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SUMMARY

Background

The nonstructural 3 serine protease inhibitors (PIs), boceprevir and telapre-
vir, represent the first in a new generation of directly acting antivirals
against genotype 1 hepatitis C (HCV) infection. When used in combination
with pegylated interferon and ribavirin, these drugs greatly improve sus-
tained virological response rates in both treatment-naive patients and
patients who have had previous virological failure on treatment. However,
the addition of these new agents will increase the complexity of therapeutic
regimens, the rates of side-effects and costs.

Aims

To review concisely the current evidence and to suggest current best prac-
tice, for the use of telaprevir and boceprevir in the management of chronic
genotype 1 HCV infection.

Methods

These guidelines for the use of boceprevir and telaprevir have been formu-
lated following extensive review of the current literature, are based on the
consensus opinion of a panel of national experts, and have been openly dis-
cussed and debated at a national meeting of HCV care providers.

Results

We have made recommendations on a number of the key practical issues
facing HCV care providers: (i) Which patients to treat?; (ii) Standards for
the provision of care; (iii) Pre-treatment considerations; (iv) Which treat-
ment regimens to use?; (v) Stopping rules; and (vi) Management of adverse
effects. Finally, we have produced suggested algorithms for the assessment
and treatment of these patients.

Conclusions

These UK Consensus guidelines indicate the current best practice for the
use of boceprevir and telaprevir in the management of genotype 1 chronic
HCV infection.
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INTRODUCTION

Chronic hepatitis C infection (HCV) affects around 200
million people worldwide." * It is estimated that up to
30% of these patients will develop cirrhosis® and around
5% per year will develop decompensated liver disease or
hepatocellular carcinoma.* Furthermore, chronic HCV
infection remains one of the principal indications for
liver transplantation, with an increasing incidence in the
Western world.” Therefore, HCV infection already repre-
sents a major health burden, which is predicted to
increase several fold in the next two decades.® Currently,
there are six HCV genotypes recognised with several
subtypes identified. Genotype 1 infection (subtypes la
and 1b) represents the commonest cause of chronic
infection in the world.”

The advent of dual therapy with pegylated interferon-o
(IFN-o) and ribavirin resulted in a vast improvement in
the treatment for chronic HCV infection. The current mea-
sure of successful therapy is to achieve a sustained virologi-
cal response (SVR), defined as an undetectable serum HCV
RNA level, 24 weeks after cessation of treatment. An SVR
is typically associated with resolution of liver disease and
improved quality of life in noncirrhotic patients, although
cirrhotic patients may still be at risk of liver-related com-
plications. The current standard of care (SoC) treatment
for genotype 1 infected patients, with pegylated IFN-o and
ribavirin for 48 weeks, is associated with an SVR rate of
between 40% and 50% in most clinical trials.* ' Although
this is a significant advance over single-agent therapy, there
remains a large number of patients who will not achieve an
SVR. Furthermore, there have been very limited options
for those patients who fail to clear the virus with initial dual
therapy, retreatment with Peg IFN-« and ribavirin, giving
overall SVR rates of only between 10% and 20% in pub-
lished studies.'" > Given the global scale of HCV infection,
this remains a significant health problem, and novel thera-
pies are required.

As the life cycle of the HCV virus has become known,
novel therapeutic targets have been identified, enabling
the development of directly acting anti-viral (DAA)
drugs that are more specific than standard treatment
regimes. The nonstructural 3 serine protease inhibitors
(PIs), telaprevir (Incivo, Janssen-Cilag SpA, Borgo San
Michele, Italy) and boceprevir (Victrelis, MSD, Hoddes-
ton, UK), directly inhibit viral replication and may also
restore the natural innate immune response of hepato-
cytes."* Large phase 3 trials of both these PIs in patients
with chronic infection with genotype 1 HCV have shown
highly significant increases in the proportion of patients
who obtain an SVR. These drugs have been recognised
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as a major advance in the treatment of patients infected
with genotype 1 hepatitis C virus, and therefore, have
been approved for use by the FDA, EMA and Scottish
Medicines Consortium (SMC).

These guidelines for the use of boceprevir and telapre-
vir have been formulated following extensive review of
the current literature, are based on the consensus opin-
ion of a panel of national experts, and have been openly
discussed at a national meeting of HCV care providers.
They aim to concisely summarise the current evidence
and to suggest current best practice, for the use of tela-
previr and boceprevir in the management of chronic
genotype 1 HCV infection.

EFFICACY OF PROTEASE INHIBITOR-BASED
THERAPY

A number of high quality clinical trials have now been
published, examining the efficacy of the addition of Pls
to SoC treatment for both treatment-naive patients and
patients who have had previous virological failure. Evi-
dence only currently exists for the use of these drugs in
Genotype 1 infected patients. Furthermore, all the trial
data quoted is on an intention to treat basis, including
patients who received at least one dose of any study drug.

Treatment-naive patients

The efficacy of boceprevir in treatment-naive genotype 1
infected patients has been demonstrated in phase 2
(SPRINT-1)* and phase 3 (SPRINT-2)*¢ clinical trials.
SPRINT-1 included 520 patients who were randomly
assigned to one of five groups: PR48 (SoC receiving Peg
IFN-02b 1.5 pg/kg and ribavirin 800-1400 mg daily for
48 weeks); PRB28 or PRB48 (SoC peginterferon-ribavirin
and boceprevir 800 mg three times per day for 28 or
48 weeks respectively); PR4/PRB24 or PR4/PRB44 (SoC
peginterferon-ribavirin lead-in for 4 weeks followed by
triple therapy for 24 or 44 weeks respectively). SVR rates
were as follows: PR48 Control = 38%; PRB28 = 54%;
PRB48 = 67%; and PR4/PRB24 = 56%; PR4/PRB44
= 75%, indicative of significantly enhanced SVR with the
addition of boceprevir (Table 1).

