the generation of mature proteins.12 

The enzyme is also responsible for cleaving two cellular 

proteins in the interferon (IFN) cascade, thus blocking the 

cellular IFN induction pathway.13 These two host proteins 

are mitochondrial antiviral-signaling proteins (otherwise 

known as IPS-1, VISA, or Cardif) and toll/interleukin-1 

receptor (TIR)- domain-containing adaptor-inducing IFN-β, 

which are essential adaptor proteins that initiate signaling 

leading to activation of IFN regulatory factor 3 and IFN-

α/β synthesis.14 However, NS3/4A protease inhibitors can 

restore IFN regulatory factor 3 signaling in HCV-infected 

cells but only at concentrations far in excess of the antiviral 

half-maximal effective concentration (EC50). These inhibi-

tors may therefore exert two distinct effects: blocking viral 

replication by inhibiting viral polyprotein processing, and 

restoring IFN-signaling pathways that are thought to be 

disrupted by NS3/4A.

In clinical studies, NS3/4A inhibitors are conventionally 

grouped into two classes. The first class is that of linear pep-

tidomimetics with ketoamide incorporating a reactive electro-

philic ketoamide at the cleavage site that targets the catalytic 

Ser139 of the active site of the enzyme via a fully reversible 

mechanism. Examples of this class include  telaprevir and 
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boceprevir. The second class is a competitive, reversible, 

macrocyclic, noncovalent inhibitor. Macrocycles are use-

ful to improve affinity and selectivity for protein targets, 

while preserving sufficient bioavailability characteristics 

of small molecules. Simeprevir belongs to this class. The 

antiviral activity of simeprevir is mediated by noncovalent 

binding to HCV protease with rapid association and slow 

dissociation.

Simeprevir
Global data
Simeprevir is a single pill, oral HCV NS3/4A protease 

inhibitor taken once daily with food, currently approved for 

the treatment of patients with HCV genotype 1 infection 

with compensated liver disease. It is classified as a second-

 generation protease inhibitor with a macrocyclic structure, 

presenting an advantage in terms of binding affinity and 

specificity for NS3 protease compared to  first-generation 

protease inhibitor with a linear structure. Due to the difference 

in structure, the drug resistance profile is somewhat  different 

from that of telaprevir.15 In all patients, treatment with Olysio 

should be initiated in combination with PEG-IFN-α and RBV 

and should be administered for 12 weeks. All treatment-naïve 

and prior relapser patients, including those with cirrhosis, 

should receive an additional 12 weeks of PEG-IFN-α and 

RBV after completing 12 weeks of treatment with Olysio. 

All prior nonresponder patients (including partial and null-

responders), including those with cirrhosis, should receive an 

additional 36 weeks of PEG-IFN-α and RBV after completing 

12 weeks of treatment with Olysio, PEG-IFN-α, and RBV 

(total treatment duration of 48 weeks).

in vitro studies
Available data from biochemical protease assays indicate that 

simeprevir exhibits potent inhibition of NS3/4A protease of 

genotypes 1a, 1b, 2, 4, 5, and 6, with a medium inhibitory 

concentration (IC50) ,13 nM for all HCV NS3/4A enzymes 

tested. However, IC50 for genotype 3 was 37 nM.16 It is 

suggested that this may be due to the presence of a naturally 

occurring D168Q polymorphism at baseline, which is pres-

ent in most genotype 3a isolates. A D168Q mutation alone 

has been shown to reduce simeprevir activity in a genotype 

1b replicon assay by .700-fold.17 In replicon models, 

different genotype 1a and 1b replicons showed EC50 for 

simeprevir ranging from 8 nM to 28 nM and half-maximal 

 cytotoxicity concentration values greater than 16 µmol/L 

for various human cell lines (selectivity indexes greater 

than 500).16 Activity of simeprevir against a selection of 

about 140 genotype 1a and genotype 1b chimeric  replicons 

 carrying NS3 sequences derived from HCV NS3/4A 

protease-inhibitor-naïve subjects resulted in a median fold 

change in EC50 values of 1.4 (interquartile range: 0.8 to 11) 

