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Background
According to estimates from 2007, approximately 242,000 Canadians are chronically infected
with hepatitis C virus (HCV) and the number may grow by 7,900 new infections each year.1
Prevalence and incidence may be underestimated, as 30% to 70% of patients are unaware that
they are infected.2 Studies have reported that 15% to 25% of patients with chronic hepatitis C
(CHC) infection develop hepatocellular carcinoma or progressive liver disease within 20 years of
infection, resulting in liver transplantation for some, and decreased life expectancy and quality of
life for many. However, the lifetime risk of developing complications of CHC infection may be
higher depending on the duration of infection and the profile of competing risk factors over
time.3,4 HCV can be divided into several unique genotypes, each with one or more subtypes.
Genotype 1 is the most common in Canada (55% to 65%) and historically the most difficult to
cure.5,6 Genotypes 2 and 3 are the next most common, estimated to comprise 14% and 20% of
HCV infections in Canada, respectively. Genotypes 4, 5, and 6 are less common in Canada and
account for less than 5% of HCV cases.6,7 The goal of therapy for patients with CHC infection is
to achieve sustained virologic response (SVR); i.e., undetectable HCV at 12 or 24 weeks after
completion of anti-HCV treatment. The vast majority of patients who achieve SVR remain free of
detectable HCV over the long term (unless reinfected); hence, SVR is considered to represent
virologic cure. Treatment of CHC infection is guided by genotype, the presence and degree of
liver fibrosis or cirrhosis, prior treatment experience, and patient factors such as the presence of
comorbidities.
Until 2011, treatment for CHC infection consisted of pegylated interferon (PEG-IFN) plus
ribavirin (PR). Following regulatory approvals beginning in 2011, direct-acting antiviral agents
(DAAs) became available, including protease inhibitors (boceprevir [BOC], telaprevir [TEL],
simeprevir [SIM]) for use in combination with PR for genotype 1 infection, and a nucleotide
polymerase inhibitor (sofosbuvir [SOF]) for use in combination with PR for genotypes 1 and 4,
and in combination with ribavirin (RBV) for genotypes 2 and 3. Treatment choices have since
increased to include interferon-free regimens; as a result, the 2014 CADTH Therapeutic Review
that evaluated the clinical and cost-effectiveness of the above-listed DAAs with PR for treatment
of CHC genotype 1 infection has been updated to include these newer regimens, and to expand
the analysis to genotypes 1 through 6. Three interferon-free therapies have been approved by
Health Canada since the 2014 Therapeutic Review: ledipasvir (LDV) combined with sofosbuvir
(Harvoni); dasabuvir (DAS), ombitasvir (OMB), and paritaprevir/ritonavir (PAR/RIT) (Holkira
Pak); and daclatasvir (DCV) (Daklinza) combined with sofosbuvir. Apart from these regimens,
the updated review also considered a number of emerging regimens.

Policy Questions
Evidence-informed recommendations were developed by the CADTH Canadian Drug Expert
Committee (CDEC) to address the following policy questions:
1. How should interferon-free DAA regimens be listed for reimbursement for CHC infection
(genotypes 1 to 6)?
2. Should reimbursement of regimens for CHC infection be guided by fibrosis staging and
limited to fibrosis stages ≥ F2?
3. Should re-treatment with a DAA regimen be reimbursed for patients with CHC infection who
fail to achieve SVR on another DAA regimen?
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Preamble to the Recommendations
The treatment strategies for CHC infection have continued to evolve rapidly since CADTH’s
2014 Therapeutic Review of this area. As anticipated by CDEC in its recommendations at the
time, all-oral regimens that do not include interferon and others that also do not include ribavirin
have been approved for use in Canada. Compared with interferon-based regimens, these new
regimens are anticipated to offer higher cure rates and safety benefits in addition to the shorter
treatment durations desired by patients. These regimens are also associated with high costs.
Due to the relatively high prevalence of CHC infection and the likely increase in demand for
treatment with the introduction of more effective, better-tolerated, all-oral therapies, the newer
regimens for CHC infection have the potential to significantly affect health system sustainability.
To address the needs of policy-makers related to this complex and dynamic clinical area,
CADTH has updated and expanded its Therapeutic Review of treatments for CHC infection, and
CDEC has revised its recommendations based on the updated review.
The Committee considered the evidence and its limitations primarily from a population-based
perspective. The anticipated absolute benefits, harms, and cost-effectiveness of the therapies
compared with each other, along with patient group input, were considered to be fundamental in
the development of system-level recommendations. The Committee also recognized that the
budget impact of treatments for CHC infection can be very large; therefore, health system
sustainability was also considered in developing recommendations.
The evidence for developing CDEC recommendations was derived from the following reports:
1. Canadian Agency for Drugs and Technologies in Health. CADTH Therapeutic Review.
Drugs for Chronic Hepatitis C Infection — Clinical Review [Internet]. Ottawa: The Agency;8
2. Canadian Agency for Drugs and Technologies in Health. CADTH Therapeutic Review.
Drugs for Chronic Hepatitis C Infection — Cost-Effectiveness Analysis [Internet]. Ottawa:
The Agency;9
3. Patient Input to CADTH Therapeutic Review: Drugs for Chronic Hepatitis C Infection
[Internet]. Ottawa: The Agency.10
A challenging aspect of the evidence base for newer regimens for CHC infection is that nearly
all studies are either uncontrolled or have employed only historical controls. The Committee
recognized that there may have been ethical or logistical challenges that necessitated such
designs, and that they have been accepted for regulatory approval. However, the lack of
appropriately controlled trials causes difficulties in assessing comparative efficacy, safety, and
cost-effectiveness. While methods for synthesizing evidence from single-arm trials in indirect
treatment comparisons (IDCs) are emerging, the Committee considered analyses employing
these methods to be associated with greater uncertainty compared with IDCs based on
controlled trials.
Treatment of CHC infection is a dynamic therapeutic area. Several regimens not yet approved
in Canada have been studied in trials and CADTH’s systematic review captured the available
evidence for a number of these regimens. While the Committee made formal recommendations
only on approved regimens, it also noted instances in which unapproved regimens
recommended by the Canadian Association for the Study of the Liver (CASL) guidelines11
appeared favourable with respect to efficacy, safety, or cost-effectiveness.
CDEC noted that all patients with CHC infection should be treated only by clinicians who have
expertise and experience in treating patients with this condition.
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CADTH Canadian Drug Expert Committee Values and Preferences
CDEC sought to balance patients’ reported needs and perspectives, clinical evidence, and
economic evidence. The Committee considered efficacy, safety, cost-effectiveness, and patient
preferences to be particularly important in making these recommendations.
In considering patient perspectives, CDEC noted patients’ desire for the most effective
treatment, for faster and surer access to treatment for individuals with less-advanced disease,
and for more nuanced criteria for assessing individuals’ eligibility for treatment and their clear
preference for DAAs with shorter treatment durations and less toxicity.
CDEC considered the high costs of newly available treatments, the likely impacts of these costs
on other parts of the public health care system, and the rapid evolution of CHC therapy to be
important when drafting the recommendations.
CDEC noted that patients with CHC infection should be treated and monitored by physicians
with experience in the management of the condition.
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Summary of Recommendations
Recommendation 1:
CDEC recommends that all patients with CHC infection should be considered for treatment,
regardless of fibrosis score. Given the potential impact on health system sustainability of
treating all patients with CHC infection on a first-come basis, priority for treatment should be
given to patients with more severe disease.

Recommendation 2:
CDEC recommends ledipasvir/sofosbuvir and paritaprevir/ritonavir/ombitasvir + dasabuvir ±
ribavirin as preferred regimens for treatment-naive and peginterferon plus ribavirin (PR)experienced patients with CHC genotype 1 infection, regardless of cirrhosis status. The
recommended duration of therapy is as per the Health Canada–approved monograph for
each regimen.
Conditions:
Treatment should be initiated by physicians with experience in the management of patients with
CHC infection.

Recommendation 3:
CDEC recommends the following as preferred regimens for patients with CHC infection
genotypes 2 through 4:
 Genotype 2: sofosbuvir/ribavirin for 12 weeks
 Genotype 3, without cirrhosis: daclatasvir/sofosbuvir for 12 weeks
 Genotype 3, with cirrhosis: sofosbuvir/ribavirin for 24 weeks
 Genotype 4, treatment-naive without cirrhosis: sofosbuvir/pegylated interferon/ribavirin
for 12 weeks
 Genotype 4, treatment-experienced or with cirrhosis regardless of treatment experience:
insufficient evidence to make a recommendation.
Conditions:
Treatment should be initiated by physicians with experience in the management of patients with
CHC infection.

Recommendation 4:
CDEC considered there to be insufficient evidence to make a recommendation for patients with
CHC genotype 5 or 6 infection.
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Recommendation 5:
CDEC recommends ledipasvir/sofosbuvir as the preferred regimen for patients with
genotype 1 infection previously treated with a protease inhibitor-peginterferon/ribavirin
regimen, regardless of cirrhosis status. CDEC considered there to be insufficient evidence to
make a recommendation for patients previously treated with an all-oral DAA regimen.
CDEC considered there to be insufficient evidence to make a recommendation for patients
with non-genotype 1 CHC infection previously treated with a DAA-based regimen.
Conditions:
Treatment should be initiated by physicians with experience in the management of patients
with CHC infection.
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Recommendations
Recommendation 1
CDEC recommends that all patients with CHC infection should be considered for treatment,
regardless of fibrosis score. Given the potential impact on health system sustainability of
treating all patients with CHC infection on a first-come basis, priority for treatment should be
given to patients with more severe disease.

