
Appendix 1 (as supplied by the authors): Special Article 

UPDATE ON THE MANAGEMENT OF CHRONIC HEPATITIS C: 2018

CONSENSUS GUIDELINES FROM THE CANADIAN ASSOCIATION FOR

THE STUDY OF THE LIVER 

Hemant Shah MD MScCH HPTE1*, Marc Bilodeau MD2, Kelly W. Burak MD MSc 

FRCPC3, Curtis Cooper MD4, Marina Klein MD MSc FRCPC5, Alnoor Ramji MD 

FRCPC6, Dan Smyth, MD, FRCPC7, Jordan J. Feld MD MPH1* 

1 Toronto Centre for Liver Disease, Toronto Western and General Hospital, University 

Health Network, University of Toronto, 200 Elizabeth Street, Toronto, ON M5G 2C4  

Jordan.Feld@uhn.ca  Hemant.Shah@uhn.ca 

2 Department of Medicine, Liver Unit, Centre hospitalier de l'Université de Montréal, 

1058 rue Saint-Denis, Montréal, QC H2X 3J4 marc.bilodeau@umontreal.ca 

3 Department of Medicine, Liver Unit, Division of Gastroenterology and Hepatology, 

University of Calgary, Rm6D35 TRW Bldg, 3280 Hospital Drive NW, Calgary, AB T2N 

4Z6 kwburak@ucalgary.ca 

4 Division of Infectious diseases, Ottawa Hospital Research Institute, University of 

Ottawa, 501 Smyth, Box 511, Ottawa, ON K1H 8L6 ccooper@toh.ca 

5 Division of Infectious Diseases and Chronic Viral Illness Service Glen site, McGill 

University Health Centre 1001 Decarie Boulevard, D02, 4110 Montreal, QC H4A 3J1 

marina.klein@mcgill.ca 

6 Department of Medicine, Division of Gastroenterology, University of British Columbia, 

770-1190 Hornby Street, Vancouver, BC V6Z 2K5 ramji_a@hotmail.com

7 Division of Infectious Disease, Dalhousie University, Moncton Hospital, 135 MacBeath 

Ave, Moncton, NB E1C 6Z8 dr.daniel.smyth@horizonnb.ca 

Running Title: Management of chronic hepatitis C 

*Corresponding Authors

Copyright © 2018 The Author(s) or their employer(s).
To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca.

mailto:Jordan.Feld@uhn.ca
mailto:Hemant.Shah@uhn.ca
mailto:marc.bilodeau@umontreal.ca
mailto:kwburak@ucalgary.ca
mailto:ccooper@toh.ca
mailto:marina.klein@mcgill.ca


1 

Abbreviations: ALT, alanine aminotransferase; APRI, AST to platelet ratio index; AST, 

aspartate aminotransferase; CASL, Canadian Association for the Study of the Liver; 

CKD, chronic kidney disease; CI, confidence interval; CYP, cytochrome P450; DAA, 

direct-acting antiviral agent; FDA, Food and Drug Administration; HBV, hepatitis B virus; 

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency 

virus; IL28B, interleukin 28B; IQR/M, interquartile range/median; NS5A, nonstructural 

5A; PPI, proton pump inhibitors; PI, protease inhibitor; PWID, people who inject drugs; 

RAS, resistance-associated substitution; RAV, resistance-associated variant; SVR, 

sustained virologic response; TE, transient elastography.  
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ABSTRACT  

Chronic hepatitis C remains a significant medical and economic burden in Canada, 

affecting nearly 1% of the population. Since the last publication of the Canadian 

Association for the Study of the Liver (CASL) consensus guidelines on the management 

of hepatitis C in 2015, major advances have occurred that warrant a review of 

recommended management approaches. Specifically, new direct-acting antiviral agents 

with improved rates of virologic clearance have been developed and approved for all 

genotypes in most specific patient populations. This 2018 update of the CASL 

guidelines on the management of hepatitis C reviews the epidemiology of hepatitis C in 

Canada, preferred diagnostic testing approaches, and recommendations for the 

treatment of infected individuals with the newly approved antiviral agents, including 

those patients who have failed to respond to prior therapy, those with cirrhosis, and 

other specific co-morbidities. In addition, recommendations are made regarding 

approaches to reducing the burden of hepatitis C in Canada.  

Keywords:  direct-acting antivirals, guideline, hepatitis C, interferon, therapy, treatment 
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PREFACE AND METHODS 

These guidelines were written to assist physicians, nurses and other health care 

professionals in the management of patients with chronic hepatitis C virus (HCV) 

infection. They were drafted by Canadian HCV experts at the request of the Executive 

Committee of the Canadian Association for the Study of the Liver (CASL). The chairs of 

the guideline committee (JF, HS) were selected by the CASL Executive Committee. 

Other members of the committee were invited to join the group based on their expertise 

in specific areas of HCV management, and to ensure regional representation from 

across the country.  Invited members submitted CVs and a conflict of interest statement 

regarding relationships with the pharmaceutical industry. Members agreed to serve a 3-

year term on the committee, with a plan to update the guidelines as new advances 

occur in the field.  

Competing Interests 

Members of the Guideline writing committee have financial relationships with 

pharmaceutical companies related to HCV therapeutics. All relationships have been 

disclosed and are included in the full document. Individuals with relevant disclosures 

were not excluded from voting on recommendations. The final document was reviewed 

by the CASL membership and specifically by the CASL executive to evaluate the 

presence of commercial bias.  
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Guideline Development 

Each guideline author acted as primary section author for some sections and secondary 

reviewer for other sections. Each primary section author conducted a systematic review 

of the literature (published and unpublished) and drafted the text and recommendations. 

The systematic review used the search terms Hepatitis C, Hepatitis and Treatment in 

PubMed from publication of the last HCV guidelines (January 2015) until October 31, 

2016. Only English language articles were included and guideline authors reviewed the 

articles identified by their search for literature relevant to their assigned writing tasks, as 

well as presented but unpublished abstracts from international hepatology and 

infectious disease conferences. In many cases, the text of the 2015 guidelines was 

modified for these guidelines. The text and recommendations were reviewed by the 

secondary author and then by the whole writing committee. Consensus of the guideline 

panel was required for each recommendation presented, which was defined as a two-

thirds majority. In order to more fully characterize the quality of evidence supporting 

these recommendations, we have assigned a Class (reflecting benefit versus risk) and 

Level of Evidence (assessing strength of certainty) as adapted from the American 

College of Cardiology and the American Heart Association Practice Guidelines,1,2 and 

as utilized in similar practice guidelines by CASL 3. No funding was provided to the 

authors for this work. 
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During the guideline development process, a guideline quality framework such as Agree 

II was not specifically prospectively utilized. 

   

Stakeholder Input 

A final draft version of the guidelines was circulated for comment to the entire 

membership of CASL. Substantive comments were received from nine CASL members, 

including physicians and allied health workers. The authors reviewed all comments 

received and made consensus revisions to the guidelines after discussion prior to 

submitting the document to the Executive Committee of CASL for approval.  

The recommendations within these guidelines were based on an updated synthesis of 

published evidence, including scientific abstract presentations, and on the expert 

opinions of the authors. Any recommendations should be considered preferred 

approaches to care rather than strict standards. In some cases, off-label use of 

regimens is recommended based on the authors’ opinions.  

 

Since the last update of the CASL guidelines for the management of chronic hepatitis C 

in 2015,4 major advances have occurred including: 1) the approval of all-oral, interferon 

(IFN)-free, direct-acting antiviral (DAA) combination therapies with markedly improved 

efficacy, tolerability, and activity across all 6 genotypes, including in patients with 

cirrhosis and those who have failed a previous course of DAA therapy, and 2) the 
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approval of agents for use in specific patient sub-populations in whom prior therapies 

were ineffective or contraindicated. The current document was developed as an update 

to previous guidelines,4 with a focus on the management of HCV-infected patients 

rather than an exhaustive review of all issues related to the science and policy of 

chronic hepatitis C. These 2018 guidelines address treatment of ‘special populations’ 

with chronic hepatitis C, including people who use injection drugs (PWID), incarcerated 

individuals, patients with decompensated cirrhosis, pre- or post-liver transplantation, 

chronic kidney disease (CKD), and patients with HIV/HCV coinfection (for whom 

relevant guidelines have recently been published by the Canadian Institutes of Health 

Research Canadian HIV Trials Network).5 Due to the rapidity of advances in this field, 

recommendations in this document will be updated regularly as new information 

emerges and novel agents are approved.  

  

EPIDEMIOLOGY OF HEPATITIS C IN CANADA 

Chronic hepatitis C remains a significant medical and economic burden in Canada.6-8 In 

the 2007-2009 and 2009-2011 Canadian Health Measures Survey (CHMS),9 Statistics 

Canada and the Public Health Agency of Canada (PHAC) reported an estimated anti-

HCV prevalence of 0.5% (95% confidence interval [CI], 0.3% to 0.9%), or approximately 

138,600 anti-HCV positive individuals in Canada (95% CI, 55,800 to 221,300 

individuals). However, these figures are likely underestimates because the CHMS 
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excluded several high-risk populations, including incarcerated individuals, Indigenous 

peoples, and PWID.9 PHAC recently revised its estimates by taking into account these 

higher risk populations and found, after adjusting for an HCV clearance rate of 26%, 

that an estimated 0.71% (plausibility range: 0.4% to 0.99%), or 245,987 persons 

(plausibility range: 155,957 to 341,522 persons), were living with chronic HCV in 2011.10 

Indeed, a recent modeling study similarly suggested that approximately 252,000 

Canadians (uncertainty interval: 178,000 to 315,000 Canadians) were chronically 

infected in 2013 and data from a recent serosurvey from Ontario extrapolated to the 

whole country suggest that 267,975 individuals are chronically infected with HCV11.  The 

peak prevalence was estimated to have occurred in 2003 with approximately 260,000 

infected individuals but given the higher recent estimates this may be somewhat below 

the true value.6  

 

 

HCV prevalence varies by age and sex. In Canada it has been estimated that the 

highest prevalence of chronic HCV infection is found in individuals born between 1955 

and 1959 (1.5%), followed by the birth cohorts 1950-54 (1.25%), 1960-64 (1.2%), 1965-

69 (1.1%) and 1970-74 (0.8%).10 The provinces with the highest absolute burden of 

HCV are Ontario, British Columbia, Quebec and Alberta.  Recent data from Ontario 
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found a higher HCV prevalence than previous estimates with a similar age distribution, 

reporting a prevalence of 1.98% among individuals born from 1950-54 and 1960-64, 

compared to 1.02% and 1.14% in those born from 1945-49 and 1970-74, respectively.12  

HCV prevalence was higher among men (2.1%) than women (0.96%). In British 

Columbia, HCV positivity rates also show a strong birth cohort effect. The birth cohorts 

1950-1954 and 1955-59 have the highest percentage of HCV-positive individuals 

overall, followed by 1960-64. The 1945-49, 1965-69 and 1970-75 birth cohorts also 

contain a large number of prevalent HCV infections. However, it is estimated that up to 

70% of people born between 1945 and 1970 have not been tested for HCV.9 

 

Approximately 60% of HCV cases in Canada are estimated to be among people 

currently using or with a history of injection drug use, 20% among immigrants, and 11% 

among individuals who received contaminated blood products.10 Of the nearly 8,000 

incident cases in Canada in 2007, approximately 80% are likely to have occurred via 

sharing of injecting equipment, with most other cases being among immigrants from 

endemic countries.10 HCV testing is not part of the routine immigration health 

assessment and, as a result, these cases often go undiagnosed until late in the course 

of disease. 
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Between 2005 and 2013, the rate of newly reported cases of HCV decreased steadily 

among both males and females, in almost all age groups. Rates of new infections 

however remained consistently higher among men than women. Men and women aged 

20-24 and women aged 25-29 were the only age groups experiencing an increase in 

HCV rates, reversing previous downward trends prior to 2011. The highest HCV 

incidence rates (per 100,000) were observed in Saskatchewan (56.9), British Columbia 

(45.9) and the Yukon (44) compared with the national average of 29.6 per 100,000 in 

2013.13 These trends signal a changing epidemiology of HCV in Canada, which is 

increasingly affecting young Indigenous PWID. 

 

Indigenous and incarcerated populations are over-represented amongst incident and 

prevalent HCV infections. In 2008, HCV infection prevalence rates were estimated to be 

almost five times higher among Indigenous people compared to other Canadians (4.34 

per 100,000 vs. 0.90 per 100,000 individuals, respectively).14 Indigenous people are 

also at increased risk for HIV co-infection.15 The prevalence of HCV in correctional 

population has been estimated to range from 19.2% to 39.8%.16 

 

There is wide variation in estimates of the number of HCV-infected individuals who 

remain undiagnosed. While modeling data from the PHAC estimated that 56% of 

chronically infected individuals were diagnosed in 2011,10 the CMHS estimates 
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suggested that only 30% of anti-HCV positive individuals may be aware of their 

infection.9  

 

Genotype 1 infection is the most prevalent genotype in Canada, representing 65% of 

infected individuals (56% genotype 1a, 33% genotype 1b, and 10% with an unspecified 

subtype or mixed infection).17 The genotype 1 subtype is of relevance for some of the 

new antiviral regimens due to differing efficacy between genotypes 1a and 1b. 

Genotype 2 and 3 account for ~14% and ~20% of infections in Canada, respectively, 

whereas genotypes 4, 5, and 6 are rare (<1% of all infections).17  

 

Although the overall prevalence of chronic hepatitis C is declining, complications of 

chronic hepatitis C are increasing due to aging of the infected population and 

progression of liver fibrosis.6-8 A study in 2012 reported that HCV was the infectious 

disease to cause the greatest disease burden in terms of years of life lost in Ontario.18 

Modeling data suggest that if nothing is done to change the current situation, cases of 

decompensated cirrhosis, hepatocellular carcinoma (HCC), and liver-related mortality 

will increase by 80%, 205% and 160%, respectively, by 2035 compared to 2013 levels 

(Figure 1).6 Similarly, direct annual costs associated with chronic hepatitis C (excluding 

the cost of antiviral therapies) are expected to rise from an estimated $161 million in 

2013 to over $258 million at the peak in 2032. Given the alarming estimates of future 
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disease burden, more accurate information regarding the incidence and prevalence of 

chronic hepatitis C and its sequelae are required to inform healthcare planning and the 

allocation of resources, as well as to gauge the potential impact of curative HCV 

treatment. The identification of undiagnosed cases and the dissemination of effective 

antiviral therapies should be prioritized to reduce complications of this disease.19 

 

SCREENING 

Recommendations 

1. To increase the identification of the large proportion of persons living with 

undiagnosed HCV, we recommend that screening be both risk-based and 

target the birth cohort of individuals born from 1945-1970, which currently 

encompasses the majority of persons chronically infected with HCV in 

Canada. (Class 2a, Level C) 

2. We recommend that anti-HCV antibody testing be the diagnostic test of 

choice for initial screening. If positive, a confirmatory HCV RNA 

Polymerase Chain Reaction test is required to confirm chronic infection. 

In those with previous spontaneous or treatment-induced clearance and 

those with suspected acute infection, HCV RNA is the screening test of 

choice because anti-HCV antibody tests remain positive for life, even after 
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spontaneous or treatment-induced clearance of HCV. (Class 1, Level of 

Evidence A) 

3. We suggest that all individuals who test positive for HCV RNA should be 

evaluated by practitioners with experience in HCV management. (Class 1, 

Level of Evidence C) 

4. Rapid diagnostic testing strategies and community-based screening and 

treatment programs should be developed to enhance diagnosis as well as 

linkage to care and treatment, particularly for marginalized and rural and 

remote populations. (Expert opinion) 

 

Screening for chronic HCV may provide both public health and personal health benefits 

by interrupting viral transmission (public benefit) and reducing morbidity (public and 

personal benefit) through access to curative treatment. The screening 

recommendations for HCV infection by the Public Health Agency of Canada, which are 

risk-based, have not been updated in Canada since 2009. Numerous studies have 

suggested that risk-based screening alone results in a large proportion of undiagnosed 

hepatitis infections.20,21 Reasons for failure of risk-based screening include a limited 

awareness of relevant risk factors and treatment advances in the HCV field by primary 

care providers, and low rates of patient disclosure of past risk behaviours. Other 
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countries have adopted additional approaches in conjunction with risk-based screening 

such as birth-cohort screening (US22,23), age-based screening (France24), and screening 

of the entire adult population (Russia). Such population-based approaches permit wider 

screening, bypassing the stigma associated with current or past risk behaviours which 

presents a potential barrier to identifying infected individuals when using a risk-based 

approach only.25 However any population-based approach should be combined with 

risk-based screening, which is still an important component of any screening program. 

  

Currently the Public Health Agency of Canada recommends screening for HCV for 

people who: 26 

• Are PWID or individuals who have shared contaminated drug equipment, even once 

(retesting should be performed at least once per year in those individuals with 

ongoing high risk behaviours)  

• Have received health care or personal services where there is a lack of infection 

prevention and control practices  

• Have received a blood transfusion, blood products or organ transplant before 1992 

in Canada  

• Were born or resided in a region where hepatitis C is more common (prevalence 

>3%), including Central, East and South Asia; Australasia and Oceania; Eastern 

Europe; Sub-Saharan Africa; and North Africa/Middle East  
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• Have other risks for HCV acquisition: sharing personal care items with someone 

who is HCV-positive or participating in risky sexual activity, being born to a 

mother who is HCV-positive  

 

In addition to the above risk factors listed by PHAC, specific populations should also be 

targeted for screening: people in prison (or with a history of incarceration), those at risk 

of sexual exposure (primarily HIV-infected or at risk men who have sex with men), and 

Indigenous persons. Based on the epidemiology of HCV in Canada, the Canadian Liver 

Foundation has advocated for adoption of birth-cohort screening, recommending a one-

time test for HCV in all individuals born between 1945 and 1970, in addition to risk-

based screening, a strategy that has been shown to be highly cost-effective in Canada 

(Table 2a).27,28   

 

In 2017, the Canadian Task Force on Preventative Health (CTFPH) published 

recommendations on HCV screening.29 The Task Force reviewed data from studies on 

screening and treatment of HCV infection, and recommended “against screening for 

HCV in adults who are not at elevated risk”. The Task Force argued for risk-based 

screening rather than population-level screening. The CASL HCV Guidelines Panel 
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strongly disagrees with the recommendations of the Preventive Task Force for many 

reasons including the following:  

1. The Task Force placed great emphasis on the harms of screening, particularly 

without the ability to offer therapy to those diagnosed. First, such harms would apply 

equally to those screened and diagnosed based on risk factors as to those screened 

and diagnosed based on population-level screening. Second, treatment access has 

greatly expanded in Canada due to recently negotiated reduced drug pricing.  

2. The Task Force under-valued the benefits of screening. The Task Force did not cite 

data showing the benefits in liver-related and all-cause mortality with achievement of 

SVR.  

3. The Task Force placed a high emphasis on the cost of therapy. The quoted figures 

on the costs of therapy in the Task Force recommendations are inaccurate and 

misleading due to the mention of outdated regimens that only ever applied to a small 

proportion of treated patients. Treatment costs have been reduced through 

negotiations of the Pan-Canadian Pharmaceutical Alliance. 

4. The Task Force placed a high value on the cost of therapy without considering the 

cost of no therapy. High quality models commissioned by CADTH have shown that 

screening the 1945-1970 birth cohort followed by treatment of those found to be 

positive is highly cost-effective in Canada.27,30 For unclear reasons, the Task Force Commented [JF1]: Wong et al CMAJ 
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stated that these published models, as well as a new model they commissioned to 

aid in making their recommendations, were of low quality. The referenced modeling 

studies are published and of high quality and all consistently show that screening the 

birth cohort is cost-effective and may even be cost-saving if drug prices fall 

adequately.   

5. The Task Force raised concerns about the diagnostic accuracy of HCV diagnostic

tests. The Task Force cited old and poorly performed studies that included diagnostic

tests that are not approved in Canada to come to the conclusion that HCV diagnostic

tools were of poor quality. The sensitivity and specificity of currently available HCV

diagnostic tests are above 99%.

The HCV Guideline Panel strongly supports screening the 1945-1970 birth cohort the 

following reasons: 

1. Recent data show that the HCV prevalence is highest among the Baby Boomer birth

cohort (1.55%), accounting for an estimated 62.7% of all HCV infections in Canada,

and the burden of liver disease is expected to increase markedly in this group11.

2. Best estimates suggest that between 45 to 70% of HCV-infected Canadians remain

undiagnosed, indicating that the longstanding policy of risk factor-based screening

has been unsuccessful.9,10  Risk-based screening also perpetuates stigma

Commented [JF2]: Get data 

Commented [BB3]: Do you have a specific reference(s) in mind?  
The Task force referenced 25 articles, many from 2014, and some as 
recent as 2016… Let me know if you need me to dig a little 

Commented [JF4]: ADD THIS REF, 
https://www.publichealthontario.ca/en/LearningAndDevelopment/
Events/Pages/Population_based_estimate_hepatitis_C_virus_preval
ence_in_Ontario.aspx 

Commented [JF5]: Add  

Commented [JF6]: ADD REFS Payne 2014, Roterman 2013 

Commented [JF7]: Ref  
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associated with the disease whereas population-based screening normalizes and 

destigmatizes HCV testing and diagnosis. 

3. The Pan-Canadian Pharmaceutical Alliance (PcPA) has recently negotiated prices for

HCV therapy resulting in broad access to therapy for those who have been

diagnosed, making a screen-and-treat strategy even more cost-effective than

previous estimates27,31 and overcoming the concern of the CTFPH that patients will

be diagnosed without having access to therapy.

4. Without screening, Canada will not meet its obligations to the World Health

Organization targets of eliminating HCV as a public health problem by 2030.

The initial screening test for persons at risk of HCV should be for HCV antibodies (Anti-

HCV). A significant proportion (15-30%) of patients spontaneously clear HCV infection 

shortly after acquisition with no long-term consequences; such individuals will test 

positive for anti-HCV antibodies but negative for HCV RNA.32 Once an infection has 

become chronic (beyond 6 months), spontaneous clearance of HCV is extremely rare 

and thus 2 positive HCV RNA tests separated by greater than 6 months confirm chronic 

infection. In an individual with known risk factors, particularly if accompanied by 

abnormal liver enzymes, a single HCV RNA is adequate to diagnose chronic infection. 

In those with a previous spontaneous or treatment-induced clearance of HCV, re-

Commented [JF8]: REF William Wong CMAJ 2014 and Bolotin 
CASL 2016 
(https://www.publichealthontario.ca/en/LearningAndDevelopment/
Events/Pages/Population_based_estimate_hepatitis_C_virus_preval
ence_in_Ontario.aspx) 
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screening requires HCV RNA testing, as anti-HCV antibodies will remain present for life 

in most circumstances. In antibody-negative immunocompromised persons in whom 

HCV infection is strongly suspected, or in those acutely infected, HCV RNA is also the 

diagnostic test of choice. The standard approach used for the detection and 

quantification of HCV RNA is the real-time polymerase chain reaction (PCR) assay, due 

to its sensitivity, specificity, accuracy, and broad dynamic range. Results should be 

expressed in IU/mL and normalized to the World Health Organization international 

standard. Quantitative assays with a lower limit of detection of approximately 10-15 

IU/mL are recommended. New approaches to screening are currently under evaluation 

including rapid saliva-based tests for HCV antibodies, antibody and RNA testing using 

dried-blood spots, and documentation of active infection using HCV core antigen 

testing.  All of these approaches have high sensitivity and specificity and may provide 

advantages to screening in certain populations such as among PWID or in remote 

regions with limited healthcare facilities. 

 

ANTIVIRAL THERAPY  

The primary objective of anti-HCV therapy is complete eradication of the virus, termed a 

sustained virologic response (SVR). SVR has traditionally been defined as undetectable 

serum HCV RNA at least 24 weeks following the end of treatment.33 However, recent 

data demonstrate that an earlier assessment, 12 weeks post-treatment, is sufficient to 
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define this outcome34 and thus SVR12 has been adopted as the standard for 

documenting viral clearance after treatment. Once achieved, an SVR is considered a 

long-term cure of the viral infection since late relapses are very rare.35,36 SVR is 

associated with long-term health benefits including reduced all-cause mortality37, 38 and 

liver-related morbidity and mortality,39,40 decreased extrahepatic manifestations of HCV 

(e.g. cryoglobulinemic vasculitis),41 liver histology,42,43 and incidence of hepatocellular 

carcinoma (HCC),37 and improved quality of life.44,45 

 

The landscape of antiviral treatment for hepatitis C is changing rapidly. Until recently, 

standard treatment regimens for all genotypes included pegylated-interferon (PegIFN)- 

administered in combination with ribavirin. Treatment was usually 24-48 weeks in 

patients with genotype 1, 4, 5 or 6, and 12-24 weeks in patients with genotype 2 or 3.3 

This dual therapy can achieve SVR rates of 40-50% in patients with genotype 1 and 

rates of ~80% in patients with genotype 2, 3, 5, or 6. Results for HCV genotype 4 are 

intermediate.3 Boceprevir and telaprevir were the first oral DAAs approved in Canada, 

but both were combined with PegIFN- and  ribavirin. These NS3/4A protease inhibitors 

(PIs) substantially increased rates of SVR in both treatment-naïve and previously 

treated patients, in comparison to dual therapy.46-50 However, boceprevir and telaprevir 

are associated with significant toxicity, drug-drug interactions, complex treatment 

regimens involving response-guided therapy, and low response rates in patients with 
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cirrhosis or in patients who did not respond to previous treatment attempts. In addition, 

boceprevir and telaprevir require PegIFN- and  ribavirin for 24 to 48 weeks, markedly 

increasing the cost of therapy, and are associated with the emergence of resistance-

associated substitutions (RAS) in the majority of patients who fail treatment.3 The 

subsequent approval of DAAs with improved efficacy and tolerability, shorter treatment 

durations, and the option of PegIFN- and ribavirin-free therapy, represents a major 

advance in the field. 

 

The treatment of chronic hepatitis C has traditionally been very complex and resource 

intensive. Contributing factors include the high prevalence of psychiatric comorbidities in 

HCV-infected individuals (e.g. depression and addictions), multiple modes of drug 

administration, side effects, drug interactions and the requirement for careful on-

treatment monitoring of symptoms and laboratory tests.  New interferon-free regimens 

have greatly simplified treatment and monitoring, with the potential to expand the pool of 

HCV care providers and to allow patients previously considered ineligible for therapy to 

access and benefit from treatment.51 The most successful model for delivering 

comprehensive chronic hepatitis C care is via a multi-disciplinary approach including 

experienced physicians, nurses, and allied health professionals (e.g. psychologists, 

psychiatrists, addiction specialists, and social workers). Currently in Canada, a relatively 

small number of physicians treat chronic hepatitis C, in some cases leading to 
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prolonged wait times for patients to be adequately evaluated and treated. These 

deficiencies in access to care are greater in rural and remote communities, despite a 

high prevalence of HCV in many regions with limited healthcare capacity. Moreover, 

public funding for treatment nurses – who have represented a vital component of the 

management team - is not universally available. In order to achieve a meaningful 

reduction in the future burden of chronic hepatitis C, it will be necessary to expand 

treatment capacity via additional training and funding of experienced personnel and 

enhanced access to publically-funded antiviral therapies.52 In the era of all-oral antiviral 

regimens that have few contraindications, minimal toxicity, and short treatment courses, 

the number of patients that can be treated has markedly increased. However, team-

based management will still be necessary to achieve this goal.  

LINKAGE TO CARE 

Recommendations 

5. More resources are necessary to increase hepatitis C treatment capacity

in Canada, including funding for novel models of care, the training of

expert treaters, and public funding for treatment nurses. (Class 2a, Level

C)
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Multiple studies have documented that despite a diagnosis of chronic hepatitis C, many 

patients are never seen by HCV experts, leading to low rates of treatment uptake and 

screening for complications. The training of primary care providers, addiction 

specialists, nurses, and nurse practitioners to provide HCV care, as well as using 

telemedicine approaches such as the Project ECHO model to co-manage patients, can 

lead to delivery of high quality HCV treatment with similar treatment outcomes to those 

obtained in academic centres.53 Expansion of non-specialist HCV care will be required 

in Canada to ensure that all infected individuals are appropriately managed. 

 

 

INDICATIONS AND CONTRAINDICATIONS TO ANTIVIRAL TREATMENT 

Recommendations 

6. All patients with chronic HCV infection should be considered candidates 

for antiviral therapy. (Class 1, Level A) 

7. Degree of liver fibrosis should not be a reimbursement criterion for HCV 

treatment. (Class 2a, Level C) 

 

All patients with chronic hepatitis C should be considered candidates for antiviral 

treatment. Important factors when considering treatment initiation include the likelihood 
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of progression to advanced liver disease without viral eradication, the presence of 

extrahepatic manifestations of chronic hepatitis C, the patient’s anticipated tolerability of 

treatment, the life expectancy of the patient, the potential of the patient to infect other 

persons, and the patient's willingness and ability to engage in a treatment program. 

