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    Abstract
Background:  Because most hepatitis C virus (HCV) infections are asymptomatic and often unrecognized, screening for hepatitis C has been proposed as a plausible public health strategy. We examined the health and economic consequences of a selective one-time hepatitis C screening program for specific populations in the context of current treatment patterns.

Methods:  We used a state-transition model to evaluate 2 general strategies: no screening, and screen and treat with direct-acting antiviral agents. We examined these strategies for 4 different target populations (scenarios): 1) asymptomatic people not at high risk for HCV infection, 2) immigrant populations with high prevalence, 3) a birth cohort of people aged 25-64 years and 4) a birth cohort of people aged 45-64 years of age. We obtained model data from the published literature and expert opinions. We used a payer perspective, a lifetime time horizon and a 5% discount rate.

Results:  Screening would prevent 49.7%, 57.4%, 64.1% and 49.6% of HCV-related deaths over the lifetime of the cohort for scenarios 1, 2, 3 and 4, respectively. Screening would produce incremental-cost-effectiveness ratios between $31 468/quality-adjusted life-year and $50 490/quality-adjusted life-year. Probabilistic sensitivity analyses indicated that the chance that screening would be cost-effective at $50 000 willingness-to-pay threshold was 39.5%, 63.2%, 58.4% and 58.1% for scenarios 1, 2, 3 and 4, respectively.

Interpretation:  Our analyses suggest that a one-time hepatitis C screening and treatment program in Canada is likely to be cost-effective for scenarios 2, 3 and 4. The screening programs we have evaluated would identify asymptomatic people with chronic HCV infection and would enable medical treatment to be offered if needed before the development of advanced liver disease.


The growing burden of chronic infection with hepatitis C virus (HCV) poses a significant public health concern. In a 2010 study from Ontario, hepatitis C was ranked first among all infectious diseases in health-related burden of illness.1 Because most chronic HCV infections are asymptomatic, many infections remain undiagnosed until the later stages of disease. Canadian estimates suggest that chronic HCV infection remains undiagnosed in 45%-70% of people.2,3 Early diagnosis and treatment may reduce complications associated with late-stage disease.4 Therefore, targeted HCV screening could be a plausible strategy.5
In 2014, the Public Health Agency of Canada commissioned the development of a state-transition model to examine the cost-effectiveness of various screening strategies for hepatitis C.5 The analyses suggested that a selective one-time screening program for people aged 25-64 years and 45-64 years in Canada would likely be cost-effective.5
Since 2014, the availability of interferon-free direct-acting antivirals has transformed the treatment of HCV infection, offering high cure rates (defined by sustained virologic response, typically at 12 or 24 wk) with markedly improved tolerability. Although treatment with interferon-free direct-acting antivirals has been shown to be cost-effective in selected populations,6 their high cost together with the decreasing prevalence of chronic HCV infection and its low incidence creates a unique situation in which price inflexibility and budget constraints may necessitate limits on access to treatment.7 Most Canadian reimbursement programs restrict eligibility to patients with moderate to advanced liver fibrosis.7 This would be further complicated if infections were diagnosed earlier and more comprehensively through population screening. Thus, the benefit of the hepatitis C screening program becomes uncertain. To improve the efficiency of screening, some countries have adopted targeted screening in populations with higher prevalence, such as immigrants from HCV-endemic regions or birth cohorts with higher prevalence, such as those born between 1945 and 1965.
In anticipation of the need for supporting evidence on the health and economic consequences of hepatitis C screening, and to assist the Canadian Task Force on Preventive Health Care (CTFPHC) in making up-to-date recommendations,8 we updated our state-transition model with new parameters and ran new scenario analyses to reexamine the health and economic consequences of a selective one-time hepatitis C screening program for specific populations.
Methods
We used a previously developed and validated state-transition model, following the same approach as previously described,5 to examine the health and economic effects of 2 general screening strategies: no screening, and screen and treat with direct-acting antiviral agents. A full description of the methods is available in Appendix 1 (available at www.cmajopen.ca/content/5/3/E662/suppl/DC1).
Cohort
We examined 4 different cohorts under consideration by the CTFPHC:8 1) asymptomatic people not at high risk for HCV infection, 2) immigrant populations with high prevalence, 3) birth cohort aged 25-64 years and 4) birth cohort aged 45-64 years. Detailed descriptions of the cohorts are provided in Table 1, and important parameters such as the prevalence associated with each cohort are provided in Table 2 and Table 3.
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Table 1:   Definition of cohorts under consideration for screening for HCV infection8
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Table 2:   New key parameters used in the model
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Table 3:   Treatment-related parameters used in the model*