Reasons for Recommendation 1
 Based on the CADTH cost-effectiveness analysis, CDEC considered treatment of CHC
infection was likely cost-effective across all Meta-analysis of Histological Data in Viral
Hepatitis (METAVIR) scores based on generally accepted thresholds. However, jurisdictions
will need to consider the cost impact to drug plans and overall health care system
sustainability in making decisions regarding treatment eligibility.
Of Note:
 Severity of liver disease in patients with CHC infection is assessed primarily by fibrosis
staging using METAVIR score, and most clinicians consider METAVIR score ≥ F2 to define
more severe disease. Extrahepatic manifestations are additional considerations in defining
disease severity.
 Patients with more severe disease should be offered treatment first.

Recommendation 2
CDEC recommends ledipasvir/sofosbuvir and paritaprevir/ritonavir/ombitasvir + dasabuvir ±
ribavirin as preferred regimens for treatment-naive and peginterferon/ribavirin-experienced
patients with CHC genotype 1 infection, regardless of cirrhosis status. The recommended
duration of therapy is as per the Health Canada–approved monograph for each regimen.
Conditions:
 Treatment should be initiated by physicians with experience in the management of patients
with CHC infection.

Reasons for Recommendation 2
 Based on the CADTH systematic review and network meta-analysis (NMA),
ledipasvir/sofosbuvir (LDV + SOF) and paritaprevir/ritonavir/ombitasvir + dasabuvir ± ribavirin
(PAR/RIT + OMB + DAS ± RBV) demonstrated greater efficacy compared with peginterferon
plus ribavirin (PR) and most DAA-PR regimens with respect to SVR for treatment-naive and
treatment-experienced patients with CHC genotype 1 infection. There were no statistically
significant differences on SVR between LDV + SOF and PAR/RIT + OMB + DAS ± RBV in
most analyses.
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 In the CADTH cost-effectiveness analysis, both LDV + SOF and PAR/RIT + OMB + DAS ±
RBV were cost-effective alternatives compared with PR for patients with genotype 1
infection, regardless of treatment experience or cirrhosis status. The incremental
effectiveness, as measured by quality-adjusted life years (QALYs), and incremental costutility ratios (ICURs) for these regimens when compared with PR were similar.
Of Note:
 Drug plan costs for LDV + SOF should not exceed the drug plan costs for PAR/RIT + OMB
+ DAS ± RBV (and vice versa) for any of the subpopulations for which these regimens are
approved.
 PAR/RIT + OMB + DAS is approved for use in combination with ribavirin for all patients with
CHC genotype 1 infection except those with genotype 1b infection without cirrhosis, for
whom the addition of ribavirin is not required. The recommended duration of treatment is 12
weeks for all patients except those with genotype 1a infection and cirrhosis who have had a
previous null response to PR, for whom 24 weeks of therapy is recommended.
 The approved treatment duration for LDV + SOF is eight weeks for treatment-naive patients
without cirrhosis and baseline HCV ribonucleic acid (RNA) less than 6 million international
units per millilitre (IU/mL). In the CADTH systematic review and NMA, LDV + SOF for eight
weeks was analyzed in a sensitivity analysis due to the lack of data for the subgroup of
patients with baseline HCV RNA < 6 million IU/mL. In treatment-naive patients without
cirrhosis (regardless of baseline HCV RNA level), there were no significant differences
between this regimen and LDV + SOF for 12 weeks or PAR/RIT + OMB + DAS ± RBV for
12 weeks. LDV + SOF for eight weeks was the most cost-effective option for treatmentnaive patients without cirrhosis. The recommended duration of LDV + SOF for treatmentnaive patients (including those with cirrhosis) with HCV RNA ≥ 6 million IU/mL and
treatment-experienced patients without cirrhosis is 12 weeks, and 24 weeks for treatmentexperienced patients with cirrhosis. The eight-week regimen for treatment-naive patients
without cirrhosis was approved based on a post-hoc analysis of relapse rates.
 There were no significant differences in SVR rates between daclatasvir/sofosbuvir (DCV +
SOF) for 12 weeks and either LDV + SOF or PAR/RIT + OMB + DAS ± RBV for treatmentnaive patients without cirrhosis. While DCV + SOF was dominated (i.e., it was less effective
and more costly) by LDV + SOF in the cost-effectiveness analysis for this population, the
differences in incremental effectiveness as measured by QALYs were small, and unlikely to
be consequential in light of the uncertainty inherent in NMAs incorporating evidence from
single-arm trials. Therefore, DCV + SOF for 12 weeks may be considered as an alternative
for treatment-naive patients without cirrhosis if the drug plan cost does not exceed the costs
for LDV + SOF and PAR/RIT + OMB + DAS ± RBV. There was no evidence available for
the analysis of DCV + SOF for treatment-naive patients with cirrhosis or for treatmentexperienced patients.
 Simeprevir/sofosbuvir (SIM + SOF) for 12 weeks has a Notice of Compliance with
conditions (NOC/c) for the treatment of patients with CHC genotype 1 infection, based on
data from phase 2 trials for this regimen. In CADTH’s systematic review and NMA, the
relative risk of achieving SVR was statistically significant in favour of SIM + SOF for 12
weeks versus PR for 48 weeks for treatment-experienced patients with cirrhosis, but not for
patients without cirrhosis or for treatment-naive patients. There were no statistically
significant differences between SIM + SOF 12 weeks and other all-oral DAA regimens in
most comparisons. In terms of cost-effectiveness, SIM + SOF 12 weeks was dominated by
LDV + SOF or PAR/RIT + OMB + DAS ± RBV in all subpopulations.
 In the CADTH systematic review and NMA, LDV + SOF, PAR/RIT + OMB + DAS ± RBV,
and DCV + SOF were associated with significantly lower risks for rash and anemia than
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PR-based treatments, and LDV + SOF and DCV + SOF were also associated with a lower
risk for depression compared with PR. The risk of anemia tended to be higher for PAR/RIT
+ OMB + DAS compared with LDV + SOF, particularly when combined with RBV. The risk
of rash was higher with PAR/RIT + OMB + DAS + RBV in treatment-naive patients
compared with the same regimen without RBV, LDV + SOF, and DCV + SOF.
In October 2015, the US Food and Drug Administration (FDA) warned of the risk of serious
liver injury with PAR/RIT+ OMB + DAS, mostly in patients with underlying advanced liver
disease.12
Data were limited to evaluate HIV-coinfected patients with genotype 1 infection. In the
CADTH systematic review and NMA, LDV + SOF, PAR/RIT + OMB + DAS + RBV for 12
weeks, and SOF + RBV for 24 weeks significantly improved SVR compared with PR48 in
treatment-naive HIV-coinfected patients with genotype 1 infection. SVR rates were
comparable in this population to those observed in patients with CHC genotype 1
monoinfection. One non-comparative study of PAR/RIT + OMB + DAS + RBV for 12 or 24
weeks demonstrated high SVR rates among treatment-experienced HIV-coinfected patients
with genotype 1 infection. Cost-effectiveness of treatment for CHC infection for patients with
HIV coinfection was not assessed.
Data to evaluate patients with genotype 1 infection and liver transplant were limited to two
studies, one evaluating PAR/RIT + OMB + DAS ± RBV in patients with genotype 1 infection
and no or mild fibrosis, and the other evaluating SOF + RBV for 24 weeks in mostly
treatment-experienced patients with genotypes 1 (83%), 3 (15%), and 4 (3%) infection.
SVR rates were 97% in the study of PAR/RIT + OMB + DAS ± RBV and 70% in the SOF +
RBV study. There was no evidence available for patients with genotype 1 infection and
decompensated liver disease.






Recommendation 3
CDEC recommends the following as preferred regimens for patients with CHC infection
genotypes 2 through 4:
Genotype
2

PR-Experienced?
No
Yes

3

No
Yes

4

No
Yes

Cirrhosis?
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Recommended Regimen
SOF + RBV for 12 weeks

a

DCV + SOF for 12 weeks
SOF + RBV for 24 weeks
DCV + SOF for 12 weeks
SOF + RBV for 24 weeks
SOF + PR for 12 weeks
Insufficient evidence to make a
recommendation

a

See “Of Note” subsection for information on other regimens that may also be cost-effective but do not have a Health
Canada–approved indication at the present time.