There is no longer any rationale for delaying treatment to benefit from new therapies, as 

no significant advances are anticipated.  Prompt initiation of treatment should occur in 

certain patient subgroups, especially those with advanced liver fibrosis (F3 [bridging 

fibrosis] or F4 [cirrhosis] according to the METAVIR classification), and those with 

extrahepatic manifestations of chronic HCV infection, including cryoglobulinemic 

vasculitis, porphyria cutanea tarda, non-Hodgkin’s lymphoma, and glomerulonephritis. 

Patients with minimal to moderate fibrosis (F0-F2) should also be considered for 

treatment to prevent both liver and non-liver-related complications of disease,,54-58 

especially for HIV-HCV co-infected patients who experience faster fibrosis progression 

rates. Viral eradication in this group improves health-related quality of life even in those 

with mild or no liver fibrosis,44,45 and may prevent incident infections in those at risk of 

infecting others (e.g. PWID who continue to share injecting equipment).59 The curative 

nature of HCV therapy means that those who achieve SVR prior to developing cirrhosis 

do not require long-term follow-up for liver disease, but may still need to be engaged in 

care if risk factors for reinfection persist. Notably, a careful review by the Canadian 

Agency for Drugs and Technologies in Health (CADTH) documented that treatment of 
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HCV with IFN-free DAA-based therapy is cost-effective at all stages of fibrosis.60  

Although some regions in Canada limit access to treatment to those with evidence of 

hepatic fibrosis, there is no medical, epidemiological or economic evidence to support 

restrictions based on fibrosis stage.61  Fortunately recent price reductions through 

negotiations by the Pan-Canadian Pharmaceutical Alliance have led many jurisdictions 

to remove fibrosis limitations, improving access to treatment across the country. 

 

 

PRE-TREATMENT ASSESSMENT 

Routine Assessment  

The routine assessment of HCV-infected patients should include questioning about risk 

factors for viral acquisition (e.g. injection drug use, receipt of potentially contaminated 

blood products or tissues, and birth/origin in a high prevalence region), signs and 

symptoms of advanced liver disease (e.g. jaundice, ascites, encephalopathy, portal 

hypertension-related hemorrhage) or extrahepatic manifestations of chronic hepatitis C  

(rash, renal disease, lymphoma), the presence of cofactors that may accelerate disease 

progression (e.g. alcohol use, obesity, co-infections), and hepatitis A and B vaccination 

history.  Necessary laboratory testing includes virological tests to confirm and 

characterize HCV infection (HCV RNA viral load, HCV genotype), liver biochemistry, 

abdominal ultrasound, an assessment of fibrosis stage and tests to rule out co-
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infections (HBV, HIV). In patients with abnormal liver biochemistry, serologic tests to 

exclude coexisting liver diseases should be considered (Table 2b). 

 

Virological Testing 

Recommendations 

8. Determination of HCV RNA genotype and subtype (i.e. 1a vs. 1b), is helpful 

in the management of patients with chronic HCV infection. (Class 1, Level 

A) 

9. Resistance testing should be considered in certain populations prior to 

starting therapy (see antiviral resistance section). (Class 1, Level B) 

 

Chronic HCV infection must be confirmed in all anti-HCV positive individuals using a 

sensitive HCV RNA test, given that approximately one-quarter of patients infected with 

HCV will clear the virus spontaneously but continue to carry anti-HCV antibodies.32 HCV 

RNA test results should be available within a timely fashion (within 7 days) to facilitate 

management decisions.  

 

The HCV genotype should be assessed in all patients given the important implications 

this will have on the choice of regimen. Some new regimens are effective against all 
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HCV genotypes, and thus genotyping is not absolutely required prior to therapy if a pan-

genotypic regimen is used, particularly in patients without cirrhosis62-66.  However, many 

regimens are genotype and/or subtype-specific, and even for pan-genotypic regimens, 

efficacy varies by genotype, which may be relevant for patients and providers to know 

before starting therapy63,66.  As such, genotyping prior to starting therapy is still 

recommended.  With PegIFN-  and  ribavirin therapy, only knowledge of the main 

genotype (1-6) was necessary. However, with the new DAA therapies, identification of 

the subtype is now critical, particularly for genotype 1, because of the differing genetic 

barriers to resistance and treatment regimens for HCV subtypes 1a and 1b.67-69  

 

Access to resistance testing should also be available, as the presence of RASs, either 

at baseline or after an unsuccessful course of therapy, may have implications for 

treatment management with some approved regimens.  

 

Fibrosis Assessment 

Recommendations 

10. Liver fibrosis assessment to identify or exclude advanced fibrosis or 

cirrhosis is essential to the management of patients with chronic HCV 

infection. (Class 1, Level A) 
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11. Acceptable methods of fibrosis assessment include liver biopsy, TE 

(FibroScan, ARFI), and serum biomarker panels (e.g. APRI, FIB-4, 

FibroTest), either alone or in combination. All jurisdictions should provide 

access to at least one accurate, non-invasive method of assessing 

fibrosis. (Class 1, Level A) 

 

Assessment of the severity of hepatic fibrosis is essential for determining the prognosis 

of HCV-infected patients and the urgency of antiviral treatment. Identification of patients 

with cirrhosis is particularly important due to their increased risk of hepatic 

complications, reduced likelihood of treatment response, and the requirement for HCC 

surveillance, even after achievement of SVR. Although a diagnosis of cirrhosis is 

obvious in some cases based on clinical findings or routine tests (e.g. a nodular 

shrunken liver, splenomegaly, or portal hypertensive collaterals on ultrasound), an 

additional dedicated fibrosis assessment is required for most individuals. Notably, an 

absence of clinical signs or symptoms and even normal radiological findings do not 

adequately rule out cirrhosis. Traditionally, liver biopsy has been the reference method 

for staging fibrosis, determining the severity of other histological lesions, and ruling out 

coexistent liver diseases. Several validated scoring systems have demonstrated 

sufficient reproducibility and inter-observer variability to justify clinical use (e.g. 
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METAVIR, Scheuer, Ishak, and Knodell’s Hepatic Activity Index).70 However, liver 

biopsy has several limitations, including invasiveness and the potential for serious 

complications including hemorrhage (~1/1,000) and death (~1/10,000),71,72 sampling 

error and variability in pathological interpretation, high cost, limited availability in many 

centres, and the difficulty of repeating biopsies to monitor temporal changes in fibrosis. 

In light of these limitations, numerous non-invasive alternatives to biopsy have been 

developed,73 including serum markers (e.g. the AST/platelet ratio index [APRI];74 FIB-4, 

FibroTest75), transient elastography (TE; FibroScan, Echosens, Paris, France76-79), and 

other imaging-based tools (e.g. Acoustic Radiation Force Impulse (ARFI) and Magnetic 

Resonance Elastography MRE71, 72).80,81  

 

Although not universally available, a wealth of literature has confirmed that these non-

invasive tools can be used instead of liver biopsy to stage HCV-related fibrosis at 

acceptable levels of accuracy and reproducibility. In general, these tests are highly 

accurate for ruling in and ruling out cirrhosis, the most important and clinically relevant 

issue. Even universally available tests like the aspartate aminotransferase to platelet 

ratio index (APRI) and the fibrosis-4 (FIB-4) index can accurately exclude cirrhosis, 

despite having poor ability to discriminate between early stages of fibrosis.82,83 Transient 

Elastography (TE), Acoustic Radiation Force Impulse (ARFI) and serum panels like 

Fibrotest are more accurate for non-cirrhotic fibrosis-staging, but like liver biopsy, are 
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not able to reliably distinguish precisely between early stages of fibrosis,84 nor are they 

widely available for use. Emerging data have also demonstrated a correlation between 

these tests and HCV-related clinical outcomes,85-87 cost-effectiveness compared with 

biopsy,88 and responsiveness to treatment.89,90 Practitioners should be aware of the 

caveats associated with each of the non-invasive approaches to fibrosis staging to allow 

for correct interpretation of results. Future studies are necessary to determine the 

minimal clinically important changes in these markers in order to facilitate serial 

monitoring of fibrosis before and after treatment. 

 

Utility of IL28B Testing 

Recommendations 

12. IL28B/IFNL3/IFNL4 genetic testing is NOT recommended for patients being 

considered for treatment with all-oral DAA regimens. (Class 3, Level A) 

 

Genome-wide association studies have identified single nucleotide polymorphisms 

(SNPs) near the interleukin 28B (IL28B) gene on chromosome 19 that are strongly 

associated with both spontaneous and treatment-induced HCV clearance.91-94 Patients 

with the favorable CC genotype at rs12979860 have a more than two-fold likelihood of 

spontaneous HCV clearance compared to CT heterozygotes and TT homozygotes.91 
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The CC genotype is also associated with an approximately two-fold increase in SVR to 

PegIFN- and ribavirin therapy compared to the unfavorable SNPs in patients with HCV 

genotype 1.92,94 In general, IL28B genetic testing has little predictive value in the era of 

highly potent DAA regimens, as efficacy is similar regardless of the IL28B genotype. 

Routine testing is not recommended for those being initiated on an all-oral DAA 

regimen.  

 

Hepatitis B Reactivation 

Recommendations 

13. Test all patients for HBsAg and anti-HBc prior to starting DAA therapy for 

HCV. (Class 2a, Level C) 

14. Patients who test positive for HBsAg should undergo monthly ALT 

monitoring and repeat HBV DNA monitoring if ALT is elevated or should 

start concomitant HBV antiviral therapy during and for 12 weeks after DAA 

therapy. HBV antiviral therapy should be initiated promptly in patients 

with a rise in ALT and HBV DNA (>1 log IU/mL) during or after completion 

of DAA therapy.  Alternatively patients should be referred to a provider 

with experience in managing HBV-HCV co-infection. (Class 2a, Level C)   
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15. For patients who test negative for HBsAg but positive for anti-HBc, with or 

without anti-HBs, monitoring is recommended.  HBsAg and HBV DNA 

should be measured if ALT fails to normalize or increases during or after 

completion of DAA treatment.  HBV antiviral therapy should be initiated 

promptly in those with reappearance of HBsAg or detectable HBV DNA 

with elevated ALT. (Class 2a, Level C) 

 

Hepatitis B virus (HBV) reactivation, defined as any rise in ALT and a rise HBV DNA >1 

log IU.mL,  has been reported to occur during or after treatment of HCV in patients with 

co-infection (HBsAg +ve) as well as in those with ‘resolved’ HBV (HBsAg -ve /anti-HBc 

+ve).95  Reactivation was described with interferon-based therapy but was rarely a 

clinical problem because interferon is effective against both viruses.96 More recently, 

cases of HBV reactivation, including severe cases leading to liver transplantation or 

death, have been reported in patients treated with DAAs.95  The mechanisms of 

reactivation are unclear but may involve loss of direct viral competition or loss of non-

virus specific immune control.  In October 2016, the FDA issued a Black Box warning 

for all DAAs based on reports of 24 cases of HBV reactivation.95  They noted cases 

occurred in both HBsAg +ve and HBsAg-ve/anti-HBc +ve individuals, however data 

were incomplete in many patients.  The time to reactivation was 4-8 weeks (mean of 52 
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days) after starting DAAs.  The incidence of HBV reactivation is not well documented 

partially because patients with co-infection were excluded from clinical trials of DAAs.  

In a study from Hong Kong, 3 of 10 patients who were HBsAg +ve at baseline 

experienced HBV reactivation during DAA-based HCV therapy, including 1 patient who 

developed liver failure.97  In the same study, 0 of 124 patients who were HBsAg –ve but 

anti-HBc +ve (resolved HBV) experienced clinically significant reactivation.  Similarly, 0 

of 103 HBsAg –ve/anti-HBc +ve patients treated with sofosbuvir-based therapy in 

Taiwan and Korea experienced reactivation.98  More recently, a study from Taiwan 

reported on HBsAg +ve patients co-infected with HCV genotype 1 or 2 who were treated 

with ledipasvir/sofosbuvir for 12 weeks99.  Increases in HBV DNA were common during 

or after HCV therapy, however only 5 of 111 patients experienced a concomitant 2-fold 

rise or greater in ALT, all of whom had detectable HBV DNA at baseline.  No 

complications were noted in those with HBV reactivation, however 4 of 5 patients 

started antiviral therapy for HBV. Although the optimal management of patients with 

past or current HBV co-infection remains unknown, emerging data suggest that the risk 

of clinically significant HBV reactivation is extremely low in those who have cleared 

HBsAg and antiviral therapy for HBV is not warranted.  In those who are HBsAg +ve, 

severe reactivations have been reported but the risk appears to be relatively low.  

Careful monitoring or prophylactic HBV antiviral therapy would be reasonable options 

for management100.  The FDA recommends testing all patients for HBsAg and anti-HBc, 
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and testing HBV DNA in those who test positive for either marker.  They advise to 

monitor for HBV reactivation (HBV DNA, HBsAg) and hepatitis flares during DAA 

therapy and post-treatment follow-up.95 DIRECT-ACTING ANTIVIRAL AGENTS (Table 

3) 

Recommendations 

16. Given the efficacy and markedly improved safety and tolerability of 

interferon-free direct-acting antiviral regimens, regimens containing 

pegylated interferon--containing regimens are NO LONGER 

recommended for patients with HCV infection. (Class 3, Level A) 

 

This document solely refers to the generic names of HCV treatment regimen 

components.   

Multiple steps in the HCV life cycle have proven attractive targets for novel 

pharmacologic therapies (Figure 2). Agents targeting the non-structural (NS) 3/4A 

(NS3/4A) serine protease (-previr), the NS5B RNA-dependent RNA polymerase (-buvir), 

and the NS5A protein (-asvir) have been developed and approved for clinical use.101 

The first DAAs approved by Health Canada for the treatment of HCV genotype 1 were 

the NS3/4A protease inhibitors (PIs), boceprevir and telaprevir. A second-generation PI, 

simeprevir, was later approved in 2013 for use in combination with pegylated-interferon-
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alpha (PegIFN-) and ribavirin for genotype 1. The first HCV nucleotide polymerase 

inhibitor, sofosbuvir, was approved that same year for use in combination with PegIFN-

 and ribavirin for genotypes 1 and 4 and with ribavirin alone for genotypes 2 and 3. In 

2014, the single tablet regimen of the NS5A inhibitor ledipasvir combined with 

sofosbuvir was approved for patients with HCV genotype 1, including those previously 

treated with boceprevir and telaprevir. In addition, the combination of the ritonavir-

boosted PI paritaprevir, the NS5A inhibitor ombitasvir, and the non-nucleoside 

polymerase inhibitor dasabuvir, with or without ribavirin, was approved for patients with 

HCV genotype 1. Since then, several new agents across all of these classes have 

continued to be approved by Health Canada for patients with Hepatitis C including the 

NS5A inhibitors daclatasvir, elbasvir, ombitasvir, pibrentasvir, and velpatasvir, and the 

PIs glecaprevir , grazoprevir, and voxilaprevir; see table of approved regimens (Table 

3).   

 

While initial DAA approvals involved treatment regimens administered in combination 

with PegIFN-, approvals since 2014 have been exclusively for interferon-free treatment 

regimens. Given the markedly improved efficacy, tolerability, and safety of regimens 

combining various DAAs, all patients would benefit from IFN-free therapy. Therefore, 

these newly approved agents are recommended as first-line therapy for all indications 

throughout these guidelines and IFN-containing regimens are not included.  



 

 
 

35 

 

ANTIVIRAL RESISTANCE  

Recommendations 

17. DAAs should NOT be used as monotherapy. (Class 3, Level B)  

18. Dosage reductions of DAAs should NOT be utilized to manage treatment-

related side effects. (Class 3, Level C) 

19. Adherence with DAAs should be maximized to reduce the likelihood of 

resistance. (Class 2a, Level C) 

20. Patients who have failed previous therapy with a PI should be treated with 

a regimen that does not contain a PI, with the exception of 

elbasvir/grazoprevir, glecaprevir/pibrentasvir and 

sofosbuvir/velpatasvir/voxilaprevir. (Class 1, Level B)  

21. Baseline resistance testing is NOT required for patients with HCV 

genotype 1b, 2, 4, 5 and 6 infections who have not received previous DAA 

therapy. (Class 3, Level C) 

22. For patients with HCV genotype 1a infection, baseline testing for NS5A 

RASs should be performed prior to use of elbasvir/grazoprevir, and 

should be considered prior to use of ledipasvir/sofosbuvir in treatment-
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experienced patients, with or without cirrhosis, and in treatment-naïve 

patients with cirrhosis. (Class 2b, Level B) 

23. For patients with HCV genotype 1a infection, with cirrhosis, scheduled to 

receive simeprevir plus sofosbuvir, testing for the Q80K polymorphism is 

required (Class 1, Level A) 

24. For patients with HCV genotype 3 infection, with cirrhosis, scheduled to 

receive sofosbuvir/velpatasvir, testing for NS5A RASs is recommended. 

(Class 2a, Level C) 

25. Prior to retreatment after an unsuccessful course of DAAs. RAS testing 

may be considered, however the utility prior to retreatment with 

sofosbuvir/velpatasvir/voxilaprevir is unclear. 

 

Note on nomenclature: Throughout the document the term ‘resistance-associated 

substitutions’ (RASs) is used to replace the previously used term ‘resistance-associated 

variants’ (RAVs). The term variant refers to the complete virus with one or more 

individual substitutions.  A variant may be resistant to a drug whereas a RAS simply 

describes a substitution in the sequence that has been associated with resistance. 
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In addition, sequencing does not allow one to determine whether specific substitutions 

are present on the same or different viruses. For example, if the R155K NS3 protease 

mutation is identified in a patient sample and the Y93H NS5A mutation is also found in 

the same sample, it is unknown if a single virus contains both mutations or if each 

mutation is present but on different individual viruses (virus 1: xxxxR155KxxxxY93Hxxxx 

versus virus 1: xxxxR155KxxxxxYxxxx and virus 2: xxxxRxxxxY93Hxxxx).  Using the 

term ‘resistance-associated substitutions’ (RASs) makes no assumption about linkage 

between substitutions and is thus more precise, leading to its adoption in recent 

publications.102 Other alternatives include ‘resistance-associated mutations (RAMs)’ or 

‘resistance-associated polymorphisms’ (RAPs). However, RAS has been used 

throughout this document.   

 

The potential for emergence of RASs must be considered with all DAA-based therapies. 

Due to the high replication rate of HCV and the low fidelity of its RNA-dependent RNA 

polymerase, new substitutions emerge continuously.103-105 HCV circulates as a large 

population of related viruses known as quasispecies. Substitutions that lead to DAA-

resistance emerge by chance and are present at low frequencies prior to DAA 

exposure. With DAA exposure, these resistant variants have a selective advantage over 

wild-type virus and will emerge as the dominant strains in the quasispecies. The 

probability that resistance will emerge with particular DAAs depends on their barrier to 
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resistance. This barrier usually reflects the number of nucleotide substitutions that must 

occur for high-level resistance to emerge. For example, the common PI mutation, 

R155K, requires two substitutions in a genotype 1b virus, but only a single substitution 

in a genotype 1a virus, and consequently, this variant is much more common in patients 

with genotype 1a.106 In addition to the genetic barrier, the fitness of the variant is 

important. A variant that replicates very poorly is unlikely to emerge on therapy and will 

be quickly outgrown by wild-type virus once selective drug pressure is removed.104,105 

For example, the S282T variant that confers resistance to sofosbuvir, has extremely low 

replicative fitness, and as a result, is only rarely identified in patients during sofosbuvir 

therapy and quickly disappears after treatment cessation.107 In contrast, many variants 

resistant to NS5A inhibitors are very fit and compete well with wild-type virus.108,109 As a 

result, NS5A-resistant variants are found in 10-15% of genotype 1 patients before drug 

exposure and persist long after therapy is discontinued in patients who fail an NS5A 

inhibitor-containing regimen.55,56,110 

 

Strategies to overcome resistance include avoiding DAA monotherapy and DAA dose 

reductions, maximizing adherence, combining DAAs with non-overlapping resistance 

profiles, choosing DAAs with high barriers to resistance, and combining DAAs with 

PegIFN- and/or ribavirin.103 NS5A inhibitors (e.g. daclatasvir, ledipasvir, ombitasvir), 

non-nucleoside polymerase inhibitors (e.g. dasabuvir) and NS3/4A PIs (e.g. telaprevir, 
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boceprevir, paritaprevir, simeprevir) have low barriers to resistance.108 Second 

generation PIs (grazoprevir, glecaprevir) and NS5A inhibitors (elbasvir, pibrentasvir, 

velpatasvir) have higher barriers to resistance and are active against some variants 

selected by first-generation agents of the same class.  Sofosbuvir and other nucleotide 

analogue polymerase inhibitors have a high barrier to resistance. Although the S282T 

variant is a single substitution that leads to resistance to sofosbuvir, it is extremely unfit, 

replicating at very low levels.111  In the absence of selective drug pressure, the variant is 

quickly outgrown by wild-type virus and can no longer be detected.103,112  As a result, 

sofsobuvir resistance is rarely seen in clinical practice and patients can be retreated 

with a sofosbuvir-based regimen after failing a course of sofosbuvir.113  When potent 

agents of multiple classes are combined or a low-barrier agent is combined with a high-

barrier agent (e.g. ledipasvir/sofosbuvir), on-treatment virological failure is extremely 

rare and post-treatment relapse is uncommon. However, resistance to single or multiple 

classes of DAAs are identified in almost all patients with virological failure.114    

 

Pre-treatment resistance testing 

Pre-treatment resistance testing may be useful in selected populations of treatment-

naïve and experienced patients (Table 4). Ideally, resistance testing should be 

performed when the SVR rates associated with a particular treatment regimen differ 

between those with and without baseline RASs and when strategies to overcome 
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resistance have been identified, and are available. The optimization of therapy with 

resistance testing should be weighed against the potential for delays in therapy 

initiation, and potential limitations on treatment access due to reduced treatment uptake 

by clinicians without expertise in resistance management.  In settings where RAS 

testing is recommended but not available, given the excellent safety profile of most DAA 

regimens, it is reasonable to assume resistance is present when designing a treatment 

course, resulting in the slight over-treatment of a subset of patients. 

 

RAS testing should be performed with population sequencing to ensure that the variants 

identified are common enough in the viral population (usually at least 15%) to be 

clinically relevant.67,115  

 

The significance of the presence of RASs depends on the genotype and subtype, as 

well as the regimen used.  Because of the higher barrier to resistance of genotype 1b to 

all DAA classes, baseline resistance testing is not necessary for patients with genotype 

1b infection, with comparable rates of SVR documented in patients with or without 

baseline RASs with multiple different regimens. 

 

In patients with genotype 1a infection, RAS testing may be useful to guide treatment 

decisions. The combination of the NS5A inhibitor elbasvir and the PI grazoprevir is 
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highly effective but SVR rates for patients with genotype 1a vary markedly by the 

presence of baseline RASs, justifying the recommendation to test all patients with 

genotype 1a infection prior to using this regimen. In the C-EDGE treatment-naïve 

trial,116 the SVR rate with elbasvir/grazoprevir was 99% (133/135) in patients without 

baseline RASs, compared to 58% (11/19) in the 12% of patients who had detectable 

elbasvir-specific RASs prior to treatment. Based on data extrapolated from the C-EDGE 

treatment-experienced trial,117 the addition of ribavirin and extension of therapy from 12 

to 16-18 weeks overcomes the presence of baseline NS5A resistance with SVR rates 

increasing from 53% (8 of 15) with 12 weeks of therapy without ribavirin to 100% (13 of 

13) with 16-18 weeks of therapy with elbasvir/grazoprevir plus weight-based ribavirin. 

With a clear strategy to address resistance if present, testing is a useful strategy. The 

alternative approach of using 12 weeks for treatment-naïve patients and 16 weeks for 

treatment-experienced patients, as recommended in the Health Canada label, results in 

over-treatment of a large proportion of treatment-experienced individuals and under-

treatment, with a high risk of treatment failure, in 10-15% of genotype 1a patients with 

detectable RASs at baseline. Resistance reports should not only show the likelihood of 

resistance to a given agent but ideally should link to these guidelines to offer 

recommendations for clinical management based on the resistance profile, 

characteristics of the patient, and the regimen being considered. 
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For other regimens, baseline resistance testing may also be of value. For patients with 

genotype 1a infection who have failed prior therapy, the SVR rate with 12 weeks of 

ledipasvir/sofosbuvir also differs according to the presence of RASs. In interferon-

experienced patients without cirrhosis with ledipasvir-specific RASs detected at the 15% 

threshold, the SVR rate was 76% (22/29) compared to 97% (409/420) in those without 

RASs.118 Similar trends were seen in cirrhotic patients. The addition of ribavirin to 

ledipasvir/sofosbuvir in treatment-experienced patients with baseline NS5A RASs 

increased SVR rates from 88% (23/26) to 94% (32/34) with 12 weeks of therapy and 

from 85% (17/20) to 100% (14/14) with 24 weeks of therapy, whereas no effect of 

ribavirin was seen in patients without baseline NS5A RASs. Therefore baseline NS5A 

RAS testing is likely useful in treatment-experienced patients with a plan to add weight-

based ribavirin in those who test positive. The presence of RASs had a smaller effect on 

the outcome of treatment with ledipasvir/sofosbuvir in treatment-naïve patients without 

cirrhosis with genotype 1a infection and in all patients with genotype 1b infection. 

Patients with more advanced disease in whom treatment failure would have greater 

consequences may benefit more from baseline testing, whereas those with favorable 

treatment characteristics are likely to achieve SVR even if RASs are present.  

 

Newer regimens with higher barriers to resistance make baseline resistance testing less 

important in future years for most patients. For example, the presence of baseline RASs 
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during treatment with sofosbuvir/velpatasvir had no effect on treatment outcome in 

patients with genotypes 1, 2, 4, 5 and 6.119 However in those with genotype 3 infection, 

the only predictor of treatment failure was the presence of substitutions at the Y93 

position (SVR with RAS 88%, SVR without RAS 97%).120  Although ribavirin was not 

evaluated in the ASTRAL-3 study, there was an advantage of adding ribavirin to 

sofosbuvir/velpatasvir in the ASTRAL-4 study,121 in patients with decompensated 

cirrhosis, particularly in patients with genotype 3 infection. These data would suggest 

that for patients with genotype 3 and cirrhosis, testing for a RAS at position Y93 would 

be useful with the plan to add ribavirin if present, but for all other patient populations 

using this regimen, RAS testing would not be helpful. 

 

RAS testing is also important for the simeprevir plus sofosbuvir regimen for patients with 

cirrhosis and genotype 1a infection. A polymorphism at the Q80K position markedly 

impaired the response to simeprevir plus PegIFN- and ribavirin.122 In patients without 

cirrhosis treated with simeprevir plus sofosbuvir, the presence of Q80K had no impact 

on the rate of SVR with 12 weeks of therapy. However, in patients with cirrhosis, SVR 

rates fell from 92% to 74%, in the presence of the Q80K mutation, and hence testing is 

required prior to using this regimen in cirrhotic patients with genotype 1a infection, and 

an alternative should be used in patients who test Q80K positive. 
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The pan-genotypic triple combination of sofosbuvir/velpatasvir/voxilaprevir has been 

shown to be highly effective for retreatment after failure to achieve SVR with a first-line 

DAA regimen (see details below).  Initial results from the registration trials have not 

shown an effect of RAS at the time of retreatment on treatment outcome.  As such, the 

value in pre-treatment RAS testing is unclear.  However, it may be prudent to test for 

RAS prior to retreatment until more data are available to ensure that there are not 

signature RAS associated with failure of this new regimen.  Currently there is no clear 

recommendation on how to modify therapy based on RAS profile prior to retreatment, 

however with complex RAS patterns (high level resistance, multiple RAS and/or multi-

class RAS) individual providers may consider intensifying therapy with prolongation of 

treatment and/or addition of ribavirin or additional DAA agents.  Other retreatment 

strategies and the role of RAS testing are less well defined.  The efficacy of the pan-

genotypic combination of glecaprevir/pibrentasvir (see below) is reduced in patients with 

both NS3 (PI) and NS5A RAS prior to retreatment.  As such, if considering this regimen 

for retreatment, RAS testing may be prudent with plans to use an alternative regimen if 

both NS3 and NS5A RAS are found (see below for details on retreatment).   Very 

limited data are available for the combination of sofosbuvir plus glecaprevir/pibrentasvir 

and as such, the role of resistance testing prior to use of this regimen is unknown.  
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Note on Treatment Consensus Recommendations. In each of the treatment 

consensus tables throughout this document, recommended and alternative treatment 

regimens are listed for each patient population. The primary criteria for selecting 

‘Recommended’ regimens were antiviral efficacy (rate of SVR) and safety in Phase III 

trials. Although some regimens may require longer duration of therapy, have more drug 

interactions, additional side effects, a higher pill burden, or require the use of ribavirin, if 

robust data have demonstrated high efficacy and safety, such regimens were still listed 

as ‘Recommended’. When there are multiple recommended options, individual 

physicians should consider these factors in addition to the need for additional pre-

treatment testing, the cost of therapy, and availability of reimbursement, when making a 

prescribing decision. Alternative regimens are those with reduced efficacy or lower 

quality of evidence (Phase II studies or real-world data).  The ‘Not Recommended’ 

column has been removed from most tables. As noted, given the superior efficacy and 

safety of IFN-free regimens, IFN-based regimens are now ‘Not Recommended’.  For 

specific populations, individual agents or regimens may also be ‘Not Recommended’, 

which is discussed in the text.  Within each category, regimens are listed first based on 

the quality of evidence supporting their use and then within each category of evidence, 

they are listed alphabetically. For regimens in which resistance testing is recommended, 

strategies for patients with and without detectable RASs are listed.   
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TREATMENT-NAÏVE PATIENTS WITH HCV GENOTYPE 1 (Table 5) 

PegIFN- based regimens 

NOT recommended: PegIFN- plus ribavirin containing regimens; includes PegIFN- 

plus ribavirin with boceprevir, telaprevir, simeprevir, or sofosbuvir. 