Strategies
In our baseline analysis, for each cohort, we considered the following screening strategies:
No screening, treat with direct-acting antiviral if HCV infection diagnosed: depending on different scenarios, we assumed that a certain proportion of HCV-infected people are initially unaware of their infection and do not receive antiviral treatment. We assumed that, each year, 0.68% of this group would discover that they are chronically infected with HCV15 and might undergo treatment. If HCV infection remains undetected, we assumed that liver disease would be detected when decompensated cirrhosis and/or hepatocellular carcinoma developed.
Screen and treat with direct-acting antiviral: people would be offered one-time screening for HCV through their primary care physician at a visit scheduled for another purpose. This represents a "case-finding" strategy (i.e., only targeted people matching the cohort definitions [Table 1] would be invited). Screening involves a blood test for HCV antibody. All positive antibody test results would be followed by an HCV RNA test to confirm infection. Our analysis assumed that all people with positive results for both tests would be referred to a specialist and might be offered treatment with a direct-acting antiviral according to the Canadian guidelines.16

Treatment
We assumed that patients with genotype 1 infection would be treated with 12 weeks of dasabuvir plus ombitasvir-paritaprevir-ritonavir or ledipasvir plus sofosbuvir, those with genotype 2 infection would be treated with 12 weeks of sofosbuvir plus ribavirin, those with genotype 3 infection would be treated with 24 weeks of sofosbuvir plus ribavirin, and those with all other genotypes would receive pegylated interferon-ribavirin. In addition, in an exploratory analysis, we assumed that patients with genotype 4, 5 or 6 infection would receive 12 weeks of sofosbuvir plus velpatasvir. In our base-case analysis, we also assumed that treatment reimbursement restrictions7 were imposed for patients with stage F0 or F1 fibrosis whereby patients in this subgroup in whom HCV infection was diagnosed were not treated with the interferon-free direct-acting antiviral immediately but, rather, were followed and offered treatment on progression to stage F2 or above.7

Decision model
In our analysis, we developed a cohort-based state-transition model using TreeAge Pro 2016 software.17 In our simulations, cohort members transitioned between predefined health states in weekly cycles until all members died. Health states and allowed transitions among health states are shown in Figure 1.
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Figure 1  State-transition model of hepatitis C virus (HCV) infection and progression. See Appendix 1, Supplementary Figure 1 for details of set of health states. Note: F0 = no fibrosis, F1 = portal fibrosis without septa, F2 = portal fibrosis with rare septa, F3 = numerous septa without cirrhosis, F4 = cirrhosis, SVR = sustained virologic response.




Model parameters
We parameterized the existing model with values suggested by the CTFPHC and validated by clinical experts.8 Specifically, the important parameters included prevalence,2,3 uptake of screening, distribution of the disease stages (fibrosis stages at diagnosis) and uptake of treatment (which takes into account loss to follow-up before treatment initiation). Table 2 and Table 3 present the key parameter values for each scenario. We updated all data on efficacy and adverse effects based on the findings of the current Canadian Agency for Drugs and Technologies in Health therapeutic review9,11 (Table 3). Data for all other parameters were collected from the literature5,12-14 (Appendix 1).

Economic assumptions
The analyses were carried out from the payer perspective and were structured as a cost-utility analysis. Future costs and health benefits were discounted at 5% annually. We inflated all cost data to 2015 using the Statistics Canada Consumer Price Index for health care and personal items.