Conditions:
 Treatment should be initiated by physicians with experience in the management of
patients with CHC infection.
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Reasons for Recommendation 3
 Based on the CADTH systematic review and NMA, DAA-based regimens for which evidence
was available in patients with CHC infection genotypes 2 through 4 (i.e., SOF + PR, SOF +
RBV, DCV + SOF) demonstrated significantly greater efficacy on SVR compared with PR,
and there were no significant differences between DAA-based regimens.
 For treatment-naive patients, PR was considered to be the appropriate comparator for DAAbased regimens based on clinical expert opinion. In its deliberations, CDEC gave
considerable weight to input from patient groups that PEG-IFN was unacceptable to patients
due to its adverse effect profile (except when PEG-IFN–based therapies clearly offered the
best prospect of SVR), and to input from clinical experts that PEG-IFN should be avoided
whenever possible. For treatment-naive patients with genotype 2 or 3 infection, the most
cost-effective PEG-IFN–free regimens approved in Canada were therefore recommended,
although CDEC acknowledged that these regimens were unlikely to be considered costeffective compared with PR for patients without cirrhosis (ICURs of approximately $100,000
per QALY or greater). For treatment-naive patients with genotype 2 or 3 infection and
cirrhosis, or genotype 4 infection without cirrhosis, the ICURs for the recommended regimens
were more favourable versus PR (between $50,000 and $100,000 per QALY). There was
insufficient information available to assess efficacy, safety, or cost-effectiveness of SOF +
PR for 12 weeks, the only DAA-based regimen approved for patients with genotype 4
infection, in treatment-naive patients with cirrhosis.
 For PR-experienced patients, subsequent treatment with PR was not considered to be a
viable option. For PR-experienced patients with genotype 2 infection, SOF + RBV for 12
weeks was the only approved treatment that could be assessed; it was associated with
ICURs of $60,000 per QALY or less compared with no treatment. For genotype 3 infection,
DCV + SOF for 12 weeks was the most cost-effective approved DAA-based treatment versus
no treatment for patients without cirrhosis, and SOF + RBV for 24 weeks was the only
approved treatment that could be assessed for patients with cirrhosis. These regimens were
associated with ICURs of approximately $40,000 per QALY or less compared with no
treatment. There was insufficient information available to assess efficacy, safety, or costeffectiveness of SOF + PR for 12 weeks, the only DAA-based regimen approved for patients
with genotype 4 infection, in treatment-experienced patients.
Of Note:
 Despite the preference of patients and clinicians to avoid PEG-IFN, CDEC recognized the
potential impact on health system sustainability of treating all patients with CHC genotypes 2
through 4 infection with DAA-based regimens.
 In some instances, regimens recommended by the Canadian Association for the Study of the
Liver (CASL) guidelines11 but not currently approved in Canada were the most cost-effective
treatments. SOF + PR for 12 weeks is one of the regimens recommended by CASL for
genotypes 2 and 3. For genotype 2 infection, SOF + PR for 12 weeks was the most costeffective regimen for treatment-experienced patients with cirrhosis. For genotype 3 infection,
SOF + PR for 12 weeks was the most cost-effective regimen versus PR in treatment-naive
patients, and versus no treatment for treatment-experienced patients, regardless of cirrhosis
status. The most cost-effective approved treatments for genotype 3 were either associated
with very high ICURs compared with SOF + PR for 12 weeks, or were dominated by this
regimen. For genotype 4 infection, SOF + RBV for 24 weeks is one of the regimens
recommended by the CASL guidelines; it was the most cost-effective regimen for treatmentnaive patients with cirrhosis, and for treatment-experienced patients.
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 SOF + PR for 12 weeks is indicated for all patients with genotype 4 infection, regardless of
treatment experience or cirrhosis status. However, sufficient data for analysis in CADTH’s
systematic review and NMA were only available for treatment-naive patients without
cirrhosis.
 For patients with genotype 3 infection without cirrhosis (regardless of treatment experience),
there were no significant differences in SVR rates between SOF + RBV for 24 weeks and the
recommended treatment, DCV + SOF for 12 weeks. However, DCV + SOF for 12 weeks was
associated with lower total costs and slightly higher QALY gains (ranging from 0.10 to 0.18
QALYs) in the cost-effectiveness analysis compared with SOF + RBV for 24 weeks, resulting
in the latter regimen being dominated.
 The CASL guidelines recommend SOF + RBV for 16 weeks as an alternative regimen (to the
preferred regimen of SOF + PR for 12 weeks) for patients with genotype 2 infection and
cirrhosis. In CADTH’s systematic review and NMA, there was no significant difference in
SVR rates between 16 weeks and 12 weeks of SOF + RBV in treatment-experienced
patients with cirrhosis, while no data for the 16-week regimen were found for treatment-naive
patients with cirrhosis.
 Evidence for CHC infection genotypes 2 through 4 was limited to small, uncontrolled trials,
and CDEC considered the indirect estimates of effect from the CADTH NMA to be uncertain.
The incremental effectiveness, as measured by QALYs and ICURs, for DAA-based regimens
compared with PR (or no treatment) was similar, and unlikely to be consequential in light of
the uncertainty inherent in NMAs incorporating evidence from single-arm trials.
 DCV + SOF for 24 weeks is approved in Canada for the treatment of patients with genotype
2 infection, and patients with genotype 3 infection with cirrhosis. DCV + SOF for 12 weeks is
approved for patients with genotype 3 infection without cirrhosis. There was no evidence for
the approved duration of DCV + SOF in genotype 2 infection that could be incorporated into
the CADTH systematic review and NMA. There was also no evidence for DCV + SOF for 24
weeks that could be analyzed in the NMA or cost-effectiveness analysis of patients with
genotype 3 infection and cirrhosis.
 PAR/RIT+ OMB + RBV for 12 weeks for the treatment of genotype 4 infection was submitted
to the CADTH Common Drug Review (CDR) as a pre-NOC submission during the course of
CADTH’s Therapeutic Review, and this regimen received NOC in October 2015. Sensitivity
analyses were carried out to incorporate the only trial (PEARL-I) that has studied this
regimen into the NMA. Evidence was available only for patients without cirrhosis. PAR/RIT+
OMB + RBV for 12 weeks was not significantly different with respect to SVR rate compared
with SOF+ RBV for 24 weeks, or SOF + PR for 12 weeks. In October 2015, the FDA warned
of the risk of serious liver injury with PAR/RIT+ OMB + RBV, mostly in patients with
underlying advanced liver disease.12
 In the CADTH systematic review and NMA, there were no significant differences in the risk of
rash or depression between DCV + SOF for 12 weeks, SOF + PR for 12 weeks, SOF + RBV
for 12 weeks, and SOF + RBV for 24 weeks in treatment-naive patients. DCV + SOF for 12
weeks was associated with significantly less anemia in this population than SOF + RBV for
24 weeks and SOF + PR for 12 weeks, and SOF + PR for 12 weeks was associated with
more anemia than SOF + RBV for 12 weeks. In treatment-experienced patients, there were
no significant differences between SOF + PR for 12 weeks, SOF + RBV for 12 weeks or SOF
+ RBV for 24 weeks in the risk of rash or anemia, or between SOF + RBV for 12 weeks and
SOF + RBV for 24 weeks in the risk of depression. There was no evidence to include DCV +
SOF in the analyses of these adverse events for treatment-experienced patients.
 Data were limited to evaluate HIV-coinfected patients with CHC infection genotypes 2
through 4, although the following regimens demonstrated high SVR rates in individual
studies: SOF + RBV for 12 weeks in genotype 2; SOF + RBV for 24 weeks in genotype 3;
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SOF + RBV for 24 weeks and SOF + PR for 12 weeks in genotype 4. There were no data for
treatment-experienced patients with HIV coinfection. Cost-effectiveness of treatment for CHC
infection for patients with HIV coinfection was not assessed.
 Data to evaluate patients with genotypes 2, 3, or 4 infection and liver transplant were limited
to one study evaluating SOF + RBV for 24 weeks in mostly treatment-experienced patients
with genotypes 1 (83%), 3 (15%), and 4 (3%) infection. None of the patients with genotype 4
infection achieved SVR, and results were not reported separately for patients with genotype
3 infection. There was no evidence available for patients with genotype 2, 3, or 4 infection
and decompensated liver disease.

Recommendation 4
CDEC considered there to be insufficient evidence to make a recommendation for patients
with CHC genotype 5 or 6 infection.

Reasons for Recommendation 4
 A trial of SOF + PR for 12 weeks in treatment-naive patients with CHC genotypes 1, 4, 5, or
6 infection enrolled one patient with genotype 5 infection, and six patients with genotype 6
infection. All patients achieved SVR in this study. A second trial, of SOF + PR for 24 weeks in
treatment-naive patients with CHC genotypes 1, 4, 5, or 6 infection, enrolled five patients
with genotype 6 infection, all of whom achieved SVR.
Of Note:
 None of the DAA regimens available in Canada are approved for use in CHC genotype 5 or 6
infection.
 The CASL guidelines recommend SOF + PR for 12 weeks for the treatment of CHC
genotype 5 infection, and LDV + SOF for 12 weeks (preferred) or SOF + PR for 12 weeks
(alternative) for the treatment of CHC genotype 6 infection.11

Recommendation 5
CDEC recommends LDV + SOF as the preferred regimen for patients with genotype 1
infection previously treated with a protease inhibitor-PR regimen, regardless of cirrhosis
status. CDEC considered there to be insufficient evidence to make a recommendation for
patients previously treated with an all-oral DAA regimen.
CDEC considered there to be insufficient evidence to make a recommendation for patients
with non-genotype 1 CHC infection previously treated with a DAA-based regimen.
Conditions:
 Treatment should be initiated by physicians with experience in the management of patients
with CHC infection.

