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Structured Abstract

Background: Prior reviews on hepatitis C (HCV) infection screening and treatment used by the
U.S. Preventive Services Task Force (USPSTF) to inform its 2013 recommendation found
interferon-containing antiviral therapies associated with sustained virologic response (SVR) rates
of 68 percent to 78 percent and an association between SVR after antiviral therapy and improved
clinical outcomes. Interferon-containing regimens were associated with a high rate of harms.
Since the prior reviews, interferon-containing antiviral therapies have been replaced by all-oral
direct acting antiviral (DAA) regimens.

Purpose: To systematically review the evidence on screening for HCV infection in
asymptomatic adults and adolescents, including effects of DAA regimens and interventions to
prevent mother-to-child transmission.

Data Sources: We searched the Cochrane Central Register of Controlled Trials and Cochrane
Database of Systematic Reviews, Ovid MEDLINE and ClinicalTrials.gov through February
2019, manually reviewed reference lists, and conducted literature surveillance through
November 22, 2019.

Study Selection: Randomized controlled trials (RCTs), non-randomized trials, and cohort
studies of HCV screening, antiviral therapy, and interventions to prevent mother-to-child
transmission of HCV infection on SVR and clinical outcomes; and cohort studies on the
association between an SVR after antiviral therapy versus no SVR and clinical outcomes.
Treatment studies focused on populations without cirrhosis who are more likely to be
asymptomatic and identified by screening.

Data Extraction: One investigator abstracted data, and a second investigator checked data
abstraction for accuracy. Two investigators independently assessed study quality using methods
developed by the USPSTF.

Data Synthesis (Results): No study evaluated the benefits of HCV screening versus no
screening, or the yield of repeat versus one-time screening. Previously reviewed studies found
that HCV screening might be associated with negative psychological and social consequences,
but had important methodological limitations; no new studies were identified. One new study
found similar diagnostic yield of risk-based and birth cohort screening, but it was retrospective
and assumed perfect implementation of risk-based screening. Ten trials reported improvements
in some quality of life and functional outcomes following DAA treatment compared with prior to
treatment, but differences were small, studies were open-label, and there was no non-DAA
comparison group. Forty-nine trials found DAA regimens associated with pooled SVR rates that
ranged from 95.5 percent to 98.9 percent across genotypes; rates of serious adverse events
(1.9%) and withdrawal due to adverse events (0.4%) were low. Seven trials reported SVR rates
in adolescents with DAA therapy similar to those observed in adults. An SVR after antiviral
therapy was associated with decreased risk of all-cause mortality (13 studies, pooled hazard ratio
[HR] 0.40, 95% confidence interval [CI] 0.28 to 0.56), liver mortality (4 studies, pooled HR
0.11, 95% CI, 0.04 to 0.27), cirrhosis (4 cohorts in 3 studies, pooled HR 0.36, 95% CI, 0.33 to
0.40), and hepatocellular carcinoma (20 studies, pooled HR 0.29, 95% CI, 0.23 to 0.38) versus
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no SVR, after adjustment for potential confounders. New evidence on interventions to reduce the
risk of mother-to-infant transmission was limited and did not change the conclusion from the
prior review that no intervention has been clearly demonstrated to reduce risk.

Limitations: Most DAA trials were not randomized and did not have a non-DAA comparison
group, almost all DAA trials relied on SVR as the main efficacy outcome, observational studies
varied in how well they adjusted for confounders, and few studies evaluated the effectiveness of
DAA regimens in adolescents.

Conclusions: The USPSTF previously determined that HCV screening is highly accurate.
Currently recommended all-oral DAA regimens are associated with very high SVR rates (95.5%
to 98.9% across genotypes) and few harms relative to older antiviral therapies. An SVR after
antiviral therapy is associated with improved clinical outcomes compared with no SVR, after
adjusting for potential confounders. Direct evidence on the benefits of HCV screening remains
unavailable, and direct evidence on the effects of antiviral therapy on clinical outcomes remains
limited but indicates improved long-term outcomes.
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Chapter 1. Introduction and Background

Purpose

The purpose of this report is to systematically review the evidence on screening for hepatitis C
virus (HCV) infection in asymptomatic adults and adolescents without known liver enzyme
abnormalities. This report updates prior (2013) U.S. Preventive Services Task Force (USPSTF)
reviews on screening for HCV infection2 and prenatal screening,?® and a comparative
effectiveness review on antiviral treatments.*> Although prior reports focused on benefits and
harms of screening and treatment in adults, this report expands the population to include
adolescents. For treatments, this report focuses on currently recommended direct acting antiviral
(DAA) therapies and interventions to potentially reduce risk of mother-to-child transmission. It
will be used by the USPSTF to update its 2013 recommendation on screening for HCV infection
in adults and potentially inform a new recommendation on HCV screening in adolescents.

In 2013, the USPSTF recommended screening for HCV infection in adults at high risk for
infection and recommended offering one-time screening for HCV infection in adults born
between 1945 and 1965 (“birth cohort” screening) (B Recommendation).® This
recommendation represented a change from the prior (2004) USPSTF recommendation, which
found insufficient evidence to recommend for or against HCV screening in adults at high risk for
infection (I recommendation); the 2004 USPSTF recommendation did not address birth cohort
screening and recommended against HCV screening in persons not at increased risk (D
recommendation).” The USPSTF did not issue a recommendation specifically on prenatal HCV
screening, but noted that antiviral therapies were contraindicated during pregnancy and found
inadequate evidence that labor management and breastfeeding strategies in HCV-infected
persons are effective at reducing risk for mother-to-child transmission.

The basis for the change in the 2013 USPSTF recommendation was evidence that newer antiviral
therapies are more effective than prior therapies in achieving the intermediate outcome of
sustained virologic response (SVR) and evidence showing that SVR after antiviral therapy is
associated with improved clinical outcomes (all-cause and liver-related mortality and
hepatocellular carcinoma [HCC]), with few serious treatment-related harms that generally
resolve after treatment discontinuation.® The USPSTF also considered the prevalence of HCV
infection in high-risk persons (e.g., >50% in persons who inject drugs [PWID]) and in persons
born between 1945 and 1965 (3% to 4%), and modeling studies that indicated cost-effectiveness
of the birth cohort screening strategy.®® The USPSTF found few serious adverse events with
liver biopsy performed for the diagnostic evaluation of persons with HCV infection and noted
that fewer biopsies were being performed due to the availability of accurate noninvasive tests for
evaluating liver fibrosis. The USPSTF had previously found that screening tests are highly
accurate for diagnosing HCV infection (overall sensitivity 94% and specificity 97%).’