Model validation
For validation purposes, we ran our model using the baseline parameter values and compared the predicted outcomes of our model against published studies.18-20


Results
Base case
Scenario 1: screening asymptomatic people not at high risk for HCV infection (Figure 2)
In our baseline estimate for people aged 15-79 years, the screen-and-treat strategy is more costly but also more effective than no screening (Table 4). For every 100 000 people screened, around 199 cases of HCV infection would be identified, which would prevent 40 HCV-related deaths over the lifetime of the cohort. Thus, 2500 people would need to be screened to prevent 1 HCV-related death. Figure 2 summarizes the trends of the liver-related health events per 100 000 people screened accumulated over time. The screen-and-treat strategy would result in a net cost increment of about $102 and 0.0020 quality-adjusted life-years (QALYs) gained per person (or 0.0087 undiscounted life-years) (Appendix 1, Supplementary Table 3), which translates to an incremental cost-effectiveness ratio (ICER) of $50 490/QALY gained compared to no screening. Table 4 summarizes the cost-effectiveness results.
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Figure 2  Health events per 100 000 people screened accumulated over time for scenario 1, asymptomatic people not at high risk for hepatitis C virus (HCV) infection. Note: DAA = direct-acting antiviral, DC = decompensated cirrhosis, HCC = hepatocellular carcinoma.
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Table 4:   Base-case cost-effectiveness results



Scenario 2: screening high-prevalence immigrant populations (Figure 3)
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Figure 3  Health events per 100 000 people screened accumulated over time for scenario 2, immigrant populations with high prevalence. Note: DAA = direct-acting antiviral, DC = decompensated cirrhosis, HCC = hepatocellular carcinoma, HCV = hepatitis C virus.



For every 100 000 people screened, around 1661 cases of HCV infection would be identified, which would prevent at least 414 HCV-related deaths over the lifetime of the cohort. Thus, 242 people would need to be screened to prevent 1 HCV-related death. The screen-and-treat strategy would result in a net cost increment of about $619 and 0.0197 QALYs gained per person (or 0.0792 undiscounted life year (Appendix 1, Supplementary Table 3), which translates to an ICER of $31 468/QALY gained compared to no screening.

Scenario 3: screening birth cohort of those aged 25-64 years (Figure 4)
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Figure 4  Health events per 100 000 people screened accumulated over time for scenario 3, specific birth cohort (25-64 yr of age). Note: DAA = direct-acting antiviral, DC = decompensated cirrhosis, HCC = hepatocellular carcinoma, HCV = hepatitis C virus.



If the screening program targeted the birth cohort of people aged 25-64 years, for every 100 000 people screened, around 582 cases of HCV infection would be identified, which would prevent at least 148 HCV-related deaths over the lifetime of the cohort. Thus, 676 people would need to be screened to prevent 1 HCV-related death. The screen-and-treat strategy would result in a net cost increment of roughly $261 and 0.0080 QALYs gained per person, which translates to an ICER of $32 712/QALY gained compared to no screening.

Scenario 4: screening birth cohort of those aged 45-64 years (Figure 5)
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Figure 5  Health events per 100 000 people screened accumulated over time for scenario 4, specific birth cohort (45-64 yr of age). Note: DAA = direct-acting antiviral, DC = decompensated cirrhosis, HCC = hepatocellular carcinoma, HCV = hepatitis C virus.



Alternatively, if the screening program targeted the birth cohort of those aged 45-64 years, among whom the prevalence of HCV infection is higher, for every 100 000 people screened, around 769 cases of HCV infection would be identified. This would prevent at least 163 HCV-related deaths over the lifetime of the cohort. Thus, 613 people would need to be screened to prevent 1 HCV-related death. The screen-and-treat strategy would result in a net cost increment of about $304 and 0.0088 QALYs gained per person, which translates to an ICER of $34 614/QALY gained compared to no screening.
Appendix 1, Supplementary Table 4 summarizes the total estimated net health gain for each scenario. Of the 4 scenarios, scenarios 2 and 3 would produce the largest net health gain.