Reasons for Recommendation 5
 Data for the efficacy and safety of treatments for CHC infection in patients previously treated
unsuccessfully with DAA-PR regimens were limited to four studies that reported SVR rates
specifically in this population. The largest of these was ION-2, in which SVR rates among
patients with genotype 1 infection and prior treatment failure on DAA-PR were as follows:
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94% with LDV + SOF for 12 weeks (n = 66); 97% with LDV + SOF + RBV for 12 weeks (n =
64); 98% with LDV + SOF for 24 weeks (n = 50); and 100% with LDV + SOF + RBV for 24
weeks (n = 51).
 Only one study reported SVR rates for patients previously treated with an all-oral DAA
regimen. In this study, all 14 patients with CHC genotype 1 infection previously treated with
SOF + RBV achieved SVR with LDV + SOF for 12 weeks.
Of Note:
 Limited evidence was also available for the use of SOF + PR for 12 weeks from a study of 80
patients with CHC genotype 1 infection without cirrhosis and prior experience with DAA-PR,
in which the reported SVR rate was 79%.
 Due to the higher SVR rates achieved with DAA-based regimens, the number of patients
experiencing treatment failure on these regimens is small. Based on input from clinical
experts, patients with genotype 3 infection and cirrhosis may be more likely to experience
treatment failure on initial therapy than other patients with CHC infection.
 Resistance testing may be used to guide the choice of a future regimen in patients
experiencing treatment failure on initial therapy; however, such testing is not available in all
centres. Furthermore, there are insufficient data on which to make these recommendations at
present.
 Due to the lack of evidence, and depending upon disease severity, consideration may be
given to withholding further therapy for patients experiencing treatment failure on initial
therapy.

Discussion Points
 The relatively small size and uncontrolled nature of the available studies for DAA-based
regimens did not allow for a thorough assessment of harms. Emerging information about
both efficacy and harms associated with these regimens should be integrated into listing
decisions.
 Approximately 25% of patients acutely infected with HCV spontaneously clear the infection.
The diagnosis of CHC infection requires confirmation of serum HCV RNA at six months after
initial testing. Once chronic infection has been confirmed, repeat HCV RNA testing is not
required because spontaneous clearance of chronic infection is extremely rare. While CHC
infection is usually asymptomatic until liver fibrosis is advanced, some patients may
experience symptoms such as fatigue or “brain fog” in earlier stages of the disease, while
others may experience no symptoms even with cirrhosis.
 CDEC discussed the limitations of fibrosis staging methods such as FibroScan with respect
to accuracy and test–retest reliability. In particular, it was noted that there is often concern
that patients assessed as having a METAVIR score of F3 may have undetected cirrhosis,
and that treatment decisions may be made accordingly.
 CDEC noted that the evidence for genotypes 2 through 4 was particularly limited with respect
to both the number and size of trials in light of the considerable prevalence of these
infections in Canada.
 CDEC discussed the smallest difference in SVR rates between regimens that would be
clinically meaningful. No evidence was found in the literature; however, based on expert
input, a difference of less than 5% was considered unlikely to reflect a clinically important
difference.
 Given the lack of trials directly comparing newer regimens for CHC infection, CDEC
discussed the potential value of real-world evidence generation in this area for assessing
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comparative efficacy and safety, including long-term measures such as liver-related morbidity
and mortality.
 CDEC noted the observation from clinical experts that there may be considerable variability
in measured HCV RNA levels, including test–retest variability. This may have implications for
treatment decisions involving LDV + SOF for eight weeks, which is indicated for treatmentnaive, non-cirrhotic patients with genotype 1 infection and baseline HCV RNA < 6 million
IU/mL.
 CDEC noted that of the Health Canada–approved regimens for CHC infection, only SIM +
SOF for the treatment of patients with CHC genotype 1 infection has not yet been submitted
to CDR.

Research Gaps
CDEC noted the following research gaps related to treatments for CHC infection:
 Lack of head-to-head trials comparing DAA-based regimens with one another
 Paucity of evidence for genotypes 5 and 6
 Lack of adequate studies to guide therapy for patients experiencing treatment failure with a
DAA-based regimen
 Efficacy and safety of DAA-based regimens for patients with CHC infection and chronic
kidney disease, or decompensated liver disease.

Patient Group Input
Committee discussions were informed by submissions to CADTH by two patient groups: the
Canadian Treatment Action Council, and the HepCBC Hepatitis C Education and Prevention
Society. The following points summarize the concerns of patients and caregivers as
documented in the patient group submissions.
 Caregivers find it difficult to support their loved one during treatment and often experience
poverty, isolation, and uncertainty about the future. Poverty ensues as medical expenditures
increase, as the patient is unable to contribute to family responsibilities, and as caregiving
requirements disrupt the caregiver’s own work.
 The social stigma associated with HCV infection is of concern for patients and their
caregivers. Driven by the emergence of promising treatments, patients in the baby-boom
cohort have become more willing to be open about their infection; however, patients
coinfected with HIV experience increased stigma and treatment challenges.
 While it is recognized that interferon and/or ribavirin may be necessary in some cases, there
is an overwhelming consensus from patients that interferon in particular but also ribavirin
should be consigned to history as soon as possible due to their debilitating side effects and
low efficacy. Administering interferon can also be a source of anxiety for patients with a
history of injection drug use.
 Patients indicated a need for interferon-free treatments with increased SVR rates, shorter
treatment durations, fewer side effects, and effectiveness across all genotypes, stages of
liver disease, and previous treatment responder types. One patient group indicated that a
large percentage of patients they come into contact with were being “warehoused,” either by
doctors or by themselves, rejecting the idea of taking therapies containing interferon and/or
ribavirin, knowing that vastly superior drugs are already approved, although not yet
accessible, or are very close to being approved.
 Patients are concerned that the prices of these drugs will be so high that CADTH (and/or
provincial Pharmacare plans) will either not approve the treatment at all or implement
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coverage criteria that require patients to undergo and fail very challenging standard
treatments (with both interferon and ribavirin) before having access to newer DAAs. Delaying
treatment until liver disease is more advanced affects patients’ physical and mental wellbeing.
 Patients noted that it is frustrating for many patients to be told that they are not sick enough
to qualify for treatment. Patients worry about the liver damage that may be caused by
delaying treatment and suggest that patients’ mental health, any extrahepatic manifestations
they may have, and the state of their immune system be considered in treatment decisions.
The sooner a person is effectively treated (i.e., cured), the sooner a patient’s quality of life
improves, and the less chance he or she has of inadvertently infecting someone else.

Summary of the Evidence
Clinical Evidence
The Committee considered the results of CADTH’s systematic review and NMA of published
literature on interventions of interest for the treatment of CHC infection. The review was an
update to the 2014 CADTH Therapeutic Review on DAAs for CHC genotype 1 infection, and
also extended the scope to genotypes 2 through 6. Regimens were included if approved for use
in Canada or recommended in major Canadian or US guidelines even if not approved. A
number of emerging regimens were also included in the analysis. As most newer regimens have
been approved on the basis of uncontrolled or historically controlled studies, such trial designs
were included in the review.
The review included 63 new publications describing 67 unique studies, in addition to 10 studies
from the previous Therapeutic Review:
 In genotype 1, there were 35 studies for treatment-naive patients (additional five studies for
emerging treatments), and 26 studies for treatment-experienced patients (additional two
studies for emerging treatments).
 In genotype 2, there were five studies for treatment-naive patients, and five studies for
treatment-experienced patients (no studies for emerging treatments were identified for
genotype 2).
 In genotype 3, there were three studies for treatment-naive patients, and six studies for
treatment-experienced patients (no studies for emerging treatments were identified for
genotype 3).
 In genotype 4, there were three studies for treatment-naive patients, and two studies for
treatment-experienced patients (no studies for emerging treatments were identified for
genotype 4).
 In genotype 5, there was one study for treatment-naive patients, and no studies were
identified for treatment-experienced patients.
 For genotype 6, there were two studies for treatment-naive patients (additional one study for
emerging treatments), and no studies were identified for treatment-experienced patients.
 Patients with HIV coinfection were included in four studies of treatment-naive patients (three
studies were on genotype 1 patients and one study on genotypes 1 to 6 patients) and four
with combined treatment-naive and -experienced patients (two studies on genotype 1
patients, one study on genotypes 1 to 3 patients, and one study on genotypes 1 to 4
patients). Two studies identified were in the post-liver transplant setting. No studies of
patients with hepatitis B virus or tuberculosis coinfection met the inclusion criteria for the
systematic review, as these coinfections were generally specified as exclusion criteria in
many of the included studies.
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The main efficacy outcome of interest was SVR at 12 weeks (SVR12) or 24 weeks. Key safety
outcomes were rash, depression, and anemia.
Bayesian NMAs were conducted for SVR12 and key safety outcomes (i.e., rash, anemia,
and depression) for both treatment-naive and treatment-experienced patients. Single-arm
studies were incorporated into the NMA by creating a “virtual” study where a comparator arm
matched for baseline patient characteristics was identified for the single arm. SVR was also
analyzed according to cirrhosis status within treatment-naive and -experienced patients, and a
number of subgroup analyses were performed. Treatment-experienced patients were further
analyzed based on their response to prior treatment; i.e., whether they experienced relapse,
partial response, or null response. The review also assessed the available evidence for patients
previously treated with DAA-based regimens.
Of the 77 studies included in the systematic review, 31 studies were randomized controlled trials
(RCTs). In general, the included RCTs were of adequate quality. The weakest domain was
blinding for subjective outcomes, on which more than half of the included RCTs were assessed
as being at high or unclear risk of bias. The remaining studies evaluated interventions of interest
in single groups, or cohorts, of study participants with either no control group, or employed
comparisons to historical control populations. For these studies, the rate of attrition was the only
criterion that could be consistently identified and evaluated across studies. Patient attrition can
bias outcomes if patients with missing outcome data are excluded from the analysis and have
less favourable results than patients without missing data. In studies of treatment-naive patients,
attrition rates ranged from 0% to 17%. In studies of treatment-experienced patients reporting the
necessary information, attrition rates ranged from 0% to 2.5%. In the 13 studies with both
treatment-naive and -experienced patients, attrition rates ranged from 0% to 48%.
With respect to baseline characteristics in the included trials, enrolled patients were adults aged
18 and older and the proportion of male participants was generally much higher than 50%
(range 28% to 100%). Patients enrolled in the studies of treatment-naive patients were mostly
without cirrhosis (range 78% to 100%, when reported). In the studies of treatment-experienced
patients, patients with cirrhosis were included in proportions ranging from 0% to 100%. Baseline
viral load, when reported, ranged from 5.6 to 6.8 IU/mL on average. Previous treatment
experience in the included study populations was predominantly with PR; few studies reported
treatment experience with DAA plus PR or with all-oral DAA regimens.