Screening for Hepatitis C Virus Infection 1 Pacific Northwest EPC



Condition Background

Condition Definition

HCV is a single-stranded, positive-sense ribonucleic acid (RNA) virus of the family Flaviviridae.
HCV infection can range from mild and self-limited to a serious, lifelong illness that can result in
cirrhosis, liver failure, and HCC. In most cases (78% to 85%), acute HCV leads to chronic
HCV.1° HCV is primarily acquired by exposures to infected blood, with injection drug use the
strongest risk factor. In the United States, approximately 70 to 77 percent of HCV infections are
caused by genotype 1 (subtypes 1a or 1b), 13 to 16 percent by genotype 2, 12 percent by
genotype 3, and less than 5 percent by genotypes 4, 5, or 6 combined.1112

Prevalence and Burden of Disease/llIness

HCV is the most common chronic bloodborne pathogen in the United States. The number of U.S.
residents with past or current HCV infection (positive for anti-HCV antibody) is estimated at 4.1
million (range 3.4 million to 4.9 million); of these, an estimated 2.4 million (range 2.0 million to
2.8 million) are currently infected, defined as having HCV detectable in the blood
(viremia).}01314 Approximately three-quarters (78% to 85%) of those who test positive for anti-
HCV antibody have chronic infection;'%® those with anti-HCV antibody but no viremia are
considered to have cleared the infection. The estimated prevalence of chronic HCV infection
during the years 2013 to 2016 was approximately 1.0 percent (95% confidence interval [CI], 0.8
to 1.1%).1® Persons born between 1945 and 1965 comprise approximately 27 percent of the U.S.
population but account for approximately three-quarters of all HCV infection,® and are at 6.0- to
9.5-fold increased risk of having HCV infection compared with younger adults.}’'® Males are at
increased risk for HCV infection compared with females (odds ratio [OR] 1.6, 95% CI, 1.1 to
2.4), and non-Hispanic black persons are at increased risk compared with 62 other
races/ethnicities (OR 1.6, 95% CI, 1.1 to 2.3), excluding American Indian/Alaska Natives.®
American Indian/Alaska Natives, who are often not included in national seroprevalence surveys,
have higher HCV-related mortality than non-Hispanic black persons.!® Reported cases of acute
HCYV infection increased approximately 3.5-fold from 2010 through 2016.2° After adjusting for
under-ascertainment and under-reporting, an estimated 41,200 (95% CI, 32,600 to 140,600) new
HCYV infections occurred in the United States in 2016.2° The increase in acute HCV incidence
has most impacted young, white PWID living in non-urban areas.?!"3

Data also indicate an increase in the number of reproductive aged women (15 to 44 years of age)
with HCV infection.?*? An estimated 29,000 females with HCV infection give birth annually in
the United States, resulting in 1,700 cases of infected infants.?® Trends in HCV epidemiology,
prevalence, and incidence are discussed in more detail in Contextual Question 1.
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Etiology and Natural History

HCV infection is a leading cause of complications from chronic liver disease. The number of
deaths due to HCV infection ranged from 18,650 to 19,629 from 2012 to 2015 (4.9t0 5.0
deaths/100,000) and decreased to 18,153 in 2016 (4.5 deaths/100,000).2° Despite likely
underestimation, HCV-related mortality exceeds mortality associated with 60 other nationally
notifiable infectious conditions combined.?® According to the Centers for Disease Control and
Prevention, of every 100 persons infected with HCV, approximately 60-70 will develop chronic
liver disease, 5 to 20 will develop cirrhosis over a period of 20 to 30 years, and 1 to 5 will die
from the consequences of liver cancer or cirrhosis.?” HCV without cirrhosis is associated with
worse quality of life and symptoms (e.g., fatigue) compared with not having HCV infection.?8-32
Other extrahepatic manifestations of HCV infection include mixed cryogloblinemias, non-
Hodgkin lymphoma, type Il diabetes mellitus and insulin resistance, cardiovascular disease, and
renal disease.>®

The natural course of chronic HCV infection varies. Some patients with chronic HCV infection
have only mild liver disease after decades of infection or never develop histologic evidence of
liver disease.®* In other patients, inflammation and fibrosis of the liver may progress to cirrhosis,
which can lead to end-stage liver disease or HCC. In persons with cirrhosis due to HCV
infection, the annual incidence of HCC is 1 to 4 percent.®® Once cirrhosis develops, patients have
a much higher risk of death, and some may benefit from liver transplantation. Until recently,
chronic HCV was the leading indication for liver transplantation in the United States.*®3” The
number of HCV-related liver transplants in the United States declined from a peak of 1,905 in
2014 to 1,535 in 2016.% Well-established predictors of advanced fibrosis in those with chronic
HCV infection include older age at infection, longer duration of infection, male sex, concomitant
HIV or hepatitis B virus (HBV) infection, and greater alcohol use.*33° Other factors that may
be associated with increased risk of fibrosis include insulin resistance, hepatic steatosis, higher
viral load, and the presence of certain human leukocyte antigen (HLA) class Il polymorphisms.
Once a person develops advanced (METAVIR stage 3) fibrosis, the risk of progression to
cirrhosis is around 10 percent per year.*

Estimating the proportion of patients in the general population with HCV infection who progress
to cirrhosis is difficult because the time of acquisition is often unclear and important endpoints
often do not occur until after decades of infection; in addition, reasons for the variability in
progression are not completely understood.*! Six retrospective cohort studies of HCV-infected
adults with known time of infection (based on an identified exposure, often to contaminated
blood products during young adulthood) reported cirrhosis in 0 to 10 percent of patients after at
least 10 years of followup.2%428 Studies of community cohorts estimate cirrhosis in an average
of 7 percent of persons after 20 years of HCV infection, with rates about twice as high in clinical
and referral cohorts.®“° One study of females infected by contaminated batches of anti-D
immunoglobulin in 1980 found that approximately 14 percent of those who remained viremic
had cirrhosis after 35 years.>® Other studies suggest that progression to cirrhosis may accelerate
after 20 years of chronic infection.*”>!