Sensitivity analyses
We performed both one-way deterministic sensitivity analyses and probabilistic sensitivity analyses to explore the impact of the model's parameter uncertainty.
Deterministic sensitivity analyses
Tornado diagrams in Appendix 2 (available at www.cmajopen.ca/content/5/3/E662/suppl/DC1) and the cost-effectiveness results by screening age groups in Appendix 1, Supplementary Figure 2 summarize the results of the deterministic sensitivity analyses for all scenarios.
In general, varying age and chronic HCV infection utilities had the largest effect on the main results. For example, when we varied age, the ICER for scenario 1 ranged from $40 162/QALY to $154 750/QALY. When we varied chronic HCV infection utilities, the ICER for scenario 1 ranged from $51 816/QALY to $73 430/QALY.
When we varied screening-related parameters such as prevalence, screening acceptance rate, known HCV infection rate and the cost of screening, the ICER for scenario 1 ranged from $48 233/QALY to $76 061/QALY. The sensitivity analysis results indicated that the ICER for scenario 1 would be less than $50 000/QALY if the prevalence were greater than 0.2%.
We also conducted additional sensitivity analyses regarding 1) a sustained virologic response progression/reinfection assumption, where we assumed that 8.6%21 will continue to progress even after achieving sustained virologic response, and 2) the assumption of relaxing the restriction on treatment for patients with stage F0 or F1 fibrosis. Sensitivity analyses for both of these assumptions indicated that the main conclusions will not change significantly under these new assumptions.

Probabilistic sensitivity analyses
Our probabilistic sensitivity analyses for scenarios 1, 2, 3 and 4 indicated that the chance that screen and treat would be cost-effective at a cost-effectiveness threshold of $50 000 was 39.5%, 63.2%, 58.4% and 58.1%, respectively. At a cost-effectiveness threshold of $100 000, the chance of being cost-effective was 62.2%, 74.1%, 72.4% and 70.6%, respectively.


Exploratory analyses
Sofosbuvir plus velpatasvir was not approved for reimbursement in most Canadian programs as of 2016. However, when we assumed treatment with 12 weeks of sofosbuvir plus velpatasvir for genotypes 4-6, the main results did not change significantly for any of the scenarios considered, and the main conclusions remained unaffected.
Earlier this year, the Canadian Agency for Drugs and Technologies in Health revised its guidelines for the economic evaluation of health technologies22 including reducing the discount rate from 5% to 1.5%. In addition, the pan-Canadian Pharmaceutical Alliance has concluded successful negotiations with drug manufacturers to help jurisdictions expand access to publicly funded medications.23 When we repeated our analysis under these new assumptions (updated discount rate and no treatment reimbursement restrictions7), our main results changed significantly for all 4 scenarios. Under these conditions, the ICER for all scenarios ranged  from $15 821/QALY to $24 736/QALY. Probabilistic sensitivity analyses indicated that the chance that screening would be cost-effective at the $50 000 cost-effectiveness threshold was 63.3%, 71.7%, 74.2% and 72.2% for scenarios 1, 2, 3 and 4, respectively. Refer to Appendix 1, Supplementary Table 5 and Table 6 for the details on the exploratory analyses.


