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HEPATITIS C: A NEW ERA OF TREATMENT, SERIES #3

This article, the third in the HCV series, will 
address these issues and will present a preview of the 
medications now in clinical trials that may comprise 
the future treatment options for patients with HCV.

Treatment Decisions – Treatment Now or 
Watch And Wait?
It is truly an amazing time to be a hepatologist 
and witness the amount of clinical research being 
conducted in the area of new drug development for 
HCV. Numerous industry leaders as well as small 
biopharmaceutical companies are currently engaged 
in discovering, developing and commercializing novel 
drugs for the treatment of HCV, many of which will 
be on the market as soon as the next 3-5 years. Thus, 
patients and their health-care providers must carefully 
weigh the pros and cons of beginning treatment now, 
or to adopt a “watch and wait” approach until one or 
more of these newer therapies become available.

Should Treatment Be Started Now?
There are many advantages of opting for treatment 
now. Strides toward enhanced treatment success have 
already been made. With the approval of the first 
generation protease inhibitors, telaprevir (TVR) and 

The Future of Hepatitis C Beyond 
Protease Inhibitors–Will Hepatitis C 
be a Disease of the Past?

It is currently estimated that approximately 5 million 
people in the United States are infected with chronic 
Hepatitis C (HCV) (1), a prevalence exceeding that 

of both human immunodeficiency virus (HIV) (an 
estimated 1.1 million infected) and hepatitis B (HBV) 
(an estimated 0.8-1.4 million infected) combined.(2) As 
discussed in part 1 of this series, (3) triple therapy with 
pegylated interferon (PIFN), ribavirin (RBV), and a 
protease inhibitor [either boceprevir (BOC) or telaprevir 
(TVR)] is now considered the standard of care for both 
treatment-naïve and treatment-experienced patients 
infected with HCV genotype 1 (G1). ( 4) 

While sustained virologic response (SVR) rates 
soared for many patients, complicated treatment 
regimens, adverse events (AEs), protease inhibitor 
resistance, drug-drug interactions (DDI) and excessive 
cost limit their use. Furthermore, many patients, such as 
null responders and those with cirrhosis, had suboptimal 
SVR rates. Patients with decompensated cirrhosis, those 
coinfected with HIV or HBV, and those who had an 
organ transplant are not eligible for triple therapy.

INTroDucTIoN

Melissa Palmer

HepC_Jan_12.indd   13 1/19/12   3:41 PM



hepatitis c: a new era of treatment, series #3

The Future of Hepatitis C Beyond Protease Inhibitors

hepatitis c: a new era of treatment, series #3

14� Practical�GastroenteroloGy� •� january�2012

boceprevir (BOC) in May 2011, SVR rates increased 
from approximately 45% to as high as 80% in many 
G1 HCV patients. Additionally, between 44–60% of 
treatment naïve patients were capable of achieving SVR 
in approximately half the time as previously required 
with PIFN/RBV alone. SVR is equivalent to a cure of 
HCV.

As opposed to the human immunodeficiency virus 
(where the genome undergoes reverse transcription to 
DNA and stored permanently in the host nucleus) or to 
the hepatitis B virus (where the genome is converted to 
covalently closed circular DNA (cccDNA) and stored 
permanently in the host nucleus), the hepatitis C virus 
genome exists in the host cytoplasm enabling complete 
viral clearance with successful treatment. (Figure 1) 
Once a patient with HCV is cured, disease progression 
due to the virus will be stopped, symptoms due to the 
virus will diminish or resolve, liver scarring may be 
reversed, the incidence of hepatocellular carcinoma 
will be reduced, and the need for liver transplant 
may be eliminated. (6,7,8) Thus, patients in more 
advanced stages of disease may not have the comfort 
of postponing treatment since they are at increased 
risk of morbidity and mortality. Other issues, such as 
symptomatology, extrahepatic features of HCV, or the 
need to decrease the risk of transmission (e.g. prior 
to becoming pregnant), may increase the urgency of 
treatment.

Should Treatment be Postponed?
While triple combination therapy is a medical milestone 
for patients with chronic hepatitis C, there are many 
viable reasons to consider postponement of treatment.

Even though cure rates have dramatically improved, 
many categories of patients, such as patients with 
cirrhosis, African American patients, partial responders 
and null responders, continue to have suboptimal 
response rates with triple therapy. The safety and 
efficacy of triple therapy have not been established 
in certain patient populations such as transplant 
patients, patients co-infected with HBV or HIV, 
pediatric patients, and patients with decompensated 
liver disease.  Some patients are either poorly tolerant 
to PIFN or RBV or have contraindications to taking 
either of these medications. Triple therapy treatment 
paradigms are complex to follow and adverse events 
are increased. Pill burden and dietary requirements can 
decrease adherence to therapy, which can give rise to the 
selection of protease inhibitor resistant strains of HCV. 