In the phase 3 study, SPRINT-2, all 1097 patients
received 4 weeks of lead-in treatment (SoC Peg IFN-a2b
1.5 pg/kg and ribavirin 600-1400 mg daily) followed by
randomisation to three groups: Group 1 (control receiving
44 weeks SoC peginterferon-ribavirin and placebo), Group
2 (response-guided therapy with SoC peginterferon-ribavi-
rin and boceprevir 800 mg t.d.s for 24 weeks with those
having detectable HCV RNA at any visit between 8 and
24 weeks continuing on SoC peginterferon-ribavirin for
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Table 1| Summary of clinical trial data for the use of boceprevir and telaprevir in treatment-naive patients
38%
24%

Summary of the SVR and relapse rates from the stated clinical trials for the addition of boceprevir or telaprevir to SoC therapy for treatment-naive Genotype 1 HCV-infected
patients. Shaded columns indicate control groups receiving SoC treatment alone. Relapse is defined as undetectable HCV RNA at end of treatment, but detectable within
24 weeks of follow-up. Study design and treatment groups are summarised in the text. Statistical analyses are compared with SoC treatment alone. HCV, hepatitis C infection;

RGT, response-guided treatment.

Drug

Trial

SVR
Relapse

* P < 0.05.
+ P < 0.0l
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an additional 20 weeks) and Group 3 (SoC peginterferon-
ribavirin and boceprevir for 44 weeks). SVR rates were as
follows: Group 1 = 38%; Group 2 = 63%; and Group
3 =66% (Table 1). Thus, in both phase 2 and phase 3
studies, the addition of boceprevir to standard dual ther-
apy in treatment-naive patients results in increase SVR
rates by a minimum of 25%. Furthermore, the use of
response-guided treatment (RGT) with boceprevir is asso-
ciated with an improved SVR (compared with dual ther-
apy) despite a shorter duration of treatment.

Similar studies have been carried out for telaprevir in
patients with genotype 1 chronic HCV infection. In the
PROVEI study,"”” 233 patients received one of the fol-
lowing three treatments: PR48 (SoC Peg IFN-o2a
180 pg/week and ribavirin 1000-1200 mg daily for
48 weeks), T12PR24 and T12PR48 (Telaprevir for
12 weeks with SoC peginterferon-ribavirin followed by
SoC peginterferon-ribavirin alone for 12 and 36 addi-
tional weeks respectively). SVR rates were as follows:
PR48 = 41%, TI12PR24 =61% and TI12PR48 = 67%
(Table 1). Similar findings were seen in PROVE2,'®
where SVR rates for PR48 (control) and TI12PR24
groups were 46% and 69% respectively (Table 1). Impor-
tantly, both PROVEI and PROVE2 studies demonstrated
that shortening the duration of peginterferon-ribavirin to
12 weeks to match duration of telaprevir therapy
reduced SVR to that of standard dual therapy.'” '® Fur-
thermore, in a separate treatment arm, PROVE2 showed
that ribavirin was essential to reduce the risk of relapse
and viral breakthrough with telaprevir treatment.'®

In the phase 3 ADVANCE study,19 a total of 1088
patients were randomised to three treatment groups: PR
group (SoC Peg IFN-02a 180 pg/week and ribavirin
1000-1200 mg daily for 48 weeks), T8PR and T12PR
groups (SoC peginterferon-ribavirin and telaprevir for 8
or 12 weeks, respectively, followed by SoC peginterferon-
ribavirin alone in a response-guided manner, with
patients who had an eRVR (negative HCV RNA at 4
and 12 weeks) continuing treatment up to week 24,
whereas those who had positive HCV RNA at either 4
or 12 weeks continuing SoC peginterferon-ribavirin
treatment up to week 48. The SVR rates were as follows:
PR group = 44%, T8PR =69% and TI12PR = 75%
(Table 1). Thus, overall, addition of telaprevir to stan-
dard dual therapy regimens in treatment-naive patients
results in improved SVR rates by at least 20-25%, a sim-
ilar efficacy to boceprevir-based regimens.

In conclusion, phase 2 and 3 studies using boceprevir
and telaprevir in treatment-naive patients in addition to
peginterferon-ribavirin, shows a robust increase in overall
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SVR rates of at least 20-25%. Whilst the regimens used
differ between studies, the efficacy of boceprevir and
telaprevir is largely similar. Furthermore, in the larger
phase 3 studies (SPRINT-2 and ADVANCE), response-
guided therapy seems equally effective and may enable
shortened treatment durations in specific groups of
patients. In addition, the SVR rates have been improved
in the phase 3 compared with phase 2 studies, indicative
of better management of adverse effects and higher con-
cordance rates as a result of improved physician experi-
ence and education.

Patients who have had virological failure with
previous treatment

As discussed above, a significant proportion of patients
will not achieve an SVR with current SoC treatment due
to virological failure. These patients can broadly be
divided into three groups:

(i) Virological relapse: Patients who have undetectable
HCV RNA at the end of treatment, but do not achieve
an SVR (i.e. detectable HCV RNA during follow-up per-
iod).

(ii) Virological partial response: Patients who have a
>2 logjo IU/mL drop in HCV RNA by 12 weeks of
treatment, but never achieve undetectable HCV RNA

(iii) Virological null response: Patients who have a <2
log;p IU/mL drop in HCV RNA by 12 weeks of treat-
ment

Phase 2 and 3 studies have now been conducted using
boceprevir and telaprevir in these patients who have not
achieved an SVR despite prior treatment with combina-
tion antiviral therapy. In the RESPOND-2 study using
boceprevir,” a total of 403 patients with previous relapse
and partial response were recruited. Patients with previ-
ous null response were not included in this study. All
patients received a lead-in treatment for 4 weeks with
SoC Peg IFN-02b 1.5 pg/kg weekly and ribavirin 600—
1400 mg daily. Patients were then randomised to three
groups: Group 1 [control received SoC peginterferon-
ribavirin for 44 additional weeks (total 48 weeks)] and
Group 2 [response-guided therapy with all patients
receiving SoC peginterferon-ribavirin and boceprevir for
32 additional weeks (up to week 36); those patients with
undetectable HCV RNA at week 8 and 12 completed ther-
apy at week 36, whereas those patients who had detectable
HCV RNA at week 8 (but not at week 12) continued on
SoC peginterferon-ribavirin until week 48]; Group 3 (SoC
peginterferon-ribavirin and boceprevir for an additional
44 weeks). Overall SVR rates were Group 1 (control)
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= 21%, Group 2 (response-guided therapy) = 59% and
Group 3 = 66%. Subgroup analysis indicated SVR rates
(group 1 vs. 2 vs. 3) among patients with previous relapse
of 29% vs. 69% vs. 75% and among patients with previous
partial response of 7% vs. 40% vs. 52% (Table 2).