  

All-oral Regimens 

Recommendations 

25. In treatment-naïve patients with HCV genotype 1a or 1b infection, without 

cirrhosis, daclatasvir plus sofosbuvir should be given for 12 weeks. 

(Class 1, Level B) 

26. In treatment-naïve patients with HCV genotype 1a or 1b infection, with 

cirrhosis, daclatasvir plus sofosbuvir should be given for 24 weeks. 

(Class 1, Level B) 

 

Daclatasvir + sofosbuvir. The first generation NS5A inhibitor daclatasvir (60 mg) and the 

nucleotide polymerase inhibitor sofosbuvir (400 mg) were evaluated in phase II and III 

trials in patients with genotype 1, with and without cirrhosis, including those with HIV co-
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infection. A phase IIb study, AI444040, evaluated daclatasvir plus sofosbuvir for 12 (82 

patients) or 24 (44 patients) weeks in non-cirrhotic treatment-naïve patients.123 The 

overall SVR was 99% (125/126). One patient discontinued due to an adverse event. 

The ALLY-2 study was a phase II study in treatment-naïve and treatment-experienced 

HCV/HIV co-infected patients treated with a combination of daclatasvir plus sofosbuvir 

for 12-weeks.124 The SVR in the genotype 1 patients was 96% (80/83 patients). The 

majority of treatment-naïve genotype 1 patients were non-cirrhotic (92/101[91%]).   

 

As there were small numbers of patients with cirrhosis in these studies the optimal 

regimen in genotype 1 cirrhosis is not well established.  In the European 

Compassionate access program, treatment extension to 24 weeks of daclatasvir plus 

sofosbuvir, with or without ribavirin, appeared to be beneficial. However, caution must 

be exercised in interpreting non-randomized trials.125 

   

The combination of daclatasvir plus sofosbuvir has been evaluated in Child-Pugh class 

B and C patients126 (see section on Decompensated Patients). 

 

Elbasvir/grazoprevir ± ribavirin 

Recommendations 
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27. In treatment-naïve patients with HCV genotype 1a, with or without 

cirrhosis, baseline testing for NS5A RASs to elbasvir is recommended.  If 

no baseline NS5A RASs are present, then elbasvir/grazoprevir should be 

given for 12 weeks. If RASs to elbasvir are present, elbasvir/grazoprevir 

should be given with weight-based ribavirin and treatment should be 

extended to 16 weeks. (Class Level B). If resistance testing is not 

available, treatment should be given with ribavirin, for 16 weeks. (Class 1, 

Level B) 

28. In treatment-naïve patients with HCV genotype 1b, with or without 

cirrhosis, elbasvir/grazoprevir should be given for 12 weeks. (Class 1, 

Level B). Shortening treatment to 8 weeks may be considered in those 

with F0-2 fibrosis. (Class 2a, Level B) Baseline testing for NS5A RASs is 

NOT needed. (Class 3, Level B) 

29. Elbasvir/grazoprevir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6 due to a risk of 

hepatotoxicity. (Class 3, Level C) 

 

The combination of the second-generation NS3 protease inhibitor grazoprevir (100 mg) 

and the NS5A inhibitor elbasvir (50 mg) was evaluated in the phase 3 C-EDGE studies. 
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In the treatment-naïve (TN) C-EDGE TN trial,116 patients with genotype 1a (157 

patients), 1b (131 patients) or genotype 4 (18 patients), with or without cirrhosis, 

received elbasvir/grazoprevir for 12 weeks. Twenty-three percent (70/306) of patients 

had cirrhosis in the C-EDGE TN trial. The primary endpoint was rate of sustained 

virologic response 12 weeks after treatment completion (SVR12). The SVR12 was 92% 

(144/157) in genotype 1a, and 98% (129/131) in genotype 1b. When evaluated by 

cirrhosis status, the SVR was 97% (68/70) in cirrhotic, and 94% (223/236) in non-

cirrhotic patients. One patient in 306 had a virologic breakthrough, and 3% (10/306) of 

patients experienced a virologic relapse. Similar SVR rates were found in the phase II 

C-WORTHY trial,127 which assessed elbasvir/grazoprevir for 12 weeks in treatment-

naïve non-cirrhotic patients (genotype 1a, SVR12 of 92% (48/52); genotype 1b,  SVR12 

of 95% (21/22)). In another arm of the C-WORTHY trial, treatment-naïve patients with 

genotype 1b infection without cirrhosis were randomized to treatment with 

elbasvir/grazoprevir for 8 weeks, with or without ribavirin. In the arm without ribavirin, 

29/31 achieved SVR12. Of those with F0-2 fibrosis, 28/29 achieved SVR12, whereas 1 

of the 2 patients with F3 fibrosis relapsed. The addition of RBV did not increase rates of 

SVR12.  A subsequent French study included 53 patients with genotype 1b infection 

and mild fibrosis (<F2 or liver stiffness < 9.5 KPa and Fibrotest <0.59) who were treated 

with 8 weeks of elbasvir/grazoprevir.  Of these, 51 (96%) achieved SVR12 and 1 of the 

2 relapsers was subsequently found to have genotype 1e infection128.  Treatment with 
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elbasvir/grazoprevir was well tolerated. The most common adverse events (>5% 

incidence) in the treatment versus placebo arms respectively, were headache (17% 

versus 18%), fatigue (16% versus 17%), nausea (9% versus 8%) and arthralgia (6% 

versus 6%). 

 

The Health Canada129 and U.S. Food and Drug Administration (FDA)130 labels differ in 

their recommendation for baseline RAS testing in patients with genotype 1a. The Health 

Canada label recommends treatment for 12 weeks without ribavirin in treatment-naïve 

patients as well as in PegIFN- plus ribavirin treatment relapsers, and for 16 weeks with 

the addition of weight-based ribavirin in patients who have had a previous on-treatment 

virologic failure. In contrast, the FDA recommends baseline RAS testing in all patients 

with genotype 1a infection, and the use of the more intensive regimen (16 weeks with 

addition of ribavirin) only in those who test positive for RASs. In cases where RAS 

testing is not available, patients are to receive the more intensive regimen. This 

recommendation is based on data from the treatment-naïve (TE) C-EDGE TN study,116 

which included 19 of 154 patients (12%) with NS5A RASs prior to treatment. The 

SVR12 in patients with baseline RASs to elbasvir treated with elbasvir/grazoprevir for 

12 weeks was 58% (11/19) compared to 99% (133/135) in patients without RASs. In 

patients with RASs associated with high-level resistance to elbasvir (>5-fold loss of 

potency of elbasvir) the SVR was 22% (2/9). However, the SVR was 100% (13/13) in 
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patients with RASs to elbasvir who received 16 or 18 weeks of treatment with the 

addition of ribavirin. Although these data are based on a re-treatment study, the use of 

baseline RAS testing in the treatment naïve cohort is recommended. 

Grazoprevir is contraindicated in persons with decompensated liver disease, similar to 

other PIs. In October 2015, the US FDA issued a warning about the use of 

paritaprevir/ombitasvir/dasabuvir, with or without ribavirin, in patients with cirrhosis due 

to reports of hepatic injury, including severe hepatic decompensation. Although most 

cases were reported in patients with Child-Pugh class B and C cirrhosis, 2 cases of 

hepatic decompensation were reported in patients with Child-Pugh A cirrhosis.  Most 

cases occurred in the first 4 weeks of therapy and were associated with a rise in total 

and direct bilirubin with or without other evidence of hepatic decompensation 

(ascites/encephalopathy). The regimen is contraindicated in patients with 

decompensated (Child-Pugh class B and C) cirrhosis. For patients with compensated, 

Child-Pugh class A cirrhosis, treatment-related hepatotoxicity is rare but no factors have 

been identified to predict its occurrence.  As such, close monitoring of liver enzymes 

and bilirubin is recommended at least during the first 4 weeks of therapy and patients 

should be advised to report symptoms of liver injury (jaundice, nausea, weakness).  If 

monitoring cannot be performed, an alternative regimen should be considered. If signs 

of hepatotoxicity occur, the regimen should be stopped promptly. 
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Glecaprevir/Pibrentasvir 

Recommendations 

30. In treatment-naïve patients with HCV genotype 1a or 1b, without cirrhosis, 

glecaprevir/pibrentasvir may be given for 8 weeks. (Class 1, Level B) 

31. In treatment-naïve patients with HCV genotype 1a or 1b, with 

compensated cirrhosis, glecaprevir/pibrentasvir should be given for 12 

weeks. (Class 1, Level B) 

32. Glecaprevir/pibrentasvir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 

The second-generation protease inhibitor glecaprevir (GLE) has been combined with 

the second generation NS5A inhibitor pibrentasvir (PIB) in a fixed-dose combination of 

100 mg GLE and 40 mg PIB given as 3 tablets once daily (total daily dose 300 mg of 

GLE and 120 mg of PIB).  The combination was evaluated in the ENDURANCE-1 

trial131 that compared 8 versus 12 weeks of therapy for treatment-naïve and treatment-

experienced (peginterferon + ribavirin) patients with genotypes 1 without cirrhosis. In 

patients with genotype 1 infection, 332 of 335 (99.1%) patients achieved SVR12 with 8 

weeks of therapy and 331 of 332 (99.7%) achieved SVR12 with 12 weeks of therapy 
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(p=NS). The 8-week arm met the pre-specified non-inferiority margin compared to the 

12-week arm. Of the patients who did not achieve SVR12, virological failure occurred in 

1 patient in the 8-week arm. This patient broke through during therapy and had low 

levels of both drugs, suggesting non-adherence to therapy. The other 3 patients 

experienced non-virological failure. The study predominantly included individuals with 

minimal fibrosis (85% F0-1), 43% had genotype 1a infection, and 62% were treatment- 

naïve. Adverse effects were mild with 62% in the 8-week arm and 66% in the 12-week 

arm reporting any adverse event including 5 (1%) and 4 (1%) serious adverse events in 

each group, none of which were concluded to be related to the study drugs. The most 

common adverse events reported were headache (19%) and fatigue (9-12%). 

 

Of the 146 compensated cirrhotic patients in the EXPEDITION-1 trial,65  145 (99%) 

achieved SVR12. A single relapse occurred in a patient with genotype 1a infection 

(overall SVR12 for genotype 1a 47 of 48 or 98%).  All 42 patients with genotype 1b 

achieved SVR12. The adverse event profile was similar to that seen in patients without 

cirrhosis. 

 

Ledipasvir/sofosbuvir ± ribavirin  

Recommendations 
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33. In treatment-naïve patients with HCV genotype 1a or 1b, without cirrhosis, 

and baseline HCV RNA <6 million IU/mL, ledipasvir/sofosbuvir may be 

given for 8 weeks. (Class 1, Level B) 

34. In treatment-naïve patients with HCV genotype 1a or 1b, without cirrhosis, 

and baseline HCV RNA ≥6 million IU/mL using the Roche COBAS Ampliprep 

Taqman PCR assay or ≥2.2 million IU/ml using the Abbott Real-Time HCV 

RNA assay, ledipasvir/sofosbuvir therapy should be extended to 12 weeks. 

(Class 1, Level C) 

35. In treatment-naïve patients with genotype 1a infection, with cirrhosis, 

baseline testing for NS5A RASs is recommended.  If no baseline NS5A 

RASs are present then ledipasvir/sofosbuvir should be given for 12 weeks. 

If RASs to NS5A are present, ledipasvir/sofosbuvir  should be given with 

weight-based ribavirin for 12 weeks. (Class 1, Level B).  If RAS testing is 

unavailable, treatment with ledipasvir/sofosbuvir for 12 weeks is 

recommended and the addition of ribavirin should be considered. (Class 1, 

Level C) 

36. In treatment-naïve patients with genotype 1b, with cirrhosis, 

ledipasvir/sofosbuvir should be given for 12 weeks. (Class 1, Level B) 
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The nucleotide polymerase inhibitor sofosbuvir (400 mg) has been combined with the 

NS5A inhibitor ledipasvir (90 mg) in a single tablet regimen (ledipasvir/sofosbuvir) 

administered once daily. This combination was evaluated in treatment-naïve patients in 

the open-label ION-155 and ION-3132 phase 3 trials with a primary endpoint of SVR12. In 

the ION-1 study, which included patients with compensated cirrhosis (16%), participants 

were randomized to 12 or 24-week ledipasvir/sofosbuvir treatment arms, with or without 

weight-based ribavirin.55 In the 12-week treatment arms, patients who received 

ledipasvir/sofosbuvir with ribavirin had SVR12 rates of 97% (211/217), compared to 

SVR12 rates of 99% (211/214) in patients who received ledipasvir/sofosbuvir alone. In 

the 24-week treatment arms, SVR12 rates were 99% (215/217) in ledipasvir/sofosbuvir 

plus ribavirin-treated patients and 98% (212/217) in patients treated with 

ledipasvir/sofosbuvir treatment alone. There were no statistically significant differences 

between treatment arms, or pre-treatment characteristics that were predictive of 

response. Among the 136 patients with cirrhosis, SVR12 rates ranged from 94% to 

100%, with no differences between 12 and 24 weeks of treatment, or presence or 

absence of ribavirin. The IL28B genotype was also not predictive of response; SVR12 

rates ranged from 97% to 99% among patients with the unfavorable non-CC genotype. 

Only one patient experienced virologic breakthrough on therapy and two patients 

relapsed. All three of these patients had post-treatment NS5A resistance, but no 
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sofosbuvir resistance was detected by deep sequencing. Although the majority of 

patients complained of at least one adverse event, 93% were mild to moderate in 

severity with the most common being fatigue, headache, insomnia, and nausea. 

Adverse events were more common in patients randomized to receive ribavirin. No 

patient receiving ledipasvir/sofosbuvir alone experienced a decrease in hemoglobin 

concentration below 100 g/L. 

 

In the ION-3 study,132 treatment-naïve, non-cirrhotic patients with HCV genotype 1 

infection were randomized to either 8 weeks of ledipasvir/sofosbuvir, with or without 

weight-based ribavirin, or ledipasvir/sofosbuvir alone for 12 weeks. Among the patients 

randomized to an 8-week treatment course, 94% (202/ of 215) in the  

ledipasvir/sofosbuvir treatment arm achieved SVR12, compared to 93% (201/ 216) in 

the ledipasvir/sofosbuvir with ribavirin group. 206 of 216 (95%) patients who received 

ledipasvir/sofosbuvir alone for 12 weeks achieved SVR12. The relapse rates were 5% 

(ledipasvir/sofosbuvir) and 4% (ledipasvir/sofosbuvir plus ribavirin) in the 8-week 

treatment arms and 1% in the 12-week treatment arm. Although the 12-week regimen 

had a lower relapse rate, treating all patients for an additional 4 weeks would lead to 

over-treatment of the majority of individuals. Therefore, a post hoc analysis of the 

baseline viral load was conducted to identify patients in whom an 8-week regimen would 

suffice.133 In this analysis, patients with an HCV RNA level of less than 6 million IU/mL 
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had a 2% relapse rate in both the 8-week (2/123) and 12-week (2/131) 

ledipasvir/sofosbuvir treatment arms, with SVR12 rates of 97% (119/123) and 96% 

(126/131), respectively. However, in patients with a baseline viral load of over 6 million 

IU/mL, 8 weeks with ledipasvir/sofosbuvir was associated with a 10% (9/92) rate of 

relapse compared to 1% (1/85) with the 12-week treatment course. Corresponding 

SVR12 rates were 90% (83/92) and 94% (80/85) respectively. Based on these findings, 

Health Canada and the FDA have recommended an 8-week regimen of 

ledipasvir/sofosbuvir in treatment-naïve, non-cirrhotic patients with a baseline HCV RNA 

of less than 6 million IU/mL and 12 weeks in patients with a higher viral load. Real-world 

data on ledipasvir/sofosbuvir for 8 or 12 weeks as appropriate reveals SVR rates similar 

to those seen in the phase 3 clinical program.134-139 Choosing between 8 and 12 weeks 

of ledipasvir/sofosbuvir treatment should be on an individual basis at the discretion of 

the clinician. 

 

In addition to baseline viral load, the impact of baseline RASs on treatment response 

has been examined.132 In 23 relapsers to ledipasvir/sofosbuvir,15 (65%) had NS5A-

resistant variants detected at the time of relapse (present at baseline in 9 patients). No 

resistance to sofosbuvir was identified. Among the 116 patients (18%) with NS5A 

resistance at baseline, 90% achieved SVR12, suggesting some impact of baseline 

NS5A RASs on treatment response to ledipasvir/sofosbuvir. In a post hoc analysis of 
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several ledipasvir/sofosbuvir phase 3 trials, genotype 1a baseline NS5A RASs to 

ledipasvir were found in 5% (25/533) of genotype 1a patients at the 1% detection limit. 

The SVR in patients with RASs to ledipasvir was 72% (18 of 25 patients) versus 98% 

(508/533) in those without baseline RASs.115  A pooled analysis of data from the 

SIRIUS trial and six other phase 2 and 3 studies included 352 treatment-experienced 

patients with cirrhosis.140 The addition of ribavirin to ledipasvir/sofosbuvir in treatment-

experienced patients with baseline NS5A RASs increased SVR rates from 88% (23/26) 

to 94% (32/34) with 12 weeks of therapy, whereas no effect of ribavirin was seen in 

those without baseline NS5A RASs.56  Baseline RAS testing may be considered in the 

appropriate clinical setting, particularly in persons with cirrhosis/advanced disease for 

whom failure to achieve an SVR may have more immediate consequences. The 

treatment-experienced data suggest that the addition of weight-based ribavirin 

overcomes the presence of ledipasvir RASs.  

  

Paritaprevir/ritonavir/ombitasvir + dasabuvir ± ribavirin 

Recommendations  

37. In treatment-naïve patients with HCV genotype 1a infection, with or without 

cirrhosis, paritaprevir/ritonavir/ombitasvir plus dasabuvir should be given 

with weight-based ribavirin, for 12 weeks. (Class 1, Level A)   
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38. In treatment-naïve patients with genotype 1b infection with F0-F2 fibrosis, 

paritaprevir/ritonavir/ombitasvir plus dasabuvir should be given without 

ribavirin, for 8 weeks. (Class 1, Level B). Treatment should be extended to 

12 weeks in patients with F3 fibrosis or compensated cirrhosis. (Class 1, 

Level B) 

39. Paritaprevir/ritonavir/ombitasvir plus dasabuvir should NOT be used in 

patients with any signs of hepatic decompensation or Child-Pugh score >6. 

(Class 3, Level C) 

 

The PI paritaprevir is given with low dose ritonavir to permit once daily dosing. 

Paritaprevir/ritonavir (150 mg/100 mg) and the NS5A inhibitor ombitasvir (25 mg) are co-

formulated in a single tablet taken as two tablets once daily. This tablet is combined with 

the non-nucleoside polymerase inhibitor dasabuvir (250 mg) taken as one tablet twice 

daily. Placebo or the combination of the 3 DAAs with ritonavir booster and weight-based 

ribavirin were given for 12 weeks to treatment-naïve, non-cirrhotic patients with HCV 

genotype 1 in the phase 3 SAPPHIRE-I trial.114 Patients randomized to placebo 

received active treatment after study completion. Of 473 patients who started active 

therapy, 455 (96%) achieved SVR12. This rate was superior to a historical control of 

telaprevir-based triple therapy in a similar patient population with an estimated SVR12 
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of 78%. SVR12 did not differ between patients with HCV genotype 1a (95% [307/322]) 

and 1b (98% [148/151]). The only baseline factor associated with response was body 

mass index (BMI). Obese patients (BMI ≥30 kg/m2) had an SVR12 rate of 91.5% 

compared to 97% in patients with a lower BMI. There was no difference in response by 

IL28B genotype, fibrosis stage, baseline HCV RNA level, ethnicity, or ribavirin dose 

modification. Adverse events were more common in those on active treatment (88%) 

relative to placebo (73%). However, severe adverse events (2.1%), in particular those 

requiring drug discontinuation (<1%), were rare. The most common side effects were 

fatigue and headache, but these were no more frequent with active treatment than with 

placebo. Total bilirubin elevations were seen in 2.8% of patients on this regimen, likely 

due to ribavirin-related hemolysis and inhibition of the bilirubin canalicular transporters 

by paritaprevir. Grade 2 anemia (hemoglobin 80-100 g/L) was reported in 5.8% of 

patients treated with this regimen when ribavirin was given concomitantly. In 5.5% of 

patients, the ribavirin dose was modified due to adverse events, but no impact on the 

rate of SVR12 was observed in these patients. 

 

The TURQUOISE-II phase 3 trial evaluated the paritaprevir/ritonavir/ombitasvir  plus 

dasabuvir with ribavirin regimen (12 versus 24 weeks) in treatment-naïve and treatment-

experienced patients with compensated cirrhosis.54 Among treatment-naïve patients, 

the rates of SVR12 were similar between the 12- and 24-week treatment arms (94% 
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[81/86] versus 95% [70/74]) and between genotype subtypes (genotype 1a: 12 versus 

24 weeks: 92% [59/64] versus 93% [52/56]; and genotype 1b: 100% in both the 12-

week [22/22] and 24-week [18/18] groups). SVR12 rates among previously treated 

patients from TURQUOISE-II are discussed below (see section on treatment-

experienced patients with HCV Genotype 1).  

 

To evaluate the importance of ribavirin administration with 

paritaprevir/ritonavir/ombitasvir plus dasabuvir, the PEARL-III and PEARL-IV phase 3 

trials were conducted in treatment-naïve, non-cirrhotic patients with genotypes 1a and 

1b.141 In PEARL-III, patients with HCV genotype 1b were randomized to receive 

paritaprevir/ritonavir/ombitasvir plus dasabuvir alone (209 patients) or with ribavirin (210 

patients) for 12 weeks. Only 3 of 419 patients in the trial experienced treatment failure, 

with an SVR12 rate of 99% in both groups. In the PEARL-IV trial, 90% (185/205) of 

patients with HCV genotype 1a randomized to receive paritaprevir/ritonavir/ombitasvir 

plus dasabuvir alone for 12 weeks achieved SVR12. This rate was significantly lower 

than the paritaprevir/ritonavir/ombitasvir plus dasabuvir with ribavirin treatment arm 

(97% [97/100]), emphasizing the importance of ribavirin coadministration when this 

regimen is prescribed to patients with HCV genotype 1a.141  
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In a study of 60 patients with genotype 1b and cirrhosis, SVR was achieved in 100% of 

patients treated with paritaprevir/ritonavir/ombitasvir plus dasabuvir without ribavirin 

given for 12 weeks.142 Given the high efficacy with genotype 1b infection, a study of 

shortening therapy to 8 weeks for treatment-naïve, non-cirrhotic patients with genotype 

1b infection was undertaken. Of 166 patients included in the GARNET study, 162 

achieved SVR12 (98%).143 The only 2 virological failures (relapse) in genotype 1b 

patients occurred in patients with F3 fibrosis (overall SVR12 F0-2: 147/148 99% vs F3: 

13/15 87%).  One patient with genotype 6 infection was inadvertently included and 

failed to suppress virus on therapy.  No other factors were associated with failure to 

achieve SVR12, including the presence of baseline RASs.  

 

Baseline NS5A RASs in patients with genotype 1a (not performed for genotype 1b, due 

to low failure rates) do not appear to affect the rate of SVR with this regimen.144 

However, this analysis was done according to the product label and as such ribavirin is 

already being coadministered in patients with genotype 1a, which may overcome any 

effect of baseline RASs. RAS data from the one trial in which 

paritaprevir/ritonavir/ombitasvir plus dasabuvir was given without ribavirin to patients 

with genotype 1a (PEARL-IV141) has not been made publically available. 
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Consistent with Health Canada and the FDA warnings, paritaprevir/ritonavir/ombitasvir 

plus dasabuvir is not recommended in patients with Child-Pugh class B and C. As part 

of the manufacturer’s pharmacovigilance program, episodes of decompensation and 

rapid liver injury leading to liver transplantation or death have been reported in 

advanced cirrhotic patients placed on this regimen, including 2 patients with Child-Pugh 

class A (see more detailed discussion of safety in cirrhosis in treatment-experienced 

section). At present it is unclear if this is a class effect of the NS3 protease inhibitors. 

 

Simeprevir + sofosbuvir 

Recommendations 

40. In treatment-naïve patients with HCV genotype 1a or 1b infection, without 

cirrhosis, simeprevir plus sofosbuvir should be given without ribavirin, for 

12 weeks. (Class 1, Level B) 

41. In treatment-naïve patients with HCV genotype 1a infection, with cirrhosis, 

and without baseline Q80K polymorphism, simeprevir plus sofosbuvir 

should be given for 12 weeks. Consider alternative regimens if Q80K 

polymorphism is present or if RAS testing is unavailable. (Class 2a, Level 

B) 
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42. In treatment-naïve, with HCV genotype 1b, with cirrhosis, simeprevir plus 

sofosbuvir should be given for 12 weeks. (Class 2a, Level B) 

43. Simeprevir plus sofosbuvir should NOT be used in patients with any signs 

of hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

  

A combination of the PI simeprevir (150 mg once daily) with sofosbuvir (400 mg once 

daily) was studied in the Phase 3 OPTIMIST I and II trials.145,146 The OPTIMIST-1 

study145 included non-cirrhotic, naïve or treatment-experienced, genotype 1 patients 

treated with simeprevir plus sofosbuvir for 8 or 12 weeks. The 12-week arm had an SVR 

rate of 97% (150/155 patients), a statistically significant higher rate compared to the 8-

week arm with an SVR of 83% (128/155). The SVR was similar in treatment-naïve and 

experienced patients. The presence of the ‘Q80K’ polymorphism, which is associated 

with reduced activity of simeprevir, is found almost exclusively and commonly (>35%), 

in patients with HCV genotype 1a (see below).147,148 Its presence did not alter the rate of 

SVR12 in the 12-week treatment arm, but was associated with lower SVR rates in the 8-

week treatment arm (Q80K+, 36/49 [73%] versus Q80K-, 56/67[84%]). The OPTIMIST-2 

study146 evaluated treatment-naïve and experienced patients with cirrhosis treated with 

simeprevir plus sofosbuvir for 12-weeks. The SVR12 was 83% (86/103) in treatment-

naïve patients compared to 88% (44/50 patients) in treatment-experienced patients. In 
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patients with HCV genotype 1a with a baseline Q80K RAS the SVR rate was 74% 

(25/34 patients) compared to 92% (35/38) in genotype 1a patients without Q80K. 

Therefore, Q80K testing is required when considering this treatment regimen in 

genotype 1a patients with cirrhosis. If the Q80K polymorphism is present, it is advisable 

to choose an alternative regimen. Whether 24 weeks of therapy or the addition of 

ribavirin would overcome the presence of the Q80K polymorphism in genotype 1a 

patients with cirrhosis is unknown.  In genotype1b patients with cirrhosis, the overall 

SVR12 was 84% (26/31). This regimen is considered an alternative regimen, 

particularly in genotype 1a persons with cirrhosis. Notably, the FDA label for simeprevir 

plus sofosbuvir recommends 24 weeks of treatment for patients with cirrhosis due to a 

higher relapse rate with 12 weeks of therapy compared to 24 weeks in the Phase II 

COSMOS trial149 whereas the Health Canada label recommends only 12 weeks of 

treatment. 

 

Sofosbuvir/velpatasvir  

Recommendations 

44. In treatment-naïve patients with HCV genotype 1a or 1b infection, with or 

without cirrhosis, sofosbuvir/velpatasvir should be given for 12 weeks. 