While the significance of drug-resistance and its 
impact on future HCV therapies is currently unknown, 
there may be a risk of decreasing their effectiveness. As 
adherence has been shown to diminish over time, (9) a 
patient’s motivation to be treated must be adequately 
assessed. DDIs are abundant with protease inhibitors 
and the risks of altering drug-regimens for co-morbid 
conditions must be weighed against the benefits of 
treatment initiation. Defining prior treatment response 
for non-naïve patients is crucial in determining optimal 
therapy duration that will ultimately result in improved 
SVR rates. This can be challenging, especially when 
past medical records lack the necessary information 
required for assessment. The patient’s finances, cost 
of the medication, and personal life must also be 
considered.

Finally, it must be kept in mind that triple therapy 
is not approved for patients with genotype 2 and 3. 
While there is an approximately 80% chance of SVR 
using PIFN/RBV alone, interferon- free regimens look 
promising for genotype 2 and 3. (10)

Medications on the Horizon
Each step of the HCV life cycle offers many possible 
targets for novel drug development. (Figure 2) 
These major drug classes include: NS3/4 protease 
inhibitors, NS5B polymerase inhibitors (which include 
nucleos(t) ide and non-nucleos(t)ides) NS5A inhibitors 
and host cyclophilin A inhibitors. (Table 2) In order 
to improve upon the current treatment regimen, one 
or more of the characteristics listed in Table 1 must 
be met. Fortunately all of the medications currently 
in clinical trials meet more than one of these. Some 
clinical trials include arms with and/or without PIFN 
and RBV, and  many companies have combined drugs 
from different classes in an effort to prevent resistance 
and improve SVR.

1. NS3/4 A Protease Inhibitors
General characteristics of  NS3/4 A protease inhibitors 
include a high efficacy and a low genetic barrier to 
resistance. Examples of drugs in this category include 
TMC 435 (jointly developed by Medivir and Tibotec), 
ACH 1625 and ACH 1095 (developed by Achillion)  
and BI 201335 (developed by Boehringer Ingelheim). 

a. TMC 435
TMC 435 is a second generation NS3/4A protease 
inhibitor with the advantage over BOC and TVR 
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in that it is only taken once a day as opposed to 
three times per day. Furthermore, more than 80% of 
genotype 1 treatment naïve patients were eligible to 
receive shortened 24 weeks of therapy determined by 
response guided therapy criteria and approximately 
95% of these patients achieved SVR. (11) When 
treatment-experienced patients were given triple 
therapy with TMC435, all subgroups achieved 
substantially higher SVR rates compared to patients 
taking PIFN/RBV alone: 85% vs. 37% in prior 
relapsers, 75% vs. 9% in prior partial responders 
and 51% vs. 19% in prior null responders. (12) Phase 
III trials of TMC 435 plus PIFN/RBV and phase 
II interferon-free combination studies with TMC 
435 plus the NS5B nucleotide analogue polymerase 
inhibitor PSI-7977 with and without RBV, in addition 
to TMC 435 plus the NS5A inhibitor Daclatasvir 
(BMS-790052) are currently ongoing.

b. ACH 1625
ACH-1625 is an oral once-daily pan-genotypic serine 
protease inhibitor. In the first segment of a phase 2a 
clinical trial, treatment-naive G1 patients received 
doses of 200 mg, 400 mg, or 800 mg of ACH-1625 
in combination with PIFN/RBV and achieved a 
rapid viral response (RVR) of approximately 80% 
compared to an RVR of 20% for patients receiving 
PIFN/RBV only. ACH-1625 was well tolerated at 
all doses with no serious adverse events. The second 
segment of this phase 2a is continuing with 12 weeks 
of ACH-1625 once daily and results are pending. (13)

c. ACH 1095
ACH 1095 is a novel specifically targeted NS4A 
antagonist in early development that has been found 
to be a strong inhibitor of HCV replication with an 
absence of resistance to other HCV inhibitors.