In the REALISE study using telaprevir,” 663 patients
with previous relapse, partial response and null response
were randomised to three groups: PR48 (control group
receiving SoC Peg IFN-o2a 180 pg/week and ribavirin
1000-1200 mg daily for 48 weeks), TI12PR48 (receiving
SoC peginterferon-ribavirin for 48 weeks with telaprevir
treatment for the first 12 weeks) and lead-in T12PR48
(4 weeks lead-in with SoC peginterferon-ribavirin fol-
lowed by 12 weeks triple therapy, then continuation on
SoC peginterferon-ribavirin for a total of 48 weeks).
Overall SVR rates were PR48 = 17%, T12PR48 = 64%
and lead-in T12PR48 = 66%. Subgroup analysis indi-
cated SVR (PR48 vs. T12PR48 vs.
T12PR48) among patients with prior relapse of 24% vs.

rates lead-in
83% vs. 88%; among patients with prior partial response
of 15% vs. 59% vs. 54%; and among patients with prior
null response of 5% vs. 29% vs. 33% (Table 2).

In summary, there is a significant benefit to retreating
patients who have previously had virological failure with
peginterferon-ribavirin therapy, using triple therapy with
a protease inhibitor. Overall, this can improve SVR rates
in these patients by over 40%. The benefits of protease
inhibitor regimens over SoC treatment seem to hold for
patients with prior relapse, partial response and null
response, although the SVR rate is lower in prior partial
responders and null responders. The regimens used for
boceprevir and telaprevir differed between the studies, but
showed similar SVR rates. Of note, boceprevir has not
been used in patients with a prior null response.

Patients with nongenotype 1 HCV infection

Currently, there are very limited data for the use of
DAAs in patients with nongenotype 1 HCV infection.
Only a small proof of concept study has suggested some
efficacy of telaprevir in Genotype 2 HCV infection, albeit
fewer than 20 patients received the PI1.** Therefore, cur-
rently neither boceprevir nor telaprevir should be used
in patients with nongenotype 1 HCV infection.””> Such
patients may benefit from the ongoing development of
the next generation of DAAs.

COST-EFFECTIVENESS OF Pl TREATMENT

Clearly, the addition of PI treatment to the current SoC
treatment of pegylated intereferon and ribavirin repre-
sents a major step forward in the treatment of genotype

Aliment Pharmacol Ther 2012; 35: 647-662
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such figures will have a massive impact on the disease
burden in forthcoming years. Whilst, by addition of a
PI, SVR rates can approach this 80% in certain groups,
the number of patients being treated must continue to
increase to make a meaningful impact at a population
level.

FACTORS PREDICTIVE OF RESPONSE TO
TREATMENT

Prior to deciding on appropriate treatment regimens, it
is possible to predict those patients who are highly likely
to respond to therapy (good response group) and those
who are less likely to respond (poor response group).
This will enable a more tailored approach to therapy. In
HCV genotype 1 patients, 67-75% can now be cured,
38—46% can be cured with SoC alone, an additional 23—
31% with the use of a PI, whereas 25% will still have
treatment failure. If we had predictors that accurately
identified these groups, therapy could, potentially, be
made more cost-effective, and some patients would be
spared unnecessary side-effects. Perfect predictors do not
exist currently. However, it is possible to identify a sub-
set of patients who have very high SVR rates with SoC
alone, in whom the addition of a PI may have little
additional benefit. These patients can be predicted on
the basis of combinations of baseline clinical, viral and

; g 27-30
genetic characteristics.

Alternatively, early viral
response to peginterferon-ribavirin has high positive
predictive value for cure and applies to a larger propor-
tion of patients.’" ** However, the appropriate duration
of therapy for such patients is still debated: a reduced
duration of 24 weeks has been suggested from retrospec-
tive cohorts to show SVRs ranging from 80% to >90%,”
whereas the trials of triple therapy have prospectively
demonstrated SVRs of >90% with 6 months therapy.

Additionally, a number of characteristics associated
with a poor SVR rate have been reported in the recent
phase 3 PI studies (see Table 3). These are largely in
keeping with previous data generated from SoC stud-
ies.” %/ Furthermore, recent subgroup analysis has iden-
tified a reduction in HCV RNA levels of <I log, after
4 weeks of lead-in peginterferon-ribavirin as a significant
predictor of a reduced SVR rate, even with triple ther-
apy.'® ** This is particularly low in patients with coexis-
tent cirrhosis.

Thus, by considering a number of baseline factors and
monitoring the early viral response to peginterferon-riba-
virin, it is possible to identify patients in the good
response group who would gain little benefit from the
addition of a PI, and those in the poor response group

652

Table 3 | Factors predisposing genotype 1 patients to a
reduced likelihood of achieving an SVR with Pl-based
triple therapy

Major factors

High baseline HCV RNA levels (=800 000 IU/mL in most
studies)

Presence of advanced fibrosis or cirrhosis

Adverse IL-28B genotype (CT/TT)

In previous treatment-failure patients: prior null response
Post-treatment initiation: reduction of <1 log;o 1U/mL of
HCV RNA after lead-in 4 weeks of peginterferon-
ribavirin alone

Minor factors

Age (>40-45)

Ethnic origin (Black vs. Nonblack)
HCV Genotype 1a

In previous treatment-failure patents: prior partial response

High BMI (>30)
Presence of Type 2 DM

Summary of factors that have been shown to be associated
with a poor response to protease inhibitor-based triple ther-
apy. Factors that have a dominant effect have been classified
as major factors. HCV, hepatitis C infection; SVR, sustained vi-
rological response.

who may still have a low chance of cure even with the
use of a PI and might be better served to await treatment
with the next generation of DAAs.