Mother-to-child (vertical) transmission is believed to be the main route of HCV infection
acquisition in children. In a meta-analysis of the risk of vertical HCV infection, the pooled
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transmission rate was 5.8 percent among females with HCV monoinfection and 10.8 percent
among those with HCV/HIV coinfection.®?

Risk Factors

HCV is primarily acquired via percutaneous exposures to infected blood. The strongest risk
factor for HCV infection is injection drug use. The prevalence of HCV infection in PWID varies
widely depending on age, duration of injection drug use, and other factors (such as availability
and use of needle exchange programs).>® Recent surveys of active PWID indicate that
approximately one third of those aged 18 to 30 years are HCV-infected. Older PWID typically
have a higher prevalence (approximately 70% to 90%) of HCV infection.?” Although large
population-based studies®-*® report independent associations between HCV infection and some
high-risk sexual behaviors (multiple sexual partners, unprotected sex, and/or sex with a person
infected with HCV infection or using injection drugs), the efficiency of transmission via sexual
contact appears to be low; high-risk sexual behaviors may be a marker for unacknowledged drug
use or other risk factors. Transfusions prior to 1992 are a risk factor for HCV infection but are no
longer an important source of infection due to the implementation of effective screening
programs for donated blood.>"*

Rationale for Screening/Screening Strategies

Screening for HCV infection in asymptomatic adults who have no history of liver disease or
known liver enzyme abnormalities may identify infected patients at earlier stages of disease,
before they develop serious or irreversible liver damage. Studies estimate that around 50 percent
(range 43 to 72%) of persons in the United States with chronic HCV infection are unaware of
their status.'®>7-%0 Antiviral treatment, has become increasingly effective at achieving sustained
aviremia (clearance of HCV infection). Screening for HCV infection might also help prevent
transmission by decreasing high-risk injection drug use and other risky behaviors in those who
test positive or through successful treatment of HCV,®* and could identify those who might
benefit from hepatitis A or HBV vaccinations, alcohol cessation counseling, identification and
management of extrahepatic manifestations, or other interventions. Screening is an important
component of the National Academies of Sciences, Engineering, and Medicine report on
eliminating HCV as a public health problem by the year 2030.%% Shorter-term goals of the
National Viral Hepatitis Action Plan are to increase the proportion of persons aware of their
positive HCV infection status to 66 percent and to decrease the number of HCV-related deaths
by 25 percent by the year 2020.%3

Although prenatal HCV infection could identify infected females, a challenge is the lack of
antiviral therapies proven to be effective for reducing risk of perinatal transmission and approved
for use in pregnancy.! Older antiviral therapies were contraindicated in pregnancy due to
teratogenic risks. Due to the lack of data on safety of newer DAA regimens during pregnancy
and breastfeeding, clinical practice guidelines do not recommend antiviral therapy during
pregnancy.®*% However, even in the absence of antiviral therapy proven to be safe and effective
during pregnancy, identification of HCV infection during pregnancy could facilitate decision

Screening for Hepatitis C Virus Infection 4 Pacific Northwest EPC



making around the management and use of interventions during labor and delivery or in the
perinatal period that might reduce risk of perinatal transmission, and identify females who could
benefit from antiviral treatment later and infants who should be tested for HCV infection. A
potential alternative strategy for preventing mother-to-child transmission is identification and
treatment of HCV infection prior to pregnancy.?*

Interventions/Treatment

The goal of antiviral treatment for chronic HCV infection is to prevent the long-term health
complications associated with HCV infection, such as cirrhosis, hepatic decompensation, and
liver cancer. However, it is extremely difficult to design and carry out clinical trials long and
large enough to provide direct evidence related to these outcomes. The SVR rate, typically
defined as the proportion of patients who experience a decline in HCV RNA to undetectable
levels 12 or 24 weeks following completion of antiviral treatment, is the standard marker of
successful treatment in clinical trials. Most studies now focus on SVR at 12 weeks. Long-term
recurrence of hepatitis C viremia occurs in less than one percent of patients with an SVR at 12 or
24 weeks of therapy; therefore, an SVR is considered equivalent to a cured infection.®®®® Studies
have consistently found an association between achieving an SVR after antiviral therapy and
reductions in mortality, liver failure, and cancer, though such analyses are susceptible to residual
confounding.®-"?

A major advance in antiviral treatment for HCV infection has been the development and
adoption of all-oral DAA regimens without interferon. Such regimens are associated with
substantially higher SVR rates than previous antiviral regimens, shorter duration of treatment (8
to 12 weeks instead of 24 to 48 weeks), and improved tolerability.” SVR rates with older
antiviral regimens are shown in Table 1. DAA regimens are highly effective for HCV genotype
1 infection, the most common genotype in the United States and historically associated with
lower SVR rates when treated with interferon-only regimens.

Given the rapid pace of development for HCV antiviral therapies, guidance for antiviral therapy
for HCV is rapidly evolving (Tables 2 and 3).”* Several newer DAA regimens are
pangenotypic,” meaning that they are effective across all common genotypes, and most currently
recommended regimens do not require use of ribavirin. Whereas antiviral therapy was previously
reserved for patients with more advanced fibrosis, the American Association for the Study of
Liver Disease (AASLD) and the Infectious Diseases Society of America (IDSA) now
recommend treatment for all patients with chronic HCV, except those with short life
expectancies that cannot be remediated by treating HCV, by transplantation, or by other directed
therapy.®® The U.S. Food and Drug Administration (FDA) recently approved three HCV
regimens for children 12 to 17 years of age (Table 4).”®"” Although HCV antiviral therapy has
traditionally most frequently been administered in specialty settings, studies have demonstrated
similar SVR rates without any negative impacts on safety in community-based and primary care
settings.’®"°

Recommendations regarding the diagnostic workup and pretreatment assessment for HCV are
also evolving. Whereas liver biopsy was previously recommended in all patients with HCV
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infection in order to determine the severity of fibrosis, the AASLD-IDSA guideline currently
also recommends blood tests or transient elastography as noninvasive options for fibrosis
assessment.®>48081 Gjven the availability of noninvasive tests to stage HCV infection, rates of
biopsy have declined substantially, though precise data on current biopsy rates are lacking.