Figure 1. Hepatitis C Can Be Cured
As opposed to HIV, where the viruses genome undergoes reverse transcription to DNA and stored permanently in the host nucleus, or to HBV 
where the viruses genome is converted to covalently closed circular DNA (cccDNA) and stored permanently in the host nucleus, HCVs genome 
exists in the host cytoplasm enabling complete viral clearance. Adapted from KiefferTL. Et al. J Antimicrob Chemother. 2010;65:203-212 by 
permission of Oxford University Press. 
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d. BI 201335
BI 201335 is an oral, once daily, potent second 
generation NS3/4A protease inhibitor. When BI 
201335 was given with PIFN/RBV in naïve G1 
patients with fibrosis or cirrhosis for 12 to 24 weeks, 
more than 70% of patients achieved an extended 
Rapid Viral Response (eRVR) - undetectable HCV 
RNA at both week 4 and week 12 of therapy. (14) 
This important trial gives renewed hope for patients 
with advanced liver disease.

2. NS5B Polymerase Inhibitor
NS5B polymerase inhibitors are divided into nucleos(t)
ide and non-nucleos(t)ide analogues.

a. Nucleos(t)ide analogues
General characteristics of nucleos (t) ide analogues 
include a broad genotypic coverage and a high 

genetic barrier to resistance. Examples include IDX 
184 (developed by Idenix), PSI 7977 (developed by 
Pharmasset, later Gilead), PSI 938 (developed by 
Pharmasset, trials were discontinued) and INX 189 
(developed by Inhibitex, which was bought by Bristol 
Myers Squibb).

1. IDX 184
IDX184 is a unique liver-targeted nucleotide prodrug 
of 2’-methyl guanosine. In 2010, the U.S. Food and 
Drug Administration halted all trials of IDX 184 
in combination with IDX 320 when three healthy 
volunteers developed liver enzyme abnormalities in 
early-stage clinical trial. This hold was removed in 2011 
after attributing potential hepatotoxicity to IDX 320. 
Interim results of either 50 mg or 100 mg of IDX184 
once daily in combination with PIFN/RBV revealed that 

(continued on page 19)

Figure 2. HCV Lifecycle
HCV replication cycle. Each step of the HCV lifecycle offers many possible targets for novel drug development. 
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73% of patients in the 100 mg IDX184 arm (n=15) and 
63% in the 50 mg arm (n=16) had undetectable virus 
(LLOQ < 25 IU/ml) at 28 days with excellent safety 
profile. (15) Further results from this clinical trial are 
anticipated.

2. PSI 7977
PSI 7977 is a potent once-daily oral nucleotide analog 
that has a high barrier to resistance and broad genotypic 
activity with or without interferon. More than 90% of G1 
treatment naïve patients treated with PSI 7977 (either 
200mg or 400 mg/day) plus PIFN/RBV an undetectable 
HCVRNA 12 weeks after treatment termination (SVR 
12) determined by intent-to-treat analysis independent 
of predictors of poor interferon response. (16) After  just 
12 weeks of therapy, 100% of G2 or 3 patients treated 
with PSI 7977 400mg/day and RBV without PIFN 
alone achieved SVR without resistance. (10) This study 
demonstrated that some patients are capable of being 
cured when treated with an all-oral regimen for only 12 
weeks. Phase III interferon–free trials are planned for 
2012 and will include all genotypes in addition to G1 
null responders. In addition, monotherapy studies can 

also be expected, as a small cohort of patients achieved 
SVR on PSI 7977 alone.

3. PSI 938
PSI 938 is an oral, once-daily guanine (a purine) 
nucleotide polymerase inhibitor. Preliminary trials 
demonstrated potent antiviral activity, however, in a 
phase 2b trial evaluating its efficacy alone or with the 
pyrimidine PSI 7977 or PSI 7977 and RBV, potential 
hepatotoxicity led to the decision by the FDA to 
discontinue its use. 

4. INX 189
INX-189 is an oral, once-daily, novel guanosine 
nucleotide polymerase inhibitor that has shown to 
have significant antiviral activity against all HCV 
genotypes and to have a high barrier to resistance.  In 
early stage clinical trials, 200 mg of INX-189, dosed 
once-daily for seven days, was well-tolerated. It also 
demonstrated potent and dose-dependent antiviral 
activity with a median HCV RNA reduction from 
baseline of -4.25 log10 IU/mL. In late 2011 of this 
ongoing trial, 100 mg INX-189, dosed once-daily for 
seven days in combination with RBV, continued to 

(continued from page 16)