(Class 1, Level B) 
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The NS5A inhibitor velpatasvir (100 mg) has been combined with the nucleotide 

polymerase inhibitor sofosbuvir (400 mg) in a single tablet regimen  administered once 

daily. This combination was evaluated in treatment-naïve and experienced patients, with 

and without cirrhosis in the phase 3 ASTRAL-1 study.119  The sofosbuvir/velpatasvir 

regimen was given for 12 weeks in patients with and without cirrhosis with genotypes 1, 

2, 4, 5, or 6.  Among genotype 1 treatment-naïve patients, with or without cirrhosis, the 

SVR was 98% (214/218). The SVR was similar between genotype 1 subtypes in 

treatment-naïve patients, with an SVR12 rate of 97% (128/132) in genotype 1a, and 

100% (86/86) in genotype 1b. Cirrhosis was present in 22% of patients overall (73/328). 

The SVR was 100% (49/49) in genotype 1a patients with cirrhosis, and 96% (23/24) in 

cirrhotic patients with genotype 1b. 

  

Of the 624 patients in ASTRAL-1, only 2 patients had virologic failure: a treatment-naïve 

non-cirrhotic patient with genotype 1a, and a treatment-experienced cirrhotic patient 

with genotype 1b. Both patients experienced virologic relapse, and both had NS5A 

RASs at baseline and at relapse. The genotype 1a patient also had Q30R at baseline, 

and Y93N at relapse. Of the 62 patients with Q30R at baseline, 60 (97%) achieved 

SVR. Other failures to achieve SVR were due to loss to follow-up (2/4), discontinuation 

from an adverse event (anxiety attack) and one patient died (8 days after therapy of an 
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unknown cause during his sleep). Baseline resistance testing is not necessary with this 

regimen. Seventy-seven percent of patients (485/624) complained of an adverse event.  

The most common adverse events (>10%) were headache, fatigue, nasopharyngitis, 

nausea, and insomnia. The ASTRAL-1 study included a placebo group, all of whom 

received active therapy after completion of the study. The on-treatment adverse event 

rates were similar to the rates reported by the placebo group. 

 

TREATMENT-EXPERIENCED PATIENTS WITH HCV GENOTYPE 1 (Tables 6 and 7) 

PegIFN-Free Regimens 

Patients who have failed PegIFN--based therapy should be categorized as: 1) 

relapsers (undetectable HCV RNA during treatment with reappearance of HCV RNA 

within 6 months of end of therapy), 2) partial responders (decline of at least 2 log10 

IU/mL in HCV RNA without ever achieving undetectable HCV RNA during therapy), 3) 

null responders (less than 2 log10 IU/mL decline in HCV RNA during therapy, or 4) 

breakthrough [increase by greater than 1 log10 IU/mL in HCV RNA above nadir despite 

ongoing antiviral therapy]).3 Patients with an unknown prior response should be 

managed as null responders. As in treatment-naïve patients, all patients with HCV 

genotype 1 who have been previously treated would benefit from all-oral DAA regimens 
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rather than those containing PegIFN- because these patients, with the exception of 

relapsers, have demonstrated poor PegIFN-responsiveness. 

  

All-oral Regimens 

Daclatasvir + sofosbuvir  ± ribavirin 

Recommendations 

45. In treatment-experienced patients with HCV genotype 1a or 1b, without 

cirrhosis, who have failed prior therapy with PegIFN- and ribavirin, with 

or without a PI, daclatasvir plus sofosbuvir should be given without 

ribavirin, for 12 weeks. (Class 2, Level B) 

46. In treatment-experienced patients with HCV genotype 1a or 1b, with 

compensated cirrhosis, who have failed prior therapy with PegIFN- and 

ribavirin, with or without a PI, daclatasvir plus sofosbuvir should be given 

without ribavirin, for 12 weeks. (Class 2, Level B) 

47. In treatment-experienced patients with HCV genotype 1a or 1b, with 

decompensated cirrhosis (Child-Pugh score >6), who have failed prior 

therapy with PegIFN- and ribavirin, with or without a PI, daclatasvir plus 

sofosbuvir should be given for 12 or 24 weeks, and addition of ribavirin 

should be considered. (Class 2, Level B) 
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Clinical trial data on the combination of the pan-genotypic NS5A inhibitor daclatasvir 

and sofosbuvir for genotype 1 infection are limited to early phase 2 trials. Reports on 

daclatasvir plus sofosbuvir therapy in patients with genotype 1 infection in clinical 

practice from European Early Access Programs provide more information.  However, 

because treatment regimen, duration of therapy, and the inclusion of ribavirin were at 

the discretion of the treating physician and were not randomized, it is difficult to 

compare across treatment arms. These clinical practice data suggest that for patients 

with advanced cirrhosis, 24 weeks of therapy is more effective than 12 weeks of 

therapy, with SVR rates consistently above 95% with 24 weeks of treatment.150,151  

In the United Kingdom, 50 genotype 1 patients with decompensated cirrhosis were 

treated with daclatasvir plus sofosbuvir, with or without ribavirin.152 In the 5 patients that 

did not receive ribavirin, the SVR12 was 60%, while SVR12 was 82% in the group that 

received ribavirin. Results from this study suggest that treatment with ribavirin may 

produce a modest improvement in SVR rates.  No data are available on the effect of 

baseline RASs on SVR with this regimen.  

 

Elbasvir/grazoprevir ± ribavirin 
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Recommendations 

48. In treatment-experienced patients with HCV genotype 1a, without cirrhosis 

or with compensated cirrhosis, who have failed prior therapy with PegIFN-

 and ribavirin, testing for NS5A RASs should be performed.  If NS5A 

RASs are identified, elbasvir/grazoprevir should be given with weight-

based ribavirin, for 16 weeks.  If NS5A RASs are not identified, 

elbasvir/grazoprevir should be given without ribavirin, for 12 weeks. 

(Class 1, Level B) If NS5A RAS testing is unavailable, elbasvir/grazoprevir 

should be given with weight-based ribavirin, for 16 weeks.  (Class 1, Level 

C) 

49. In treatment-experienced patients with HCV genotype 1b, without cirrhosis 

or with compensated cirrhosis, who have failed prior therapy with PegIFN-

 and ribavirin, elbasvir/grazoprevir should be given without ribavirin, for 

12 weeks. (Class 1, Level B). NS5A RAS testing should NOT be performed. 

(Class 3, Level B)  

50. In treatment-experienced patients with HCV genotype 1a or 1b, without 

cirrhosis or with compensated cirrhosis, who have failed prior therapy 

with PegIFN- and ribavirin and a protease inhibitor, elbasvir/grazoprevir 

may be considered.  Baseline RAS testing is recommended.  Patients 
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without NS5A RASs, and with or without NS3 (PI) RASs, should be treated 

with elbasvir/grazoprevir with ribavirin for 12 weeks, and those with NS5A 

RASs should have treatment with ribavirin extended to 16 weeks. (Class 2, 

Level B) 

51. Elbasvir/grazoprevir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 

The fixed dose combination of grazoprevir, a second-generation PI, and elbasvir, a 

second-generation NS5A inhibitor, was evaluated in patients who had failed prior 

PegIFN- plus ribavirin therapy in the C-EDGE TE trial.117 Patients were randomized to 

12 or 16 weeks of elbasvir/grazoprevir treatment, with or without the addition of ribavirin. 

The overall SVR rates with 12 weeks of therapy, with or without ribavirin were 

comparable (ribavirin, 94% [84/89] versus without ribavirin, 94% [90/96]).  Similarly, with 

16 weeks of therapy, addition of ribavirin did not affect overall SVR rates (with ribavirin, 

97% [93/96] versus without ribavirin, 95% [91/96]). SVR rates were similar in patients, 

with and without cirrhosis, who were treated for 12 weeks (with cirrhosis, 95% [19/20] 

versus without cirrhosis, 95% [37/39]). The only baseline factor associated with 

treatment outcome was the presence of RASs to elbasvir and this effect was only seen 

in patients with genotype 1a infection. Of 21 patients with baseline RASs conferring > 5-
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fold shift in the half-maximal effective concentration (EC50) of elbasvir who were treated 

for 12 weeks with elbasvir/grazoprevir without ribavirin, only 11 (52.4%) achieved an 

SVR.  In an integrated analysis of Phase 2 and 3 trials, patients with genotype 1a 

infection with high-level baseline RASs (>5-fold) had an SVR rate of 90% (167/185) 

compared to 99% (390/393) in patients without detectable RASs.153 Of those who 

received only 12 weeks of therapy, the SVR rate fell to 64% (9 of 14) for patients with 

baseline NS5A RASs compared to 96% (52 of 54) in those without detectable RASs. 

Extending therapy to 16 or 18 weeks with the addition of weight-based ribavirin 

increased SVR rates to 100% in those with high-level baseline RASs. As such, for all 

patients with genotype 1a infection, testing for NS5A RASs is recommended with a plan 

to extend therapy to 16 weeks with the addition of ribavirin in those who test positive for 

RASs.  

Like other PIs, grazoprevir is contraindicated in patients with decompensated cirrhosis.  

Although it is generally preferable to avoid using a PI-based regimen in patients who 

have previously failed a PI-based regimen, grazoprevir is active against many variants 

resistant to first-generation PIs (eg. R155K). This was demonstrated in the C-SALVAGE 

trial,154 in which patients who had failed a course of PI-based therapy (telaprevir, 

boceprevir or simeprevir) were treated with grazoprevir plus elbasvir for 12 weeks with 
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ribavirin. Of 79 patients treated, 76 (96%) achieved SVR12, including 31 of 33 (91%) 

who had detectable PI RASs at the start of therapy.154 

 

Glecaprevir/Pibrentasvir 

Recommendations 

52. In treatment-experienced patients with HCV genotype 1a or 1b, without 

cirrhosis, glecaprevir/pibrentasvir may be given for 8 weeks. (Class 1, 

Level B) 

53. In treatment-experienced patients with HCV genotype 1a or 1b, with 

compensated cirrhosis, glecaprevir/pibrentasvir should be given for 12 

weeks. (Class 1, Level B) 

54. Glecaprevir/pibrentasvir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 

The second-xgeneration protease inhibitor glecaprevir (GLE) has been combined with 

the second generation NS5A inhibitor pibrentasvir (PIB) in a fixed-dose combination of 

100 mg GLE and 40 mg PIB given as 3 tablets once daily (total daily dose 300 mg of 

GLE and 120 mg of PIB). The combination was evaluated in the ENDURANCE-1 trial131 

that compared 8 versus 12 weeks of therapy for treatment-naïve and treatment-
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experienced (peginterfeorn + ribavirin) patients with genotype 1 without cirrhosis. In 

patients with genotype 1 infection, 332 of 335 (99.1%) patients achieved SVR12 with 8 

weeks of therapy and 331 of 332 (99.7%) achieved SVR12 with 12 weeks of therapy 

(p=N.S.). The 8-week arm met the pre-specified non-inferiority margin compared to the 

12-week arm. Of the patients who did not achieve SVR12, virological failure occurred in 

1 patient in the 8-week arm. This patient broke through during therapy and had low 

levels of both drugs suggesting non-adherence to therapy. The other 3 patients 

experienced non-virological failure. The study predominantly included individuals with 

minimal fibrosis (85% F0-1), 43% had genotype 1a infection, and 62% were treatment- 

naïve. Adverse effects were mild with 62% in the 8-week arm and 66% in the 12-week 

arm reporting any adverse event, including 5 (1%) and 4 (1%) serious adverse events in 

each group, none of which were concluded to be related to the study drugs. The most 

common adverse events reported were headache (19%) and fatigue (9-12%). 

 

Of the 146 compensated cirrhotic patients in the EXPEDITION-1 trial,65 145 (99%) 

achieved SVR12.  36 of these patients were treatment-experienced (prior SOF-based of 

IFN-based treatment).  A single relapse occurred in a patient with genotype 1a infection 

(overall SVR12 for genotype 1a, 47 of 48 or 98%).  All 42 patients with genotype 1b 

achieved SVR12. The adverse event profile was similar to that seen in patients without 

cirrhosis. 
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Ledipasvir/sofosbuvir ± ribavirin 

Recommendations 

55. In treatment-experienced patients with HCV genotype 1b, without 

cirrhosis, who failed prior therapy with PegIFN- and ribavirin, with or 

without a PI, ledipasvir/sofosbuvir should be given without ribavirin, for 12 

weeks. (Class 1, Level B)  

56. In treatment-experienced patients with HCV genotype 1a, without 

cirrhosis, who have failed prior therapy with PegIFN- and ribavirin, with 

or without a PI, testing for NS5A RASs is recommended. 

Ledipasvir/sofosbuvir should be given for 12 weeks without ribavirin in 

patients without NS5A RASs, and with ribavirin in patients with detectable 

NS5A RASs (Class 1, Level B).  If RAS testing is unavailable, treatment 

with ledipasvir/sofosbuvir for 12 weeks is recommended and the addition 

of ribavirin should be considered. (Class 1, Level C)  

57. In treatment-experienced patients with HCV genotype 1b, with cirrhosis, 

who have failed prior therapy with PegIFN- and ribavirin, with or without 
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a PI, ledipasvir/sofosbuvir should be given for 12 weeks with weight-

based ribavirin or for 24 weeks without ribavirin. (Class 1, Level A) 

58. In treatment-experienced patients with HCV genotype 1a, with 

compensated cirrhosis, who have failed prior therapy with PegIFN- and 

ribavirin, with or without a PI, testing for NS5A RAS is recommended. In 

patients without NS5A RASs, ledipasvir/sofosbuvir should be given with 

weight-based ribavirin for 12 weeks or without ribavirin for 24 weeks. For 

patients with detectable RASs at baseline, ledipasvir/sofosbuvir should be 

given for 24 weeks and addition of ribavirin should be considered. If RAS 

testing is unavailable, treatment with ledipasvir/sofosbuvir for 24 weeks is 

recommended and the addition of ribavirin may be considered. (Class 1, 

Level C) 

 

 The single tablet regimen of ledipasvir/sofosbuvir was evaluated in treatment-

experienced patients in the ION-2 phase 3 trial.56 The study included relapsers (56%) 

and null responders (44%), including patients who had failed PegIFN-/ribavirin dual 

therapy alone (48%), or in combination with a PI (52%). Patients were randomized to 

receive 12 or 24 weeks of treatment, with or without weight-based ribavirin. The SVR12 

rate was 94% (102/109) in patients who received 12 weeks of ledipasvir/sofosbuvir and 
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96% (107/111) in those who also received ribavirin. The SVR12 rate in patients who 

received 24 weeks of ledipasvir/sofosbuvir therapy was 99% overall (218/220), 

regardless of whether the patients also received ribavirin. Virologic relapse occurred in 

4% to 6% of patients treated for 12 weeks, but in none treated for 24 weeks. The 

SVR12 rate in patients with compensated cirrhosis (20% of each treatment arm) treated 

for 12 weeks with ledipasvir/sofosbuvir alone was 86% (19/22) compared to 82% 

(18/22) in those who also received ribavirin. In cirrhotic patients treated for 24 weeks, 

with or without ribavirin, the SVR12 rate was 100% (44/44). There were no differences 

in SVR12 rates according to prior antiviral regimen (PegIFN-/ribavirin versus PegIFN-

/ribavirin plus a PI), or prior treatment response (relapse versus non-response). Based 

on the higher response rates observed in the ION-256 trial at 24 versus 12 weeks among 

patients with compensated cirrhosis who had a prior treatment failure, Health Canada 

and the U.S. FDA have recommended a 24-week regimen of ledipasvir/sofosbuvir in 

this patient subgroup. However, a subsequent and significantly larger randomized 

SIRIUS trial from France155 suggested that a 12-week regimen of ledipasvir/sofosbuvir, 

plus weight-based ribavirin, is as effective as a 24-week ledipasvir/sofosbuvir regimen in 

patients with cirrhosis who had failed both PegIFN-/ribavirin and triple therapy 

including a PI. Specifically, patients randomized to ledipasvir/sofosbuvir plus ribavirin for 

12 weeks had an SVR12 rate of 96% (74/77; 4% relapse rate), compared with an SVR 

of 97% in patients randomized to ledipasvir/sofosbuvir alone for 24 weeks (75/77; 3% 
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relapse rate). Furthermore, in a pooled analysis of data from the SIRIUS trial and six 

other phase 2 and 3 studies that included 352 treatment-experienced patients with 

cirrhosis,156 12 weeks of ledipasvir/sofosbuvir plus ribavirin resulted in an SVR12 rate 

that was similar to 24 weeks of ledipasvir/sofosbuvir alone (96% versus 98%). 

Tolerability of ledipasvir/sofosbuvir was similar to reports from the ION-155 and ION-3 

trials132 (see above); more adverse events were reported in patients treated with 

ribavirin. 

  

The presence of baseline NS5A RASs had a more notable effect on SVR rates in 

treatment-experienced than treatment-naïve patients using pooled data from across the 

Phase 2 and 3 trials.157 Among patients with genotype 1a infection with detectable 

ledipasvir RASs accounting for at least 15% of the viral population, 76% (22 of 29) 

achieved an SVR compared to 97% (409 of 420) among patients without detectable 

RASs at baseline.118 For patients with genotype 1b infection, the SVR rate was 

numerically higher in those without RASs (98%, [267/272]) than in those with baseline 

RASs (89% [41/46]). However, this difference was not significantly significant. In 

patients with genotype 1a infection baseline NS5A RASs, the addition of weight-based 

RBV increased SVR rates from 88% (23/26) to 94% (32/34) in those receiving 12 weeks 

of therapy and from 85% (17/20) to 100% (14/14) in those receiving 24 weeks of 

treatment.157 The presence of NS3 and NS5B RASs did not affect treatment outcome. 
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Paritaprevir/ritonavir/ombitasvir + dasabuvir ± ribavirin 

Recommendations      

59. In treatment-experienced patients with HCV genotype 1a infection, without 

cirrhosis, paritaprevir/ritonavir/ombitasvir plus dasabuvir should be given 

with weight-based ribavirin, for 12 weeks. (Class 1, Level A) 

60. In treatment-experienced patients with HCV genotype 1b infection, without 

cirrhosis, paritaprevir/ritonavir/ombitasvir plus dasabuvir should be given 

without ribavirin, for 12 weeks. (Class 1, Level A) 

61. In treatment-experienced patients with HCV genotype 1a infection, with 

compensated cirrhosis and a history of prior null response or unknown 

response to PegIFN- and ribavirin, paritaprevir/ritonavir/ombitasvir plus 

dasabuvir should be given with ribavirin, for 24 weeks. (Class 1, Level B) 

62. In treatment-experienced patients with HCV genotype 1a infection, with 

compensated cirrhosis, and a history of prior relapse or partial response 

to PegIFN- and ribavirin, paritaprevir/ritonavir/ombitasvir plus dasabuvir 

should be given with ribavirin, for 12 weeks. (Class 1, Level B) 
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63. In treatment-experienced patients with HCV genotype 1b infection, with 

compensated cirrhosis, who failed prior therapy with PegIFN- and 

ribavirin, paritaprevir/ritonavir/ombitasvir plus dasabuvir should be given 

without ribavirin, for 12 weeks. (Class 1, Level A) 

64. In treatment-experienced patients who have failed therapy with another PI, 

paritaprevir/ritonavir/ombitasvir plus dasabuvir should NOT be given due 

to the potential for cross-resistance with paritaprevir. (Class 3, Level C) 

65. Paritaprevir/ritonavir/ombitasvir plus dasabuvir should NOT be used in 

patients with any signs of hepatic decompensation or Child-Pugh score 

>6. (Class 3, Level C) 

 

The combination of a ritonavir-boosted paritaprevir with ombitasvir co-formulation plus 

dasabuvir, with weight-based ribavirin, was evaluated in treatment-experienced patients 

without cirrhosis in the SAPPHIRE-II phase 3 trial.158 Among 297 patients randomized 

to a paritaprevir/ritonavir/ombitasvir plus dasabuvir regimen with ribavirin for 12 weeks, 

286 (96%) achieved SVR12. No pre- or on-treatment predictors of response were 

identified. The SVR12 rate was similar between patients with genotype 1a (96% 

[166/173]) and 1b (97% [119/123]), and did not differ between relapsers (95% [82/86]), 

partial responders (100% [65/65]), or null responders (95% [139/146]). RASs to one or 
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more of the three DAAs in the regimen were detected in five of the seven patients with 

post-treatment relapse.158   

  

In the TURQUOISE-II trial,54 a regimen of paritaprevir/ritonavir/ombitasvir plus 

dasabuvir with ribavirin for 12 or 24 weeks was evaluated in 380 patients with 

compensated cirrhosis, 58% of whom had previously failed PegIFN- and ribavirin 

therapy. Among patients with genotype 1b, the SVR12 rate was 99% (67/68) with 12 

weeks of therapy and 100% (51/51) with 24 weeks. Response rates did not differ by 

treatment duration or prior treatment history. In patients with genotype 1a infection, 

SVR12 rates were 89% (124/140) with 12 weeks and 94% (114/121) with 24 weeks of 

therapy, although this difference was not statistically significant. There was no 

difference between the 12- and 24-week study arms among treatment-naïve (12 versus 

24 weeks: 92% [59/64] versus 93% [52/56]), prior relapsers (93% [14/15] versus 100% 

[13/13]), or partial responders (100% [11/11] versus 100% [10/10]). However, among 

null responders with genotype 1a, the SVR rate in the 24-week arm was numerically 

superior to 12 weeks of treatment (93% [39/42] versus 80% [40/50]),54 supporting the 

use of prolonged therapy (24 weeks).   

  

To determine the importance of ribavirin in non-cirrhotic, treatment-experienced patients 

with HCV genotype 1b infection, the PEARL-II study randomized patients to receive 
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paritaprevir/ritonavir/ombitasvir plus dasabuvir, with or without ribavirin, for 12 weeks.69 

All 91 patients (100%) who received paritaprevir/ritonavir/ombitasvir plus dasabuvir  

alone achieved SVR12, compared to 97% (85/88) of patients randomized to also 

receive ribavirin. In patients with compensated cirrhosis and genotype 1b infection, the 

TURQUOISE III study demonstrated 100% SVR in 60 patients, 55% of whom had 

previously failed therapy with PegIFN- /ribavirin, suggesting that ribavirin is not 

required in this population.142 

  

Some overlap between RASs is expected due to PI-based therapies. As such, this PI-

containing regimen should not be used in patients who have failed another PI (e.g. 

telaprevir, boceprevir, or simeprevir), particularly since there are other available 

regimens with documented efficacy in these patients.56 Data on the importance of 

baseline RASs have not been published, however the use of ribavirin in all patients with 

genotype 1a infection likely makes the presence of baseline RASs less relevant. 

 

Simeprevir + sofosbuvir ± ribavirin 

Recommendations 

66. In treatment-experienced patients with HCV genotype 1b infection, with or 

without cirrhosis, who have failed prior therapy with PegIFN- and 
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ribavirin, simeprevir plus sofosbuvir should be given without ribavirin, for 

12 weeks. (Class 1, Level B) 

67. In treatment-experienced patients with HCV genotype 1a infection, without 

cirrhosis, who have failed prior therapy with PegIFN- and ribavirin, 

simeprevir plus sofosbuvir should be given without ribavirin, for 12 

weeks. (Class 1, Level B) 

68. In treatment-experienced patients with HCV genotype 1a infection, with 

cirrhosis, who have failed prior therapy with PegIFN- and ribavirin, 

testing should be performed for the Q80K polymorphism and if present, 

an alternative regimen should be used.  If the Q80K polymorphism is not 

found, simeprevir plus sofosbuvir should be given without ribavirin, for 12 

weeks. (Class 1, Level B) 

69. The combination of simeprevir and sofosbuvir should NOT be used in 

patients who have failed therapy with another PI. (Class 3, Level C) 

70. Simeprevir plus sofosbuvir should NOT be used in patients with any signs 

of hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 
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In the phase II COSMOS study, the PI simeprevir (150 mg once daily) was combined 

with sofosbuvir (400 mg once daily), with or without ribavirin, for 12 or 24 weeks in prior 

null responders with mild fibrosis (80 patients, Cohort 1) or with advanced fibrosis (47 

patients, Cohort 2).149 Overall, 91% of null responders (116/117) achieved an SVR, a 

rate that was not significantly different from treatment-naïve subjects (95% [38/40]). 

SVR12 rates among null responders were similar regardless of fibrosis severity (F0-F2: 

90% [72/80] versus F3: 96% [23/24] versus F4: 91% [21/23]), treatment duration, or 

concomitant treatment with ribavirin. In the Phase 3 OPTIMIST 1 study, treatment-naïve 

or treatment-experienced non-cirrhotic patients received simeprevir plus sofosbuvir 

without ribavirin for 8 or 12 weeks.145 In the 12-week arm, 97% of patients achieved 

SVR compared to 83% in the 8-week treatment arm. Among the patients in the 12-week 

group who had received prior treatment with PegIFN-/ribavirin, 38 out of 40 (95%) 

achieved SVR. With 12 weeks of therapy, no effect of the Q80K polymorphism was 

observed in cirrhotic patients with genotype 1a infection (96% with Q80K versus 97% 

without Q80K). In the OPTIMIST 2 study, patients with cirrhosis were treated for 12 

weeks with simeprevir plus sofosbuvir.146  Of the 53 patients who had failed prior 

PegIFN-/ribavirin therapy, 42 (79%) achieved SVR.  Among patients with cirrhosis, the 

SVR rate was lower in patients with the Q80K polymorphism (74% [25/34]) than in those 

without this variant (92% [35/38]).  As such, patients with genotype 1a infection with 

cirrhosis require Q80K testing. If Q80K is present, an alternative regimen should be 
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used. Given the expected cross-resistance between other PIs and simeprevir, patients 

who previously failed treatment with PIs should not be treated with simeprevir plus 

sofosbuvir.149 Like other PIs, simeprevir is contraindicated in patients with 

decompensated cirrhosis.  Given the availability of other effective and less expensive 

IFN-free regimens, this combination should be considered as a second line option. 

  

Sofosbuvir/velpatasvir ± ribavirin 

Recommendations 

71. In treatment-experienced patients with HCV genotype 1a or 1b, without 

cirrhosis, who have failed prior therapy with PegIFN- and ribavirin, with or 

without a PI, sofosbuvir/velpatasvir should be given without ribavirin, for 12 

weeks . (Class 1, Level B) 

72. In treatment-experienced patients with HCV genotype 1a or 1b, with 

compensated cirrhosis, who have failed prior therapy with PegIFN- and 

ribavirin, with or without a PI, sofosbuvir/velpatasvir should be given 

without ribavirin, for 12 weeks . (Class 1, Level B) 

73. In treatment-experienced patients with HCV genotype 1a or 1b, with 

decompensated cirrhosis (Child-Pugh score >6), who have failed prior 

therapy with PegIFN- and ribavirin, with or without a PI, 
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sofosbuvir/velpatasvir should be given with ribavirin, for 12 weeks. (Class 

1, Level B) 

 

The fixed-dose combination of sofosbuvir (400 mg) plus velpatasvir (100 mg), a pan-

genotypic NS5A inhibitor, was evaluated in treatment-experienced patients with 

genotypes 1, 2, 4, 5 or 6 in the ASTRAL-1 study.119 Patients were randomized 5:1 to 

active therapy or placebo with deferred treatment.  In total, 32% had failed prior antiviral 

therapy and 19% had cirrhosis.  Of the 624 randomized to active treatment, the overall 

SVR12 was 99% (618/624). There were only 2 (<1%) patients with virological failure, 

one of whom had been previously treated.  Both had substitutions at the Q30R position, 

which confer low-level resistance to velpatasvir. Of the 62 patients with a Q30R at 

baseline, 60 (97%) achieved SVR. Treatment was well-tolerated with a similar adverse 

event profile to placebo. 

 

In the ASTRAL-4 study, patients with HCV genotypes 1 to 4 with decompensated Child-

Pugh class B cirrhosis were treated with sofosbuvir/velpatasvir for 12 or 24 weeks, or 

for 12 weeks with ribavirin.121 In total, 55% of the 267 patients were treatment-

experienced and 78% were infected with genotype 1a or 1b.  Among the patients with 

genotype 1 infection, the SVR12 rate was 88% (60/68) with 12 weeks of 
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sofosbuvir/velpatasvir, 96% (65/68) with 12 weeks of sofosbuvir/velpatasvir plus 

ribavirin and 92% (65/71) with sofosbuvir/velpatasvir given for 24 weeks.  The relapse 

rate was also lower in the group treated with ribavirin for 12 weeks (SOF/VEL+RBV 12 

weeks, 1.5%; SOF/VEL 24 weeks, 4.2%; SOF/VEL 12 weeks, 7.4%).  As such, for 

patients with decompensated cirrhosis, sofosbuvir/velpatasvir should be given for 12 

weeks with weight-based ribavirin.  