Current Clinical Practice/Recommendations of Other Groups

U.S.-based screening guidelines are summarized in Table 5. All are consistent in recommending
HCYV screening in persons born between 1945 and 1965 and in persons with risk factors for HCV
infection. Data on rates of birth cohort screening are limited, though a study of U.S. veterans
found an increased rate of testing in this age group compared with other age groups.®?

Guidelines from the European Association for the Study of the Liver (EASL)® and the World
Health Organization (WHO)®* are generally consistent with the above screening guidance. In
2017, the Canadian Task Force on Preventive Health Care recommended against screening for
HCV in adults not at elevated risk (including persons born between 1945 and 1965 or other birth
cohorts).®> The Canadian recommendation was based on the reasoning that most persons with
HCYV infection have risk factors that can be identified using risk-based guidelines. However, the
Canadian Association for the Study of the Liver recommends screening of high-risk persons and
persons born between 1945 and 1975.8

The CDC® and the American College of Obstetricians and Gynecologists® recommend offering
HCYV screening to pregnant people with risk factors.
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Chapter 2. Methods

Key Questions and Analytic Framework

This systematic review followed a standard protocol in accordance with USPSTF procedures.®®
The scope and Key Questions (KQs) for this report were determined by the USPSTF and
informed by evidence gaps identified from the prior reviews.:>>% Three additional contextual
questions on recent epidemiologic trends in HCV infection, modeling analyses, and behavioral
effects of current antiviral therapies were requested by the USPSTF. The KQs and Contextual
Questions are shown below. Investigators created an analytic framework incorporating the KQs
and outlining the patient populations, interventions, outcomes, and potential adverse effects, as
well as the direct and indirect pathways from screening to health outcomes (Figure 1).

Key differences between this report and the prior reviews are inclusion of adolescents in addition
to adults; evaluation of new all-oral, DAA regimens. We also removed previously reviewed
questions on harms of liver biopsy, given its reduced role in evaluation of patients with HCV
infection, and on effects of counseling or immunizations in persons with HCV infection, given
limited evidence and likely small magnitude of effects relative to antiviral treatments. This report
focuses on effects of treatments in populations more likely to be identified by screening (i.e.,
asymptomatic and without advanced liver disease), and excludes poor quality studies (e.g.,
cohort studies that did not perform statistical adjustment) that were included in prior USPSTF
reviews. We did not re-review the diagnostic accuracy of HCV screening, which the prior review
found to be highly accurate.®

Key Questions

la. Does screening for HCV infection in pregnant and nonpregnant adolescents and adults
without known abnormal liver enzyme levels reduce HCV-related mortality and morbidity
or affect quality of life?

Ib. Does prenatal screening for HCV infection reduce risk of vertical transmission of HCV
infection?

2. What is the effectiveness of different risk- or prevalence-based methods for screening for
HCV infection on clinical outcomes?

3.  What is the yield (number of new diagnoses per tests performed) of one-time versus repeat
screening or alternative screening strategies for HCV infection, and how does the screening
yield vary in different risk groups?

4.  What are the harms of screening for HCV infection (e.g., anxiety and labeling)?

5. What are the effects of interventions during labor and delivery or the perinatal period on risk
of vertical transmission of HCV infection?

6. What is the effectiveness of currently recommended antiviral treatments in improving health
outcomes in patients with HCV infection?*

7.  What is the effectiveness of currently recommended antiviral treatments in achieving a SVR
in patients with HCV infection?*

8. What are the harms of currently recommended antiviral treatments?*
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9. What is the association between experiencing SVR following antiviral treatment and
reduction in risk of HCV-related adverse health outcomes?

* Subpopulations of interest for KQs 6, 7, and 8 include those defined by age, race/ethnicity, sex,
drug use, receipt of medications for treatment of opioid use disorder, stage of disease, HCV
genotype, and pregnancy status (including nonpregnant women of childbearing age).

Contextual Questions

Three Contextual Questions were also requested by the USPSTF to help inform the report.
Contextual Questions are addressed by narratively summarizing key evidence; they are not
reviewed using systematic review methodology.

1. Based on population level estimates, what are recent trends in the epidemiology, prevalence,
and incidence of HCV infection in the United States, including in primary care settings, over
the past 5 to 10 years?

2. What are the effects of different risk- or prevalence-based methods for screening for HCV
infection in modeling studies?

3. What is the effect of antiviral treatments on behavioral outcomes?

Search Strategies

We searched the Cochrane Central Register of Controlled Trials and Cochrane Database of
Systematic Reviews (through February 8, 2019), and Ovid MEDLINE (1946 through February 8,
2019) for relevant studies. Search strategies are available in Appendix Al. We also searched
ClinicalTrials.gov for ongoing studies, and reviewed the reference lists of relevant review
articles and studies meeting inclusion criteria. We also carried forward studies in the prior
USPSTF report that met inclusion criteria for this update.>*® Ongoing surveillance was
conducted to identify major studies published since February 2019 that may affect the
conclusions or understanding of the evidence and the related USPSTF recommendation. The last
surveillance was conducted on November 22, 2019 and identified no studies affecting review
conclusions.

Study Selection

Two reviewers independently evaluated each study to determine its inclusion eligibility based on
predetermined inclusion and exclusion criteria developed for each KQ (Appendix A2).

The target population for screening was asymptomatic, pregnant and nonpregnant adolescents
(ages 12 to 17 years) and adults without prior HCV infection. For treatment, the target
population was persons with HCV infection likely to be identified by screening. However, no
trial enrolled screen-detected patients, and trials did not report presence of symptoms. To
evaluate patients more likely to be asymptomatic and identified by screening, we restricted
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inclusion of antiviral treatment studies to those in which up to 20 percent of participants had
cirrhosis at baseline. For antiviral regimens with few studies meeting this threshold and for
studies on the association between SVR after antiviral therapy and clinical outcomes, we
permitted a threshold up to 25 percent. We included studies of patients previously treated with
interferon-based therapy (interferon or pegylated interferon with or without ribavirin) or
boceprevir or telaprevir with pegylated interferon and ribavirin, because data indicate similar
SVR rates in these treatment-experienced compared with treatment-naive patients.” Included
interventions were HCV screening and alternative screening strategies; mode of delivery, labor
management strategies, and breastfeeding practices; currently recommended (including
alternative) DAA regimens for evaluation of clinical outcomes, SVR rates and harms; and DAA
regimens or interferon-based treatment for evaluation of mortality and long-term clinical
outcomes.” For analysis of SVR rates, we included studies in which ribavirin or dasabuvir was
not used as recommended (e.g., ombitasvir / paritaprevir / ritonavir / dasabuvir that omitted
ribavirin for genotype 1a infection or used ribavirin for genotype 1b infection, or did not include
dasabuvir for genotype 1 infection) (Tables 2 and 3), because SVR rates were similar to
recommended regimens with these variations, but performed sensitivity analyses without them.
For analysis of adverse events, we restricted inclusion to trials in which ribavirin was
administered as recommended. DAA regimens were restricted to recommended doses and
durations. We excluded trials that focused on persons coinfected with HIV or HBV infection,
transplant patients, or with advanced renal disease.