1. Excellent safety profile

2. Manageable and diminished side effects

3. Improved efficacy

4. Decreased treatment duration

5. Uncomplicated treatment regimen with easy to follow futility guidelines

6. Decreased pill burden with pharmacokinetic properties allowing  once daily dosing

7. Interferon-free therapy

8. High barrier to resistance

9. Pan-Genotypic

10. Effective for both naïve and treatment-experienced patients

11. Effective in traditionally difficult to treat population

12. Diminished drug-drug interactions

13. Less costly

14. Excellent absorption without specific dietary requirements

Table 1. Components of an Ideal HCV Treatment Regimen.
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demonstrate potent and dose-dependent synergistic 
antiviral activity with a median HCV RNA reduction 
from baseline of -3.79 log10 IU/mL. (17) Inhibitex was 
purchased in January 2012 by Bristol Myers Squibb, 
who will continue clinical investigation with includes 
planned cohorts of: 100 mg INX-189 qd plus RBV; 
100 mg INX-189 dosed twice-daily as monotherapy; 
100 mg INX-189 dosed with food; and possibly higher 
monotherapy doses of INX-189. Thus, INX-189 may 
be able to be used as monotherapy or dual therapy with 
RBV, for HCV treatment.

b. Non-nucleos(t)ide
Non-nucleos(t)ide analogues tend to have a lower 
genetic barrier to resistance than the nucleos(t)ide 
analogues. Examples in this class include VX 222 
(developed by Vertex), ABT 333 and ABT 072 (both 
developed by Abbott), and GS 9190 (developed by 
Gilead).

1. VX 222
VX-222 is an oral, once-daily non-nucleoside inhibitor 

of HCV NS5B polymerase. It is currently being 
evaluated in combination with telaprevir twice daily 
and PIFN plus RBV in G1 treatment naïve patients.
Preliminary results of this four-drug regimen (referred 
to as Quad regimen) revealed that 90% of patients 
receiving VX-222 (400mg) for a total of either 12 or 24 
weeks achieved undetectable levels of HCV 12 weeks 
after treatment termination. (18) Further results are 
anticipated to determine which subgroups of patients 
may be eligible for 12 weeks total treatment duration.

2. ABT 333 and 072
ABT 333 and 072 are non-nucleoside HCV NS5B 
polymerase inhibitors. ABT-450 is a potent protease 
inhibitor that is used with ritonavir (RTV), a protease 
inhibitor also manufactured by Abbott that inhibits 
the same host enzyme that metabolizes other protease 
inhibitors. Co-administration of RTV with ABT 450 
boosts ABT-450 plasma concentrations, permitting 
once-daily dosing. In preliminary trials, 44 treatment 
naïve G1 patients were given RTV with ABT-450 and 
one of two Abbott polymerase inhibitors, ABT-333 or 

Drug Class Example Company

NS3/4 A Protease Inhibitor TMC 435
ACH 1625
ACH 1095
BI 201335

Medivir+Tibotec
Achillion
Achillion
Boehringer Ingelheim

NS5B Polymerase Inhibitor
1. Nucleos(t)ide analogue IDX 184

PSI 7977
PSI 938
INX 189

Idenix
Pharmasset (Gilead)
Pharmasset (Gilead)
Inhibitex (BMS)

2. Non-nucleos(t)ide analogue VX 222
ABT 333
ABT 072
GS 9190

Vertex
Abbott
Abbott
Gilead

NS5A Inhibitors BMS 701152
ACH 2928
ACH 3102

Bristol Meyers Squibb
Achillion
Achillion

Cyclophilin A Inhibitors Debio 025 Novartis

Table 2. Medications for HCV in Clinical Trials and their Targets
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ABT-072, in addition to RBV for 12 weeks. All patients 
who did not discontinue the trial achieved an early 
virologic response at 12 weeks, and 90% of patients 
who were tested 24 weeks after treatment termination, 
achieved SVR. (19)

3. GS 9190
GS-9190, an oral, twice-daily non-nucleoside NS5B 
polymerase inhibitor, and GS-9256, an oral, twice-
daily NS3 serine protease inhibitor, are potent antivirals 
with proven efficacy in the treatment of G1 patients. 
Treatment-naïve patients with genotype 1 HCV were 
assigned 28 days of tegobuvir 40 mg twice daily and 
GS-9256 75 mg twice daily (n=16), tegobuvir and 
GS-9256 plus RBV 1000-1200 mg daily (n=15), or 
tegobuvir and GS-9256 plus PEG-IFN alfa-2a (180 mcg 
qw)/RBV (n=15). After 28 days, all patients received 
PIFN/RBV. RVR was observed in 100% (14/14) of 
treatment naïve G1 patients receiving GS-9190 plus 
GS-9256 in addition to PIFN/RBV. (20)

3. NS5A Inhibitors
NS5A inhibitors generally have a broad genotypic 
coverage. Examples include BMS 701152 (developed 
by Bristol Myers Squibb), ACH 2928 and ACH 3102 
(developed by Achillion).