VIRAL RESISTANCE

The existing evidence from the use of DAAs in the treat-
ment of HIV and hepatitis B infection indicates that
viral resistance is a major concern. HCV is clearly a dif-
ferent virus, with numerous naturally occurring variants
present at any one time as a result of the high replica-
tion rate. These variants can confer resistance to DAAs
by altering the drug binding site.”> The administration of
DAAs may then lead to the resistant mutant becoming
the dominant viral strain, causing virological failure of
treatment. Furthermore, these viral strains may subse-
quently develop additional resistance mutations that may
render a class of DAAs redundant, potentially compro-
mising future therapeutic options and the chance of cure.
The impact of resistance in HCV to PIs is yet to be
delineated.

From the studies to date, it seems that peginterferon
and ribavirin administration is critical to preventing
HCV resistance to PIs. In early phase 1 studies, mono-
therapy with either boceprevir’® or telaprevir’” ** was
associated with the emergence of viral resistance muta-
tions, which were diminished when the PI was combined
with peginterferon. Furthermore, in the SPRINT-2 study,

Aliment Pharmacol Ther 2012; 35: 647-662
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patients who were less responsive to the lead-in peginter-
feron-ribavirin phase (<1 log;o decline in HCV RNA by
week 4) showed significantly higher levels of virological
failure and resistance mutations.!® In addition, in the
PROVE2 study, patients who had treatment with
peginterferon and telaprevir without ribavirin showed
lower SVR rates, with increased resistant mutations.'®
These data indicate that currently, PIs should only be
used in combination with peginterferon and ribavirin to
maximise SVR rates and minimise the development of
resistance mutations.

Resistance mutations are also more likely to develop
with ongoing exposure to PIs when treatment is futile.
Thus, all of the studies to date enforce strict stopping
rules, based on inadequate virological responses, when
should be discontinued to prevent
ongoing exposure to the drugs when the chance of

PI treatment

cure is very low. These rules vary between treatment
regimens, but should be robustly adhered to in clinical
practice.

The long-term consequences of these resistance muta-
tions remain uncertain. It does seem that the HCV resis-
tant variants decline with time off therapy, and become
undetectable in the majority of cases during long-term
follow-up.”® *° However, it is not clear if further admin-
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istration of PIs to these patients might lead to rapid re-
emergence of the resistant HCV or how they might
respond to newer DAAs.

Thus, in the new era of PI therapy for chronic geno-
type 1 HCV infection, it is important to be aware of the
potential for viral resistance, as this might adversely
affect patient outcome now and in the future. This can
be minimised by strict adherence to therapeutic regimens
and stopping rules.

ADVERSE EFFECTS

Whilst the appropriate use of PIs with peginterferon-
ribavirin provides significant increases in cure rates of
genotype 1 chronic HCV infection, there is also an
increased rate of adverse effects with the use of triple
therapy.

As indicated (Table 4), the principal side-effects associ-
ated with boceprevir treatment are dysgeusia (altered
sense of taste), anaemia and neutropenia. The dysgeusia
does not usually need any alteration in treatment. Dose
reduction of boceprevir should not be used in the manage-
ment of adverse effects, as suboptimal dose will promote
the emergence of resistant species in failing regimens.

With telaprevir treatment regimens, the adverse effect
profile is slightly different from boceprevir (Table 5).

Table 4 | Summary of adverse events increased with boceprevir treatment in phase 3 trials

Drug Boceprevir
Trial SPRINT-2 RESPOND-2
Group 2 Group 3 Group 2 Group 3
Group 1 (RGT) (48 weeks) Group 1 (RGT) (48 weeks)
Serious adverse event 9% 1% 12% 5% 10% 14%*
Discontinuation due to 16% 12% 16% 2% 8% 12%*
adverse event
Anorectal symptoms NR NR NR NR NR NR
Dysgeusia 18% 37%F 43% M% 43% 45%F
Anaemia 29% 49%F 49%F 20% 43%7 46%t
Grade 3 neutropenia 14% 24%+ 25%F 9% 19% 20%*
(500-750/mm?)
Rash 23% 25% 24% 5% 17%* 14%
Fatigue 60% 53% 57% 50% 53.7% 571%
Pruritus 27% 24% 26% 17.5% 18.5% 19.3%
Nausea 42% 48% 43% 37.5% 43.8% 39.1%
Diarrhoea 22% 22% 27% 15% 22.8% 23%

Summary of principal reported adverse effects in phase 3 studies with treatment arms containing boceprevir. Shaded columns
indicate control groups receiving SoC treatment. Statistical analyses are compared with SoC treatment alone. NR, not reported;

RGT, response-guided treatment.
* P < 0.05.
+ P < 0.001.
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Table 5| Summary of adverse event increased with telaprevir treatment in phase 3 studies

Drug Telaprevir
Trial ADVANCE REALISE ILLUMINATE
Lead-in T12PR24 and
PR T8PR T12PR PR48 T12 PR48 T12PR48 T12PR48
Serious adverse event 7% 9% 9% 5% 12% 12% 9%
Discontinuation due to 7% 10% 10% 3% 15% M% 18%
adverse event
Anorectal symptoms/ 4% 8%* 13%* 7% 15%* 12%* NR
haemorrhoids
Dysgeusia NR NR NR 6% 12% 12% NR
Anaemia 19% 39%* 37%* 15% 30%* 36%* 39%
Total neutropenia 19% 17% 14% 1% 14% 13% NR
Rash 24% 35%* 37%* 19% 37%* 36%* 37%
Fatigue 57% 58% 57% 40% 55% 50% 68%
Pruritus 36% 45%* 50%* 27% 52%* 50%* 51%
Nausea 31% 40% 43% 23% 35% 33% 47%
Diarrhoea 22% 32% 28% 14% 25% 26% 30%

Summary of principal reported adverse effects in phase 3 studies with treatment arms containing telaprevir. Shaded columns indi-
cate control groups receiving SoC treatment. Statistical analyses are compared with SoC treatment alone. NR, no data reported.