 

PATIENTS WITH HCV GENOTYPE 2 (Table 8) 

Compared with other genotypes, most clinical trials of DAAs have enrolled relatively few 

patients with genotype 2 infections (<100), particularly patients with cirrhosis. 

Nevertheless, on the whole, genotype 2 appears to be fairly responsive to treatment 

with high SVR rates of >90% with most regimens reviewed. However, only those 

regimens with sufficient numbers of patients studied have been listed as recommended. 

 

Daclatasvir + sofosbuvir ± ribavirin 

Recommendations 

74. In treatment-naïve patients with HCV genotype 2, with or without cirrhosis, 

daclatasvir plus sofosbuvir once daily should be given for 12 weeks. 

(Class 2, Level B) 
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75. In treatment-experienced patients with HCV genotype 2, without cirrhosis, 

daclatasvir plus sofosbuvir should be given for 12 weeks. (Class 2, Level 

B) 

76. In treatment-experienced patients with HCV genotype 2, with cirrhosis, 

daclatasvir plus sofosbuvir should be given for 12-24 weeks. (Class 2, 

Level C) 

 

To date, the combination of daclatasvir plus sofosbuvir has been assessed in a small 

number of genotype 2 patients. However, these early data suggest that daclatasvir plus 

sofosbuvir is as effective as other all-DAA regimens for the treatment of genotype 2. 

 

In a study involving different genotypes, genotype 2 treatment-naïve patients were 

randomized to daclatasvir plus sofosbuvir, with (9 patients) or without (17 patients) 

ribavirin for 24 weeks. The overall SVR rate for genotype 2 was 92%. The addition of 

ribavirin did not improve outcomes.123 

 

Small numbers of genotype 2 patients were included in the ALLY trials. ALLY-1, a 

phase 3, open-label study included two parallel cohorts: (1) patients with cirrhosis and a 

potential need for future liver transplantation and (2) patients with HCV recurrence after 
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liver transplantation. Patients received 12 weeks of treatment with sofosbuvir at 400 mg 

once daily, daclatasvir at 60 mg once daily, and ribavirin at 600 mg once daily, with the 

potential for adjustment to 1000 mg/day based on hemoglobin levels and creatinine 

clearance. Only 5 patients with genotype 2 were enrolled in the first cohort, 80% (4/5) of 

whom achieved SVR.126 

 

ALLY-2 compared a 12 versus 8-week course of daclatasvir plus sofosbuvir in HIV co-

infected patients. 100% [13/13] of the genotype 2 patients on the 12-week course, and 

85% [5/6] of patients on the 8-week course achieved SVR. 2 of the 13 patients in the 

12-week arm were treatment-experienced.124 

 

Another study of 19 ribavirin-intolerant genotype 2 patients received daclatasvir plus 

sofosbuvir for 12 or 24 weeks. 58% of patients had cirrhosis, and 58% were treatment-

experienced. All patients achieved SVR regardless of treatment duration (12 or 24 

weeks).159  

 

Glecaprevir/Pibrentasvir 

Recommendations 
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77. In treatment-naïve and treatment-experienced patients with HCV genotype 

2, without cirrhosis, glecaprevir/pibrentasvir may be given for 8 weeks. 

(Class 1, Level B) 

78. In treatment-naïve and treatment-experienced patients with HCV genotype 

2, with compensated cirrhosis, glecaprevir/pibrentasvir should be given 

for 12 weeks. (Class 1, Level B) 

79. Glecaprevir/pibrentasvir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 

The second generation protease inhibitor glecaprevir (GLE) has been combined with 

the second generation NS5A inhibitor pibrentasvir (PIB) in a fixed-dose combination of 

100 mg GLE and 40 mg PIB given as 3 tablets once daily (total daily dose 300 mg of 

GLE and 120 mg of PIB).The combination was evaluated in the ENDURANCE-2 trial160 

that randomized patients with HCV genotype 2 infection who were either treatment-

naïve or -experienced (peginterferon +/- ribavirin or sofosbuvir + ribavirin +/- 

peginterferon) to receive 12 weeks of placebo or treatment with GLE/PIB. Patients who 

received placebo were subsequently treated with active therapy for 12 weeks. Of the 

202 patients randomized to active treatment, 201 (99%) achieved SVR12 with one 
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patient lost to follow-up after achieving SVR4. The adverse event profile was similar to 

placebo. 

 

In the SURVEYOR-II, part 4 study,161 203 treatment-naïve or treatment-experienced 

patients without cirrhosis with genotypes 2, 4, 5, or 6 were treated with GLE/PIB for 8 

weeks. In total 142 genotype 2 patients were included, of whom 137 (96%) achieved 

SVR12. Of the 137 treatment-naïve patients with genotype 2 infection, 135 (99%) 

achieved SVR12. The L31M NS5A RAS is common in genotype 2 infection and was 

present in 53 patients (42%). Of these 53, 51 (96%) achieved SVR12.  

 

In the EXPEDITION-1 trial,65 patients with genotypes 1, 2, 4, 5, and 6 who were 

treatment-naïve or interferon-experienced (peginterferon + ribavirin +/- sofosbuvir) with 

compensated cirrhosis were treated with GLE/PIB for 12 weeks. Of the 146 patients in 

the trial, 145 (99%) achieved SVR12. A single relapse occurred in a patient with 

genotype 1a infection (overall SVR12 for genotype 1a, 47 of 48 or 98%). All 31 patients 

with genotype 2 achieved SVR12. The adverse event profile was similar to that seen in 

patients without cirrhosis. 

 

 

Sofosbuvir + ribavirin 
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Recommendations 

80. In treatment-naïve patients with HCV genotype 2, with or without cirrhosis, 

sofosbuvir should be given with weight-based ribavirin for 12 weeks. 

(Class 1, Level A) 

81. In treatment-experienced patients with HCV genotype 2, without cirrhosis, 

sofosbuvir should be given with weight-based ribavirin for 12 weeks. 

(Class 1, Level A) 

82. In treatment-experienced patients with HCV genotype 2, with cirrhosis, 

sofosbuvir should be given with weight-based ribavirin for 16-24 weeks. 

(Class 1, Level B) 

  

In the phase 3 FISSION trial,162 sofosbuvir (400 mg once daily) was administered in 

combination with weight-based ribavirin to treatment-naïve patients with HCV genotype 

2 for 12 weeks. Patients randomized to the control arm received a 24-week course of 

PegIFN- and ribavirin (800 mg once daily). Patients with cirrhosis accounted for 

approximately 20% of the study population. The SVR12 rates in the sofosbuvir plus 

ribavirin and PegIFN- plus ribavirin arms were 97% (68/70) and 78% (52/67), 

respectively. The incidence of adverse events was consistently lower among patients 

who received sofosbuvir plus ribavirin, particularly the influenza-like symptoms and 
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depression characteristically associated with PegIFN-based therapy. In the phase 3 

VALENCE trial,163 32 treatment-naïve patients with HCV genotype 2 received a 12-

week regimen of sofosbuvir with weight-based ribavirin. Similar to the FISSION study 

162, all but one of these patients (97%) achieved an SVR12. The response rate did not 

differ between cirrhotic (100% [2/2]) and non-cirrhotic patients (97% [29/30]). In the 

phase 3 POSITRON trial,164 143 PegIFN--ineligible patients with HCV genotype 2 

were randomized to receive sofosbuvir with weight-based ribavirin for 12 weeks or 

placebo. The majority of patients in this trial had contraindications to or refused PegIFN-

 therapy; only 7% had previously failed PegIFN-based treatment. Among 109 patients 

with genotype 2 treated with sofosbuvir plus ribavirin  for 12 weeks, 101 patients (93%) 

achieved an SVR12, similar to results observed in the FISSION and VALENCE 

trials.162,163 SVR12 rates did not differ between patients with and without cirrhosis (94% 

[16/17] versus 92% [85/92]). 

  

There is some evidence that extending the duration of therapy with sofosbuvir plus 

ribavirin is beneficial in treatment-experienced HCV genotype 2 patients with cirrhosis. 

In the VALENCE trial,163 37 of 41 (90%) treatment-experienced patients with cirrhosis 

obtained an SVR12 following a 12-week course of sofosbuvir with ribavirin. In the 

FUSION trial,164 68 patients who had previously failed an PegIFN--containing regimen 

(~75% due to relapse), were randomized to receive sofosbuvir plus ribavirin for either 
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12 or 16 weeks. Overall, an SVR12 was observed in 86% (31/36) of patients treated for 

12 weeks versus 94% (30/32) of patients treated for 16 weeks, although this difference 

was not statistically significant. In patients without cirrhosis, high rates of SVR12 were 

observed regardless of treatment duration (12 versus 16 weeks: 96% [25/26] versus 

100% [23/23]). However, lower response rates were observed among patients with 

cirrhosis (12 versus 16 weeks: 60% [6/10] versus 78% [7/9]). Although this difference 

was not statistically significant, the poor response rate among patients treated for 12 

weeks suggests that a 16-week regimen is preferable if sofosbuvir plus ribavirin is 

prescribed to this patient subgroup. Tolerability profile of sofosbuvir with ribavirin in the 

FUSION trial was similar to the FISSION and POSITRON studies.162,164 

 

In the BOSON trial,165 48 treatment-experienced cirrhotic patients with genotype 2 

infection had SVR12 rates of 87% with 16 weeks of sofosbuvir plus ribavirin that 

increased to 100% with 24 weeks of sofosbuvir plus ribavirin, compared with an SVR12 

rate of 94% with 12 weeks of sofosbuvir plus PegIFN- and ribavirin. 

 

Sofosbuvir/velpatasvir 

Recommendations 
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83. In treatment-naïve patients with HCV genotype 2, with or without cirrhosis, 

sofosbuvir/velpatasvir should be given for 12 weeks. (Class 1, Level A) 

84. In treatment-experienced patients with HCV genotype 2, with or without 

cirrhosis, sofosbuvir/velpatasvir should be given for 12 weeks. (Class 1, 

Level A) 

 

Results of the pan-genotypic combination of sofosbuvir and velpatasvir have 

demonstrated very high efficacy in genotype 2 patients. ASTRAL-1 was a randomized 

trial with various genotypes that compared sofosbuvir/velpatasvir for 12 weeks to 

placebo in a 5:1 ratio. Patients assigned to the placebo group were able to receive 

active therapy after completion of the study. The study enrolled 104 patients with HCV 

genotype 2, approximately 20% of whom had cirrhosis and 30% were treatment-

experienced, and 100% [104/104] of the patients achieved SV.119  

  

A separate trial, the ASTRAL-2 study, is the largest comparative study of IFN-free 

therapy in genotype 2 patients to date. 266 patients were randomized 1:1 to 

sofosbuvir/velpatasvir versus sofosbuvir plus ribavirin for a 12 week treatment course. 

Approximately 14% of patients in both treatment arms were treatment-experienced and 

cirrhotic, the majority of whom were relapsers. The SVR rate in patients receiving 
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sofosbuvir/velpatasvir was 99%, which was significantly superior to the 94% rate with 

sofosbuvir plus ribavirin.120  

 

PATIENTS WITH HCV GENOTYPE 3 (Table 9) 

Daclatasvir + sofosbuvir  ± ribavirin 

Recommendations 

85. In treatment-naïve or treatment-experienced patients with HCV genotype 3 

infection, without cirrhosis, daclatasvir plus sofosbuvir should be given 

for 12 weeks. (Class 1, Level B) 

86. In treatment-naïve or treatment-experienced patients with HCV genotype 3 

infection, with cirrhosis, daclatasvir plus sofosbuvir should be given with 

weight-based ribavirin, for 12-16 weeks.   For patients unable to take 

ribavirin, treatment should be extended to 24 weeks. (Class 2, Level B) 

 

In the phase 3 ALLY-3 trial,166 a 12-week regimen of daclatasvir (60 mg once daily) and 

sofosbuvir (400 mg once daily) in genotype 3 patients was evaluated. The study 

included both treatment-naïve (101 patients) and treatment-experienced (51) patients. 

SVR12 was achieved in 90% (91/101) of treatment-naïve and 86% (44/51) of treatment-
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experienced patients. SVR12 was achieved in 96% (105/109) of non-cirrhotic patients, 

but only in 63% (20/32) of patients with cirrhosis.  

 

The phase 3 ALLY-3+ study133 evaluated 12 or 16-week regimens of daclatasvir (60 mg 

once daily) and sofosbuvir (400 mg once daily) with weight-based ribavirin, in 50 

patients with either advanced fibrosis (14 patients) or compensated cirrhosis (36 

patients). Treatment-naïve (13/50) and treatment-experienced (37/50) patients were 

included in the study. Overall SVR12 was 88% (21/24) in the 12-week and 92% (24/26) 

in the 16-week group of patients with advanced fibrosis, and 86% (31/36) in patients 

with compensated cirrhosis. For treatment-experienced cirrhotic patients, there was no 

difference between the 12 and 16-week arms; 14/16 patients and 12/14 patients 

achieved SVR12, respectively, however the study was under-powered to compare the 2 

treatment durations. Notably, all patients in ALLY3+ who relapsed after daclatasvir plus 

sofosbuvir (12 or 16 weeks) had detectable Y93 NS5A RASs, which were the RASs 

associated with treatment failure in the ASTRAL 3 study of sofosbuvir/velpatasvir. 

 

Real world data support the use of daclatasvir plus sofosbuvir, with or without ribavirin, 

for 12 to 24 weeks. In an analysis of genotype 3 patients treated in the European 

daclatasvir compassionate use program,151 87% of patients (71/82) achieved SVR12. 

Of note, this included 42/49 patients (86%) treated with daclatasvir plus sofosbuvir 
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alone, the majority (42 patients) of whom received 24 weeks of therapy. SVR in this 

group was 86% (36/42). The data demonstrate efficacy of a 24-week ribavirin-free 

regimen in more challenging-to-cure genotype 3 patients, however no controlled trial 

data are available with this treatment duration.   

 

Elbasvir/grazoprevir + sofosbuvir 

Recommendations 

87. In treatment-naïve or treatment-experienced patients with HCV genotype 3 

infection, without cirrhosis, elbasvir/grazoprevir plus sofosbuvir given for 

12 weeks may be considered. (Class 2a, Level B) 

88. In patients with HCV genotype 3 infection, with cirrhosis, 

elbasvir/grazoprevir plus sofosbuvir may be considered. (Class 2a, Level 

B) 

 

The phase 2 C-SWIFT study167 provided open label co-formulated grazoprevir (100 mg 

once daily) and elbasvir (50 mg once daily) with sofosbuvir (400 mg once daily). 

Notably, grazoprevir is active against genotype 3 replicons but only at the 200 mg dose, 

which was a dose associated with hepatotoxicity in phase 2 trials, but in vitro activity 

against genotype 3 is limited at the approved 100 mg dose of grazoprevir used in the C-
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SWIFT trial. Cirrhotic and non-cirrhotic treatment-naïve genotype 3 patients were 

randomized to either 8 or 12 weeks of therapy, with cirrhotic patients all receiving 12 

weeks. Overall SVR12 occurred in 92% (24/26) of patients given 12 weeks of therapy, 

with an SVR12 of 83% (10/12) in cirrhotic patients (includes one non-virologic failure). 

SVR12 occurred in 93% (14/15) of non-cirrhotic patients given 8 weeks of therapy. 

Given the very limited trial data, the poor in vitro activity, and the availability of other 

more effective options, elbasvir/grazoprevir plus sofosbuvir should be considered an 

alternative treatment option for genotype 3 HCV. 

 

Glecaprevir/Pibrentasvir 

Recommendations 

89. In treatment-naïve patients with HCV genotype 3, without cirrhosis, 

glecaprevir/pibrentasvir may be given for 8 weeks. (Class 1, Level B) 

90. In treatment-naïve patients with HCV genotype 3, with compensated 

cirrhosis, glecaprevir/pibrentasvir should be given for 12 weeks. (Class 1, 

Level B). 

91. In treatment-experienced patients with compensated cirrhosis or without 

cirrhosis glecaprevir/pibrentasvir may be given for 16 weeks. (Class 1, 

Level B). 
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92. Glecaprevir/pibrentasvir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 

The second generation protease inhibitor glecaprevir (GLE) has been combined with 

the second generation NS5A inhibitor pibrentasvir (PIB) in a fixed-dose combination of 

100 mg GLE and 40 mg PIB given as 3 tablets once daily (total daily dose 300 mg of 

GLE and 120 mg of PIB). The combination was evaluated in the ENDURANCE-3 trial168 

that randomized treatment-naïve patients with genotype 3 infection without cirrhosis to 

12 weeks of GLE/PIB or 12 weeks of sofosbuvir + daclatasvir (SOF + DAC). The trial 

was later amended to include an open-label 8-week arm of GLE/PIB. Of the 233 

patients who received 12 weeks of GLE/PIB, 222 (95%) achieved SVR12. Similarly, of 

the 157 patients who received 8 weeks of GLE/PIB, 149 (95%) achieved SVR12. In the 

115 patients randomized to 12 weeks of SOF + DAC, 97% achieved SVR12 (p=NS). 

Both the 8- and 12-week courses of GLE/PIB met the non-inferiority margin compared 

to 12 weeks of SOF + DAC. Virologic failure occurred in 6 patients who received 8 

weeks of GLE/PIB (1 breakthrough, 5 relapses) and 4 patients who received 12 weeks 

of GLE/PIB (1 breakthrough, 3 relapses). However failure was not associated with the 

presence of baseline NS5A or NS3 RAS. All 5 patients with Y93H RAS at baseline in 

the 8-week arm achieved SVR12.   
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In the SURVEYOR-II, part 3 study,169 40 treatment-naïve patients with genotype 3 and 

compensated cirrhosis received 12 weeks of GLE/PIB, of whom 39 (98%) achieved 

SVR12. The one patient who did not achieve SVR12 was lost to follow-up. The study 

also included patients with genotype 3 infection who were treatment-experienced with 

compensated cirrhosis or without cirrhosis. Treatment-experienced patients without 

cirrhosis were randomized to receive 12 or 16 weeks of GLE/PIB. In the 12-week arm, 

20 of 22 patients achieved SVR12 with 2 relapses, compared to 21 of 22 in the 16-week 

arm with 1 relapse. Those with prior treatment experience and compensated cirrhosis 

received 16 weeks of GLE/PIB. Of the 47 patients in this arm, 45 (96%) achieved 

SVR12 with 1 on-treatment breakthrough and 1 post-treatment relapse. The patient with 

on-treatment breakthrough had low drug levels suggesting non-adherence and had a 

A166S NS3 but no NS5A RAS at baseline. Following treatment, the A166S was still 

present with an additional A156G NS3 RAS and the A30K and Y93H NS5A RAS had 

emerged. In the 4 patients who relapsed, none had detectable NS3 RAS at baseline but 

3 of 4 had NS5A RAS at baseline (2 A30K and 1 Y93H). At the time of relapse, all had 

developed the Y93H NS5A RAS either alone (n=1) or with the A30K (n=2) or L31F 

(n=1) RAS. The Y93H RAS alone has minimal impact the activity of PIB. However, 

when combined with the A30K, there is a 69-fold loss in antiviral activity.   
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Ledipasvir/sofosbuvir ± ribavirin  

Recommendations 

93. In treatment-naïve patients with HCV genotype 3 infection, without 

cirrhosis, ledipasvir/sofosbuvir should be given with weight-based 

ribavirin, for 12 weeks. (Class 1, Level B) 

 

Ledipasvir has limited activity against genotype 3 HCV in vitro.108 However, the single 

tablet regimen of ledipasvir/sofosbuvir has been studied in patients with HCV genotype 

3 in the open-label, phase 2, ELECTRON-2 trial conducted in two centres in New 

Zealand.170 In this study, 51 treatment-naïve patients (16% with cirrhosis) were 

randomized to 12 weeks of ledipasvir/sofosbuvir, with or without weight-based ribavirin. 

Fifty treatment-experienced patients (44% with cirrhosis) all received 

ledipasvir/sofosbuvir with ribavirin. Among treatment-naïve patients, SVR12 rates were 

64% (16/25) in the ledipasvir/sofosbuvir group and 100% (26/26) in the 

ledipasvir/sofosbuvir plus ribavirin treatment arm. In treatment-experienced patients 

receiving ledipasvir/sofosbuvir plus ribavirin for 12 weeks, non-cirrhotic patients had 

higher SVR12 rates than cirrhotic patients (89% [25/28] versus 73% [16/22]).  
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The efficacy of ledipasvir/sofosbuvir plus ribavirin for 12 weeks was further evaluated in 

treatment-naïve genotype 3 patients, with or without cirrhosis, at 15 Canadian 

institutions.171 111 patients were included in the study, 35% of whom had compensated 

cirrhosis. Overall, SVR12 was achieved in 99/111 (89%) of patients, including 66/70 

(94%) in non-cirrhotic patients and 31/39 (79%) in patients with cirrhosis. Given the very 

limited trial data, the poor in vitro activity, and the availability of other more effective 

options, ledipasvir/sofosbuvir plus ribavirin for 12 weeks should be considered an 

alternative treatment option for genotype 3 patients, and should not be used in patients 

with cirrhosis. 

 

Sofosbuvir + ribavirin 

Recommendations 

94. In treatment-naïve patients with HCV genotype 3, with or without cirrhosis, 

sofosbuvir with weight-based ribavirin should be given for 24 weeks. 

(Class 1, Level B) 

95. In treatment-experienced patients with HCV genotype 3, without cirrhosis, 

sofosbuvir with weight-based ribavirin should be given for 24 weeks. 

(Class 1, Level B) 
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96. In treatment-experienced patients with genotype 3, with cirrhosis, 

sofosbuvir plus ribavirin is NOT recommended. (Class 3, Level B) 

 

In light of the sub-optimal responses observed previously with 12-week regimens of 

sofosbuvir with ribavirin in genotype 3 patients,162 the VALENCE trial examined a 24-

week course in patients with HCV genotype 3.163 Among treatment-naïve patients, 94% 

(99/105) achieved an SVR12. Responses did not differ between cirrhotic (92% [12/13]) 

and non-cirrhotic patients (95% [87/92]). 

 

Sofosbuvir plus ribavirin combination therapy has also been studied in treatment-

experienced patients with HCV genotype 3. In the FUSION phase 3 trial,164 127 patients 

who had experienced a prior treatment failure were randomized to 12 or 16 weeks of 

sofosbuvir plus weight-based ribavirin. Overall, SVR12 rates were 30% (19/64) with 12 

weeks and 62% (39/63) with 16 weeks, respectively. The presence of cirrhosis was a 

strong negative predictor of response in patients treated for 12 weeks.  

 

The VALENCE trial examined a longer treatment course (24 weeks) of sofosbuvir plus 

ribavirin therapy in 145 treatment-experienced patients with HCV genotype 3.163 Among 

98 non-cirrhotic patients in this trial, an SVR12 was observed in 85 (87%) patients. 
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Amongst patients with cirrhosis, however, only 62% (29/47) achieved SVR12. Similarly, 

in the BOSON trial165 (described below), 153 of 182 (84%) patients treated with 24 

weeks of sofosbuvir plus ribavirin achieved SVR12.  

 

Results from ‘real-world’ studies have shown less favorable results.  In the HCV-

TARGET registry, of patients with genotype 3 and cirrhosis treated with sofosbuvir plus 

ribavirin, only 19 of 33 (58%) of treatment-naïve and 22 of 52 (42%) of treatment-

experienced patients achieved SVR12.172  Given the presence of more effective, shorter 

duration and better-tolerated regimens, sofosbuvir plus ribavirin should be considered 

an alternative regimen and should not be given to patients with cirrhosis who have failed 

a prior course of therapy. 

 

Sofosbuvir/velpatasvir 

Recommendations 

97. In treatment-naïve patients with HCV genotype 3, without cirrhosis, 

sofosbuvir/velpatasvir should be given for 12 weeks. (Class 1, Level A) 

98. In treatment-naive patients with HCV genotype 3, with cirrhosis, 

sofosbuvir/velpatasvir NS5A RAS testing is recommended.  In the 

absence of a Y93 mutation, the fixed-dose combination should be given 
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for 12 weeks and if a Y93 mutation is present or RAS testing is 

unavailable, then consideration should be given to adding weight-based 

ribavirin, for 12 weeks. (Class 2, Level B) 

99. In treatment-experienced patients with genotype 3, without cirrhosis, 

sofosbuvir/velpatasvir should be given for 12 weeks. (Class 1, Level A) 

100. In treatment-experienced patients with genotype 3, with cirrhosis, 

sofosbuvir/velpatasvir NS5A RAS testing is recommended. In the absence 

of a Y93 mutation, the fixed-dose combination should be given for 12 

weeks and if a Y93 mutation is present or RAS testing is unavailable, then 

consideration should be given to adding weight-based ribavirin, for 12 

weeks. (Class 2, Level B) 

  

In the phase 3 ASTRAL-3 trial,120 a 12-week regimen of co-formulated sofosbuvir (400 

mg once daily) and velpatasvir (100 mg once daily) was compared to 24 weeks of 

sofosbuvir (400 mg once daily) plus weight-based ribavirin. The study included patients 

with cirrhosis (29% in sofosbuvir/velpatasvir and 30% in sofosbuvir plus ribavirin) and 

past treatment-experience with PegIFN-α (26%). 264 of 277 (95%) of patients treated 

with sofosbuvir/velpatasvir achieved SVR12. This was significantly superior to 221 of 

275 (80%) patients who achieved SVR12 following treatment with sofosbuvir plus 
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ribavirin. SVR12 was achieved in 40/43 (93%) treatment-naïve cirrhotic patients treated 

with sofosbuvir/velpatasvir versus 33/45 (73%) with sofosbuvir plus ribavirin. In the 

treatment-experienced cirrhotic population, SVR12 was achieved in 33/37 (89%) 

patients treated with sofosbuvir/velpatasvir, and 22/38 (58%) of patients treated with 

sofosbuvir plus ribavirin. The regimen was well tolerated and rates of adverse events 

were lower in patients receiving sofosbuvir/velpatasvir than among those receiving 

sofosbuvir plus ribavirin. 

 

In a post hoc analysis of the ASTRAL-3 data,173 the presence of baseline NS5A RASs 

was associated with lower SVR rates compared to patients without baseline RASs (87% 

[27/31] versus 96% [236/245]). This was particularly pronounced in the treatment-

experienced and cirrhotic population. While the impact of ribavirin was not addressed in 

this study, the ASTRAL-4 trial121 demonstrated a significant increase in SVR12 with 

addition of ribavirin to sofosbuvir/velpatasvir in genotype 3 patients with cirrhosis. Of 

patients with genotype 3 in ASTRAL-4, SVR rates were 85% (11/14) in those treated 

with sofosbuvir/velpatasvir plus ribavirin for 12 weeks compared to 50% in those treated 

with sofosbuvir/velpatasvir for 12 or 24 weeks without ribavirin (5/10) (discussed in 

detail in subsequent sections).121 As such, consideration should be given to adding 

ribavirin to sofosbuvir/velpatasvir regimens in genotype 3 patients with baseline 

cirrhosis, particularly those with baseline NS5A RASs.  



 

 
 

108 

 

PATIENTS WITH HCV GENOTYPES 4, 5, AND 6 (Table 10) 

GENOTYPE 4 

PegIFN--Free Regimens 

Elbasvir/grazopravir ± ribavirin 

Recommendations 

101. In treatment-naïve patients and prior PegIFN- treatment relapsers with 

HCV genotype 4, with or without cirrhosis, elbasvir/grazoprevir should be 

given for 12 weeks (Class 1, Level B) 

102. In prior PegIFN- treatment null responders with HCV genotype 4, with or 

without cirrhosis, elbasvir/grazoprevir should be given with ribavirin, for 

16 weeks. (Class 1, Level B) 

 

A regimen of grazoprevir and elbasvir was evaluated in 18 treatment-naïve genotype 4-

infected recipients, including patients with cirrhosis.116 The safety profile raised no 

concerns and all patients achieved SVR12. In a combined analysis of the C-SCAPE, C-

EDGE TN, and C-EDGE COINFECTION trials, a total of 66 genotype 4 treatment-naïve 

subjects received elbasvir/grazoprevir for 12 weeks, with an SVR12 rate of 97% (64/66). 
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In C-EDGE TE, 37 genotype 4 treatment-experienced subjects received 12 or 16 weeks 

of elbasvir/grazoprevir, with or without ribavirin.117 In the 16-week treatment arms, all 8 

participants randomized to elbasvir/grazoprevir plus ribavirin achieved SVR, compared 

to 3 out of 5 (60%) patients in the elbasvir/grazoprevir without ribavirin group. In the 12-

week treatment arms, 14 out of 15 (93.3%) patients receiving elbasvir/grazoprevir plus 

ribavirin achieved SVR compared to 7 out of 9 (77.8%) in the elbasvir/grazoprevir 

without ribavirin group. 

 

Glecaprevir/Pibrentasvir 

Recommendations 

103. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, without cirrhosis, glecaprevir/pibrentasvir may be given for 8 weeks. 