and 0.4 (interquartile range: 0.3 to 0.7) compared to refer-

ence genotype 1b replicon, respectively. Still, in the replicon 

model, simeprevir was synergistic with alpha IFN and an 

NS5B inhibitor and additive with RBV.16

In preclinical studies, simeprevir was found to be more 

than 1,000-fold less active against 20 other human proteases, 

including trypsin and human leukocyte elastase, than against 

HCV NS3/4A protease, suggesting good safety of this 

molecule.18 However, in vitro studies have identified that 

simeprevir is an inhibitor of bilirubin transporters OATP1B1 

and MRP2, suggesting a likely mechanism for the elevations 

of serum bilirubin observed in clinical studies.19 Bilirubin 

clearance from the blood is principally a three-step process 

involving bilirubin uptake (anion transporter OATP1B1), 

bilirubin conjugation (enzyme UGT1A1), and subsequent 

transportation into the bile (transporter MRP2). Simeprevir 

is a more potent inhibitor of OATP1B1 (median inhibitory 

concentration: 720 nM), which is primarily responsible for 

transporting unconjugated bilirubin, than MRP2 (median 

inhibitory concentration around 10,000 nM), primarily a 

conjugated bilirubin transporter.

Pharmacology
Absorption
Simeprevir has a relatively long absorption phase, reaching 

maximum concentration (C
max

) after 4–6 hours. After multiple 

doses for 5 days, C
max

 and area under the plasma concentration-

time curve (AUC) after 24 hours (AUC24h) increased more 

than dose proportionally between 75 mg and 200 mg once 

daily, suggesting saturation of first-pass metabolism and/

or efflux transporters.20 The AUC 24h for the 200 mg once 

daily dose group was approximately 10 times higher than 

that for the 100 mg once daily dose. Steady-state is reached 

after 7 days of once daily dosing.21 Exposure to simeprevir in 

HCV-uninfected subjects with Child–Pugh B and C  cirrhosis 

was 2.4-fold and 5.2-fold higher, respectively, than in HCV 

uninfected subjects with normal liver function.20 Plasma C
max

 

and AUC24h of simeprevir were similar during coadministra-

tion of simeprevir with PEG-IFN-α and RBV compared with 

administration of simeprevir alone. In HCV-infected subjects, 

the mean steady-state plasma concentration was 1,936 ng/mL, 

more than 200-fold higher than the EC50 value determined in 

previous in vitro studies. While plasma  exposure dropped to 

around the EC50 at 24 hours postdosing, the liver  concentration 

remained above the replicon 99% effective concentration 

(EC99) for up to 31 hours postdosing, thus suggesting the 
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feasibility of once-daily dosing.22 Moreover, in a Phase I study, 

it was shown that simeprevir exposure was higher in healthy 

Japanese volunteers than in Caucasian volunteers.23 In Phase 

III trials, mean plasma simeprevir exposure in Asian subjects 

(n=14) was 3.4-fold higher than in the general population 

of this trial. The AUC24h of simeprevir was increased by 

61%–69% when administered with food; simeprevir should 

therefore be taken with food. Finally, simeprevir is a substrate 

and inhibitor of P-glycoprotein.21

Distribution
Simeprevir is extensively (99.9%) bound to plasma proteins, 

mainly to albumin. The absolute bioavailability was 44% after 

a single oral administration. Transport into human hepato-

cytes is thought to be mediated by OATP1B1/3. In rats, a liver 

to blood ratio of 29:1 was found, which would mean good 

distribution to the liver.21 For humans, in preclinical studies, 

the liver to plasma concentration ratio was high (ratio of 39).16 

The highest tissue/plasma AUC ratios were observed in the 

small intestine (ratio of 128). While tissue simeprevir con-

centrations reached peak values within 4 hours postdosing, 

simeprevir concentrations in liver remained above the EC99 

for up to 31 hours postdosing, and plasma concentrations 

were higher than the EC99 at 8 hours and around the EC50 

at 24 hours postdosing.16

Metabolism
Simeprevir, like telaprevir and to a lesser extent boceprevir, 

is metabolized by CYP3A4. It can therefore be the subject 

of drug–drug interactions with moderate or strong inhibitors 

and inducers of CYP3A enzymes, with significant increases 

or decreases in exposure to simeprevir. Unlike boceprevir and 

telaprevir, simeprevir is an inhibitor of gut cytochrome 3A4 but 

not hepatic CYP3A4.22 The effect of a low dose (600 mg) of a 

potent CYP3A inducer, rifampicin, on the pharmacokinetics 

of simeprevir was evaluated and showed that the combination 

of rifampicin and simeprevir resulted in a 48% decrease in 

AUC24h while C
max

 was increased by 31%.24 Although sim-

eprevir exposure in subjects with moderate hepatic impairment 

was higher than in healthy subjects, no dose adjustments are 

required in patients with moderate hepatic impairment.