For KQs on screening and treatment, we included randomized trials. For questions on screening,
perinatal (labor and delivery or breastfeeding) interventions, effects of DAA regimens on clinical
outcomes, and the association between SVR after antiviral therapy and clinical outcomes, we
also included cohort studies that reported risk estimates adjusted for potential confounders. We
included trials of current DAA regimens versus placebo, an older antiviral regimen, or another
DAA regimen (including regimens not currently recommended). We also included trials of DAA
regimens without one of these comparisons, because there were few comparative trials. Clinical
trials were defined as studies in which patients were prospectively allocated to treatment by the
study investigator using pre-defined inclusion criteria and followup methods. Included outcomes
were mortality, morbidity (e.g., cirrhosis, hepatic decompensation, liver transplant, extrahepatic
manifestations of HCV infection), quality of life, HCV transmission, harms (e.g., labeling,
anxiety, drug-related and treatment-related harms), screening yield (number of new diagnoses
per tests performed), and perinatal transmission. We restricted inclusion to English-language
articles, and we excluded studies published only as abstracts. Studies of non-human subjects
were excluded, and studies had to report original data. The selection of literature is summarized
in the literature flow diagram (Appendix A3), and Appendix A4 provides a list of included
studies. Appendix A5 lists excluded studies with reasons for exclusion.

Data Abstraction and Quality Rating

We constructed evidence tables summarizing the data from each study. One investigator
abstracted details about the study design, patient population, setting, interventions, analysis,
followup, and results. A second investigator reviewed abstracted data for accuracy. Two
investigators independently applied criteria developed by the USPSTF® to rate the quality of
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each study as good, fair, or poor (Appendix A6). Discrepancies were resolved through a
consensus process. In accordance with the USPSTF Procedure Manual, we excluded studies
rated poor quality due to important methodological shortcomings that severely undermine their
reliability;® this applied to studies utilized in the prior USPSTF review that were rated poor
quality and were excluded in the current report.

Data Synthesis

We performed a random effects meta-analysis to summarize the proportion of patients
experiencing SVR and adverse events with current DAA regimens. We used a generalized linear
mixed effects model with a logit link, allowing the inclusion of studies in which the proportion
of patients with the event were 0 percent or 100 percent. We combined arms of comparable
interventions within the same study so each study was represented once in a meta-analysis, in
order to avoid overweighting. For SVR, we performed separate analyses for each genotype (1
through 6); for adverse events, results were pooled across genotypes. For SVR and adverse
events, analyses were stratified according to DAA regimen. Subgroup and sensitivity analyses
were performed on geographic settings (United States or Europe, multinational, or other),
fibrosis stage (cirrhosis excluded or some [up to 20% of patients] with cirrhosis), prior treatment
status (naive or experienced to interferon-based therapies, boceprevir or telaprevir), and quality.
For SVR, we performed sensitivity analysis by excluding studies in which ribavirin or dasabuvir
was not used as recommended. For analyses of adverse events, we excluded trials of ribavirin-
containing regimens except for ombitasvir / paritaprevir / ritonavir / dasabuvir with ribavirin,
which is recommended for genotype 1b infection.

We also performed a random effects meta-analysis of adjusted hazard ratios (HRs) of SVR after
antiviral therapy versus no SVR on clinical outcomes (mortality, liver-related mortality,
cirrhosis, and HCC) using a linear mixed effects model. In some cases the adjusted HR for SVR
versus no SVR had to be calculated from other estimates (e.g., from adjusted HRs for SVR and
no SVR vs. no treatment). In these situations we calculated the adjusted HR for SVR versus no
SVR based on the HRs for SVR versus no treatment and no SVR versus no treatment and their
reported Cls, assuming a correlation of 0 between the two HRs. Because HRs are typically
positively correlated, this assumption results in more conservative (i.e., wider) Cls for the
calculated HR. Subgroup analysis were performed on duration of study (5 years or less vs. more
than 5 years), geographic setting (United States/Europe vs. Asia) and whether the study had full
adjustment of confounding variables (age, sex, fibrosis stage and genotype) or did not adjust for
one or more of these populations. We also performed sensitivity analysis by excluding studies
with potential overlapping populations in order to ensure that results were not sensitive to double
counting of patients.

For all meta-analyses, statistical heterogeneity was assessed using the variance parameter of the
random effects, the Cochran Q-test and 7 statistic.®? For pooled proportions of SVR and adverse
events, the Cochran Q-test and /? statistic were based on the Freeman-Tukey double arcsine
transformed proportions.®® All meta-analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA.) and forest plots were created using Stata/SE 14.0 (StataCorp, College Station,
TX).
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We also conducted random effects meta-analysis on adverse events with DAA regimens versus
placebo and DAA regimens versus telaprevir / pegylated interferon / ribavirin using RevMan
5.3.5 (the Nordic Cochrane Centre, Copenhagen). Analyses were stratified by DAA regimen.
There were too few trials evaluating these comparisons to conduct additional sensitivity or
subgroup analyses

We assessed the aggregate internal validity (quality) of the body of evidence for each KQ
("good", "fair", "poor") using methods developed by the USPSTF, based on the number, quality
and size of studies, consistency of results between studies, and directness of evidence in the
Summary of Evidence. We determined aggregate internal validity using the totality of evidence
(new studies identified for the update plus studies carried forward from the prior USPSTF
report).