(Class 1, Level B) 

104. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, with compensated cirrhosis, glecaprevir/pibrentasvir should be given 

for 12 weeks. (Class 1, Level B). 

105. Glecaprevir/pibrentasvir should NOT be used in patients with any signs of 

hepatic decompensation or Child-Pugh score >6. (Class 3, Level C) 

 



 

 
 

110 

The second generation protease inhibitor glecaprevir (GLE) has been combined with 

the second generation NS5A inhibitor pibrentasvir (PIB) in a fixed-dose combination of 

100 mg GLE and 40 mg PIB given as 3 tablets once daily (total daily dose 300 mg of 

GLE and 120 mg of PIB). In the ENDURANCE-4 trial,174 treatment-naïve or treatment-

experienced (sofosbuvir + ribavirin +/- peginterferon) patients with genotypes 4, 5, or 6 

were treated with GLE/PIB for 12 weeks. The majority (86%) had minimal fibrosis (F0-1) 

and 68% were treatment-naïve. Of the 76 patients with genotype 4 infection, 75 (99%) 

achieved SVR12. 

   

In the SURVEYOR-II, part 4 study, 161 203 treatment-naïve or treatment-experienced 

patients without cirrhosis with genotypes 2, 4, 5, or 6 were treated with GLE/PIB for 8 

weeks. Of the 46 patients with genotype 4 infection, 27 of whom were treatment-

experienced, 43 achieved SVR12 (93%) with 3 non-virological failures. 

  

In the EXPEDITION-1 trial, 65 patients with genotypes 1, 2, 4, 5 and 6 who were 

treatment-naïve or interferon-experienced (peginterferon + ribavirin +/- sofosbuvir) with 

compensated cirrhosis were treated with GLE/PIB for 12 weeks.  All 16 patients with 

genotype 4 infection achieved SVR12.  
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Ledipasvir/sofosbuvir  ± ribavirin 

Recommendations 

106. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, with or without cirrhosis, ledipasvir/sofosbuvir should be given for 12 

weeks. (Class 1, Level B) 

 

The single tablet regimen of ledipasvir/sofosbuvir was evaluated in patients with HCV 

genotype 4 in a single-centre, open-label phase 2a trial (NIAID SYNERGY).175 Twenty-

one patients (38% treatment-experienced; 40% with cirrhosis) received 

ledipasvir/sofosbuvir for 12 weeks. Among the 20 patients who completed the post-

treatment follow-up period, 19 (95%) achieved SVR12. No patient discontinued 

treatment due to an adverse event.  

 

In the SOLAR-2 study, patients with Child-Pugh class B and C cirrhosis were treated 

with ledipasvir/sofosbuvir with ribavirin (600-1200 mg daily) for 12 weeks.176 Of 18 

patients with genotype 4 infection, 14 (78%) Child class B and 16 of 17 (94%) Child 

class C participants achieved SVR12. There were no genotype-specific safety or 

tolerance concerns associated with this population of decompensated treatment 

recipients. 
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Paritaprevir/ritonavir/ombitasvir ± ribavirin 

Recommendations 

107. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, with or without cirrhosis, paritaprevir/ritonavir/ombitasvir, should be 

given with weight-based ribavirin, for 12 weeks. (Class 1, Level B) 

 

Notably, dasabuvir is not active against genotype 4 HCV and thus should not be used 

with ritonavir-boosted paritaprevir and ombitasvir for patients with genotype 4 infection.  

A 12-week regimen containing paritaprevir/ritonavir/ombitasvir, with or without ribavirin, 

was assessed in 135 treatment-naïve and experienced, non-cirrhotic HCV genotype 4 

monoinfected patients in the PEARL-I study.177 In 86 treatment-naïve participants, 

SVR12 was 100% in the ribavirin containing arm and 91% in the regimen without 

ribavirin, however the difference was not statistically significant. All treatment-

experienced recipients received ribavirin and all 49 patients (100%) achieved SVR12. 

The safety profile of paritaprevir/ritonavir/ombitasvir with ribavirin was similar to that 

observed in patients with HCV genotype 1 who were also treated with dasabuvir.114,158 

 

Sofosbuvir + ribavirin 
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Recommendations 

108. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, with or without cirrhosis, sofosbuvir should be given with weight-based 

ribavirin, for 24 weeks. (Class 1, Level B) 

  

A phase 2 study assessed a sofosbuvir (400 mg once daily) plus ribavirin regimen for 

12 or 24 weeks in 60 treatment-naïve and treatment-experienced Egyptian patients with 

HCV genotype 4 infection.178 The SVR12 rate was 93% in the 24-week group and 68% 

in the 12-week group. Similar outcomes were achieved in another genotype 4 

treatment-naïve and treatment-experienced Egyptian study.179 SVR12 was 90% (46/51) 

with the 24-week course and 77% (40/52) with the 12-week course of sofosbuvir plus 

1000 to 1200 mg of ribavirin. SVR12 rates were lower in cirrhotic (78% after 24 weeks, 

63% after 12 weeks) compared to non-cirrhotic patients (93% after 24 weeks, 80% after 

12 weeks). The PHOTON-2 trial included genotype 4, treatment-naïve participants (31 

patients) who received 24 weeks of sofosbuvir plus weight-based ribavirin, 84% of 

whom achieved an SVR12.180  

 

Sofosbuvir/velpatasvir  

Recommendations 
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109. In treatment-naïve and treatment-experienced patients with HCV genotype 

4, with or without cirrhosis, sofosbuvir/velpatasvir should be given for 12 

weeks. (Class 1, Level B)  

 

In the phase 3 ASTRAL-1 study, 116 patients with genotype 4 were included, including 

27 with compensated cirrhosis, and were randomized to receive the fixed-dose 

combination of velaptasvir (100 mg once daily) with sofosbuvir (400 mg once daily), or 

placebo for 12 weeks.  All 116 genotype 4 recipients achieved SVR12.  Side effects 

were similar to those reported in patients with other genotypes.119 

 

GENOTYPE 5 AND 6 

Recommendations 

110. Treatment-naïve and treatment-experienced patients with HCV genotype 5 or 6 

infection without cirrhosis may be treated with glecaprevir/pibrentasvir for 8 

weeks (Class 2, Level C) 

111. Treatment-naïve and treatment-experienced patients with compensated cirrhosis 

should be treated with glecaprevir/pibrentasvir for 12 weeks (Class 1, Level B) 

112. Patients with HCV genotype 5 or 6 infection should be treated with 

ledipasvir/sofosbuvir for 12 weeks. (Class 1, Level B) 
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113. Patients with HCV genotype 5 or 6 should be treated with 

sofosbuvir/velpatasvir for 12 weeks. (Class 1, Level B) 

 

Genotypes 5 and 6 are present in less than 1% of Canadians.17 There are limited data 

to guide treatment decision-making for patients with HCV genotypes 5 and 6 due to the 

small numbers of patients enrolled in phase 3 clinical trials.  

 

Glecaprevir/Pibrentasvir. In the ENDURANCE-4 trial,174 treatment-naïve or treatment-

experienced (sofosbuvir + ribavirin +/- peginterferon) patients with genotypes 4, 5, or 6 

were treated with GLE/PIB (300/120 mg) as 3 fixed-dose combination tablets for 12 

weeks. The majority (86%) had minimal fibrosis (F0-1) and 68% were treatment-naïve. 

All 26 genotype 5 and all 19 genotype 6 patients achieved SVR12. A small number of 

patients with genotypes 5 and 6 were included in the 8-week GLE/PIB open-label 

SURVEYOR-II study161 in patients without cirrhosis. Both (2/2) of those with genotype 5 

and 9 of 10 with genotype 6 achieved SVR12 with no virological failures.  

 

In the EXPEDITION-1 trial65 patients with genotypes 1, 2, 4, 5, or 6 with compensated 

cirrhosis were treated with GLE/PIB for 12 weeks. Only 2 patients with genotype 5, and 

7 with genotype 6, were included but all 9 achieved SVR12.   
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Ledipasvir/sofosbuvir. Twenty of 21 treatment-naïve and 19 of 20 treatment-

experienced genotype 5 patients receiving 12 weeks of ledipasvir/sofosbuvir achieved 

SVR12.181 Eight of 9 cirrhotic patients achieved SVR12. Twenty-four of 25 treatment-

naïve and treatment-experienced genotype 6 patients treated with ledipasvir/sofosbuvir 

for 12 weeks achieved SVR12.170  

 

Sofosbuvir/velpatasvir. In the ASTRAL-1 study, 34 of 35 patients (97%) with genotype 5 

achieved SVR12 and all 41 patients (100%) with genotype 6 achieved SVR12.   

 

RETREATMENT OF PRIOR ALL ORAL DAA EXPERIENCED PATIENTS (Table 11) 

The data for retreatment in patients who have failed a prior DAA-only regimen are 

limited for most regimens, and access to optimal therapies for some patients is 

incomplete. Prior to retreatment, the urgency of therapy should be carefully considered.    

 

Recommendations 

114. In genotype 1-6 patients, without cirrhosis or with compensated cirrhosis, who 

have failed all-oral DAA therapy (NS5A and non-NS5A containing), 

sofosbuvir/velpatasvir/voxilaprevir is recommended for 12 weeks (Class 1, 

Level B). 
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115. In genotype 1 patients, without cirrhosis or with compensated cirrhosis, who 

have failed all oral DAA therapy (non-NS5A containing), glecaprevir/pibrentasvir  

should be given for 12 weeks (Class 2, Level B). 

116. In genotype 1 patients, without cirrhosis or with compensated cirrhosis, who 

failed all oral DAA therapy (NS5A containing), glecaprevir/pibrentasvir should 

be given for 16 weeks. 

117. In genotype 1-6 patients who have failed an all-oral DAA regimen and have 

decompensated cirrhosis, sofosbuvir/velpatasvir with weight-based ribavirin 

may be given for 24 weeks or alternatively consideration should be given to 

deferring therapy until after liver transplantation (Class 3, Level C). 

 

Sofosbuvir/Velpatasvir/Voxilaprevir. The POLARIS-1 and POLARIS-4 phase 3 

trials182 evaluated the efficacy of the daily fixed-dose combination of sofosbuvir 

(400mg)/velpatasvir (100mg)/voxilaprevir (100mg) in DAA-experienced individuals. The 

POLARIS-1 trial was a placebo-controlled trial that evaluated a 12-week course of 

sofosbuvir/velpatasvir/voxilaprevir in patients who received a prior NS5A inhibitor-

containing DAA regimen. Most patients (61%) in this trial received a prior regimen 

containing an NS5B inhibitor and an NS5A inhibitor such as ledipasvir/sofosbuvir. The 
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overall SVR12 rate was 96% (253/263). The SVR12 rate was 97% (146/150) in 

genotype 1 patients, 100% (5/5) in genotype 2 patients, 95% (74/78) in genotype 3 

patients, 91% (20/22) in genotype 4 patients, 100% (1/1) in genotype 5 patients, and 

100% (6/6) in genotype 6 patients. All six relapses in the study occurred in cirrhotic 

patients but there was no significant difference in rate of SVR12 between non-cirrhotic 

and cirrhotic patients (99% vs 93%, respectively). Baseline RASs did not impact 

outcome. The POLARIS-4 trial was a randomized-controlled trial that compared a 12-

week course of sofosbuvir/velpatasvir/voxilaprevir to a 12-week course of 

sofosbuvir/velpatasvir in patients who received a prior non-NS5A inhibitor-containing 

DAA regimen. The majority of patients were exposed to prior sofosbuvir with either 

ribavirin and peginterferon or simeprevir. The overall SVR12 rate was 97% (177/182) in 

the sofosbuvir/velpatasvir/voxilaprevir treatment group and 90% (136/151) in the 

sofosbuvir/velpatasvir arm. The SVR12 rate in the sofosbuvir/velpatasvir/voxilaprevir 

arm was 97% (76/78) in genotype 1-infected patients, 100% (31/31) in genotype 2- 

infected patients, 94% (51/54) in genotype 3-infected patients and 100% (19/19) in 

genotype 4-infected patients. The presence of cirrhosis and baseline RASs had no 

impact on the SVR12 rate of sofosbuvir/velpatasvir/voxilaprevir. 
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Glecaprevir/Pibrentasvir. There are limited data on the effectiveness of the daily fixed-

dose combination of glecaprevir (300mg)/pibrentasvir (120mg) for patients with 

genotype 1 and a prior treatment failure with an all-oral DAA combination. In the phase 

3 open-label ENDURANCE-1 study,131 703 patients received either 8 or 12 weeks of 

glecaprevir/pibrentasvir. While 38% of patients were treatment-experienced, only 3 

patients had received a prior sofosbuvir-containing regimen.  In the EXPEDITION-1 

study, 65 146 patients with either genotype 1,2,4,5, or 6 infection with compensated 

cirrhosis received 12 weeks of glecaprevir/pibrentasvir. Twenty-five of the overall 146 

patients were treatment-experienced but only 11 patients had received a prior 

sofosbuvir containing regimen. None of the patients in either of these studies received 

all-oral DAA regimens. 

  

In part 1 of the MAGELLAN-1 trial,183 12 weeks of glecaprevir/pibrentasvir was 

evaluated in patients with a prior NS3/4A treatment failure. This population included 

some patients who received sofosbuvir and simeprevir. The SVR12 by ITT in the study 

arm with commercially available dosing was 86% (19/22). However, 2 of the failures 

were lost to follow-up. In part 2 of the MAGELLAN-1 trial, 184 12 or 16 weeks of 

glecaprevir/pibrentasvir was evaluated in patients with genotype 1 or 4 and prior DAA 

failure. In this study, patients with prior failure to non-NS5A containing regimens 

achieved an SVR12 of 100% (27/27)  with 12 or 16 weeks of therapy. Patients with prior 
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failure on an NS5A-containing regimen achieved an SVR12 of 88% (14/16) with 12 

weeks of therapy and 94% (17/18) with 16 weeks of therapy. 

 

The limited data results in the recommendation of glecaprevir/pibrentasvir as an 

alternative regimen. 

 

DRUG-DRUG INTERACTIONS 

Recommendations 

118. All prescription, over-the-counter and herbal medications should be 

reviewed for possible interactions with DAAs prior to starting therapy. 

(Class 1, Level C)  

119. In patients initiating ledipasvir or velpatasvir therapy for HCV, PPIs should 

be held when possible. (Class 1, Level C) 

120. The co-administration of sofosbuvir with amiodarone is contraindicated. 

(Class 3, Level C) 

 

Prior to the initiation of any DAA, potential drug-drug interactions must be considered, 

including those attributable to prescription and over-the-counter pharmaceuticals and 

herbal preparations. Identification of potential interactions requires knowledge of the 
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metabolism of these agents. All currently available HCV PIs are inhibitors and 

substrates of CYP3A4. Ritonavir, which is used to increase exposure and allow for once 

daily dosing of paritaprevir, is also an inhibitor and substrate of CYP3A4. Therefore, PIs 

are contraindicated with medications that are potent inducers of CYP3A4/5, which 

would reduce plasma concentrations and the therapeutic effect of the PI, and for those 

highly dependent on CYP3A4/5 for clearance, in which elevated plasma concentrations 

are associated with serious and/or life-threatening events (i.e. a narrow therapeutic 

index). Other drug-metabolizing pathways are involved in individual PI handling that 

may affect drug-drug interactions. NS5A inhibitors and nucleotide polymerase inhibitors 

have fewer known drug-drug interactions than PIs. However, prior to starting therapy, all 

concomitant medications should be reviewed. Reference to an online updated database 

of drug-drug interactions is recommended prior to starting therapy (e.g. http://www.hep-

druginteractions.org). 

 

Absorption of ledipasvir and velpatasvir is pH dependent.  Acid suppression with proton 

pump inhibitors (PPI) lowers ledipasvir plasma Cmax and AUC.185 Pooled data from the 

HCV TARGET network suggested that PPI use at baseline was associated with a 5% 

reduction in SVR12 in patients treated with either 8 or 12 weeks of 

ledipasvir/sofosbuvir.135 In contrast, other cohorts have not demonstrated a significant 

impact of baseline PPI use on SVR12. In the TRIO registry between October of 2014 
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and 2015, 2034 genotype 1 patients were treated with ledipasvir/sofosbuvir, 23% of 

whom were on baseline PPIs. Overall SVR12 was 96% (1497/1566) in patients not on a 

PPI at baseline, compared to 94% (441/468) in patients taking a PPI at baseline. Using 

matched propensity analysis, PPI at baseline was not predictive of treatment failure.186 

In light of current uncertainty regarding the possible impact of baseline PPI use on 

treatment outcomes in patients on ledipasvir-based regimens, it is recommended to 

withhold PPI therapy when not absolutely indicated in patients starting on 

ledipasvir/sofosbuvir. Although data are not available for velpatasvir, absorption is also 

pH dependent and thus PPIs should be avoided if possible in patients receiving 

sofosbuvir/velpatasvir therapy. 

 

Post marketing reports exist regarding symptomatic bradycardia in patients taking 

amiodarone and sofosbuvir in combination with another direct acting antiviral.187 Studies 

in animal models using amiodarone alone and in combination with DAAs, including 

daclatasvir, simeprevir, and sofosbuvir support post marketing findings, with additive 

and synergistic potentiation of AV nodal-His conduction in guinea pig myocardium. The 

effect of sofosbuvir was greater than the effect of simeprevir or daclatasvir.188 In light of 

the potential for bradyarrhythmia, co-administration of sofosbuvir with amiodarone is 

contraindicated.  

SPECIAL POPULATIONS 

Chronic Kidney Disease (Table 12) 
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Recommendations 

121. Patients with CKD and ESRD should be screened for HCV infection. (Class 

1, Level C) 

122. For patients with eGFR>30 mL/min, treatment of HCV should follow the 

same recommendations based on the genotype, fibrosis level and 

treatment history as in patients without renal disease. (Class 1, Level B) 

123. For treatment-naïve and treatment-experienced patients with eGFR<30 

mL/min with HCV genotype 1a, 1b or 4 infections, without cirrhosis or with 

compensated cirrhosis, treatment with elbasvir/grazoprevir should be 

given for 12 weeks. ( Class 1, Level A) Baseline RAS testing is NOT 

required. (Class 3, Level B ) 

124. For treatment-naïve and treatment-experienced patients with eGFR<30 

mL/min with HCV genotype 1, 2, 3, 4, 5, or 6 infections, without cirrhosis 

or with compensated cirrhosis, treatment with glecaprevir/pibrentasvir 

should be given for 8, 12 or 16 weeks following the same criteria as for 

patients without CKD (Class 1, Level B). 

125. For treatment-naïve and treatment-experienced patients with eGFR<30 

mL/min , with HCV genotype 1b infection, without cirrhosis or with 



 

 
 

124 

compensated cirrhosis, treatment with paritaprevir/ritonavir/ombitasvir 

plus dasabuvir should be given for 12 weeks. (Class 1, Level B) 

126. For treatment-naïve and treatment-experienced patients with eGFR<30 

mL/min with HCV genotype 1a or 4 infections, without cirrhosis or with 

compensated cirrhosis, treatment with paritaprevir/ritonavir/ombitasvir 

plus dasabuvir with low-dose ribavirin (200 mg once daily) for 12 weeks 

may be considered if other options are unavailable. (Class 1, Level B) 

 

HCV infection leads to an increased risk of developing chronic kidney disease (CKD), 

189,190 and the rates of HCV infection in dialysis patients are significantly higher than in 

the general population.191 HCV infection may also result in renal disease via secondary 

immune complex mediated injury, cryoglobulinemic vasculitis, and 

membranoproliferative glomerulonephritis.  It is estimated that 4.1% of dialysis patients 

in Canada are chronically infected with HCV.192 Traditionally, patients with end-stage 

renal disease, including patients on dialysis, have been considered a difficult-to-treat 

population. Ribavirin is renally excreted and causes significant hemolytic anemia in 

patients with renal insufficiency. A meta-analysis of studies with PegIFN- monotherapy 

in dialysis patients showed low response rates with an SVR of 40%, and poor tolerability 
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with a discontinuation rate of 14%.193 For these reasons, it has been estimated that <2% 

of HCV infected patients on dialysis have been treated with antiviral agents.192 

 

The development of DAAs has led to increased interest in treating patients with CKD. 

The major metabolite of sofosbuvir is renally excreted and accumulates in patients with 

severe renal impairment (glomerular filtration rate (GFR) <30mL/min), but not in those 

with a milder degree of renal dysfunction. The safety and appropriate dosing of 

sofosbuvir have not been established in patients with a GFR < 30 mL/min. Simeprevir, 

grazoprevir, glecaprevir, ledipasvir, paritaprevir, ritonavir, ombitasvir, daclatasvir, 

elbasvir, pibrentasvir, velpatasvir, and dasabuvir, are all primarily metabolized by the 

liver, and undergo minimal elimination by the kidneys. As such, these DAAs require no 

dose adjustment in patients with severe renal insufficiency. However, if the DAA 

regimen requires ribavirin, its dose will need to be adjusted, and it is preferred to avoid 

ribavirin-containing regimens if possible. 

 

Elbasvir/grazoprevir. The largest study to date in patients with stage 4 or 5 CKD was a 

placebo-controlled clinical trial that randomized 224 patients to immediate treatment 

with 12 weeks of elbasvir/grazoprevir (111 patients) or to placebo in a deferred 

treatment group (113 patients).194 Three quarters of patients were on hemodialysis. 

HCV genotype 1a infection was present in 52% of patients, with 80% being treatment-
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naïve and only 6% having cirrhosis. Therapy was well tolerated, and adverse events 

were seen as often in placebo-treated patients as in the elbasvir/grazoprevir treatment 

arm. Overall, SVR12 was achieved in 94% (115 of 122) of patients in the immediate 

treatment group with only 1 virological failure. Baseline NS3/4A or NS5A RASs 

substitutions were detected in 32% of patients. However, despite the presence of RASs, 

SVR12 was achieved in all but one patient (genotype 1b with NS5A L31M mutation at 

baseline) who relapsed after therapy. Similarly, 97 of 102 (95%) patients in the deferred 

treatment arm achieved SVR12 with only 2 documented relapses.   

 

Glecaprevir/pibrentasvir. The EXPEDITION-4 trial195 evaluated the fixed-dose 

combination of glecaprevir/pibrentasvir (300 mg/120 mg) given as 3 tablets daily for 12 

weeks in patients with stage 4 or 5 CKD with genotypes 1, 2, 3, 4, 5, and 6 who were 

treatment-naïve or previously treated (peginterferon +/- ribavirin or sofosbuvir + ribavirin 

+/- peginterferon). Of the 104 patients enrolled, 82% were dialysis-dependent, 19% had 

compensated cirrhosis and 40% were treatment-experienced. The genotype distribution 

was: genotype 1a (22%), 1b (28%), 2 (16%), 3 (11%), 4 (19%), 5 (1%), and 6 (1%).  All 

but 2 patients achieved SVR12 (98%) with no virological failures. The most common 

adverse events were pruritus, nausea, and fatigue, but there were no serious adverse 

events attributed to the therapy. Based on this study, treatment for patients with CKD is 
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recommended, and treatment durations should be based on the genotype, presence of 

cirrhosis, and treatment history (naïve vs experienced), as for patients without CKD.  

 

 

Paritaprevir/ritonavir/ombitasvir + dasabuvir ± ribavirin. A small clinical trial has 

evaluated the 12-week combination of a ritonavir-boosted paritaprevir and ombitasvir 

co-formulation plus dasabuvir in twenty patients with GFR ≤ 30 mL/min, in which 13 

genotype 1a patients also received ribavirin.196 SVR12 was achieved in 90% (18/20) of 

patients. However, ribavirin was stopped in 9 patients due to anemia and 4 patients 

required erythropoietin, highlighting the challenge of using ribavirin in this population.   

 

Sofosbuvir. The safety of sofosbuvir and ribavirin has been evaluated in a small dose-

escalation study in patients with end-stage renal disease. Sofosbuvir, even the reduced 

dose of 200 mg per day, leads to higher levels of the renally excreted metabolite GS-

331007 in patients with severe renal impairment.197 The HCV-TARGET study compared 

the “real-world” experience with sofosbuvir-containing regimens between patients with 

GFR ≤45 mL/min (73 patients) and patients with a GFR>45 mL/min (1716 patients).198 

The SVR rates were similar between the two groups (82% versus 83%), but serious 

adverse events, including anemia and worsening renal function, were seen more 
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commonly in those with moderate or severe renal impairment, even when ribavirin was 

excluded.   

 

However, other small studies have reported on real-world data with the use of 

sofosbuvir in patients with end-stage renal disease that suggest it is a safe and 

efficacious option in this patient population. A study of 17 patients with GFR < 30 

mL/min, including patients on hemodialysis, 12 of whom had F3/F4 fibrosis, found that 

simeprevir (150 mg daily) given with sofosbuvir (400 mg daily) for 12 weeks, without 

ribavirin, resulted in a 100% SVR rate and was very well tolerated without serious 

adverse events.199 Another study of 12 patients on hemodialysis compared sofosbuvir 

400 mg once daily (7 patients) versus three times weekly (5 patients), along with 

daclatasvir, ledipasvir and/or ribavirin for 12 to 24 weeks.200 There was no significant 

accumulation of GS-331007 and no impact of dialysis on other DAA levels. Treatment 

was well tolerated by all patients. However, relapse occurred in two patients on the 

sofosbuvir three times per week regimen (SVR in 3 of 5), whereas all patients on the 

daily regimen achieved SVR (7 of 7), suggesting that lower doses of sofosbuvir may be 

less effective. Based on this limited evidence, it is recommended that sofosbuvir-

containing regimens be used with caution in patients with end-stage renal disease and 

only be considered if patients cannot wait for new DAA combinations which do not 

contain sofosbuvir. Sofosbuvir may be safer in patients already on dialysis as the 
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metabolite is partially dialyzed and there is less of concern of loss of residual renal 

function. Patients with severe extrahepatic complications of HCV (e.g. vasculitis, 

membranoproliferative glomerulonephritis, or lymphoma) and those with advanced liver 

disease, can be considered for sofosbuvir-containing regimens, as per 

recommendations for the specific genotype, if no other recommended therapy is 

available. 

 

Decompensated Cirrhosis (Table 13) 

Recommendations 

127. Patients with decompensated cirrhosis (Child-Pugh class B and C, MELD 

score > 10) should be managed in expert centers with access to liver 

transplantation. (Class 1, Level C) 

128. There is a risk of further hepatic decompensation with all anti-HCV drug 

regimens.  The risk is highest with protease inhibitor-containing regimens 

and these should NOT be prescribed to patients with decompensated liver 

disease. (Class 3 Level B) 

129. The benefits and risks of antiviral therapy in patients with decompensated 

cirrhosis must be evaluated on an individual basis. Patients with Child-
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Pugh Class C and/or those with MELD scores above 15-18 may benefit from 

deferral of therapy until after liver transplantation. (Class 3, Level B) 

130. Patients with hepatocellular carcinoma and compensated liver disease 

should defer antiviral therapy until after successful treatment of 

hepatocellular carcinoma. Knowledge of the prognosis of HCC is important 

to balance the benefits and risks of antiviral therapy. (Class 2b, Level C) 

 

Treatment of HCV infection in patients with decompensated cirrhosis. Patients with 

decompensated cirrhosis have developed clinical complications of their underlying 

cirrhosis, such as bleeding varices, ascites, hepatic encephalopathy, jaundice, renal 

failure or severe infections. They are patients that meet the definitions of class B or C 

cirrhosis according to the Child-Pugh classification.  

 

There is a high risk of short-term death among these patients due to their underlying liver 

condition.201 The best treatment for these patients is often liver transplantation, with a 

goal of reversing liver failure. However, treatment of the underlying HCV infection can be 

undertaken with the hope that viral eradication will lead to an improvement in liver 

function. Furthermore, viral eradication pre-transplant may facilitate post-transplant care 

by avoiding HCV recurrence and improving survival after transplant. In certain cases, the 
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extent of improvement in liver function due to pre-transplant eradication of HCV can be 

such that liver transplantation is no longer required. Although short-term improvements in 

liver function have been observed in many patients treated with DAA regimens, reports 

of worsening decompensation leading to urgent transplantation and death have also been 

reported.202,203 Furthermore some patients who achieve SVR have experienced modest 

or no clinical improvement, remaining with decompensated cirrhosis with a poor quality 

of life.204 For patients who improve enough to fall below priority for transplantation but 

persist with disabling symptoms from decompensated cirrhosis, so-called ‘MELD-

purgatory’, it is unclear if treatment is beneficial.204 Such patients may be better off waiting 

for treatment until after liver transplantation. Overall, the benefits of antiviral therapy must 

be carefully weighed against the risks of on-treatment complications and the prospect of 

limited improvement with SVR before embarking on therapy in patients with 

decompensated cirrhosis.  Small studies suggest that approximately 1 in 3 patients with 

decompensated cirrhosis will improve with treatment adequately to avoid transplantation. 