excretion
Simeprevir is eliminated by biliary excretion. After a single 

dose of 200 mg of simeprevir, approximately 91% of total 

radioactivity was recovered in feces and less than 1% in 

urine,21 indicating that simeprevir is eliminated from the body 

via biliary excretion and renal excretion is irrelevant. The 

elimination half-life in HCV-infected patients was 41 hours, 

which is almost 3–4 times longer than that in HCV-uninfected 

individuals. The pharmacokinetic parameters of simeprevir 

were also not influenced by renal function and no dose 

adjustments are necessary in patients with mild, moderate, 

or severe renal impairment. Safety and efficacy, however, 

have not been studied in patients with end-stage renal disease 

or on hemodialysis.

Pharmacodynamics
There was no clear pharmacokinetic/pharmacodynamic 

 relationship between simeprevir exposure and antiviral activ-

ity with simeprevir doses of 75 mg once daily (QD) or above. 

Within the range of exposures to simeprevir in Phase III 

trials, no clear exposure–response relationships for efficacy 

(rapid virologic response [RVR], SVR, viral breakthrough 

[VBT] or relapse) were observed.25 During clinical trials 

with simeprevir, higher exposures to simeprevir have been 

associated with increased frequency of adverse reactions, 

including rash and photosensitivity.

Resistance profile
Due to the difference in structure, the drug resistance profile 

is slightly different from that of first-generation protease 

inhibitors.

in vitro
In in vitro studies, where resistance profiles were studied with 

Huh7 cells and the replicon model,26 mutations at  positions 

43, 80, 155, 156, and 168 alone or in combination were 

also identified. A substitution at D168 accounted for 80% 

of sequences. The D168A mutation was most commonly 

detected in genotype 1a replicons, and the D168V mutation 

was most commonly detected in genotype 1b replicons. 

The EC50 was around 2,000-fold higher for replicons with 

the D168V mutation compared to the wild-type EC50. The 

R155K mutation was not identified in genotype 1b replicon 

colonies but was identified in several genotype 1a colonies, 

which can be partly explained by the fact that two nucleotide 

changes are required for this mutation in genotype 1b virus. 

Other substitutions such as Q80G or L, S122G, N, or T did 

not reduce susceptibility to simeprevir.

In the JFH-1/Huh7 model, sequencing of NS3/4A derived 

from cells harvested at multiple time points between passages 

12 and 19 resulted in the continuous detection of mutations 

D168N and F43V in cells treated with 500 nM and 4,000 nM 

simeprevir, respectively.26 Interestingly, the mutations 

observed in the genotype 2a JFH-1 genome were located 

at the same positions as those identified in the genotype 1 

replicon systems.
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Among the various positions identified, mutations at 

residue Q80 had an impact on the activity of simeprevir, 

with a less than 10-fold change (7.7) of EC50. This Q80K 

 variant, naturally present in the 1a replicon, had a limited 

effect on simeprevir activity. However, the resistance barrier 

for Q80K-carrying variants appears to be lower and facilitates 

the emergence of additional mutations, resulting in higher 

treatment failure rates.

Interestingly, in a study evaluating the susceptibilities 

of 39 baseline clinical isolates determined by a transient-

 replication assay on a panel of protease inhibitors,27 a number 

of samples were less sensitive to simeprevir but more sensi-

tive to boceprevir and telaprevir and vice versa. All these 

samples contained the Q80K polymorphism. These data 

confirmed that these two classes of HCV protease inhibitors 

may interact with the HCV protease differently, although they 

all bind to the same active site.