Genotype 1, Treatment-Naive
The evidence network for SVR12 in treatment-naive genotype 1 patients included 35 studies
and a total of 6,766 participants. All of the DAA treatment strategies under review, except SIM +
SOF for 12 weeks, significantly improved SVR compared with PR for 48 weeks (relative risk
[RR] range 1.48 to 1.86). LDV + SOF for 12 weeks and PAR/RIT + OMB + DAS ± RBV for 12
weeks significantly improved SVR compared with SOF + RBV for 24 weeks, response-guided
therapy (RGT) with SIM-PR, and SOF + PR for 12 weeks (result was statistically non-significant
for PAR/RIT + OMB + DAS for 12 weeks versus SOF + PR for 12 weeks). There were no
statistically significant differences between LDV + SOF for 12 weeks, DCV + SOF for 12 weeks,
and PAR/RIT + OMB + DAS ± RBV for 12 weeks.
Results of the subgroup analysis were consistent with those for the overall treatment-naive
population, especially for the comparisons between interferon-free regimens; there were no
significant differences in SVR12 among LDV + SOF for 12 weeks, DCV + SOF for 12 weeks,
and PAR/RIT + OMB + DAS ± RBV for 12 weeks where these regimens could be compared
with one another. Due to the lack of stratified baseline data by prior treatment experience for
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PAR/RIT + OMB + DAS ± RBV for 12 weeks, this regimen was included only for patients with
cirrhosis, and patients with HIV coinfection, as part of sensitivity analyses based on certain
assumptions. There were no data for DCV + SOF specific to patients with genotype 1a or
genotype 1b infection, and no trials for this regimen in patients with cirrhosis or HIV coinfection.
Table 1 summarizes selected subgroup results for SVR in treatment-naive patients with
genotype 1 infection.
Table 1: Summary of Selected Subgroup Analysis Results for Sustained Virologic
Response for Treatment-Naive Patients With Genotype 1 Infection
Subgroup
Genotype 1a

Evidence Included in the
Analysis
17 studies; 3,594 participants

Genotype 1b

20 studies; 2,379 participants

Patients with cirrhosis

14 studies; 539 participants

Patients without cirrhosis

29 studies; 6,018 participants

HIV coinfection

6 studies; 410 participants

Main Findings
No significant differences between LDV + SOF for
12 weeks and PAR/RIT + OMB + DAS + RBV for
12 weeks.
No significant differences between LDV + SOF for
12 weeks and PAR/RIT + OMB + DAS for 12
weeks.
No significant differences between PAR/RIT +
OMB + DAS + RBV for 12 weeks, LDV + SOF for
12 weeks ± RBV12, and SOF + PR for 12 weeks.
No significant differences between SOF8 + LDV8,
LDV + SOF for 12 weeks, DCV + SOF for 12
weeks, and PAR/RIT + OMB + DAS ± RBV for 12
weeks.
No significant difference between LDV + SOF for
12 weeks and SOF + RBV for 24 weeks. Also no
significant differences between these regimens
and PAR/RIT + OMB + DAS + RBV for 12 weeks.

DAS = dasabuvir; DCV = daclatasvir; LDV = ledipasvir; LDV8 = ledipasvir for 8 weeks; OMB = ombitasvir; PAR = paritaprevir;
PR = pegylated interferon plus ribavirin; RBV = ribavirin; RBV12 = ribavirin for 12 weeks; RIT = ritonavir; SOF = sofosbuvir;
SOF8 = sofosbuvir for 8 weeks.

LDV + SOF for eight weeks is indicated for treatment-naive patients with genotype 1 infection
without cirrhosis that have a baseline HCV RNA level of less than 6 million IU/mL. Due to the
specialized indication, this regimen was considered only in a sensitivity analysis. Compared with
PR for 48 weeks, LDV + SOF for eight weeks significantly increased SVR, and there were no
significant differences compared with LDV + SOF for 12 weeks, PAR/RIT + OMB + DAS ± RBV
for 12 weeks, or DCV + SOF for 12 weeks. There was a marginally significant improvement in
SVR when LDV + SOF for eight weeks was compared with SOF + PR for 12 weeks.

Genotype 1, Treatment-Experienced
This analysis included 22 studies and a total of 4,146 participants. Compared with PR for 48
weeks, all of the DAA treatment strategies significantly improved SVR (RR ranged from 2.72 to
3.75). No significant differences were found when LDV + SOF for 12 weeks was compared with
PAR/RIT + OMB + DAS ± RBV for 12 weeks. There were no trials for DCV + SOF in treatmentexperienced patients.
Results of the subgroup analyses were generally consistent with those for the overall treatmentexperienced population in that no significant differences in SVR were found in all but two
subgroups when LDV + SOF for 12 weeks and PAR/RIT + OMB + DAS ± RBV for 12 weeks
were compared against each other. One exception was the subgroup analysis of patients
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without cirrhosis, in which PAR/RIT + OMB + DAS + RBV for 12 weeks significantly improved
SVR compared with LDV + SOF for 12 weeks, and the second was the subgroup analysis of
patients with genotype 1b infection, in which PAR/RIT + OMB + DAS for 12 weeks significantly
improved SVR compared with LDV + SOF for 12 weeks. Due to the lack of stratified baseline
data by prior treatment experience for PAR/RIT + OMB + DAS ± RBV for 12 weeks, this
regimen was included only in the analysis of patients with cirrhosis as part of a sensitivity
analysis based on certain assumptions. LDV + SOF for 12 weeks could not be included in any
of the subgroup analyses by type of prior response — i.e., prior relapse, prior partial response,
and prior null response — due to lack of data. As well, analysis by type of prior response was
not possible for interferon-free regimens in patients with cirrhosis, due to lack of data.
Table 2 presents selected results for the subgroup analysis of SVR for treatment-experienced
patients with genotype 1 infection.
Table 2: Selected Subgroup Analysis Results for Sustained Virologic Response for
Treatment-Experienced Patients With Genotype 1 Infection
Subgroup

Evidence Included in the
Analysis

Main Findings

Genotype 1a

10 studies; 1,683 participants

Genotype 1b

15 studies; 2,053 participants

Patients with cirrhosis

15 studies; 850 participants

Patients without cirrhosis

16 studies; 3,038 participants

HIV coinfection

1 study; 21 participants

Treatment-experienced
with prior relapse

7 studies; 741 participants

Treatment-experienced
with prior partial
response

10 studies; 840 participants.

No significant differences between LDV + SOF for
12 weeks and PAR/RIT + OMB + DAS + RBV for
12 weeks.
PAR/RIT + OMB + DAS for 12 weeks significantly
improved SVR compared with LDV + SOF for 12
weeks.
No significant differences between PAR/RIT +
OMB + DAS + RBV for 12 weeks, LDV + SOF ±
RBV for 12 weeks, SOF + LDV for 24 weeks, SIM
+ SOF for 12 weeks, or SOF + PR for 12 weeks.
PAR/RIT + OMB + DAS + RBV for 12 weeks
significantly improved SVR compared with LDV +
SOF for 12 weeks.
PAR/RIT + OMB + DAS + RBV for 12 or 24 weeks
demonstrated high SVR rates.
No significant difference between PAR/RIT + OMB
+ DAS ± RBV for 12 weeks and LDV + SOF for 12
weeks.
PAR/RIT + OMB + DAS + RBV for 12 weeks
significantly improved SVR compared with SIM12
+ PR for 48 weeks.

Treatment-experienced
with prior null response

13 studies; 1,403 participants.

No significant difference between PAR/RIT + OMB
+ DAS for 12 weeks, PAR/RIT + OMB + DAS +
RBV for 12 weeks or SIM/PR 12/48 weeks.
PAR/RIT + OMB + DAS + RBV for 12 weeks
significantly improved SVR compared with SOF +
PR for 12 weeks and SIM/PR 12/48 weeks.
No significant difference between PAR/RIT + OMB
+ DAS for 12 weeks and PAR/RIT + OMB + DAS +
RBV for 12 weeks or SIM/PR 12/48 weeks.