* No P-value reported.

Studies have shown an increase in skin rash (see below)
and anorectal symptoms (discomfort and pruritus) with
telaprevir treatment. The anorectal symptoms are usually
tolerable for the duration of telaprevir treatment, and
rarely (0.5%) led to discontinuation.

Anaemia in Pl treatment

Treatment with either PI is associated with an increased
rate of anaemia compared with SoC. As shown
(Table 4), there was a 20-26% increase in the rate of
anaemia in boceprevir-treated patients compared with
SoC. However, the rate of severe anaemia (Grade 3 or 4:
Hb <8 g/dL) remained low with overall rates of 3-7% in
boceprevir groups (compared to 1-2% in SoC) with only
2-3% of patients discontinuing treatment due to anaemia
(compared with 0-2% in control arms).'® 2° In bocepre-
vir trials, erythropoietin use was actively encouraged with
the provision of free drug to manage anaemia. Further-
more, dose reductions in ribavirin have not been shown
to have an adverse effect on SVR rates.

In the telaprevir-treated patients, there was a 15-21%
increase in the rate of anaemia compared with SoC
(Table 5). The lower anaemia rate may in part reflect
the shorter duration of triple therapy with telaprevir
compared with boceprevir. Similar rates of severe anae-
mia (Grade 3 or 4) were seen compared with boceprevir
treatment and only resulted in discontinuation of tela-
previr in 2-4% of cases.'” *" *! In the studies to date,
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the use of erythropoietin was not permitted in combina-
tion with telaprevir. Importantly, dose reduction of riba-
virin is not associated with reduced SVR rates in
combination with telaprevir.** Interestingly, the appear-
ance of anaemia during treatment with SoC or triple
therapy, with either PI, does not have a negative effect
on SVR, but rather, has been shown to be positively

associated with an increased chance of SVR.

Rash in Pl treatment
One of the principal adverse events in telaprevir treat-
ment is rash (Table 5). This leads to discontinuation of

192141 at which point the

telaprevir in 5-7% of cases,
rash invariably resolves (although this may take several
weeks). The rash is predominantly eczematous and pru-
ritic. Fifty percent of patients developing rash do so
within the first 4 weeks of treatment, although it can
occur at any time. Rashes have been divided into:

Mild localised.
Moderate diffuse affecting <50% of body surface area.

Severe affecting >50% surface area or mucous
membranes or with systemic symptoms (including
SCARs.?)

2Severe Cutaneous Adverse Reactions (SCARs) includes DRESS (drug
rash with eosinophilia and systemic symptoms) and Stevens-Johnson
Syndrome.
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HCV RNA TESTING

In the treatment strategies discussed, particularly when
using response-guided therapy (RGT) and assessing stop-
ping rules, a critical requirement for determining ongo-
ing management is undetectable HCV RNA. In the
clinical trials, highly sensitive PCR assays were used, with
a lower limit of detection of 9.3-15 IU/mL,'> " 192!
which are not always widely available in clinical practice.
The use of less sensitive assays with PI treatment may
lead to errant classification of HCV RNA as undetect-
able, which may inappropriately reduce treatment dura-
tion or lead to ongoing exposure to PIs when treatment
is futile, increasing the risk of resistance mutations.
Unsurprisingly, such misclassification would have an
adverse effect on SVR rates.*’

Furthermore, in clinical practice, there is often a delay
from the time of sampling to receiving the HCV RNA
quantification. When using these RNA titres as treatment
decision points, this can cause a delay in initiating
changes to therapy, which again may lead to unnecessary
exposure to PIs, and hence a higher risk of viral resis-
tance and increased cost. Therefore, rapid turnaround in
laboratory assays is required.

CONSENSUS STATEMENTS

Which patients to treat?

(a) Due to the improvements in cure rates and poten-
tial for shortened therapy, protease inhibitor-based regi-
mens should be considered for all genotype 1 chronic
HCV-infected patients. This is applicable for treatment-
naive patients and patients who have had virological fail-
ure following prior exposure to SoC therapy

(i) Where resources determine that there may be a
delay in initiation of treatment, priority for PI treat-
ment should be based on clinical need. Specific con-
sideration should be given to patients likely to
develop complications in the next 5 years or who
have other pressing need for early therapy (e.g. con-
cerns regarding fertility or disabling nonhepatic con-
sequences of infection). Conversely, certain patients
with a good liver prognosis may, following discussion,
elect to wait for novel therapies.

(b) Nongenotype 1 chronic HCV-infected patients
should be treated without a PI, according to SoC regi-
mens.

To prevent the predicted increase in deaths from liver
failure and hepatocellular carcinoma due to chronic
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HCYV infection, epidemiology and disease modelling indi-
cates that we need to continue to increase the number of
patients treated and cured.**

(c) The adoption of PI-based regimens should not
reduce the total number of HCV-infected patients being
treated and cured.

The provision of care

(a) Due to the importance of RGT and stopping rules
in PI-based regimens and the increased risk of adverse
effects, the use of PI treatment should be limited to cen-
tres providing the following standards of care:

(i) Adherence to national standards for HCV.

(ii) Continuous audit of SVR rates to therapy.

(iii) Continuous audit of treatment discontinuation
rates.

(iv) A high level of expertise in the use of anti-
viral drugs.

(v) Access to viral load estimation results within
five working days of sampling.

(vi) Access to HCV PCR with a lower limit of
detection of at most 15 IU/mL.*

(vil) Access to non-invasive investigations and/or
liver biopsy to assess the degree of hepatic fibrosis.

(vili)  Sufficient specialised medical and nursing
staff to provide year round support to patients on
therapy.

(ix) A series of protocols to minimise the risk
of developing and to manage adverse reactions to
therapy.

(x) A comprehensive and skilled consultation ser-
vice for patients emphasising the risks and benefits of
therapy along with the requirement for adherence.