Clinical studies
In the Phase IIb PILLAR (Protease Inhibitor TMC435 trial 

assessing the optimaL dose and duration as once daiLy 

Anti-viral Regimen) study evaluating simeprevir with PEG-

IFN and RBV in treatment-naïve genotype 1 patients, all 

simeprevir-treated patients who experienced VBT and 27 of 

the 33 patients with viral relapse presented emerging muta-

tions at NS3 amino acid positions 80, 155, and/or 168 at the 

time of VBT or relapse.28 Differences in the type of emerg-

ing mutations were observed between genotype 1a- and 

1b-infected patients. For genotype 1a, R155K was detected, 

either alone or in combination with other mutations at NS3 

positions 80 and/or 168 while D168V was the mutation most 

commonly observed for genotype 1b. In another Phase IIb 

trial conducted in HCV genotype 1-infected patients who 

failed to respond to previous PEG-IFN-α/RBV treatment 

(ASPIRE [Antiviral STAT-C Protease Inhibitor Regimen 

in Experienced patients]),29 VBT occurred in 42 patients 

(10.6%). Previously described mutations emerged in 41 of 

42 patients at the time of failure, and D168V was primarily 

observed in genotype-1b isolates while R155K was mainly 

observed in genotype 1a.  Approximately the same data were 

observed in Phase III trials.30–32 Although simeprevir shows 

cross-resistance with telaprevir at amino acid positions 155 

and 156, most of the resistant mutations, therefore, occur at 

the simeprevir-specific amino acid position of 168.

A study conducted 18 months later evaluated the  presence 

of mutation variants in five patients previously treated with 

200 mg simeprevir for 5 days.33 No variants were detected by 

virus population sequencing, but low levels of persistence resis-

tant variants were detected when using deep sequencing.

The observed prevalence of NS3 Q80K polymorphic 

 variants at baseline in the overall population of the Phase IIb 

and Phase III trials was 14% while the observed prevalence of 

the Q80K polymorphism was 30% in subjects infected with 

HCV genotype 1a and 0.5% in subjects infected with HCV 

genotype 1b.28 In the US, the prevalence of this mutation 

in genotype 1 was higher (around 40%–50%), particularly 

as the proportion of genotype 1a is also higher. In subjects 

with HCV genotype 1a with a baseline Q80K amino acid 

substitution, an emerging R155K substitution was observed 

most frequently at failure.

Clinical trials
Phase ii and iii trials with simeprevir
Simeprevir associated with PEG-IFN and RBV has been 

 evaluated for the treatment of HCV genotype 1 patients in 

four Phase II trials: two Phase IIa trials, DRAGON (Dose 

and duration Ranging study of Antiviral agent TMC435 in 

Genotype One HCV treatment-Naïve patients)6 in Japan 

and OPERA-1 (Optimal Protease inhibitor Enhancement of 

Response to TherApy 1) in Europe,34 and two international 

Phase IIb trials, PILLAR28 and ASPIRE.29 Data are available 

for six Phase III trials conducted in naïve or experienced 

HCV  genotype 1 patients in combination with PEG-IFN 

and RBV: three  trials carried out in Japan, CONCERTO-1,35 

 CONCERTO-2, and CONCERTO-3;36 and three international 

trials, QUEST 1 (with PEG-IFN 2a), QUEST 2 (with PEG-

IFN 2b),31,32 and PROMISE (PROtease inhibitor TMC435 In 

patientS who have previously rElapsed on IFN/RBV).30 It is 

not surprising that many trials are conducted in Japan, not 

because the pharmacokinetics of the molecule are different in 

this population as mentioned above, but rather because of the 

higher proportions of genotype 1b in this country compared 

to the US or Europe.37 The main findings of these Phase III 

studies are summarized in Table 1. The simeprevir dose was 

100 mg QD for studies conducted in Japan but 150 mg QD 

for the other studies. Overall, SVR12 (undetectable HCV 

RNA in serum 12 weeks after the end of treatment) rates 

were clearly superior for patients treated with simeprevir in 

each study compared to the placebo arm with PEG-IFN and 

RBV (Table 1). About 90% of patients are eligible for short 

treatment duration (24 weeks) with response-guided therapy. 

The relapse and VBT rates with simeprevir were very low. 