DAS = dasabuvir; DCV = daclatasvir; LDV = ledipasvir; LDV8 = ledipasvir for 8 weeks; LDV24 = ledipasvir for 24 weeks;
OMB = ombitasvir; PAR = paritaprevir; PR = pegylated interferon plus ribavirin; PR12 = pegylated interferon plus ribavirin for 12
weeks; RBV = ribavirin; RBV12 = ribavirin for 12 weeks; RIT = ritonavir; SIM = simeprevir; SIM12 = simeprevir for 12 weeks;
SOF = sofosbuvir; SOF8 = sofosbuvir for 8 weeks; SOF12 = sofosbuvir for 12 weeks; SOF24 = sofosbuvir for 24 weeks;
SVR = sustained virologic response.
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Genotype 2, Treatment-Naive
This analysis included five studies and a total of 116 participants. Overall, three different
treatment regimens were considered (PR for 24 weeks, SOF + RBV for 12 weeks, and SOF +
PR for 12 weeks). Compared with PR for 24 weeks, SOF + RBV for 12 weeks significantly
improved SVR, whereas SOF + PR for 12 weeks was not significantly different from PR for 24
weeks (RRs ranged from 1.13 to 1.20). When SOF + RBV for 12 weeks and SOF + PR for 12
weeks were compared, no significant difference was identified. There was no evidence for DCV
+ SOF for 24 weeks (the approved duration) in genotype 2 infection treatment-naive patients
that could be incorporated into the CADTH systematic review and NMA.
Results of the subgroup analyses were consistent with those for the overall treatment-naive
population; however, SOF + PR for 12 weeks could not be included in the subgroup analysis of
patients with cirrhosis due to limitations of the data. Table 3 presents selected results for the
subgroup analysis of SVR for treatment-naive patients with genotype 2 infection.
Table 3: Selected Subgroup Analysis Results for Sustained Virologic Response for
Treatment-Naive Patients With Genotype 2 Infection
Subgroup
Patients with cirrhosis

Evidence Included in the
Analysis
5 studies; 37 participants.

Patients without cirrhosis

6 studies; 278 participants.

HIV coinfection

Main Findings
Compared with PR for 24 weeks, SOF + RBV for 12
weeks significantly improved SVR in genotype 2
treatment-naive patients
Compared with PR for 24 weeks, only SOF + RBV
for 12 weeks significantly improved SVR

No significant difference in SVR between SOF +
RBV for 12 weeks and SOF + PR for 12 weeks
Two studies reported on the use of SOF + RBV for 12 weeks (SVR rate 88% to 89%
in 45 patients). Data were insufficient for subgroup analyses.

PR = pegylated interferon plus ribavirin; RBV = ribavirin; SOF = sofosbuvir; SVR = sustained virologic response.

Genotype 2, Treatment-Experienced
This analysis included four studies and a total of 172 participants. Based on clinical expert
opinion, PR therapy was not considered to be appropriate as a comparator in this population.
Overall, three different treatment regimens were considered (SOF + RBV for 12 weeks, SOF +
RBV for 16 weeks, and SOF + PR for 12 weeks). Neither SOF + RBV for 16 weeks nor SOF +
PR for 12 weeks significantly improved SVR compared with SOF + RBV for 12 weeks (RRs
ranged from 0.86 to 1.07), but SOF + PR for 12 weeks significantly improved SVR when
compared with SOF + RBV for 16 weeks. There was no evidence for DCV + SOF for 24 weeks
(the approved duration) in treatment-experienced patients with genotype 2 infection that could
be incorporated into the CADTH systematic review and NMA.
Results of subgroup analyses were generally consistent with those for the overall treatmentexperienced population, although SOF16 + RBV16 could not be included in the analysis of
patients without cirrhosis. As well, there were no data to allow for analysis of treatmentexperienced patients with genotype 2 infection and HIV coinfection.
Table 4 presents selected results from subgroup analyses of SVR for treatment-experienced
patients with genotype 2 infection.
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Table 4: Selected Subgroup Analysis Results for Sustained Virologic Response for
Treatment-Experienced Patients With Genotype 2 Infection
Subgroup

Evidence Included
in the Analysis

Main Findings

Patients with cirrhosis

4 studies; 172 participants

Patients without cirrhosis

3 studies; 95 participants

No statistically significant differences in SVR
between SOF + RBV for 12 weeks, SOF16 +
RBV16 and SOF12 + PR12
SOF + PR for 12 weeks did not significantly
improve SVR when compared with SOF + RBV for
12 weeks.

PR = pegylated interferon plus ribavirin; PR12 = pegylated interferon plus ribavirin for 12 weeks; RBV = ribavirin; RBV16 = ribavirin
for 16 weeks; SOF = sofosbuvir; SOF12 = sofosbuvir for 12 weeks; SOF16 = sofosbuvir for 16 weeks; SVR = sustained virologic
response.

Genotype 3, Treatment-Naive
This analysis included three studies and a total of 237 participants. Compared with PR for 48
weeks, SOF + RBV for 24 weeks, DCV + SOF for 12 weeks, and SOF + PR for 12 weeks
significantly improved SVR (RRs ranged from 1.31 to 1.37), and there were no significant
differences between these regimens. It should be noted that SOF + PR for 12 weeks could be
brought into the NMA only as part of a sensitivity analysis informed by clinical expert input in
which the results of a major trial (BOSON), published in abstract form at the time of the analysis,
were incorporated.
Results of subgroup analyses were consistent with those for the overall treatment-naive
population, although DCV + SOF for 12 weeks could not be included in the subgroup analysis of
patients with cirrhosis due to lack of data. Table 5 presents selected results for the subgroup
analyses of SVR for treatment-naive patients with genotype 3 infection. Data were insufficient to
perform NMA for patients with genotype 3 infection coinfected with HIV, as only a single study
was identified; it reported an SVR rate of 91% in 51 patients treated with SOF24 + RBV24.
Table 5: Subgroup Analysis Results for Sustained Virologic Response for Treatment Naive Patients With Genotype 3 Infection
Subgroup
Patients with cirrhosis

Evidence Included in the
Analysis
2 studies; 16 participants

Patients without cirrhosis

3 studies; 221 participants

Main Findings
Compared with PR for 48 weeks, SOF + RBV for
24 weeks significantly improved SVR. No
significant difference between SOF12 + PR12 and
SOF + RBV for 24 weeks.
Compared with PR for 48 weeks, SOF + RBV for
24 weeks, DCV + SOF for 12 weeks, and SOF +
PR for 12 weeks significantly improved SVR. No
significant differences between these 3 regimens.

DCV = daclatasvir; PR = pegylated interferon plus ribavirin; RBV = ribavirin; SOF = sofosbuvir; SVR = sustained virologic response.

Genotype 3, Treatment-Experienced
This analysis included five studies and a total of 269 participants. Compared with PR for 48
weeks, SOF + RBV for 24 weeks, DCV + SOF for 12 weeks, and SOF + PR for 12 weeks
significantly improved SVR (RRs ranged from 1.52 to 1.72). No statistically significant
differences were observed between these three regimens.

CADTH THERAPEUTIC REVIEW – RECOMMENDATIONS REPORT

19

Results of subgroup analyses were consistent with those for the overall treatment-experienced
population; however, there were no statistically significant differences in SVR rates in the
subgroup of patients without cirrhosis between SOF + PR for 12 weeks and PR for 48 weeks.
There was no evidence for DCV + SOF 24 weeks (the approved duration) that could be
analyzed in the NMA of patients with genotype 3 infection and cirrhosis. Table 6 presents
results for the subgroup analysis of SVR for treatment-experienced patients with genotype 3
infection. The only studies in treatment-experienced patients with genotype 3 infection and HIV
coinfection were two trials of SOF + RBV for 24 weeks (SVR rates were 86% in one study of 49
patients and 94% in the second study of 17 patients).
Table 6: Subgroup Analysis Results for Sustained Virologic Response for TreatmentExperienced Patients With Genotype 3 Infection
Subgroup
Patients with cirrhosis

Evidence Included in the
Analysis
4 studies; 88 participants

Patients without cirrhosis

5 studies; 181 participants

Main Findings
Compared with PR for 48 weeks, SOF + RBV for
24 weeks and SOF + PR for 12 weeks significantly
improved SVR. No significant difference between
SOF + RBV for 24 weeks and SOF + PR for 12
weeks.
Compared with PR for 48 weeks, SOF + RBV for
24 weeks, DCV + SOF for 12 weeks and SOF12 +
PR12 significantly improved SVR. No significant
differences between SOF24 + RBV 24, DCV +
SOF for 12 weeks, and SOF + PR for 12 weeks.

DCV = daclatasvir; PR = pegylated interferon plus ribavirin; PR12 = pegylated interferon plus ribavirin for 12 weeks; RBV = ribavirin;
SOF = sofosbuvir; SOF12 = sofosbuvir for 12 weeks; SVR = sustained virologic response.