Expert Review and Public Comment

The draft research plan was posted for public comment from September 21 to October 18, 2017.
In response to public comments, the USPSTF modified the research plan before finalizing to
clarify the following: screening settings include emergency departments and settings that offer
integrated services for primary care and behavioral health care; subpopulations of interest
include drug use, persons using medication-assisted therapies, and nonpregnant women of
childbearing age; morbidity outcomes include extrahepatic manifestations of HCV infection,
such as depression and diabetes; health outcomes include perinatal HCV transmission; and the
population for antiviral treatment includes persons with a METAVIR fibrosis stage of 0 to 3. The
USPSTF also added a KQ on the yield of repeat HCV screening and revised Contextual Question
3 to address the effects of antiviral treatment on both positive and negative behaviors pertaining
to HCV risk.

A draft version of this report was reviewed by content experts, USPSTF members, Agency for
Healthcare Research and Quality Medical Officers, and collaborative partners. Reviewer
comments were presented to the USPSTF during its deliberations and subsequently addressed in
revisions of this report when appropriate. Additionally, a draft of this report was posted for
public comment on the USPSTF Web site from August 27, 2019 to September 23, 2019.
Comments were received from 11 commenters during this public comment period; minor
editorial changes were made to the report based on these comments, but no changes were made
to the results or conclusions.

Screening for Hepatitis C Virus Infection 11 Pacific Northwest EPC



Chapter 3. Results

A total of 7,170 new references from electronic database searches and manual searches of
recently published studies were reviewed, and 700 full-text papers were evaluated for inclusion.
We included a total of 97 studies (reported in 94 publications). Eighty-four studies were newly
identified as part of this update, and 13 were carried forward from the previous review. Included
studies and quality ratings are described in Appendix B.

Key Question la. Does Screening for HCV Infection in
Pregnant and Nonpregnant Adolescents and Adults Without
Known Abnormal Liver Enzyme Levels Reduce HCV-Related

Mortality and Morbidity or Affect Quality of Life?

As in the prior USPSTF review, no study directly assessed effects of HCV screening versus no
screening on clinical outcomes such as HCV-related mortality and morbidity or quality of life.

Key Question 1b. Does Prenatal Screening for HCV Infection
Reduce Risk of Vertical Transmission of HCV Infection?

As in the prior USPSTF review, no study assessed effects of prenatal HCV screening versus no
screening on risk of vertical transmission of HCV infection.

Key Question 2. What Is the Effectiveness of Different Risk-
or Prevalence-Based Methods for Screening for HCV
Infection on Clinical Outcomes?

As in the prior USPSTF review, no study directly assessed the effectiveness of different risk- or
prevalence-based methods for HCV screening on clinical outcomes.

Key Question 3. What Is the Yield (Number of New Diagnoses
per Tests Performed) of One-Time vs. Repeat Screening or
Alternative Screening Strategies for HCV Infection, and How
Does the Screening Yield Vary in Different Risk Groups?

Summary

e The prior USPSTF review included five studies that found screening strategies that
targeted multiple risk factors associated with sensitivities of more than 90 percent and
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numbers needed to screen to identify one case of HCV infection of less than 20. More
narrowly targeted screening strategies were associated with numbers needed to screen of
less than two, but missed up to two-thirds of infected patients.

e One new study found that applying risk-based guidelines perfectly would result in 24.7
percent of the population tested and 82 percent of HCV cases identified (number needed
to screen 14.6), compared with 45 percent of the population tested and 76 percent of
HCV cases identified with birth cohort screening (number needed to screen 28.7), but
assumed perfect implementation of risk-based testing.

Evidence

The prior USPSTF review included five poor quality studies®*®® that found screening strategies
that targeted multiple risk factors associated with sensitivities of more than 90 percent and
numbers needed to screen to identify one case of HCV infection of less than 20.2 More narrowly
targeted screening strategies were associated with numbers needed to screen of less than two, but
missed up to two-thirds of infected patients.

One new study that retrospectively applied screening criteria to patients in the 2003 to 2006
National Health and Nutrition Examination Survey (NHANES) database compared the yield of
risk-based HCV screening (based on then-current AASLD guidelines) versus birth cohort
screening.%® It found that applying risk-based guidelines perfectly would result in 24.7 percent of
the general population tested and identify 82 percent of the HCV exposed population, with a
number needed to screen to identify one case of HCV infection of 14.6. Applying the birth
cohort strategy would result in 45 percent of the general population tested and identify 76
percent of the HCV exposed population, with a number needed to screen to identify one case of
28.7. Although this analysis suggests that the two strategies would identify a similar proportion
of HCV infected persons, it would require perfect implementation of risk-based testing, which
has not occurred in actual practice.

No study evaluated the yield of one-time versus repeat screening, the yield of alternative
screening strategies in different risk groups, or the yield of currently recommended screening
(i.e., 1945 to 1965 birth cohort plus risk-based screening) versus expanded screening strategies.
Studies that modeled effects of alternative screening strategies are addressed in Contextual
Question 2.

Key Question 4. What Are the Harms of Screening for HCV
Infection (e.g., Anxiety and Labeling)?

The prior USPSTF review included five studies®1%°-1% of persons with HCV infection that

suggested potential negative psychological and social effects of screening, but the quality of
evidence was assessed as poor due to small sample sizes and methodological shortcomings,
included no unscreened comparison group, reliance on retrospective recall, and poorly defined
outcomes.? All of the studies were conducted in the context of treatment with older interferon-
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containing regimens. No new study meeting inclusion criteria evaluated harms associated with
HCV screening.

Key Question 5. What Are the Effects of Interventions During
Labor and Delivery or the Perinatal Period on Risk of Vertical
Transmission of HCV Infection?