a. Daclatasvir (BMS- 790052)
NS5A is an HCV-encoded nonstructural protein that 
is required for viral assembly and that interacts with 
other HCV nonstructural proteins stimulating NS5B 
polymerase activity in vitro. (21) Daclatasvir (DCV) 
(BMS- 790052) is a first-in-class NS5A inhibitor. 
When combined with PIFN and RBV, once-daily 
oral daclatasvir 60 mg resulted in SVR in 90% of 
G1 treatment naïve patients and in 67% of treatment-
experienced patients who had undetectable viral loads 
at week 4 and 12 of triple therapy. (22) This triple 
combination is also being studied in treatment naïve 
genotype 4 (G4) HCV patients. Preliminary results 
revealed undetectable HCV RNA in 100% of patients 
taking 60 mg of daclatasvir plus PIFN/RBV versus 
50% of G4 patients on PIFN/RBV alone.

A preliminary trial of 10 patients given DCV 
60 mg once daily combined with twice daily oral 
asunaprevir (ASV) (BMS-650032), a selective NS3 
protease inhibitor, in G1b null-responders resulted 
in SVR in all patients who completed 24 weeks of 
therapy. (23) While adverse events included pyrexia 

and elevated transaminases, further trials are expected. 
In addition, trials with DCV plus TMC 435, a second-
generation NS3/4A protease inhibitor, are ongoing.

b. ACH -2928 and ACH - 3102
ACH-2928 is a first generation and ACH-3102 is 
a second generation NS5A inhibitor. In preclinical 
studies they showed potent pan-genotypic activity, 
low DDIs, pharmacokinetics supporting once daily 
dosing and good safety profiles. (24) When ACH 2928 
was added to ACH-1625, an NS3 protease inhibitor 
in phase 2 clinical trials, resistant variant formation 
was prevented, features supporting continued clinical 
trials of ACH-2928 in combination with ACH-1625 
for once-daily use.

4. Cyclophilin A Inhibitors
Host cell cyclophilins (Cyps) are involved in the folding 
and isomerisation of proteins, a function essential for 
HCV replication in hepatocytes. While the specific 
viral protein modified by the isomerase has yet to be 
identified, interactions with NS2, NS5B and NS5A, 
have been considered. (25) Suppression of hepatitis 
C viral replication by cyclosporine A, noted in liver 
transplant recipients, generated additional interest 
in the use of cyclophilin inhibitors for HCV. Since 
cyclophilin inhibitors target the host rather that the 
hepatitis C virus, they are pan-genotypic with a high 
barrier to drug resistance, making them an attractive 
treatment option for HCV. Alisporivir (Debio 025, 
developed by Novartis) is the furthest along in clinical 
trials. Scynexis and Bioteca also have drugs in early 
phase trials in this class.

a. Alisporivir (Debio 025)
Alisporivir (Debio-025), is a first-in-class oral 
cyclophilin inhibitor. It is a non-immunosuppressive 
analogue of cyclosporine A that selectively inhibits 
Cyps and prevents HCV-mediated mitochondrial 
dysfunction. (26, 27) Taken orally once-daily, studies 
have demonstrated that after 6 weeks approximately 
one third of naïve HCV genotype 2/3 patients had 
undetectable viral loads, and this number increased 
to 50% when ribavirin was added to this interferon-
free regimen. (28) When alisporivir (ALV) was added 
to PIFN/RBV in treatment-naïve G1 patients, over 
75% of patients achieved SVR compared to 55% of 
patients in the PegIFN/RBV arm, independent of 
IL28B genotype. In fact, the largest improvement of 
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SVR rate was noted in patients with the TT genotype. 
ALV associated hyperbilirubinemia was reversible 
and not associated with hepatotoxicity. (29). A clinical 
trial evaluating the overall efficacy and safety of ALV 
plus PIFN/RBV in patients who previously failed 
treatment with either TVR or BOC plus PIFN/RBV 
is expected.

ConClusion
The future of hepatitis C treatment is promising. 
Combinations of antivirals may eventually result in a 
cure rate approaching 100%. Furthermore, some patients 
may be capable of attaining a cure utilizing an all-oral 
regimen, with a treatment duration of just twelve weeks, 
and with minimal side effects. Additionally, it appears 
that cure rates in even the hardest-to-treat patients will 
improve dramatically. Now that we are achieving a 
medical breakthrough in the treatment of HCV, it is all 
the more crucial that additional screening programs 
occur to enable clinicians to identify the 80% of those 
that are undiagnosed. Healthcare providers must work 
together to assure that all patients with risk factors for 
HCV are diagnosed and referred for treatment. Only in 
this manner will the 100% cure rate of HCV become 
a reality.n
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