In the ASPIRE trial, VBT generally occurred before week 

12, indicating that it would not be prevented by more pro-

longed treatment with simeprevir. It should be noted that no 

data are available from studies  conducted outside Japan in 

nonresponders to prior treatment. The CONCERTO-2 study 

conducted in this population in Japan has reported poor 
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Figure 1 SvR rates in genotype 1a patients treated with simeprevir in Phase ii 
and iii trials.
Abbreviations: ASPiRe, Antiviral STAT-C Protease inhibitor Regimen in experienced 
patients; ND, no data; PiLLAR, Protease inhibitor TMC435 trial assessing the optimaL 
dose and duration as once daiLy Anti-viral Regimen; PROMiSe, PROtease inhibitor 
TMC435 in patientS who have previously relapsed on iFN/RBv; SMv, simeprevir; SvR, 
sustained virologic response.

results, with an SVR rate of 44.3%. The value of simeprevir 

in combination with PEG-IFN and RBV in this population 

therefore needs to be reviewed.

Q80K mutation
In “Highlights of prescribing information” for Olysio,21 it 

is recommended to screen patients with HCV genotype 1a 

infection for the presence of virus with the NS3 Q80K poly-

morphism at baseline. Alternative therapy should be consid-

ered for patients infected with HCV genotype 1a containing 

the Q80K polymorphism. In Phase III studies, there was no 

clear benefit for genotype 1a HCV-infected patients with a 

baseline Q80K mutation treated with  simeprevir/PEG-IFN/

RBV compared to the Phase III studies concerning SVR rates 

in the simeprevir arm (total SVR, SVR for HCV genotype 1a 

with Q80K mutation at baseline, and HCV genotype 1a with-

out Q80K mutation at baseline) and placebo arm receiving 

PEG-IFN and RBV combination therapy (Figure 1). Studies 

conducted in Japan with a very low proportion of patients with 

genotype 1a were obviously not included in this analysis.

Phase iii comparison  
with other DAA agents
Comparison of all SVR data from Phase III randomized, 

placebo-controlled trials conducted with boceprevir, telapre-

vir, sofosbuvir, and simeprevir according to virologic char-

acteristics (genotype, viral load) and patient  characteristics 
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(IL28B polymorphism, stage of fibrosis) provides a number 

of conclusions concerning HCV genotype 1 patients. Firstly, 

simeprevir achieved higher SVR rates in these trials com-

pared to boceprevir and telaprevir but lower rates compared 

to sofosbuvir in combination with PEG-IFN and RBV. 

 Simeprevir achieved SVR rates equivalent to those obtained 

with sofosbuvir in treatment-naïve IL28B CC patients (95% 

and 98%, respectively) and treatment-naïve HCV genotype 1b 

patients (85% and 82%, respectively). Secondly, simeprevir 

moderately improved SVR rates compared to telaprevir in 

treatment-naïve patients with F3–F4 fibrosis (69% and 62%, 

respectively) and patients with HCV genotype 1a infection 

(75% and 71%, respectively). In this setting, the drug regimen 

combining IFN, RBV, and simeprevir is therefore indicated for 

the treatment of HCV genotype 1 infection. Data on baseline 

characteristics and treatment responses of naïve and nonnaïve 

patients included in Phase III study arms with boceprevir, 

telaprevir, and  simeprevir are compiled in Table 2.

Adverse events
The safety profile of simeprevir was generally acceptable. 

The major adverse events described during Phase II/III  trials 

of simeprevir in combination with PEG-IFN and RBV were 

rash, photosensitivity, pruritus, and nausea. The most  common 

adverse events were associated with PEG-IFN and RBV 

therapy, including fatigue, influenza-like illness,  pruritus, 

headache, and nausea. An increased frequency and severity 

of hyperbilirubinemia was associated with simeprevir use. 