Genotype 4, Treatment-Naive
This analysis included three studies involving a total of 87 participants. Compared with PR for
48 weeks, SOF + RBV for 24 weeks and SOF + PR for 12 weeks significantly improved SVR,
whereas SOF + RBV for 12 weeks was not significantly different from PR for 48 weeks. SOF +
PR for 12 weeks was significantly better than SOF + RBV for 12 weeks for improving SVR.
Results of the subgroup analyses were consistent with those for the overall treatment-naive
population. In non-cirrhotic patients, SOF + RBV for 24 weeks did not significantly improve SVR
when compared with PR.
Table 7 presents selected results for the subgroup analysis of SVR for treatment-naive patients
with genotype 4 infection. Only two studies reported results for treatment-naive patients with
genotype 4 infection and HIV coinfection: one study of SOF + RBV for 24 weeks reporting a
SVR rate of 84% in 31 patients; and one study of SOF + PR for 12 weeks reporting a SVR rate
of 91% in 23 patients with genotypes 1 through 4.
SOF + PR for 12 weeks is currently the only regimen indicated for patients with genotype 4
infection. Due to lack of stratified data, SOF + PR for 12 weeks could not be included in the
base-case subgroup analysis of patients by cirrhosis status. A sensitivity analysis was
undertaken after the draft Clinical Review report8 was posted for stakeholder feedback, in which
SOF + PR for 12 weeks was included in the subgroup analysis of non-cirrhotic patients based
on certain assumptions. It was found that SOF + PR for 12 weeks significantly improved SVR in
comparison to PR (RR [95% credible interval] 1.48 [1.27 to 1.55]) and that SOF + PR for 12
weeks was not significantly different from SOF + RBV for 12 weeks or SOF + RBV for 24
weeks. The assumptions allowing for the analysis of SOF + PR for 12 weeks in non-cirrhotic
patients could not be applied to the subgroup analysis of patients with cirrhosis.
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Table 7: Selected Subgroup Analysis Results for Sustained Virologic Response for
Treatment-Naive Patients With Genotype 4 Infection
Subgroup
Patients with cirrhosis

Evidence Included in the
Analysis
2 studies; 14 participants

Patients without cirrhosis

2 studies

Main Findings
Compared with PR for 48 weeks, SOF + RBV for
24 weeks significantly improved SVR. SOF + RBV
for 12 weeks was not significantly different from
PR for 48 weeks for improving SVR.
There were no statistically significant differences
between SOF + RBV for 12 weeks and SOF +
RBV for 24 weeks when compared with PR for 48
weeks or to one another.

PR = pegylated interferon plus ribavirin; RBV = ribavirin; SOF = sofosbuvir; SVR = sustained virologic response.

PAR/RIT+ OMB + RBV for 12 weeks was submitted to CDR as a pre-NOC submission during
the course of CADTH’s Therapeutic Review, and received a NOC for the treatment of genotype
4 infection in October 2015. Sensitivity analyses were carried out to incorporate the only trial
(PEARL-I) that has studied this regimen into the NMA. Evidence was available only for patients
without cirrhosis. In treatment-naive patients without cirrhosis, PAR/RIT+ OMB + RBV for 12
weeks was significantly better in terms of SVR compared with PR48, and there were no
significant differences between this regimen and SOF + RBV for 24 weeks, or SOF + PR for 12
weeks.

Genotype 4, Treatment-Experienced
This analysis included two studies and a total of 76 participants. There was no statistically
significant difference between SOF + RBV for 12 weeks and SOF + RBV for 24 weeks.
Results of the subgroup analyses were consistent with those for the overall treatmentexperienced population. Table 8 presents results for the subgroup analysis of SVR for
treatment-experienced patients with genotype 4 infection. No studies reported on genotype 4
treatment-experienced patients with HIV coinfection.
Table 8: Selected Subgroup Analysis Results for Sustained Virologic Response for
Treatment-Experienced Patients With Genotype 4 Infection
Subgroup
Patients with cirrhosis

Evidence Included
in the Analysis
2 studies; 28 participants

Patients without cirrhosis

2 studies; 48 participants

Main Findings
There was no statistically significant difference
between SOF12 + RBV12 and SOF + RBV for
24 weeks
There was no statistically significant difference
between SOF + RBV for 12 weeks and SOF +
RBV for 24 weeks

PR = pegylated interferon plus ribavirin; RBV = ribavirin; SOF = sofosbuvir; SVR = sustained virologic response.

In sensitivity analyses incorporating data from the PEARL-I study for PAR/RIT + OMB + RBV for
12 weeks into the NMA for treatment-experienced patients without cirrhosis, there were no
significant differences between PAR/RIT + OMB + RBV for 12 weeks and SOF + RBV for 24
weeks. No evidence was available for this regimen in treatment-experienced patients with
cirrhosis.
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Genotypes 5 and 6
Only two studies (NEUTRINO and ATOMIC) evaluated a regimen for genotypes 5 and 6
infection that is currently on the market in Canada. All six patients with genotype 6 infection and
the single patient with genotype 5 infection who received SOF + PR for 12 weeks in the
NEUTRINO study achieved SVR12. All five patients with genotype 6 who received SOF24 +
PR24 in the ATOMIC study achieved SVR12; no patients with genotype 5 were included in
ATOMIC study. It should be noted that none of the DAA-based regimens currently available in
Canada are approved for the treatment of genotypes 5 and 6 infection.

Direct-Acting Antiviral–Experienced
Nine studies included patients who had previously been treated with a DAA-containing regimen.
Eight of these reported treatment experience with either PR alone or a DAA + PR or RBV.
Combined results were often presented, such that it was not usually possible to discern efficacy
specifically among DAA-experienced patients. Sample sizes for the studies ranged between 14
and 441. LDV + SOF (12-week and 24-week ± RBV) was the most frequently studied treatment
regimen (seven studies). With the exception of one small study (n = 14) that included patients
with HCV infection genotypes 1 through 4, all studies reported results from adults with genotype
1 infection.
The ION-2 study reported that in patients with cirrhosis who had previously received a protease
inhibitor + PR, SVR12 was achieved in 85.7% (12 of 14), 84.6% (11 of 13), 100% (14 of 14),
and 100% (13 of 13) of patients receiving LDV + SOF for 12 weeks, LDV + SOF + RBV for 12
weeks, LDV + SOF for 24 weeks, and LDV + SOF + RBV for 24 weeks, respectively. In noncirrhotic patients, SVR12 was achieved in 96.2% (50 of 52), 100% (51 of 51), 97.2% (35 of 36),
and 100% (38 of 38) of patients receiving LDV + SOF for 12 weeks, LDV + SOF + RBV for 12
weeks, LDV + SOF for 24 weeks, and LDV + SOF + RBV for 24 weeks, respectively.
Evidence was also available for the use of SOF12 + PR 12 from a study of 80 patients with
CHC genotype 1 infection without cirrhosis and prior experience with DAA-PR, in which the
reported SVR rate was 79%. Finally, one study reported data for the use of LDV + SOF for 12
weeks for patients with genotype 1 infection who had relapsed after receiving a DAA-only
regimen (SOF + RBV); 14 of 14 patients achieved SVR12 in this study.

Liver Transplant Recipients — All Genotypes
Two studies reported SVR rates for liver transplant recipients with CHC infection. One study
reported SVR in a group of 40 patients infected with mixed genotypes (1 [83%], 2 [0%], 3 [15%],
4 [3%]) and mixed treatment experience (88% experienced). Patients were treated with SOF +
RBV for 24 weeks, and 70% achieved SVR at 12 weeks. Results were additionally presented by
genotype and METAVIR score for those who achieved SVR. Fifty-seven per cent of patients
with genotype 1a, 21% of patients with genotype 1b or 3, and 0% of patients with genotype 4
achieved SVR12. Of the patients with a METAVIR score of F4 (considered cirrhotic), 36%
achieved SVR12. Outcomes were not presented according to previous treatment status.
A second study reported SVR in adult liver transplant recipients with genotype 1 (85%
genotype 1a) and mild or no fibrosis. Thirty-four participants received a once-daily dose of
PAR/RIT + OMB + DAS ± RBV for 24 weeks (RBV dose was at the discretion of the
investigator). Of the 34 study participants, 33 (97%) achieved SVR.
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A phase 2, open-label study (SOLAR-1) that assessed LDV + SOF + RBV for 12 weeks and
LDV + SOF + RBV for 24 weeks in patients with cirrhosis and moderate or severe hepatic
impairment who had not undergone liver transplantation, and patients who had undergone liver
transplantation, was published shortly after the literature cut-off date of the CADTH systematic
review.13 Response rates in the 12- and 24-week treatment groups were similar. SVR12 was
achieved by 86% to 89% of patients with cirrhosis and moderate or severe hepatic impairment
who had not undergone liver transplantation. In transplant recipients, SVR was achieved by
96% to 98% of patients without cirrhosis or with compensated cirrhosis; 85% to 88% of patients
with moderate hepatic impairment; 60% to 75% of patients with severe hepatic impairment; and
by all six patients with fibrosing cholestatic hepatitis.