(b) Where possible, all patients should be invited to
participate in ongoing research initiatives (e.g. enrolment
to the HCV research UK> database).

(c) Ongoing recruitment to clinical trials should con-
tinue where feasible.

Pre-treatment considerations
(a) Assessment of likelihood of response.

(i) All patients should have an assessment including
baseline viral titres, an assessment of disease stage/cir-

*HCV research UK is a Medical Research Council (MRC) funded ini-
tiative to create a database and biobank of 10 000 HCV-infected
patients for research and quality improvement.
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rhosis (using non-invasive means or biopsy) and
other demographic factors (see Table 3).

(ii) IL-28B genotyping and subtyping of HCV virus
(1a or 1b) have some predictive value for treatment
response, and may be used with other data to assist
management discussions with patients about therapy,
but are not required for treatment decisions.

(iii) In previously treated patients, if the data are
available to determine the degree of prior response,
this should be used to aid decision on treatment dura-
tion.

(b) Co-morbid conditions.

(i) HIV co-infected patients are at risk of rapid
liver disease progression. Although no large scale clin-
ical trial data currently exists, relevant drug interac-
tions have been studied and treatment with PIs may
be considered by expert physicians on a case-by-case
basis, with active recruitment to ongoing clinical trials
where available or audit of outcomes.

(ii) Protease inhibitor-based triple therapy can not
currently be recommended in patients with decom-
pensated liver disease, hepatitis B co-infection, active
cancer or post-transplant due to limited data. The use
of protease inhibitor triple therapy regimens in these
groups should be the subject of new clinical trials.

(iii) Caution should be exercised in using PI treat-
ment in patients with significant baseline neutropenia
(<1200/mm°), thrombocytopenia (<90 000/mm°) or
anaemia (Hb <12 g/dL for females or Hb <13 g/dL
for males).

(iv) Due to potentially dangerous drug—drug inter-
actions, dual peginterferon and ribavirin therapy
might be considered more appropriate for some
patients where there are serious concerns regarding
these interactions with prescribed or illicit medi-
cation.

(v) Dual therapy should be considered in condi-
tions that impair adherence to therapy and thus
reduce the effectiveness of triple therapy and increase
the risk of development of resistance mutations.

(vi) Depression does not appear to be increased
with PI treatment, but should be considered and
monitored as per SoC treatment regimes.

(c) Drug interactions.

Both boceprevir and telaprevir are metabolised by the
CYP450 system, and are therefore prone to a number of
drug—drug interactions. Evidence in this area is rapidly
accumulating from ongoing studies.
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(i) Prior to prescribing a PI, a careful drug history
(prescribed and nonprescribed) should be taken and rele-
vant prescribing information and databases (e.g. www.
hep-druginteractions.org) should be consulted for any
potential drug—drug interactions. Primary Care providers
need these issues specifically highlighted to avoid poten-
tially ‘toxic’ interactions on therapy.

Which treatment regimens to use?
(a) Which peginterferon-ribavirin to use?

The treatment regimens used differ between the two
PIs and the
between the studies is the use of different peginterferon-

different trials. One critical difference
ribavirin preparations and doses. In general, in the boce-
previr studies, pegylated IFN-02b (Peglntron; Merck,
Whitehouse Station, NJ, USA) at a dose of 1.5 pg/kg
once weekly and ribavirin (Rebetol; Merck) at weight-
based dose of 600-1400 mg daily in two divided doses
were used. In the telaprevir studies, pegylated IFN-o2a
(Pegasys; Roche, Welwyn Garden City, UK) at a dose of
180 pg/week and ribavirin (Copegus; Roche) at a weight
dependent dose of 1000 mg (<75 kg) or 1200 mg
(>75 kg) per day were used. Direct comparison studies
between Peg IFN-o2a and Peg IFN-02b in SoC treatment
have not shown any significant difference in overall
response rates.'® Furthermore, in small studies, telaprevir
has been used with Peg IFN-22b* and boceprevir with
IFN-02a*® with no detrimental effect.

(i) Peg IFN-02a or Peg IFN-02b can be used inter-

changeably with either telaprevir or boceprevir
according to local preferences.
(ii) Ribavirin brands can be used interchangeably in

treatment regimens.
(b) Which protease inhibitor to use?

The documented evidence clearly shows a benefit for
the use of either boceprevir or telaprevir as part of a tri-
ple therapy regimen in both treatment-naive patients
and patients with previous virological failure. Largely,
the magnitude of beneficial effect is similar for either
drug. No direct comparison studies between boceprevir
and telaprevir have been conducted, and thus, neither
drug can be recommended over the other. However, spe-
cific characteristics of each drug may lead to their use in
certain circumstances. Boceprevir-based regimens use a
4-week lead-in with peginterferon-ribavirin, which may
offer extra information on treatment tolerability and the
likelihood of achieving an SVR. In addition, differences
in side-effect profiles and the duration of treatment may
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lead to the choice of either PI for specific patients.
Furthermore, the pill burden for patients differs, with
boceprevir currently four tablets t.d.s., whereas telaprevir
is two tablets t.d.s. It is therefore important that both
drugs are available to treating units to enable selection of
the most appropriate regimen for individual patients.

(i) Both boceprevir and telaprevir are effective and
should be available for use by treating units.

(c) Which regimens to use?

As discussed above, triple therapy regimens with
either boceprevir or telaprevir for genotype 1 chronic
HCV-infected patients significantly improve SVR rates in
both treatment-naive and experienced patients. Some
treatment-naive patients achieve high SVR rates with
SoC treatment alone. Specifically, noncirrhotic genotype
1 patients who have a low baseline viral load (<400 000—
800 000 IU/mL) and achieve an RVR (HCV RNA unde-
tectable (<50 IU/mL) at 4 weeks of treatment) with pe-
ginterferon-ribavirin are highly likely (80-90%) to
achieve an SVR. Indeed, the achievement of an RVR and
low basal viral loads are the most significant predictors
of achieving an SVR with SoC treatment,”” and recent
guidelines would suggest that treatment duration with
peginterferon-ribavirin in these patients could be short-
ened to 24 weeks.” Thus, such good response group
patients may not gain much additional benefit in SVR
rates from the addition of a PI, but will be exposed to
the increased side-effects and risks of resistance. Further-
more, the use of PIs in this group of patients is unlikely
to be cost-effective (see above).