Summary

e Five observational studies (four included in the prior USPSTF review) found no clear
association between the mode of delivery and risk of mother-to-infant transmission of
HCV infection, after adjustment for potential confounders.

e One observational study included in the prior USPSTF review found prolonged (longer
than 6 hours) rupture of membranes associated with increased risk for HCV transmission
versus less prolonged (6 hours or less) rupture after adjusting for maternal demographic
characteristics, HCV RNA level, intravenous drug use, and smoking status during
pregnancy (adjusted OR 9.3, 95% CI, 1.5 to 180).1% No new study evaluated this
association.

e One observational study included in the prior USPSTF review found internal fetal
monitoring associated with increased risk of mother-to-infant transmission of HCV
infection versus external monitoring, after adjustment for maternal demographic
characteristics, HCV viral load, intravenous drug use history, and smoking status in
pregnancy (adjusted OR 6.7, 95% CI, 1.1 to 35.9).1% No new study evaluated this
association.

e Three observational studies (two included in the prior USPSTF review) found no clear
association between breastfeeding and risk of mother-to-infant transmission of HCV
infection after adjustment for potential confounders; in the two good quality studies
adjusted OR estimates were close to 1.10>107

Evidence

Mode of Delivery

The prior USPSTF review? included 14 observational studies in 16 publications (sample sizes of
56 to 1,034 mother-infant pairs) that found no clear association between the mode of delivery
(vaginal vs. cesarean delivery) and risk of mother-to-infant transmission of HCV104-106,108-120
Twelve studies found no statistically significant association between the mode of delivery and
risk of HCV transmission;104-106:109-112.114-120 1) ot estimates were imprecise, and findings were
inconsistent, with point estimates that favored vaginal delivery in some studies and cesarean
delivery in others. Most of the studies included in the prior review did not meet inclusion criteria
for the current review: eight were rated poor quality!?®11-113116-120 3 d ten did not conduct
multivariate analyses.%%1% No study reported baseline characteristics according to mode of
delivery or matched women on key potential confounders.
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Restricting inclusion to the four studies (total 1,717 mother-infant pairs) in the prior review that
met current inclusion criteria (fair or good quality and multivariate analysis performed) resulted
in a similar conclusion of no clear association between the mode of delivery and risk of HCV
transmission (Table 6, Appendix B Table 1).1941%198 One of the studies was conducted in the
United States'® and the other three in Europe. Although one fair quality study (424 mother-
infant pairs) found elective cesarean associated with decreased risk of HCV transmission versus
vaginal delivery or emergent (after onset of labor) cesarean after adjusting for HIV status and
breastfeeding (adjusted OR 0.0, 95% CI, 0.0 to 0.87),1% the other three studies, including two
good quality studies, % found no association between the mode of delivery and HCV
transmission risk. One good quality study (1,034 mother-infant pairs) found no statistically
significant association between the mode of delivery and risk of HCV transmission, though there
was a trend towards higher risk with elective cesarean versus vaginal or emergent (after onset of
labor) cesarean, after adjusting for infant sex, prematurity, and breastfeeding status (adjusted OR
1.59, 95% CI, 0.88 to 2.86),1% and another good quality study (181 mother-infant pairs) found
no association between the mode of delivery (elective cesarean, emergent cesarean or vaginal)
and risk of mother-to-infant transmission in univariate analysis; mode of delivery was excluded
from the multivariate model.}** The fourth, fair quality study (78 mother-infant pairs) found no
association between cesarean (not specified as elective or emergent) versus vaginal delivery and
risk of transmission (data not reported).'%

One additional Italian study (1,301 mother-infant pairs) not included in the prior USPSTF review
also found no statistically significant association between the mode of delivery (cesarean vs.
vaginal delivery) and risk of mother-to-infant transmission of HCV infection (adjusted OR 0.83,
95% CI, 0.65 to 1.08). Cesarean deliveries were not specified as elective or emergent'®’ (Table
6, Appendix B Tables 1-3). The study was rated good quality (Table 6; Appendix B Table 4).

Rupture of Membranes

Evidence on the association between duration of rupture of membranes during labor and risk of
HCV transmission is limited. The prior USPSTF review included one good quality United States
cohort study (189 mother-infant pairs) that found prolonged rupture (longer than 6 hours) of
membranes associated with increased risk for HCV transmission versus less prolonged rupture (6
hours or less) after adjusting for maternal demographic characteristics, HCV RNA level,
intravenous drug use, and smoking status during pregnancy (adjusted OR 9.3, 95% CI, 1.5 to
180)1% (Table 7; Appendix B Tables 1-3). However, there were only 7 cases of perinatal HCV
infection, and the estimate was very imprecise. A smaller (63 mother-infant pairs) Australian
study®® included in the prior USPSTF review found that mean duration of membrane rupture
was longer in mothers in whom HCV transmission occurred compared with those in whom
transmission did not occur, but did not meet current inclusion criteria because it did not attempt
to adjust for potential confounders and was rated poor quality. We identified no new studies on
the association between the duration of rupture of membranes and risk of HCV transmission that
met inclusion criteria.
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Fetal Monitoring

Evidence on the association between use of fetal monitoring methods during labor and risk of
HCV transmission is limited. The prior USPSTF review included one good quality U.S.-based
study (188 mother-infant pairs) that found internal fetal monitoring associated with increased
risk of mother-to-infant transmission of HCV infection versus external monitoring, after
adjustment for maternal demographic characteristics, HCV viral load, intravenous drug use
history, and smoking status in pregnancy (adjusted OR 6.7, 95% CI, 1.1 to 35.9)1% (Table 8;
Appendix B Tables 1-3). However, there were only 7 cases of perinatal HCV infection and the
estimate was imprecise. Although the prior USPSTF review included two other studies on the
association between fetal monitoring and risk of HCV transmission, neither met current inclusion
criteria because they did not report adjusted risk estimates.!*24 One of the studies''? did not
compare internal fetal monitoring to no internal monitoring and the other study*** found no
association between internal fetal monitoring and transmission risk (relative risk [RR] 1.24, 95%
CI, 0.70 to 2.2). We identified no new studies on the association between the use of fetal
monitoring methods and risk of HCV transmission that met inclusion criteria.