Safety
Safety outcomes were assessed across genotypes, but separately for treatment-naive and
treatment-experienced patients. Among treatment-naive patients, LDV + SOF for 12 weeks,
PAR/RIT + OMB + DAS ± RBV for 12 weeks, and DCV + SOF for 12 weeks were associated
with significantly lower risks for anemia than PR-based treatments, but only LDV + SOF for 12
weeks and PAR/RIT + OMB + DAS for 12 weeks were significantly associated with less rash
and depression compared with PR-based treatments. For rash, PAR/RIT + OMB + DAS + RBV
for 12 weeks was less favourable than LDV + SOF for 12 weeks, and PAR/RIT + OMB + DAS
for 12 weeks. There was no significant difference between DCV + SOF for 12 weeks and any of
the interferon-free regimens. For anemia, PAR/RIT + OMB + DAS ± RBV for 12 weeks was less
favourable than LDV + SOF for 12 weeks. There was no significant difference between DCV +
SOF for 12 weeks and PAR/RIT + OMB + DAS ± RBV for 12 weeks or LDV + SOF for 12 weeks
on this outcome. For depression, PAR/RIT + OMB + DAS + RBV for 12 weeks and DCV + SOF
for 12 weeks were less favourable than LDV + SOF for 12 weeks. The result for PAR/RIT +
OMB + DAS + RBV should be considered in context of the patient population enrolled in the
only study contributing data for this outcome, which consisted of injection drug users on stable
methadone treatment that was likely at higher risk for comorbid depression compared with the
broader population of patients with CHC infection.
For treatment-experienced patients, LDV + SOF for 12 weeks and PAR/RIT + OMB + DAS for
12 weeks were associated with significantly less rash than PR-based treatments, and LDV +
SOF for 12 weeks and PAR/RIT + OMB + DAS ± RBV for 12 weeks were associated with
significantly less anemia than PR-based treatments. For rash there was no significant difference
between PAR/RIT + OMB + DAS ± RBV for 12 weeks and LDV + SOF for 12 weeks. For
anemia, PAR/RIT + OMB + DAS + RBV for 12 weeks was less favourable than PAR/RIT + OMB
+ DAS for 12 weeks and LDV + SOF for 12 weeks. Evidence was limited for depression in
treatment-experienced patients. There was insufficient evidence to include DCV + SOF in the
analyses of these adverse events for treatment-experienced patients.

Economic Evidence
The cost-utility analysis of drugs for CHC infection was performed using an updated version of the
model used for the 2014 CADTH Therapeutic Review of treatments for CHC infection.14 The
primary outcome was the number of QALYs, with treatments compared in terms of the
incremental cost per QALY (ICUR). Of the treatment regimens that met the inclusion criteria of the
protocol for the clinical review, only those treatments with price information available at the time of
analysis were included in the base-case cost-utility analysis. DCV and asunaprevir (ASU) were
included in exploratory analyses as they had been submitted to CDR at the time of analysis, but
there were no publicly available prices for these agents. Various price scenarios were therefore
modelled and are presented in the draft cost-effectiveness report9 posted for stakeholder
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consultation. However, since posting of this report, the manufacturer has provided the list price for
DCV and the analyses were re-run using this price for CDEC deliberation. During the course of
the Therapeutic Review, the CDR review of ASU was suspended and this agent has not yet
received Health Canada approval. Cost-effectiveness results for this agent were therefore not
considered by CDEC in developing recommendations.
Treatment effect estimates for SVR and adverse events (anemia, depression, and rash) were
obtained from the CADTH systematic review and NMA. Other inputs for the economic model were
derived from published sources and validated by clinical experts. Drug costs were obtained from
the Ontario Drug Benefit Exceptional Access Program, Yukon Drug Formulary, the Saskatchewan
Drug Plan, or directly from manufacturers. Extensive sensitivity analyses were conducted to test
the effect of changes in underlying parameter values (parameter uncertainty) and assumptions
within the models (structural uncertainty).

Genotype 1
The results of the base-case analysis suggest that for each genotype 1 population (treatmentnaive non-cirrhotic, treatment-naive cirrhotic, treatment-experienced non-cirrhotic, or treatmentexperienced cirrhotic), at least one of the interferon-free therapies appears to be economically
attractive compared with PR alone (ICURs less than $30,000 per QALY). The drug that is most
cost-effective varied by population, but was generally consistent across fibrosis stages.
For patients with genotype 1 CHC infection who are treatment-naive and non-cirrhotic, at a
willingness to pay (λ) of $50,000 per QALY, PAR/RIT + OMB + DAS for 12 weeks was likely to
be the most cost-effective option compared with PR alone. For patients with genotype 1 CHC
infection who are treatment-naive and cirrhotic, LDV + SOF for 12 weeks was likely to be the
most cost-effective option compared with PR alone. The analysis also suggests that for patients
with genotype 1 CHC infection who are treatment-experienced and non-cirrhotic, PAR/RIT +
OMB + DAS for 12 weeks was likely to be the most cost-effective option compared with PR
alone at a willingness to pay of $50,000 per QALY. For patients with genotype 1 CHC infection
who are treatment-experienced and cirrhotic, RGT with SIM-PR was likely to be the most costeffective option, followed by LDV + SOF + RBV for 12 weeks compared with PR alone. The
incremental QALYs for PAR/RIT + OMB + DAS for 12 weeks and LDV + SOF for 12 weeks
compared with PR were similar in all analyses.
A number of exploratory analyses were conducted for genotype 1 patients to reflect key
sensitivity analyses performed as part of the NMAs for this population, as well as to account for
DCV + SOF for 12 weeks, for which a publicly listed price was not available at the time of the
original analysis:
 When including LDV + SOF for eight weeks in the analysis of patients who are treatmentnaive without cirrhosis, this regimen was the most cost-effective option (ICUR $17,287 per
QALY).
 When PAR/RIT + OMB + DAS + RBV for 12 weeks was included for patients with cirrhosis,
it was the most cost-effective option for both treatment-naive and -experienced patients
(ICUR $23,047 per QALY).
 When DCV + SOF for 12 weeks was considered for treatment-naive patients without
cirrhosis, it was dominated by both PAR/RIT + OMB + DAS for 12 weeks and LDV + SOF
for 12 weeks; however, the incremental QALYs when compared with PR were similar for all
three regimens.
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Genotype 2
For patients with genotype 2 CHC infection, who are treatment-naive and non-cirrhotic, the
interferon-free or the PR-based DAA therapies do not appear to be economically attractive
compared with PR alone (ICURs exceeded $200,000 per QALY). For patients who are
treatment-naive with cirrhosis and those who are treatment-experienced without cirrhosis, SOF
+ RBV for 12 weeks was the most cost-effective option, with an ICUR of less than $60,000 per
QALY (versus PR for treatment-naive patients, and versus no treatment for treatmentexperienced patients). For patients who are treatment-experienced with cirrhosis, SOF + PR for
12 weeks was the most cost-effective option when compared with no treatment (ICUR of
$18,226 per QALY), but it is currently not approved for this population; SOF + RBV for 12 weeks
was the most cost-effective option that is approved in Canada (ICUR $21,338 per QALY).

Genotype 3
In the base-case analysis for genotype 3 infection, the interferon-free or the PR-based DAA
therapies do not appear to be economically attractive compared with PR alone for treatmentnaive patients without cirrhosis (ICURs exceeded $150,000 per QALY). In patients who are
treatment-naive with cirrhosis, SOF + RBV for 24 weeks was the most cost-effective approved
option at an ICUR of $92,117 when compared with PR for 48 weeks. For patients who are
treatment-experienced with or without cirrhosis, SOF + RBV for 24 weeks was the most costeffective approved option (ICUR approximately $40,000 per QALY compared with no
treatment). In exploratory analyses where DCV + SOF for 12 weeks was included in analyses of
patients without cirrhosis regardless of treatment experience, this regimen was the most costeffective among the approved regimens (ICURs $28,151 and $97,158 per QALY for treatmentexperienced and -naive patients, respectively). However, the unapproved regimen SOF + PR
for 12 weeks was the most cost-effective regimen versus PR in treatment-naive patients with
genotype 3 infection (ICUR $70,792 per QALY), and versus no treatment for treatmentexperienced patients, regardless of cirrhosis status (ICURs for patients with and without
cirrhosis < $21,000 per QALY). In relation to SOF + PR for 12 weeks, the most cost-effective
approved treatments for genotype 3 infection were either associated with very high ICURs, or
were dominated.

Genotype 4
In the base-case analysis for patients with genotype 4 infection who are treatment-naive, no
DAA-based regimen was found to be cost-effective in patients without cirrhosis (ICURs
exceeded $200,000 per QALY). For patients who are treatment-naive with cirrhosis or those
who are treatment-experienced, SOF + RBV for 24 weeks was considered the most costeffective treatment (ICUR less than $60,000 per QALY), but is not currently indicated. SOF +
PR for 12 weeks, the only approved treatment for genotype 4 infection, was included in an
exploratory analysis of treatment-naive, non-cirrhotic patients with genotype 4 infection; this
regimen was associated with an ICUR of $63,421 per QALY compared with PR.

Sensitivity and Scenario Analyses
In analyses stratified by fibrosis stage, ICURs for the interferon-free regimens compared with
PR alone tended to be lower (more cost-effective) in patients with advanced fibrosis (F3)
compared with patients with no or mild fibrosis (F0 to F2).
Extensive sensitivity analyses were conducted around the model input parameters, and the
structural uncertainty was tested. Besides treatment efficacy, the main factors affecting the costeffectiveness of the new interferon-free or the PR-based DAAs regimens versus PR alone were
baseline age and the cost of antiviral therapies. The analyses showed that ICURs of interferon-
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free or the PR-based DAAs therapies compared with PR tended to be lower (i.e., interferon-free
or the PR-based DAAs are more cost-effective) in younger patients. Results of both the multiple
one-way sensitivity analyses and probabilistic sensitivity analysis provide evidence that the most
cost-effective alternatives for each population are likely to remain most cost-effective despite the
various sources of uncertainty in the model parameters.
Due to the lack of sufficient data, no cost-effectiveness analyses could be performed for patients
with genotype 5 or 6 infection, patients coinfected with HIV, or patients with liver transplant.
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