Interpretation
Our analyses suggest that, compared to the current situation in Canada, a one-time hepatitis C screening and treatment program for scenarios 2-4 is likely to save lives and be cost-effective, at $31 468/QALY to $34 614/QALY gained over the lifetime of the cohort. The screening strategies that are most likely to be cost-effective are those focusing on immigrant populations with high prevalence (scenario 2), a birth cohort aged 25-64 years (scenario 3) and a birth cohort aged 45-64 years (scenario 4). On the other hand, screening and treatment programs targeting very low-risk populations (e.g., prevalence of 0.2%) would be only marginally cost-effective, at $50 490/QALY gained over the lifetime of the cohort. The conventional upper limit of cost-effectiveness thresholds varies among countries, from Can$50 000/QALY to Can$120 000/QALY.24-26 In terms of screening efficiency, scenario 2, in which 242 people would need to be screened to prevent 1 HCV-related death, would be the most attractive option.
A recent systematic review identified 7 cost-utility analyses on hepatitis C birth cohort screening and 5 for the general population from various countries.27 The results for screening birth cohorts ranged from Can$5400 to Can$65 749 per QALY gained, and the results for screening the general population ranged from Can$7900 to Can$91 000 per QALY gained. However, most of the studies were conducted before interferon-free direct-acting antivirals became available, in 2014, and do not reflect the current treatment restriction situation.
In contrast to our model, which suggests that screening may offer clinical benefit and be economically attractive, the CTFPHC recently recommended against screening for HCV infection in adults who are not at elevated risk.8 The CTFPHC particularly pointed out 3 potential concerns: screening producing potential harm, weak evidence produced by the model and the budget impact of broader screening. We do not find the evidence regarding potential harm compelling. Our model integrates both the direct benefits and the harms of treatment, and clearly shows a net benefit for treatment. With respect to patient preferences for screening, the study commissioned by the CTFPHC, which used conservative estimates of screening benefit, suggested that screening was valued by participants and that perceptions of potential harm associated with screening, including potential stigma, were limited. Most of the participants in the report "would opt to be screened because they would rather know if they were HCV positive and take precautions not to infect others."8 Beyond preferences, guidelines must consider equity. About 8% of people with HCV infection will die from it, and many of these people are socially disadvantaged.28 Consideration of the consequences of allowing socially disadvantaged patients with a treatable illness to go unidentified and untreated must be thoughtfully integrated into policy recommendations.
The CTFPHC evaluated our model results using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach8 and considered them as "weak evidence." However, the GRADE approach was not developed to evaluate decision and economic models, and has limited utility for that purpose.29 In our view, models are the strongest scientific method for simultaneously considering the aggregate benefit and cost of health interventions and are of particular value when only indirect evidence is available, as is the case here. Our model has been validated extensively and is populated by good-quality data on prognosis, effectiveness, utility and cost, in addition to review for sensibility by clinical experts. Given the absence of direct evidence available for screening benefit now and into the foreseeable future, we believe that modelling is the most reliable way, at present, to weigh the risks and benefits of screening.
Where we do agree with the CTFPHC is on the question of budget impact. Without doubt, screening will impose a substantial burden on public and private drug plans and individuals. Aggregate cost is the most compelling argument against screening in 2017.
Other countries have "grasped the nettle" of HCV control. Australia has plans to "eradicate the deadly and debilitating disease within a generation."30 In the United States, the Centers for Disease Control and Prevention recommend birth cohort screening (1945-1965, aged 50-69 years in 2014) for hepatitis C in addition to risk-based screening.31 The World Health Organization's Strategy on Viral Hepatitis, to which Canada is a signatory, calls for a 90% reduction in new cases of chronic HCV infection, a 65% reduction in HCV-related deaths and treatment of 80% of eligible people.32
Limitations
Our analysis is based on a case-finding screening program rather than universal screening of the population. In addition, the utilities of chronic HCV infection in patients with decompensated cirrhosis and hepatocellular carcinoma were based on small samples and may not cover the full spectrum of disease severity. Furthermore, the prevalence provided by the CTFPHC (0.2%) that was used in the analysis for scenario 1 is low.4 We believe that screening the general population would likely identify many people who meet high-risk criteria but have never been screened. A recent prevalence study conducted in Ontario showed a prevalence of greater than 1% for people born between 1945 and 1974.33 Thus, our analysis likely underestimates both the clinical benefits and the economic attractiveness of universal screening. Last, our analyses did not consider coinfected patients and subsequent treatment of reinfected people.

Conclusion
Our model suggests that some form of a one-time hepatitis C screening and treatment program may be cost-effective for Canada. Besides cost-effectiveness, screening policy will also need to consider the aggregate health gains and budget impact of screening strategies as well as the effects of screening on patients' values and experiences and health equity. In the future, although sustained virologic response rates are not likely to improve substantially, drug prices will likely fall owing to price competition and negotiated agreements. In addition, better estimates of prevalence as well as evidence of long-term treatment benefit may become available. Therefore, an update of the analysis and of the screening recommendation will likely become necessary.
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