However, no association between elevated bilirubin and 

clinically relevant hepatotoxicity was demonstrated.30,34 This 

adverse effect is related to inhibition of bilirubin transporters 

OATP1B1 and MRP2 by simeprevir,19 causing blockage of 

bilirubin clearance. Bilirubin levels returned to their baseline 

values at the end of simeprevir therapy.38 In contrast to first-

generation protease inhibitor regimens including boceprevir 

and telaprevir, no increased frequency of anemia, neutropenia, 

or skin manifestations was reported. In the pooled Phase III 

analysis, 14 subjects (2%) in the simeprevir arm and five sub-

jects (1%) in the control arm experienced at least one adverse 

event leading to discontinuation of simeprevir. In the Phase IIb 

ASPIRE trial, neutropenia was reported more frequently in 

the simeprevir arm than in the placebo arm (25.8% versus 

16.7%). Nevertheless, as demonstrated in the Compassionate 

Use of Protease Inhibitors in viral C Cirrhosis (CUPIC) cohort 

study in France with boceprevir and telaprevir, simeprevir 

safety data would be reassessed after several months of use 

in heterogeneous patient populations.39

Conclusion
The challenges for protease inhibitors including simeprevir 

and new HCV treatment options are to optimize SVR rates 

in combination with standard care while at the same time, 

Table 2 Baseline characteristics and treatment responses of naïve and nonnaïve patients included in Phase iii studies arm with 
boceprevir, telaprevir, and simeprevir

Drugs Naïve patients Nonnaïve patients

Boceprevir Telaprevir Simeprevir Boceprevir Telaprevir Simeprevir

Study name SPRiNT-2 ADvANCe QUeST 1 and 2 ReSPOND-2 ReALiZe PROMiSe
Ribavirin dosage (mg/d) 600–1,400 1,000–1,200 ND 600–1,400 1,000–1,200 ND
Type of pegylated interferon 2b 2a 2a and 2b 2b 2a 2a
Previous type of response (%) 
  Relapse 

No response

 
65 
35

 
55 
45

 
100 
0

Stage of fibrosis (%) 
  F0–F2 

F3 
F4

 
90.6 
5 
4.4

 
79.9 
14.3 
5.8

 
75 
15 
10

 
78.6 
10 
11.4

 
50.4 
22.6 
27

 
70 
15 
15

HCv genotype 1a (%) 64 59 48.8 58.8 49.4 42
SvR control arm (%) 38 44 50 21 17 37
SvR according to iL28B polymorphism (%) 
  CC 

CT 
TT

 
82 
65 
55

 
ND 
ND 
ND

 
95 
78 
61

 
79 
61 
55

 
76 
72 
55

 
89 
78 
65

SVR according to fibrosis stage (%) 
  F0–F2 

F3–F4

 
67 
41

 
78 
62

 
84 
68

 
66 
44

 
70 
58

 
82 
73

Relapse rate (%) 9 9 8 15 12 18

Abbreviations: HCv, hepatitis C virus; ND, no data; PROMiSe, PROtease inhibitor TMC435 in patientS who have previously relapsed on iFN/RBv; SPRiNT, Serine 
PRotease iNhibitor Therapy; SvR, sustained virologic response.
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shortening treatment duration. To date, the safety, efficacy, 

and pharmacokinetics of the newer drugs have not been 

established in children, and the drugs are not approved for 

use in patients younger than 18 years of age.

Simeprevir differs from the other first-generation pro-

tease inhibitors in that it is administered once daily and has 

a  different tolerability and resistance profile. This second 

wave of IFN-based, triple therapy allows shortening treat-

ment duration from 48 weeks or longer to 12 or 24 weeks. 

Some IFN-RBV-free, all-oral regimens are currently under 

development and will constitute a major revolution for 

 definitive cure of HCV infection.

Simeprevir is under evaluation for HCV genotype 1 patients 

in combination with the nucleotide polymerase inhibitor sofos-

buvir ± RBV in the COSMOS (Combination of simeprevir and 

sofosbuvir in HCV genotype 1-infected patients) trial40 and 

in combination with the NS5a inhibitor daclatasvir ± RBV in 

the LEAGUE-1 trial.41 Moreover, the preliminary results of a 

Phase III clinical trial conducted in HCV genotype 4-infected 

patients were recently reported at the annual meeting of the 

European Association for the Study of the Liver.42 In April 2014, 

 Janssen Pharmaceuticals, Inc. (Titusville, NJ, USA) announced 

initiation of the Phase III OPTIMIST (optimal treatment with 

a simeprevir and sofosbuvir therapy) trials, evaluating the 

safety and efficacy of simeprevir and sofosbuvir without IFN 

or RBV for the treatment of chronic genotype 1 HCV infection. 

Future combinations of two or more DAA agents, targeting dif-

ferent viral enzymes and with synergistic antiviral effects, will 

be approved, which will allow potent pan-genotypic treatment 

of HCV with optimized SVR and safety, heightened barrier to 

resistance, and shortened  treatment duration.
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