No firm criteria have been established to identify patients who should defer treatment until 

after transplantation. However, most data suggest that the risk of complications and poor 

post-SVR outcomes is higher in patients with more advanced liver disease, particularly 

those with Child-Pugh Class C complications or MELD scores above 15 to 18.205-209 
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There are limited data in patients with decompensated cirrhosis. However, accumulating 

evidence shows that antiviral eradication is feasible in the majority of patients and that 

some treatment regimens, particularly NS5A inhibitor/sofosbuvir combinations, are safe 

and fairly well tolerated. On the other hand, toxicity has been reported with all regimens 

and appears to be more frequent with some regimens, particularly those containing PIs, 

making them contraindicated in this very fragile population.   

 

Daclatasvir + sofosbuvir + ribavirin. The ALLY-1 study reported on the efficacy of a 12-

week course of daclatasvir plus sofosbuvir with ribavirin in 60 patients (genotype 1, 2, 3, 

4, and 6) with decompensated cirrhosis.126 SVR was achieved in 83% of patients overall. 

In patients with genotype 1, Child-Pugh class B was associated with a higher SVR (94%) 

than a Child-Pugh class C (56%). Patients with genotype 1b had a significantly higher 

SVR rate than genotype 1a (100% versus 76%, respectively). Among patients with 

genotype 3 infection, 83% (5 of 6 patients) achieved SVR.   

 

Ledipasvir/sofosbuvir ± ribavirin. The combination of ledipasvir, sofosbuvir, and low-dose 

ribavirin (600 mg) was evaluated in the SOLAR-1 study, which included 105 patients with 

decompensated cirrhosis (HCV genotype 1, 102 patients; genotype 4, 3 patients).210 

SVR12 was achieved in 87% of patients which Child-Pugh class B cirrhosis who received 

12 weeks of treatment and in 89% who received 24 weeks of treatment. Results were 
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similar in Child-Pugh class C patients (86% versus 87%, respectively).  Most serious 

adverse events observed in this patient population were related to ribavirin, and the 

majority of patients could not tolerate doses higher than 600mg per day. The same 

combination was also tested in the SOLAR-2 study, which included 107 patients with 

decompensated cirrhosis, 97 with genotype 1 and 10 with genotype 4.176 Overall SVR 

was achieved in 87% of patients receiving a 12-week treatment course and in 89% of 

patients receiving 24 weeks of treatment.  Notably, only 50% (5/10) of the patients with 

genotype 4 achieved SVR12. 

 

An observational cohort study of 225 genotype 1 patients from the United Kingdom 

assessed treatment with ledipasvir/sofosbuvir, with and without ribavirin, for 12 weeks or 

daclatasvir plus sofosbuvir, with or without ribavirin, for 12 weeks.211 In the 

ledipasvir/sofosbuvir-treated patients, SVR12 rates were 81% with ribavirin and 86% 

without ribavirin. Patients receiving treatment with daclatasvir plus sofosbuvir had an 

SVR12 rate of 82% with ribavirin and 60% without ribavirin. However, comparison 

between regimens is not possible because patients in this ‘real-world’ study were not 

randomized. The majority of patients received ribavirin, but 20% required dose reductions 

and 60% had to discontinue ribavirin.  MELD scores improved in 42% of treated patients 

and worsened in 11%.   
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Simeprevir + sofosbuvir ± ribavirin. The combination of simeprevir and sofosbuvir, with or 

without ribavirin, has been administered to 160 cirrhotic patients with HCV genotype 1, 

35% of whom were Child-Pugh class B or C. SVR was achieved in 73% of patients of 

Child-Pugh B or C patients.212 Treatment discontinuation, adverse events requiring 

hospitalization, and decompensation were significantly higher in Child-Pugh class B or C 

patients compared to Child-Pugh class A patients. This suggests that the use of 

simeprevir increases the risk of hepatic decompensation, which may be a class effect, as 

this has been reported with other protease inhibitor containing agents.213 Cases of 

decompensation and death have been reported in patients with Child-Pugh class B or C 

cirrhosis receiving paritaprevir/ritonavir/ombitasvir plus dasabuvir, with or without ribavirin  

and, as such, this regimen is now contraindicated in patients with decompensated 

cirrhosis.214  Although the combination of elbasvir and low-dose grazoprevir (50 mg) was 

studied in patients with Child-Pugh class B cirrhosis, the low dose of grazoprevir is not 

commercially available, and at the 100 mg dose in the available fixed-dose combination, 

there is a concern of hepatotoxicity in patients with advanced liver disease. As a result, 

this combination is not recommended for patients with decompensated cirrhosis. 

 

Treatment of patients with hepatocellular carcinoma. Patients with hepatocellular 

carcinoma (HCC) can have either compensated or decompensated cirrhosis.  Recent 

data have shown a reduced rate of SVR in patients with untreated HCC215.  Of 17,487 
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patients treated in the Veteran’s Affairs system in the US, 624 had prior HCC, 482 had 

active HCC and 142 had received a liver transplant for HCC.  SVR was achieved in 91.1% 

without HCC, 94% in those transplanted for HCC and 74.4% in those with an active HCC 

at the time of treatment.  After controlling for baseline factors, the presence of active HCC 

was associated with a reduced likelihood of SVR (OR 0.38 95% CI 0.29 to 0.48, 

p<0.0001). Based on these data, it is recommended to treat HCC prior to treating HCV, 

particularly if liver transplantation is an available treatment option. The optimal time to 

wait after treating HCC before starting antiviral therapy is unknown. Whether SVR affects 

the rate of HCC recurrence after curative therapy is unknown.  Tsai et al reported a higher 

HCC recurrence rate by 6 months after starting DAAs if antiviral therapy was started less 

than 4 months compared to more than 4 months after curative HCC therapy (51% vs 

19%)216.  Whether the timing was causative or merely an association is unknown but 

based on these data, it is recommended to wait at least 4 months after curative HCC 

therapy prior to starting HCV treatment.  Cross-sectional imaging should be performed 

prior to starting HCV therapy to ensure no residual HCC is present. The recommendations 

for antiviral treatment are the same as those outlined for patients with compensated and 

decompensated cirrhosis. 

 

In patients with HCC who are not candidates for liver transplantation, the indication for 

antiviral therapy should be analyzed on an individual basis. The presence of 
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decompensated liver disease has a significant impact on prognosis in these patients.201 

There is no evidence to date that viral eradication improves the outcome of established 

HCC. As such, when overall cancer prognosis is poor, antiviral therapy should generally 

not be administered. In patients in whom cancer-directed therapy has been administered 

with a curative intent, the benefits of DAA therapy have not yet been demonstrated.  

Although it might be intuitive that viral eradication would reduce the risk of HCC 

recurrence or new HCC from developing in the underlying cirrhotic liver, a recent report 

suggests that there might in fact be an increased risk of HCC recurrence when DAAs are 

administered in patients with compensated cirrhosis following curative treatment of 

HCC.217 Other studies have not confirmed this result and it remains unclear whether SVR 

with DAAs affects HCC recurrence.218  This report suggests that treatment of patients 

who have been cured of HCC can be considered, and highlights the importance of 

ongoing HCC surveillance after SVR. 

 

Sofosbuvir/velpatasvir ± ribavirin. The efficacy of sofosbuvir/velpatasvir, with or without 

ribavirin, has been studied in genotype 1, 2, 3, 4, and 6 infected patients with Child-Pugh 

class B cirrhosis.121 This was the only study to evaluate the role of ribavirin in patients 

with decompensated cirrhosis. Genotype 1 patients (78% of the cohort) who received 

sofosbuvir/velpatasvir for 12 weeks had an SVR of 88% without ribavirin and 96% with 

ribavirin. Sofosbuvir/velpatasvir given for 24 weeks without ribavirin resulted in an SVR in 
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92%. In genotype 3 infected patients, ribavirin had the most significant impact, with an 

SVR rate of 85% (11 of 14) in patients treated with sofosbuvir/velpatasvir with ribavirin for 

12 weeks, compared to an SVR of 50% (5 of 10) in those treated without ribavirin for 12 

or 24 weeks. 

 

Treatment in patients with HCV infection following liver transplantation (Table 14) 

Recommendations 

131. Every patient with HCV infection following liver transplant needs access to 

prompt antiviral therapy. (Class 1, Level C) 

132. Antiviral therapy based on genotype and presence of cirrhosis should be 

used similar to the non-transplant population. However, particular attention 

needs to be paid to interactions between DAAs and anti-rejection drugs, 

and this limits the antiviral regimen that can be used safely in this patient 

population (Class 1, Level B) 

 

HCV reinfection of the graft is almost universal in patients who receive a liver transplant 

while they are viremic. The clinical course of HCV infection following liver transplantation 

can be accelerated, is unpredictable, and varies across patients. Overall survival and graft 

viability in patients who experience HCV recurrence after transplantation is less than in 
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patients transplanted for other conditions. Therefore, viral eradication should be achieved 

in every liver transplant patient with active HCV infection to prevent clinically significant 

HCV recurrence and improve overall survival. Treatment should be given irrespective of 

the severity of the HCV recurrence in the graft and at the timing deemed most appropriate 

clinically.  

 

Ledipasvir/sofosbuvir + ribavirin. Ledipasvir/sofosbuvir plus ribavirin administered for 12 

or 24 weeks has been assessed in a large multicentre randomized controlled trial that 

included 223 liver transplant recipients.210  SVR was achieved in 96% of patients in both 

the 12 and 24-week arms. A similar study conducted in Europe, Australia, and New 

Zealand that included 168 post-transplant patients with compensated liver disease 

achieved an SVR of 95% in the 12-week arm and 98% in the 24-week arm (SOLAR-2).176 

Since all these patients received ribavirin, it is not possible to comment on the use of 

ledipasvir/sofosbuvir without ribavirin in this setting.  

 

Other sofosbuvir-based regimens. An early report of a 24-week regimen of sofosbuvir 

combined with ribavirin resulted in SVR12 in 33 of 40 (70%) patients, with recurrent HCV 

genotype 1 post-transplant.210 A 12-week regimen of daclatasvir plus sofosbuvir with 

ribavirin in liver transplant recipients, predominantly infected with the HCV genotype 1, 

was associated with a 94% SVR rate.126 Similarly, a number of studies have reported on 
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the use of simeprevir plus sofosbuvir in patients who experienced HCV reinfection post-

transplant, with SVR rates above 90%.219,220   

 

Paritaprevir/ritonavir/ombitasvir + dasabuvir + ribavirin. A ritonavir-boosted paritaprevir 

and ombitasvir co-formulation plus dasabuvir, with ribavirin, was studied in 34 patients 

with minimal fibrosis after liver transplant.221 Although SVR was achieved in 97% of 

patients, there were significant drug-drug interactions, with most patients needing 0.5mg 

of tacrolimus at a median of every 10 days, making this regimen somewhat difficult to 

manage without careful therapeutic drug monitoring. 

 

As significant interactions between calcineurin inhibitors and first-generation DAA 

regimens have been reported in the past, particular attention has been paid to the impact 

of antiviral therapy on both cyclosporine and tacrolimus levels.  No clinically significant 

interactions have been observed with daclatasvir, ledipasvir or sofosbuvir.  However, 

significant interactions have been observed with simeprevir, with a 5.8-fold increase in 

the area under the curve for simeprevir with the use of cyclosporine and an 85% increase 

with the use of tacrolimus. The combination of simeprevir with cyclosporine is therefore 

not recommended. However, the combination of simeprevir and tacrolimus appears to be 

safe. Similarly, grazoprevir is not recommended for use with cyclosporine but is safe to 

use with tacrolimus. 
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Major and clinically significant interactions have been observed with other protease-

inhibitor-based regimens, such as those containing ritonavir, paritaprevir and grazoprevir. 

These combinations are therefore not recommended. 

 

People who inject drugs 

Recommendations 

133. Antiviral treatment of HCV in PWID is both safe and effective. (Class 1, 

Level A) 

134. The presence of ongoing drug use by itself should not preclude access to 

HCV care, including DAAs. (Class 1, Level B) 

135. Treatment should be provided in the context of comprehensive care which 

mitigates ongoing risk activities, institutes harm reduction and opiate 

substitution therapy when indicated, promotes engagement in care and 

treatment adherence, and optimizes social and medical comorbidities. 

(Class 1, Level C) 

136. For people who continue to engage in risk activities, annual surveillance 

with HCV RNA is recommended post-SVR.  (Class 1, Level B) 
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137. Individuals who are reinfected should be managed as anyone else with 

primary HCV, with a continued strong emphasis on harm reduction 

practices. (Class 1, Level C) 

 

HCV therapy is frequently restricted in persons with a history of recent illicit drug or 

alcohol use, with many jurisdictions requiring variable periods of abstinence or urine 

drug screening for patients to be eligible for therapy.61,222 While specific criteria are 

widely heterogeneous, in most instances they lead to the exclusion of an important 

group of patients from treatment and disproportionately affect a group that accounts for 

the majority of incident infections in Canada.223-225 To date, drug and alcohol restrictions 

have not been applied in Canada; however, fibrosis restrictions greatly limit access to 

therapy, particularly for those with recent infection.61 

 

Complications related to chronic HCV infection in people who inject drugs (PWID) 

continue to rise, and account for increasing liver-related morbidity and mortality.6,226 

Modeling studies have demonstrated that increasing the number of treated individuals 

belonging to core transmitter groups such as PWID has a high likelihood of preventing 

incident HCV cases and reducing overall prevalence of HCV infection.227 
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Compelling data demonstrate that treatment of HCV amongst PWID can be completed 

safely, with similar treatment completion rates and SVRs as non-PWID populations. 

Similar SVR rates have been observed in treatment trials assessing PegIFN-based 

regimens in PWID and non-PWID populations,228 and support services and addiction 

care are generally associated with improved treatment completion.229  Reported rates of 

reinfection following successful treatment in PWID are relatively low, generally in the 

range of 1-5% annually,230 but studies have been small, of short duration, and from 

selected populations, rendering estimated reinfection rates highly variable and 

imprecise.231,232 In dynamic transmission modeling studies, treatment of HCV infected 

PWID with mild to moderate fibrosis appears cost-effective, except at rates of very high 

community seroprevalence (60%) in which case reinfection risk offsets the cost benefit 

of treatment.233 Fibrosis restrictions on access to therapy may worsen the cost-

effectiveness of HCV treatment in PWID populations because of a reduced benefit on 

avoiding transmission in those with recent infection who may be at highest risk of 

transmission. Modeling studies suggest that high treatment coverage among PWID 

maximizes the cost-effectiveness of treatment by reducing the likelihood of reinfection 

through lowering of the prevalence in the PWID population.233 

 

Emerging data support the use of novel DAA therapies in PWID populations on opiate 

substitution therapy. Genotype 1 patients on opiate substitution therapy treated with 
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ledipasvir/sofosbuvir, with or without ribavirin, experienced a 94% rate of SVR12,234 and 

those treated with paritaprevir/ritonavir/ombitasvir plus dasabuvir had an overall SVR 

rate of 97%.235  Similarly, the use of opiate substitution therapy did not impact the rate 

of SVR in patients treated with sofosbuvir/velpatasvir across all genotypes.236 

 

The Phase 3 C-EDGE CO-STAR study237 evaluated elbasvir/grazoprevir in treatment-

naïve patients with HCV genotype 1, 4, and 6 infection on opiate agonist therapy for at 

least three months with 80% adherence to scheduled clinic follow-up visits (21% with 

cirrhosis and 7% with HIV co-infection). Patients were randomized to active treatment or 

placebo in a 2:1 ratio with subsequent crossover to active treatment in those 

randomized to placebo. Despite ongoing evidence of drug use during the study, 

treatment adherence was very high, with 96.5% of patients missing ≤ 3 doses of study 

medication. Incidence of adverse events was similar in the active treatment and placebo 

groups. 189/198 (96%) of patients who completed therapy in the immediate treatment 

group and 85/88 (97%) of patients in the deferred treatment group achieved SVR12. To 

date, 6 reinfection events have occurred in this cohort, 5 of which were in the immediate 

12 weeks following treatment completion prior to SVR12 determination, highlighting the 

importance of considering reinfection rather than relapse in patients who test positive for 

HCV RNA after a full course of therapy.  
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As current data do not support clinically meaningful differences in outcomes between 

patients who recently or actively inject drugs and other HCV patient groups, exclusion 

from therapy based upon drug use alone is not justified. Barriers to care should be 

systematically addressed and treatment provided, ideally in a multidisciplinary model 

which addresses psychiatric, medical, socioeconomic and addiction comorbidities, with 

access to opiate substitution therapy. By pairing such comprehensive treatment 

strategies with harm reduction measures, providers both address and mitigate the real 

risk of reinfection within this patient population.238 For individuals who become 

reinfected, retreatment should be considered as per primary infection.  Modeling studies 

demonstrate that retreatment reduces ongoing transmission and is likely to be cost-

effective.227,233 Detailed guidelines pertaining to the management of HCV in PWID 

populations have recently been published.239 

 

Therapy for Acute HCV infection  

Recommendations 

138. Patients participating in high-risk activities for HCV infection or 

presenting with signs and symptoms of acute infection should be 

screened for HCV annually.  Those with a past history of acute or chronic 

HCV should be screened with HCV RNA. (Class 1, level C) 
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139. Treatment of acute HCV infection should be assessed on an individualized 

basis. (Class 1, level C) 

 

Acute infection is often unrecognized but those with symptomatic infections and those 

with ongoing risk behaviours may be recognized through serial testing.  Although the 

risk of HCV transmission through sexual exposure is generally low, higher rates of 

transmission have been reported in men who have sex with men, particularly those who 

are HIV-infected.240 Historically, acute HCV infection was managed with PegIFN--

based antiviral treatment. Multiple studies demonstrate improved SVR rates with 

interferon-based treatment of acute infection compared to cure rates achieved in 

chronic infection.241-243  Small studies have explored ribavirin-free regimens, but SVR 

rates with this approach tend to be lower. In cases where a rapid virologic response 

(RVR) is achieved, 24 weeks of therapy is recommended. In patients without RVR, a full 

48-week treatment course is recommended.244 Outcomes for those treated within12-24 

weeks of acquisition of HCV are more favorable than if therapy is delayed for over one 

year.242,243 

 

With the emergence of DAA-based therapy, the need for rapid treatment of acute HCV 

infection is being reassessed. The high SVR rates achieved with DAA-regimens 
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reduces the urgency to initiate therapy within the initial six-month window of infection. 

Arguably waiting at least six months after infection ensures that no patient destined to 

spontaneously clear acute infection will receive HCV medications unnecessarily. There 

are accumulating data from small studies suggesting that PegIFN-free DAA therapy is 

effective with cure rates of up to 100% with as little as 6 weeks of ledipasvir/sofosbuvir.  

However, other studies with this and other regimens have shown lower SVR rates with 

short-course therapy and the optimal duration and regimen remains uncertain.245-247  If 

treatment is considered, dosing and duration should follow those used for chronic HCV 

infection until studies clarify if shorter treatments are effective.  Arguments favoring 

early treatment include a diminished risk for loss-to-follow-up and the potential to 

prevent further HCV transmission within the network in which the patient is participating 

in high-risk activities. A concerted effort to provide education and resources to reduce 

reinfection risk behaviours, even if treatment is not offered, is highly recommended.   

 
HIV Co-Infection 
 

Recently published guidelines in Canada provide a comprehensive overview of the 

approach to this population.5 

 

POST-TREATMENT FOLLOW-UP 

Recommendations 
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140. Patients who achieve sustained virologic response and do not have 

cirrhosis require no specific liver-related follow-up.  In those with ongoing 

risk exposures, annual HCV RNA testing to assess for reinfection is 

recommended (Class 1, Level C) 

141. Patients who achieve SVR and have cirrhosis require ongoing HCC 

screening indefinitely. (Class 1, Level C) 

142. Patients who do not achieve SVR should be considered for re-treatment 

with a salvage regimen. (Class 1, Level C) 

 

Once patients complete treatment and their SVR status is known, post-treatment follow-

up plans should be discussed between patient and provider.  These plans will be 

dependent upon whether SVR was achieved, and the pre-treatment fibrosis stage of the 

patient. 

 

For patients without cirrhosis who achieve SVR, no specific follow-up is required. 

Patients will remain anti-HCV antibody positive lifelong but are not protected from 

reinfection. The risk of late relapse is extremely low and repeat HCV RNA testing is 

warranted only in those with unexplained ALT elevation or with ongoing risk exposures 

(e.g. people who inject drugs), in whom annual HCV RNA testing should be considered. 
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Individuals who are reinfected should be managed as anyone with primary HCV, with a 

continued strong emphasis on harm reduction practices. 

 

For patients with cirrhosis before starting therapy, ongoing follow-up is required. HCC 

surveillance with biannual ultrasound should be continued indefinitely after SVR, even if 

non-invasive tests no longer suggest the presence of cirrhosis.  For those with a treated 

HCC prior to SVR, close surveillance is required after HCV treatment, with some reports 

suggesting an increased risk of HCC recurrence after viral clearance. 

   

For those with cirrhosis who achieve SVR, in the absence of concomitant ongoing liver 

disease, the risk of development of new esophageal varices or progression from small 

to large varices is very low.248  If endoscopic surveillance was performed prior to 

treatment and no or small varices were seen, no additional surveillance is required in 

the absence of ongoing liver injury. 

 

For patients who do not achieve SVR, issues such as adherence and drug-drug 

interactions should be discussed and retreatment should be considered.  

 

Other Guidelines 
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The treatment recommendations are very similar to those from other national and 

international societies, including the European Association for the Study of the Liver 

(EASL),249 and the American Association for the Study of Liver Disease (AASLD) and 

Infectious Disease Society of America (IDSA).250  The notable differences from the 

EASL and AASLD/IDSA recommendations are: 1. Greater use of resistance testing to 

guide therapy in the Canadian Guidelines and 2. Support for a broader list of 

recommended therapies in the Canadian Guidelines for some populations.   

1. Resistance testing: The Canadian Guidelines recommend resistance testing for all 

patients with genotype 1a infection scheduled to receive elbasvir/grazoprevir and for 

those who have failed prior peginterferon and ribavirin scheduled to receive 

sofosbuvir/ledipasvir. For those who test positive for relevant resistance-associated 

substitutions, recommendations for use of elbasvir/grazoprevir (add ribavirin and extend 

therapy to 16 weeks) and sofosbuvir/ledipasvir (add ribavirin) are made. The EASL 

guidelines recommend managing elbasvir/grazoprevir based on prior treatment 

response and viral load if resistance testing is unavailable and do not recommend 

resistance testing in those scheduled to receive sofosbuvir/ledipasvir. The AASLD/IDSA 

guidance document offers the same recommendation as the Canadian guideline for 

elbasvir/grazoprevir but does not recommend resistance testing in those scheduled to 
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receive sofosbuvir/ledipasvir. The rationale for resistance testing is clearly outlined in 

the section on ‘Antiviral Resistance’. 

2. Recommended regimens: As outlined in Note on Treatment Consensus 

Recommendations, treatment was recommended based on the quality of the evidence 

supporting efficacy and safety.  All regimens shown to be equally safe and effective in 

high quality studies were recommended, regardless of factors such as pill burden, 

potential for drug interactions, duration of therapy and the need for ribavirin, which may 

influence the choice of therapy for an individual patient.  All recommended regimens by 

EASL and AASLD/IDSA are also listed as ‘recommended’ in this Canadian document, 

however in some cases, additional regimens are also listed in the recommended 

category. 

The most notable difference in these guidelines is the screening recommendation. The 

Canadian Task Force for Preventative Health (CTFPH) recently published 

recommendations against screening individuals who are not at high risk of HCV 

infection.29 They specifically did not recommend screening the Baby Boomer birth 

cohort (1945-1970), whereas we have strongly recommended screening this population.  

The rationale for the difference in screening recommendations is explained above in the 

section on screening.  
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CONCLUSIONS 

HCV management is a rapidly evolving field.  While HCV infection remains a very 

burdensome public health problem, new therapeutic regimens have the potential to 

improve population liver health. Ongoing challenges in Canada include the identification 

of all infected-persons, the prevention of new infections, and improved access to new 

therapies for all infected patients.  
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Table 1: Grading System for Recommendations 

 

Table 2a: Populations for whom HCV testing is recommended 

* Retesting should be performed at least once per year in those individuals engaged in 

ongoing high-risk activities 

 

Table 2b: Routine Testing of Patients with Chronic HCV * 

* Confirmed anti-HCV antibody positive. 

† Suggested tests only. Tailor testing to individual case based on signs, symptoms and 

patterns of liver test abnormalities.   

HCV, hepatitis C virus; ALT, alanine aminotransferase; AST, aspartate 

aminotransferase; GGT, gamma-glutamyl transferase; INR, International Normalized 

Ratio; PT, prothrombin time; IgG, immunoglobulin G; HBsAG, hepatitis B surface 

antigen; anti-HBs, hepatitis B surface antibody; anti-HBc, total hepatitis B core antibody; 

HIV, human immunodeficiency virus; TIBC, Total iron-binding capacity; APRI, AST to 

platelet ratio index; HCC, hepatocellular carcinoma 
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Table 3. Health Canada Approved Direct-Acting Antiviral Regimens in Canada 

*Production discontinued by manufacturer 

Table of approved hepatitis C treatment regimens in Canada containing a DAA, 

presented in order of approval. 

 

Table 4. Indications for pre-treatment resistance testing in DAA-naïve patients 

Baseline RAS testing is not recommended for DAA-naïve patients with genotypes 1b, 2, 

4, 5 or 6.  Baseline RAS testing is recommended for all patients who experienced 

virological failure with an IFN-free DAA combination. 

GZP/EBR, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; RAS, non-

structural 5a resistance-associated variant; RBV, ribavirin (weight-based dosing: 1,000 

mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SIM, simeprevir (150 mg once daily); SOF, 

sofosbuvir (400 mg once daily); LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) one 

tablet once daily; SOF/VEL, sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet once 

daily. 

 

Table 5. Treatment-Naïve patients with HCV genotype 1 
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DSV, dasabuvir (250 mg) one tablet twice daily; DCV, daclatasvir (60 mg) one tablet 

once daily; GZP/EBR, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; 

NS5A RAS, non-structural 5a resistance-associated variant; PrOD, paritaprevir (150 

mg)/ritonavir (100 mg)/ombitasvir (25 mg) with two tablets once daily; RBV, ribavirin 

(weight-based dosing: 1,000 mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SIM, 

simeprevir (150 mg once daily); SOF, sofosbuvir (400 mg once daily); LDV/SOF, 

ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily;. SOF/VEL, sofosbuvir (400 

mg)/velpatasvir (100 mg) one tablet once daily. 

 *1: In non-cirrhotic persons with a baseline viral load < 6 million IU/mL consider using 

an 8 week regimen of LDV/SOF (see below). 

*2: 8 weeks recommended in treatment-naive patients with F0-2 fibrosis. For those with 

F3/4, 12 weeks of therapy should be given. 

*3: Baseline Q80K RAS testing recommended.  Please see below. 

 

Table 6. Treatment-experienced patients with HCV genotype 1 previously treated 

with pegylated interferon- and ribavirin, with or without sofosbuvir 

DSV, dasabuvir (250 mg) one tablet twice daily; DCV, daclatasvir (60 mg) one tablet 

once daily; EBR/GZP, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; 
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NS5A RAS, non-structural 5a resistance-associated substitution; PEG, pegylated-

interferon alfa-2 (180 µg subcutaneously/week) or pegylated-interferon alfa-2 (1.5 

µg/kg/week); PrOD, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two 

tablets once daily + dasabuvir (250 mg) one tablet twice daily; Q80K, simeprevir-

associated resistance substitution at position 80; RBV, ribavirin (weight-based dosing: 

1,000 mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SIM, simeprevir (150 mg once daily); 

SOF, sofosbuvir (400 mg once daily); LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) 

once daily (one tablet); SOF/VEL, sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet 

once daily. 

 * Patients with HCV genotype 1a, cirrhosis, and prior null response should receive 24 

weeks of PrOD+RBV if treated with this regimen. Relapsers and partial responders with 

genotype 1 and cirrhosis can be treated for 12 weeks with PrOD+RBV. 

 † SIM-containing regimens should not be given to patients who have failed prior 

therapy with a protease inhibitor. 

 ‡ Patients with genotype 1a infection considering EBR/GZP therapy should have 

testing for resistance-associated substitutions (RASs) to non-structural 5a (NS5A) 

inhibitors.  If NS5A RASs are detected by population sequencing, treatment should be 

extended to 16 weeks with the addition of weight-based ribavirin, or an alternative 

regimen should be used. If no RASs are detected, treatment should be given for 12 
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weeks without the use of ribavirin.  If RAS testing is unavailable, treatment should be 

given for 16 weeks with ribavirin. Testing is not required for patients with genotype 1b 

infection. 