As discussed, some of the protease inhibitor clinical
trial arms compared response-guided therapy (RGT)
with fixed-duration therapy. In treatment-naive patients,
both the SPRINT-2 and ADVANCE studies showed that
response-guided therapy had no detrimental effect on
overall SVR rate. Furthermore, using RGT in the
ADVANCE study enabled reduced treatment duration to
24 weeks in 58% of patients. In addition, the ILLUMI-
NATE study demonstrated that in patients who achieve
an eRVR (undetectable HCV RNA at treatment weeks 4
and 12) on telaprevir-based triple therapy, overall treat-
ment can be reduced to 24 weeks with no detrimental
effect on SVR rate.*' In treatment-experienced patients,
in the RESPOND study, no statistically significant differ-
ences were seen with boceprevir between the RGT arm
and the fixed-duration therapy of 48 weeks. However,
nonsignificant trends were observed to better SVR rates
in the 48 week treatment duration in both prior relaps-
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ers and partial responders. In the REALISE study, no
RGT arm was included.

The presence of advanced hepatic fibrosis or cirrhosis
is a major risk factor for treatment failure. In the PI
studies comparing RGT with fixed-duration treatment,
the number of patients with cirrhosis is generally small.
Furthermore, in these patients, there are nonsignificant
better SVR rates with fixed-duration
therapy.'® ** *' Therefore, there is currently insufficient

trends towards

evidence for the use of RGT in cirrhotic patients.

The most difficult to treat group of patients, cirrhotic
prior null responders, were only specifically studied in the
REALISE trial, with fairly modest numbers.”’ Whilst there
was an improved outcome in these patients with telapre-
vir-based triple therapy compared with SoC, the SVR rate
was still only 22-28%. Furthermore, relapse rates were
high (25-27%) with even higher levels of virological failure
(47-57%), predominantly due to the emergence of resis-
tant variants. Detailed analysis of the lead-in peginterfer-
on-ribavirin TI2PR48 group demonstrated that in prior
null responders, poor response to lead-in therapy (<1
log; reduction in HCV RNA at week 4) was also predic-
tive of a poor SVR rate of under 20%.>' Similarly, in
RESPOND-2, a poor response to lead-in peginterferon-
ribavirin was associated with low SVR rates in prior partial
responders.”’ Therefore, whilst improved over previous
therapies, SVR rates are likely to remain low in cirrhotic
prior null responders, particularly in the context of a poor
response to lead-in peginterferon-ribavirin. Treating these
patients with PIs is also likely to increase development of
resistance mutants, potentially jeopardising the use of
tuture DAAs. Therefore, careful consideration should be
given to the best management option for this group.

(a) Regimens in treatment-naive patients (see Figure 1).

(i) Either boceprevir or telaprevir can be used
according to the relevant prescribing information.

(ii) In noncirrhotic treatment-naive patients with
low baseline viral loads (<800 000 IU/mL) and no
additional risk factors for treatment failure, who
are treated with regimens incorporating a 4 week
lead-in with peginterferon-ribavirin and who
achieve an RVR following lead-in, consideration
can be given to continuing treatment with SoC
therapy alone without addition of a PI. This deci-
sion should be made following a balanced discussion
with the patient regarding the rates of SVR and the
potential side-effects from the addition of a PL

(iii) Response-guided therapy with either bocepre-
vir or telaprevir can be used in noncirrhotic treat-
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Treatment-naive
patients

Assessment of factors predictive

ofa poor response

Noncirrhotic patients I Cirrhotic patients |

Low baseline viral -
load Presence of risk

factors for poor
response

No risk factors for
poor response

Consider 4 week
lead-in with
paginterferon-
ribavirin*

Undetectable Detectable
HCV RNA at 4 HCV RNA
weeks (RVR) at 4 weeks

Full course
treatment with

RGT with

boceprevir or
telaprevir-based
triple therapy

Consider SoC
treatment
alone*

boceprevir or
telaprevir-based
triple therapy

Figure 1| Proposed algorithm for the use of protease inhibitors in treatment-naive HCV genotype 1 infected patients.
Pre-treatment assessment should include careful consideration of lifestyle factors, co-morbid conditions, potential
drug interactions (prescribed and nonprescribed) and assessment for the presence of cirrhosis (by non-invasive or
invasive means). In noncirrhotic patients, the presence of factors predictive of a poor response to therapy should be
evaluated (¥IL-28B genotype; age; ethnic origin; BMI; Type 2 diabetes; HCV genotype 1a vs. 1b). *In noncirrhotic
patients with no risk factors for a poor response to therapy, the decision to use a 4-week lead-in with peginterferon
and ribavirin and to continue on SoC in those who achieve an RVR should only be taken following careful and
balanced discussion with the patient.

ment-naive patients, enabling reduced treatment
duration in a proportion of patients with no adverse
effects on SVR. This should be done according to the
relevant prescribing information.

(iv) In cirrhotic treatment-naive patients, a full
48 week course of treatment, incorporating 12 weeks
of telaprevir or 44 weeks of boceprevir, should be insti-
tuted according to the relevant prescribing information

(b) Regimens in patients with previous virological

(ii) Where no data are available on the degree of
previous response, patients should be treated with a
full treatment course as per prior null responders to
maximise cure rates.

(iii) In patients with factors predicting poor treat-
ment response, who also currently have a low risk of
progressive liver disease, before therapy, a discussion
should occur to consider watchful waiting as an alter-
native to PI treatment pending the development of
new treatment options.

failure (see Figure 2).