 ^ Patients with genotype 1a infection considering LDV/SOF therapy should have testing 

for RASs to NS5A inhibitors. If NS5A RASs are detected by population sequencing, 

weight-based ribavirin should be added to therapy, treatment duration should be 

extended or an alternative regimen should be used.  If no RASs are detected, treatment 

intensification is not required. If RAS testing is unavailable, the regimen should be the 

same as used for patients with detectable RASs. Testing is not required for patients with 

genotype 1b infection. 

 

Table 7. Treatment-experienced patients with HCV genotype 1 previously treated 

with a regimen containing an NS3 protease inhibitor 

DSV, dasabuvir (250 mg) one tablet twice daily; DCV, daclatasvir (60 mg) one tablet 

once daily; EBR/GZP, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; 

NS5A RAS, non-structural 5a resistance associated substitution; PEG, pegylated-

interferon alfa-2 (180 µg subcutaneously/week) or pegylated-interferon alfa-2β (1.5 

µg/kg/week); PrOD, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two 
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tablets once daily + dasabuvir (250 mg) one tablet twice daily; Q80K, simeprevir-

associated resistance substitution at position 80; RBV, ribavirin (weight-based dosing: 

1,000 mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SIM, simeprevir (150 mg once daily); 

SOF, sofosbuvir (400 mg once daily); LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) 

one tablet once daily;. SOF/VEL, sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet 

once daily. 

  ^ Patients with genotype 1a infection considering LDV/SOF therapy should have 

testing for resistance-associated substitutions (RASs) to non-structural 5a (NS5A) 

inhibitors.  If NS5A RASs are detected by population sequencing, weight-based ribavirin 

should be added to therapy, treatment duration should be extended or an alternative 

regimen should be used.  If no RASs are detected, treatment intensification is not 

required.  If RAS testing is unavailable, the approach should follow that for patients with 

detectable RASs.  Testing is not required for patients with genotype 1b infection. 

 ‡ Patients with genotype 1a infection considering EBR/GZP therapy should have 

testing for resistance-associated substitutions (RASs) to non-structural 5a (NS5A) 

inhibitors.  If NS5A RASs are detected by population sequencing, treatment should be 

extended to 16 weeks with the addition of weight-based ribavirin or an alternative 

regimen should be used.  If no RASs are detected, treatment should be given for 12 

weeks without the use of ribavirin.  If RAS testing is unavailable, treatment should be 
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given for 16 weeks with ribavirin.  Testing is not required for patients with genotype 1b 

infection. 

 

Table 8. Patients with HCV genotype 2 

DCV, daclatasvir (60 mg) one tablet once daily; RBV, ribavirin (weight-based dosing: 

1,000 mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SOF, sofosbuvir (400 mg once 

daily); SOF/VEL, sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet once daily. 

 

Table 9. Patients with HCV genotype 3 

DSV, dasabuvir (250 mg) one tablet twice daily; DCV, Daclatasvir (60mg); PEG; 

pegylated-interferon alfa-2 (180 µg subcutaneously/week) or pegylated-interferon alfa-

2β (1.5 µg/kg/week); PI, protease inhibitor (e.g. boceprevir, telaprevir, or simeprevir); 

PrOD, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two tablets once daily 

+ dasabuvir (250 mg) one tablet twice daily; RBV, ribavirin (weight-based dosing [1,000 

mg daily if <75 kg; 1,200 mg daily if ≥75 kg] if combined with SOF; 800 mg daily if used 

in dual therapy with PEG); SIM, simeprevir (150 mg daily); SOF, sofosbuvir (400 mg 

daily); LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily. 
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* Approved, but a clinically inferior regimen. 

^ Patients with genotype 3 infection with cirrhosis should have testing for resistance-

associated substitutions (RASs) to non-structural 5a (NS5A) inhibitors.  If the Y93 RAS 

is detected by population sequencing, weight-based ribavirin should be added to 

therapy.  If no RASs are detected, treatment intensification is not required.  If RAS 

testing is unavailable, the approach should follow that for patients with detectable RASs.   

 

Table 10. Patients with HCV genotypes 4, 5, and 6 

BOC, boceprevir; DSV, dasabuvir (250 mg) one tablet twice daily; PEG; pegylated-

interferon alfa-2 (180 µg subcutaneously/week) or pegylated-interferon alfa-2β (1.5 

µg/kg/week); PrO, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two 

tablets once daily; RBV, ribavirin (weight-based dosing: 1,000 mg daily if <75 kg; 1,200 

mg daily if ≥75 kg); SIM, simeprevir (150 mg once daily); SOF, sofosbuvir (400 mg once 

daily); LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily; TVR, 

telaprevir. 

 

Table 11. Patients who have failed a prior all-oral DAA regimen 
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SOF/VEL/VOX, sofosbuvir (400mg)/velpatasvir (100mg)/voxilaprevir (100mg) one tablet 

once daily; GLE/PIB, glecaprevir (300mg)/pibrentasvir (120mg) one tablet of 

100mg/40mg three times daily. 

DSV, dasabuvir (250 mg) one tablet twice daily; DCV, daclatasvir (60 mg) one tablet 

once daily; GZP/EBR, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; 

PrOD, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) with two tablets once 

daily; RBV, ribavirin (weight-based dosing: 1,000 mg daily if <75 kg; 1,200 mg daily if 

≥75 kg); SIM, simeprevir (150 mg once daily); SOF, sofosbuvir (400 mg once daily); 

LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily;. SOF/VEL, 

sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet once daily. 

 

Table 12. Patients with advanced CKD (GFR ≤ 30mL/min), including patients on 

dialysis 

+ Baseline testing for RAVs prior to the use of EBR/GZP in patients with CKD is NOT 

required. 

^Alternative therapies which contain ribavirin should only be used if patient has a 

contraindication to a regimen that does not contain ribavirin. 
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*Data in CKD is limited. However, these drugs are effective in GT4 and are safe in renal 

failure. 

#If patients cannot take GLE/PIB due to decompensated cirrhosis with CKD , SOF 

containing regimes can be considered as per recommendations for the specific 

genotype. 

 

Table 13. Decompensated cirrhosis 

DSV, dasabuvir (250 mg) one tablet twice daily; DCV, daclatasvir (60 mg) one tablet 

once daily; GZP/EBR, elbasvir (50 mg)/grazoprevir (100 mg) one tablet once daily; 

PrOD, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) with two tablets once 

daily; RBV, ribavirin (weight-based dosing: 1,000 mg daily if <75 kg; 1,200 mg daily if 

≥75 kg); SIM, simeprevir (150 mg once daily); SOF, sofosbuvir (400 mg once daily); 

LDV/SOF, ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily;. SOF/VEL, 

sofosbuvir (400 mg)/velpatasvir (100 mg) one tablet once daily. 

*Although there is evidence for using this regimen in patients with this genotype, there 

very Limited number of patients.  
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Table 14. Treatment of patients with HCV infection following liver transplant 

# If RBV contraindicated. 

*RAS testing. While RAS testing has not been evaluated following similar guidelines 

based on genotype and regimen as proposed for non-transplant patients this would be a 

reasonable approach.  

BOC, boceprevir; DSV, dasabuvir (250 mg) one tablet twice daily; PEG; pegylated-

interferon alfa-2  (180 µg subcutaneously/week) or pegylated-interferon alfa-2β (1.5 

µg/kg/week); PrO+/-D, paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg) two 

tablets once daily, with or without dasabuvir (250 mg) one tablet twice daily; RBV, 

ribavirin (weight-based dosing: 1,000 mg daily if <75 kg; 1,200 mg daily if ≥75 kg); SIM, 

simeprevir (150 mg once daily); SOF, sofosbuvir (400 mg once daily); LDV/SOF, 

ledipasvir (90 mg)/sofosbuvir (400 mg) one tablet once daily; TVR, telaprevir. 
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TABLES 

 

Table 1: Grading System for Recommendations 

Classification Description 

Class of Evidence 

Class 1 
Conditions for which there is evidence and/or general agreement that a 
given diagnostic evaluation procedure or treatment is beneficial, useful, 
and effective. 

Class 2 
Conditions for which there is conflicting evidence and/or a divergence of 
opinion about the usefulness/efficacy of a diagnostic evaluation, 
procedure, or treatment. 

Class 2a Weight of evidence/opinion is in favour of usefulness/efficacy. 

Class 2b Usefulness/efficacy is less well established by evidence/opinion.  

Class 3 
Conditions for which there is evidence and/or general agreement that a 
diagnostic evaluation, procedure/treatment is not useful/effective and in 
some cases may be harmful. 

Grade of Evidence 

Level A Data derived from multiple randomized clinical trials or meta-analyses. 

Level B Data derived from a single randomized trial, or nonrandomized studies.  

Level C Only consensus opinions of experts, case studies, or standard-of-care. 
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Table 2a. Populations for whom HCV testing is recommended 

Risk-Factor Based Screening 

• History of current or past (even once) injection drug use*  

• Received healthcare or personal services where there is a lack of infection 

prevention and control practices  

• Received a blood transfusion, blood products or organ transplant before 1992 in 

Canada  

• History of or current incarceration 

• Born or resided in a region where hepatitis C prevalence is >3% 

o Central, East and South Asia;  

o Australasia and Oceania;  

o Eastern Europe;  

o Sub-Saharan/North Africa & Middle East;  

o Canadian Indigenous Populations 

• Born to a mother who is HCV-infected 

• History of sexual contact or sharing of personal care items with someone who is 

HCV-infected* 

• HIV infection, particularly men who have sex with men* 

• Received chronic hemodialysis treatment 

• Elevated ALT 

Population-Based Screening 
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• Born between the years 1945 and 1970 
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Table 2b: Routine Testing of Patients with Chronic Hepatitis C * 
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Category of Testing Tests Comments 

Confirmation and 

characterization of 

chronic infection 

HCV RNA 

HCV genotype and subtype 

Confirms chronicity and baseline for treatment responses. 

Directs choice of treatment regimen. 

Assessment of liver 

disease 

Complete blood count 

 

 

ALT 

AST 

GGT 

Alkaline phosphatase 

Bilirubin 

 

INR (or PT) 

Albumin 

Creatinine 

 

 

Abdominal ultrasound 

Thrombocytopenia may indicate cirrhosis and portal 

hypertension. Platelets needed for APRI calculation. 

 

Normal value does not preclude significant fibrosis. 

AST needed for calculation of APRI. 

 

 

Elevated bilirubin or INR, or hypoalbuminemia may 

indicate significant liver dysfunction. 

 

 

Renal dysfunction increases ribavirin-related hemolytic 

anemia and may impact drug pharmacodynamics. 

 

May suggest cirrhosis, in which case, serves as a baseline 

for HCC surveillance. 

Viral coinfections 

IgG anti-HAV 

HBsAg 

anti-HBs 

anti-HBc 

anti-HIV 

If negative, vaccinate against hepatitis A. 

Exclude hepatitis B coinfection. 

If HBsAg, anti-HBs, and anti-HBc are all negative, 

vaccinate against hepatitis B. 

Exclude HIV coinfection. 
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Exclude other 

causes of liver 

disease † 

Alpha-1-antitrypsin 

Ceruloplasmin 

Ferritin, serum iron, TIBC 

Antinuclear antibody 

Smooth muscle antibody 

Anti-mitochondrial antibody 

IgG 

IgA 

IgM 

Alpha-1-antitrypsin deficiency. 

Wilson disease. 

Iron overload. 

Autoimmune hepatitis (AIH). 

 

Primary biliary cirrhosis (PBC). 

Often elevated in AIH and cirrhosis of any cause. 

Often elevated in fatty liver and alcoholic liver disease. 

Often elevated in PBC. 

To excluded 

contraindications to 

treatment 

Serum or urine β-HCG 

Electrocardiogram 

 

 

 

Exclude pregnancy in women of reproductive age. 

If >50 years or history of cardiac disease if ribavirin to be 

included in treatment regimen. 
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 Table 3. Health Canada Approved Direct-Acting Antiviral Regimens in Canada 

Genotype Regimen Year of Approval 

1 Boceprevir* + PegIFN- + ribavirin 2011 

1 Telaprevir* + PegIFN- + ribavirin 2012 

1 Simeprevir + PegIFN- + ribavirin 2013 

1, 4 Sofosbuvir + PegIFN- + ribavirin 2013 

2, 3 Sofosbuvir + ribavirin 2013 

1 Ledipasvir/sofosbuvir ± ribavirin 2014 

1 Paritaprevir/ritonavir/ombitasvir + dasabuvir ± 

ribavirin 

2014 

1, 2, 3 Daclatasvir + sofosbuvir  ± ribavirin 2015 

1, 4 Elbasvir/grazoprevir ± ribavirin 2016 

1-6 Sofosbuvir/velpatasvir ± ribavirin 2016 

3 Elbasvir/grazoprevir + sofosbuvir  2016 

4 Paritaprevir/ritonavir/ombitasvir + ribavirin 2015 

1-6 Sofosbuvir/velpatasvir/voxilaprevir 2017 

1-6 Glecaprevir/pibrentasvir 2017 
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Table 4. Indications for pre-treatment resistance testing in DAA-naïve patients 

Genotype Regimen Treatment 
History 

Cirrhosis Strategy if RAS +ve 

1a SIM + SOF Naïve / 
Experienced 

Yes Use alternative regimen 

LDV/SOF Experienced 
 
Naive 

Yes/No 
 
Yes 

Add RBV 
 
Add RBV 

EBR/GZP Naïve / 
Experienced 

Yes/No Add RBV + extend to 16 w 

3 SOF/VEL Naïve / 
Experienced 

Yes Consider adding RBV 
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Table 5. Treatment-naïve patients with Hepatitis C virus (HCV) genotype 1 

Population Recommended Alternative 

Genotype 1a, 

non-cirrhotic 

• EBR/GZP x 12w if NS5A RAS absent 
(RAS testing recommended) 

• EBR/GZP +RBV x 16w if NS5A RAS 
present (RAS testing recommended) *1 

• GLE/PIB x 8w 

• LDV/SOF x 8-12w *1 

• PrOD+RBV x 12w 

• SOF/VEL x 12w 

• DCV+SOF x 12w 

• SIM+SOF x 12w  *3 

 

Genotype1b,  

non-cirrhotic 

• EBR/GZP x 12w 

• GLE/PIB x 8w 

• LDV/SOF x 8-12w  *1 

• PrOD x 8-12w *2 

• SOF/VEL x 12w 

• DCV+SOF x 12w 

• SIM+SOF x 12w 

 

Genotype 1a, 
compensated 
cirrhosis 

• EBR/GZP x 12w if NS5A RAS absent 
(RAS testing recommended) 

• EBR/GZP +RBV x 16w if NS5A RAS 
present (RAS testing recommended) 

• GLE/PIB x 12w 

• LDV/SOF x 12w if NS5A RAS absent 
(RAS testing recommended) 

• LDV/SOF+RBV x 12w if NS5A RAS 
present (RAS testing recommended) 

• PrOD+RBV x 12w 

• SOF/VEL X 12w  

• DCV+SOF x 24w  

• SIM+SOF x12w if NS3 RAS 
absent and if RAS present 
consider using a different regimen 
(RAS testing recommended).   
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Genotype 1b, 
compensated 
cirrhosis 

• EBR/GZP x 12w 

• GLE/PIB x 12w 

• LDV/SOF x 12w 

• PrOD x 12w 

• SOF/VEL X 12w  

• DCV+SOF x 24w  

• SIM+SOF x 12w 
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Table 6. Treatment-experienced patients with HCV genotype 1 previously treated 

with pegylated interferon- and ribavirin, with or without sofosbuvir  

 Population Recommended Alternative 

Genotype 1a, 
non-cirrhotic 

• EBR/GZP x 12w if NS5A RAS absent 
(RAS testing recommended) ‡ 

• EBR/GZP +RBV x 16w if NS5A RAS 
present (RAS testing 
recommended) 

• GLE/PIB x 8w 

• LDV/SOF x 12w if RAS absent (NS5A 
RAS testing recommended) 

• LDV/SOF+RBV x 12w if NS5A RAS 
present (RAS testing 
recommended) 

• PrOD+RBV x 12w 

• SOF/VEL x 12w 

• DCV+SOF x 12w 

• SIM+SOF x 12w  (RAS 
testing recommended) † 

  

Genotype 1b,  
non-cirrhotic 

• EBR/GZP x 12w 

• GLE/PIB x 8w 

• LDV/SOF x 12w 

• PrOD x 12w 

• SOF/VEL x 12w 

• DCV+SOF x 12w †  

• SIM+SOF x 12w 

Genotype 1a, 
compensated 
cirrhosis 

• EBR/GZP x 12w if NS5A RAS absent 
(RAS testing recommended) 

• EBR/GZP +RBV x 16w if NS5A RAS 
present (RAS testing 
recommended) 

• GLE/PIB x 12w 

• DCV+SOF x 24w 

• EBR/GZP + RBV x 16w if 
NS5A RAS+ 

• SIM+SOF x 12w if Q80K 
negative (NS3 RAS testing 
required) † 
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• LDV/SOF+RBV x 12w (RAS testing 
recommended, extension to 24w if 
present) 

• LDV/SOF x 24w (RAS testing 
recommended, add RBV if present) 

• PrOD+RBV x 12-24w* 

• SOF/VEL x 12w 

Genotype 1b, 
compensated 
cirrhosis 

• EBR/GZP x 12w 

• GLE/PIB x 12w 

• LDV/SOF x 24w·      

• LDV/SOF+RBV x 12w 

• PrOD x 12w 

• SOF/VEL x 12w 

• DCV+SOF x 24w  

• SIM+SOF x 12w† 
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Table 7. Treatment-experienced patients with HCV genotype 1 previously treated 
with a regimen containing an NS3 protease inhibitor  

Population Recommended Alternative 

Genotype 1a, 
non-cirrhotic 

• GLE/PIB x 12W 

• LDV/SOF x 12w (NS5A 
RAS testing 
recommended, add 
RBV if present) 

• SOF/VEL x 12 w 

• DCV+SOF x 12 w 

• EBR/GZP x 12w if 
NS5A RAS absent, or 
16w + RBV if NS5A 
RAS present (RAS 
testing required) ‡ 

• PrOD+RBV x 12w 

Genotype 1b, 
non-cirrhotic 

• GLE/PIB x 12w 

• LDV/SOF x 12w 

• SOF/VEL x 12 w 

• DCV+SOF x 12w 

• EBR/GZP x 12w (no 
RAS testing required) 

• PrOD+RBV 

Genotype 1a, 
compensated 
cirrhosis 

• GLE/PIB x 12w 

• LDV/SOF x 24w (RAS 
testing recommended 
consider addition of 
RBV if present) 

• LDV/SOF + RBV x 12w 
(RAS testing 
recommended 
consider extension to 
24w if present) 

• SOF/VEL x 12w 

• DCV+SOF x 12w 

• EBR/GZP x 12w if 
NS5A RAS–, or 16w + 
RBV if NS5A RAS+ 
(RAS testing 
required) ‡ 

• LDV/SOF x 24w 
(consider NS5A RAS 
testing, add RBV if 
present) 

Genotype 1b, 
compensated 
cirrhosis 

• GLE/PIB x 12w 

• LDV/SOF x 24w 

• DCV+SOF x 12w 

• EBR/GZP x 12w (no 
RAS testing required) 
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• LDV/SOF+RBV x 12w 

• SOF/VEL x 12w 

  

 

Table 8. Patients with HCV genotype 2 

Population Recommended Alternative 

Treatment-naïve, 
non-cirrhotic 

• GLE/PIB x 8w 

• SOF/VEL x 12w 
 

• DCV+SOF x 12 w 

• SOF+RBV x 12w 

Treatment-naïve, 
compensated 
cirrhosis 

• GLE/PIB x 12w 

• SOF/VEL x 12w 

• DCV+SOF x 12 w 

• SOF+RBV x 12w 

Treatment-
experienced 
non-cirrhotic 

• GLE/PIB x 8w 

• SOF/VEL x 12w 

 

• DCV+SOF x 12 w 

• SOF+RBV x 12w 

Treatment-
experienced 
compensated 
cirrhosis 

• GLE/PIB x 12w 

• SOF/VEL x 12w 
 

• DCV+SOF x 12-24w  

• SOF+RBV x 16-24w* 

 

 



 

Table 9. Patients with HCV genotype 3  

Population Recommended Alternative 

Treatment-naïve, 
non-cirrhotic 

• DCV+SOF x 12w 

• GLE/PIB x 8w 

• LDV/SOF+RBV x 12w 

• SOF/VEL x 12w 

 

• EBR/GZP + SOF x 12w  

• SOF + RBV x 24w 

 

Treatment-naïve, 
compensated 
cirrhosis 

• GLE/PIB x 12w 

• SOF/VEL +/-RBV x 12w 

(RAS testing recommended, 

consider adding RBV if 

present) ^ 

 

• EBR/GZP +SOF x 12w 

• DCV+SOF x 24w 

• DCV+SOF+RBV 12-24w 

Treatment-
experienced 
non-cirrhotic 

• DCV+SOF 12w 

• LDV/SOF+RBV x 12w 

• SOF/VEL x 12w  

• GLE/PIB x 16w 

• SOF+RBV X 24w * 

Treatment-
experienced 
compensated 
cirrhosis 

• SOF/VEL +/-RBV x 12w 

(RAS testing recommended)^ 

 

• DCV+SOF x 24w 

• DCV+SOF+RBV 12-24w 

• GLE/PIB x 16w 
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10. Patients with HCV genotypes 4, 5, and 6 

 

Population Recommended Alternative 

Genotype 4 • EBR/GZP x 12 w (treatment-
naïve and PegIFN-α 
relapser),  

• EBR/GZP x 16 wk (PegIFN-
α-experienced non-
responder) 

• GLE/PIB x 8w (no cirrhosis) 

• GLE/PIB x 12w 
(compensated cirrhosis) 

• LDV/SOF x 12w 

• PrO+RBV x 12w 

• SOF/VEL x 12 w 

 

• None 

Genotype 5 • GLE/PIB x 8w (no cirrhosis) 

• GLE/PIB x 12w 
(compensated cirrhosis) 

• LDV/SOF x 12w 

• SOF/VEL x 12 w 

• None 

Genotype 6 • GLE/PIB (no cirrhosis) 

• GLE/PIB x 12w 
(compensated cirrhosis) 

• LDV/SOF x 12w 

• SOF/VEL x 12 w 

• None 

 

 
 



 

 
 Table 11. Patients with who have failed a prior all-oral DAA regimen* 
 

Population Recommended Alternative 

G1a/b, prior non-NS5A 
containing regimen, with or 
without compensated 
cirrhosis 

SOF/VEL/VOX x 12w GLE/PIB x 12w 

G1a/b, prior NS5A 
containing regimen, with or 
without compensated 
cirrhosis 

SOF/VEL/VOX x 12w GLE/PIB x 16w 

G2, G3, G4, G5, G6, prior 
failure with any all-oral 
regimen, with or without 
compensated cirrhosis 

SOF/VEL/VOX x 12w None 

 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12. Patients with advanced CKD (GFR ≤ 30mL/min), including patients on 
dialysis 
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Population Recommended Alternative^ 

Genotype 1a • EBR/GZP x 12w+ 

•  GLE/PIB x 8w without 
cirrhosis and x 12w with 
compensated cirrhosis 

• PrOD + low dose RBV x 12w 

Genotype 1b • EBR/GZP x 12w 

• GLE/PIB x 8w without cirrhosis 
and x 12w with compensated 
cirrhosis 

• PrOD x 12w 

 

Genotype 2 • GLE/PIB x 8w without cirrhosis 
and x 12w with compensated 
cirrhosis 

• See text for SOF-containing regimens# 

Genotype 3 • GLE/PIB x 8w (naïve, non-
cirrhotic) 

• GLE/PIB x 12w (naïve, 
compensated cirrhosis) 

• GLE/PIB x 16w (treatment-
experienced +/- compensated 
cirrhosis) 

• See text for SOF-containing regimens# 

Genotype 4* • EBR/GZP x 12w 

• GLE/PIB x 8w without cirrhosis 
and x 12w with compensated 
cirrhosis 

• PrOD+ low dose RBV x 12w 

Gentotype 5,6# • GLE/PIB x 12w See text for SOF-containing regimens# 

 

Table 13. Decompensated cirrhosis 
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Population 
Recommended Alternative Not recommended 

Genotype 1 

• DCV+SOF+RBV 
600mg x 12 w 

• LDV/SOF+RBV 600mg 
x 12 w  

• SOF/VEL +RBV x 12w 
 

• DCV+SOF x 24w 

• LDV/SOF x 24w 

• SOF/VEL x 12w 
 

• All Interferon containing 
regimens 

• EBR or GZP -based 
regimens 

• PrOD  
 

• SIM-based regimen 

Genotype 2 

• DCV+SOF+RBV 600 
mg x 12w 

• SOF/VEL +RBV 600 
mg  x 12w 

 

• DCV+SOF x 24w 

• SOF/VEL x 24w 

 

• All Interferon containing 
regimens 

• EBR or GZP - based 
regimens 

• PrOD+RBV 

• SIM-based regimens 

Genotype 3 

 

 

• DCV+SOF+RBV 
600mg x 12w  

• SOF/VEL+RBV 600 mg 
x 12w 

 

• DCV+SOF x 24 w 

• VEL/SOF x 24 w 

 

 

• All Interferon containing 
regimens 

• EBR or GZP -based 
regimens 

• PrOD  

• SIM-based regimens 

 

 

Genotype 4* 

 

• DCV+SOF+RBV 
600mg x 12w 

• LDV/SOF+RBV 600mg 
x 12w 

• SOF/VEL +RBV x 12w 

 

• DCV+SOF x 24w 

• LDV/SOF x 24w 

• SOF/VEL x 24w 

 

• All Interferon containing 
regimens 

• EBR or GZP -based 
regimens 

• PrOD+RBV 

• SIM-based regimens  

 

Genotype 5* 

& 6*# 
• SOF/VEL +RBV x 12w 

  

 

 

Table 14. Treatment of patients with HCV infection following liver transplant 
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Population Recommended Alternative Not recommended 

Genotype 1  

compensated liver 

disease 

• DCV+SOF+RBV 
600mg x 12w 

• LDV/SOF x 24w 

• LDV/SOF+RBV12w* - 
RBV intol-24w 

• DCV+SOF x 24w 

• SIM+SOF+RBV 12w 

• SOF+RBV x 24w 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV 

Genotype 1 

decompensated liver 

disease 

• LDV/SOF+RBV 
600mg x 12w 

 

• LDV/SOF x 24w 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV 

• SIM-containing regimens 

Genotype 2 

compensated liver 

disease* 

• DCV+SOF+RBV 
600mg x 12w 

• SOF+RBV x 24w 
 

 

 

• DCV+SOF x 24w 
 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV   

Genotype 2 

decompensated liver 

disease* 

• SOF+RBV x 24w 

 

• No data 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV 

• SIM-containing regimens 

Genotype 3 

compensated liver 

disease* 

• DCV+SOF+RBV 
600mg x 12w 

 

• DCV+SOF x 24w 

• SOF+RBV x 24w 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV 
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Genotype 3  

decompensated liver 

disease* 

• No data • No data • All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrOD+/-RBV 

• SIM-containing regimens 

Genotype 4 

compensated liver 

disease 

• DCV + SOF+RBV 
600mg x 12w 

• LDV/SOF x 24w 

• LDV/SOF + RBV x 
12w 

• DCV + SOF x 24w 

• SIM + SOF+RBV 
12w 

• SOF + RBV x 24w 
 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrO+/-D or RBV 
 

Genotype 4 

decompensated liver 

disease 

• DCV + SOF+RBV 
600mg x 12w 

• LDV/SOF+RBV 
600mg x 12w 

 

 

• DCV + SOF x 24w 

• LDV/SOF x 24w 

• SOF+RBV x 24w 

 

 

• All Interferon based 
regimens  

• EBR or GZP-based 
regimens  

• PrO+/-D or RBV 

• SIM-containing regimens 

 

 

 

 

 

 

 

FIGURE LEGENDS 
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Figure 1 

Modeled incidence of hepatitis C-related sequelae in Canada, 1950-2035. Estimates 

are not mutually exclusive. Reproduced with permission from Myers et al. [18] 

 

Figure 2 

Hepatitis C virus genome and the polyprotein targets of new direct acting antiviral 

agents. Abbreviations: BOC, boceprevir; DSV, dasabuvir; DCV, daclatasvir; EBR, 

elbasvir; GZP, grazoprevir; LDV, ledipasvir; NS, nonstructural protein; OBV, ombitasvir; 

PTVr, paritaprevir with ritonavir booster; SIM, simeprevir; SOF, sofosbuvir; TPV, 

telaprevir.  NOTE: SOF is a nucleotide polymerase inhibitor, DSV is a non-nucleoside 

polymerase inhibitor. 
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Figure 2

 

 

 

 

 

 

 

 

 