(i) Either boceprevir or telaprevir can be used Stopping rules
according to the relevant prescribing information. (a) Boceprevir-based regimens:
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Patients with previous
virological failure

Assessment of factors predictive
of a poor response and previous

virological response

Patients with prior
relapse, partial
response and null
response

Cirrhotic

Prior null response
Presence of other risk
factors for poor
response

Consider 4 week
lead-in with

Consider
watch and
peginterferon- R
ribavirin*

4 week
reduction in
HCV RNA < 1

logyo

4 week
reduction in
HCV RNA > 1
log,o

Treatment with
boceprevir or

Consider

stopping
treatment*

telaprevir-based
triple therapy

Figure 2 | Proposed algorithm for the use of protease inhibitors in HCV genotype 1 infected patients who have had
prior virological failure on treatment. Pre-treatment assessment should include careful consideration of lifestyle factors,
co-morbid conditions, potential drug interactions (prescribed and nonprescribed), assessment for the presence of
cirrhosis (by non-invasive or invasive means) and the presence of factors predictive of a poor response to therapy.
Identification of the degree of previous response should be attempted. If this information is not available, patients
should be considered as prior null responders to maximise cure rates. *In cirrhotic prior null responders, the decision
to watch and wait for novel therapies or to use a 4-week lead-in with peginterferon and ribavirin to identify patients
more likely to achieve an SVR should only be taken following careful and balanced discussion with the patient.

(i) All treatment should be stopped if HCV RNA
is >100 IU/mL at treatment week 12 (week 8 of boce-
previr) or HCV RNA is detectable at treatment week
24 (week 20 of triple therapy).

(ii) If there is virological breakthrough4 or incom-
plete virological response and rebound,” treatment
with boceprevir should be stopped, but peginterferon-
ribavirin may be continued up to 48 weeks at the dis-
cretion of the treatment team.

(i) All treatment should be discontinued in patients
who have an HCV RNA level >1000 IU/mL after
4 weeks or 12 weeks of triple therapy.

(ii) All treatment should be discontinued if <2 log;,
decline from baseline in HCV RNA levels after week
12 of triple therapy

(iii) All treatment should be discontinued if HCV
RNA is detectable at any point between treatment
week 24 and 44.

(iv) Telaprevir treatment should be stopped if

b) Tel ir-based regi :
(b) Telaprevir-based regimens there is virological breakthrough or incomplete viro-

logical response and rebound, but peginterferon-riba-
virin may be continued at the discretion of the

“Virological breakthrough is defined as an achievement of undetectable treatment team

HCV RNA with subsequent occurrence of HCV RNA >1000 IU/mL.
*Incomplete virological response and rebound is defined as an ‘on
treatment’ increase of 1 log;o/mL of HCV RNA from the nadir with
the HCV RNA level >1000 IU/mL.

(¢) In cirrhotic prior null responders treated with
regimens incorporating 4 week lead-in peginterferon-
ribavirin, who achieve an HCV RNA reduction of <1
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log;o IU/mL following lead-in, consideration should
be given to stopping treatment. This should be follow-
ing a balanced discussion with the patient regarding the
consequences of a delay in therapy, low SVR rates, high
chance of resistance mutations and potential effects this
might have on eligibility for next generation treatments
(Figure 2).

Management of adverse effects

Common adverse effects such as dysgeusia (boceprevir)
and anorectal symptoms (telaprevir) are usually tolerable,
do not normally require any treatment and very rarely
lead to discontinuation of therapy. The adverse effects
requiring intervention are most commonly anaemia, neu-
tropenia and rash.

(a) Management of anaemia in PI treatment:

(i) Anaemia (defined as Hb <10 g/dL) in the con-
text of PI treatment should be managed using an
escalating combination of:

o Ribavirin dose reduction: it should be started at
full treatment dose and dose reduction instituted
for anaemia at decrements of 200 mg.

o Reduction in dose of interferon, if bone marrow
suppression is evident.

o Erythropoietin administration may be consid-
ered and used until Hb > 12 g/dL.

o Supportive treatment with blood transfusion
should be considered in extreme circumstances.

(ii) The dose of protease inhibitor should not be
reduced for managing anaemia. If required, due to the
severity of anaemia, the PI should be stopped completely

(b) Management of neutropenia.

(i) Significant neutropenia (absolute neutrophil
count <750/mm”) should be managed according to cur-
rent practice for SoC treatment. Consideration should
be given to dose reduction of Pegylated interferon.

(ii) The dose of protease inhibitor should not be
reduced for managing neutropenia or bone marrow
suppression. If required due to the severity of neutro-
penia, the PI should be stopped completely.

(c) Management of rash in telaprevir-treated patients.
(1) Rash management plan.

o Mild/moderate: Topical steroids, topical anti-
histamines, avoidance of sun exposure, wearing
loose-fitting clothes. Continue triple therapy.
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0 Moderate progressive: Stop telaprevir. Moni-
tor for 7 days and consider stopping peginter-
feron-ribavirin if not improving.

o Severe or SCARs: Stop all treatment. Urgent
dermatology review.

FUTURE DEVELOPMENTS

Boceprevir and telaprevir, the first generation of DAAs for
HCV to be widely used in clinical practice, represent major
progress in management. These drugs are likely to be the
first in a long line of DAAs, with newer PIs in addition to
polymerase inhibitors, nucleoside analogues and NS5A
inhibitors currently under development, with promising
early results. Indeed, studies using interferon-free regimes
with combinations of new DAAs in small numbers of
patients have shown high rates of viral response, even in
the difficult to treat groups such as prior null respond-
ers.** > These exciting developments highlight the impor-
tance of judicious use of boceprevir and telaprevir, closely
following the suggested regimens and stopping rules, so as
not to negatively influence the possibility of treatment
when the next generation of DAAs become available.

CONCLUSIONS

The advent of protease inhibitor-based triple therapy for
chronic genotype 1 HCV infection heralds a new era of
treatment for these patients. Cure rates are significantly
enhanced, and there is now a viable therapeutic option
for the large group of patients who previously failed SoC
therapy. Clearly, the ongoing development of the second
generation PIs and other directly acting antiviral drugs
will yield further improvements in the future, but the
judicious use of boceprevir and telaprevir in clinical
practice will be invaluable for the management of
chronic HCV infection in 2012.
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