Breastfeeding

The prior USPSTF review? included 14 observational studies'04-106.10911L115-124 (44ta] of 2,971
mother-infant pairs) that found no association between breastfeeding by women infected with
HCV and risk of transmission to infants. No study reported a statistically significant association,
though some estimates were very imprecise due to few cases of HCV transmission. Most of the
studies included in the prior review did not meet inclusion criteria for the current review: ten
were rated poor quality,108114116-120 ap{ twelve did not conduct multivariate analyses, 104108120
Restricting the analysis to the two studies'®!% in the prior review that meet current inclusion
criteria (fair or good quality and multivariate analysis performed) resulted in a similar conclusion
of no association between breastfeeding and risk of HCV transmission (Table 9; Appendix B
Tables 1-3).1041%6.108 One Jarge (1,034 mother-infant pairs) European study found no association
between breastfeeding by HCV-infected women without HIV infection and risk of HCV
transmission to infants (followed until at least 18 months of age), after adjusting for infant sex,
prematurity, and mode of delivery (adjusted OR 0.92, 95% CI, 0.50 to 1.70). A fair quality
European study (414 mother-infant pairs) also found no association between breastfeeding and
risk of HCV transmission to infants (duration of followup 24 months), after adjusting for HIV
status (5% of mothers were HIV-infected) and mode of delivery (adjusted OR 1.52, 95% CI,
0.35 to 5.12). Although the point estimate was consistent with increased risk associated with
breastfeeding, the estimate was imprecise.

One additional good quality Italian cohort study'®’ (1,281 mother-infant pairs) not included in
the prior systematic review also found no association between breastfeeding and risk of HCV
transmission to infants, after adjusting for maternal HCV viral load, HIV status (14% of mothers
were HIV-infected), injection drug use, and mode of delivery (adjusted OR 0.95, 95% CI, 0.58 to
1.40) (Table 9; Appendix B Tables 1-4). Duration of followup was 24 months.
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Key Question 6. What Is the Effectiveness of Currently
Recommended Antiviral Treatments in Improving Health

Summary

Adults

Outcomes in Patients With HCV Infection?

e The prior review included no randomized trials or observational studies on the effects of
then-current antiviral regimens on long-term (e.g., more than 2 years) clinical outcomes;
no new randomized trial evaluated effects of current DAA regimens on long-term clinical
outcomes.

e Ten new trials reported quality of life and functional outcomes before and after treatment
with a current DAA regimen.

(@]

A pooled analysis of four trials found sofosbuvir / velpatasvir associated with an
average improvement of 5.5 to 6.1 points (0 to 100 scale) on 26 measures related
to quality of life or function at 24 weeks (12 weeks post-treatment) in persons
without cirrhosis.

A pooled analysis of three trials found sofosbuvir / ledipasvir associated with
small but statistically significant improvements from baseline to 24 weeks (12
weeks post-treatment) on multiple quality of life and functional domains in
persons with no to mild fibrosis at baseline.

Three trials of DAA regimens not included in the pooled analyses (two trials of
ombitasvir / paritaprevir / ritonavir / dasabuvir and one trial of elbasvir /
grazoprevir) found DAA use associated with small changes from baseline to 12
weeks post-treatment on the 36-Item Short Form Health Survey (SF-36) physical
(improvement 0.5 to 1.4 points) or mental component (improvement 2.5 to 3.0
points) summary scales (0 to 100 scale).

e Thirty-one trials reported mortality 12 to 36 weeks following completion of therapy with
a DAA regimen. Twenty-one trials reported no deaths; in the other ten trials, there were
17 deaths (0.4% [17/3,848] overall).

e Three large (n=34,206; 17,836; and 6,850) cohort studies evaluated the association
between use of DAA regimens, interferon-based treatment, and no antiviral therapy and
risk of cardiovascular events and HCC.

o

One retrospective study (n=34,206) found DAA therapy and interferon-based
therapy each associated with similarly decreased risk of cardiovascular events
relative to no therapy (incidence per 1,000 person-years 16.3 for DAA therapy,
23.5 for interferon-based therapy, and 30.4 for no therapy; p<0.001 for DAA
therapy or interferon-based therapy vs. no therapy).

One study (n=17,836) found no difference between interferon-based treatment
versus DAA therapy in risk of HCC (incidence rate per 1,000 person-years of
followup 7.48 vs. 7.92; p=0.72); both regimens were associated with lower
incidence of HCC than no therapy.
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o One study (n=6,850) found no difference between DAA therapy versus no
antiviral therapy and risk of HCC (adjusted HR 1.02, 95% CI, 0.40 to 2.61)
among persons without known cirrhosis at baseline after 33 months followup;
effects on all-cause mortality favored DAA therapy, but the difference was not
statistically significant (adjusted HR 0.74, 95% CI, 0.43 to 1.28).

Adolescents

e Three trials of DAA therapy in adolescents found quality of life improved from baseline
based on Pediatric Quality of Life Inventory scores.
e Three short-term trials of DAA regimens in adolescents reported no deaths.

Evidence

Adults

The prior review identified no randomized trials or observational studies on the effects of then-
current antiviral regimens (triple therapy with telaprevir or boceprevir, pegylated interferon, and
ribavirin or dual therapy with pegylated interferon and ribavirin) for chronic HCV infection on
long-term (more than 2 year) clinical outcomes.>* Two trials in the prior review reported short-
term mortality with triple therapy versus dual therapy, but events were few and estimates were
imprecise, with no clear differences.?>?® There were a total of 9 deaths in over 1,700 persons
across the two trials.

No new randomized trial evaluated effects of current DAA regimens on long-term clinical
outcomes. Randomized trials of older (non-DAA) antiviral therapy versus no antiviral therapy
that evaluated long-term clinical outcomes did not meet inclusion criteria because they enrolled
persons with cirrhosis at baseline,!?"'%? utilized non-standard therapy (indefinite treatment with
interferon),’*® or were rated poor quality (not clearly randomized).!3

Ten trials reported quality of life and functional outcomes before and after receipt of current
DAA regimens; seven trials were included in two pooled analyses'**'*® and three additional
trials (reported in 2 publications) not in the pooled analyses also reported these outcomes
(Appendix B Tables 5, 10 and 11).%"13 One trial of sofosbuvir / velpatasvir that reported
quality of life and functional outcomes was included in a pooled analysis and is not reported
separately here.?3%1%0 The trials were all open-label and none reported comparisons of DAA
therapy versus placebo or non-DAA therapy.

Thirty-one trials (in 28 publications)'¥*!4-167 reported short-term mortality with current DAA
regimens (Appendix B Tables 10 and 11). A multicenter prospective cohort study conducted in
France®®® and two retrospective cohort studies®®*!’® based on a national Veterans Affairs (VA)
database, Electronically Retrieved Cohort of HCV Infected Veterans (ERCHIVES), evaluated
the association between treatment with a DAA regimen versus no treatment and other clinical

outcomes (cardiovascular outcomes and HCC) after adjusting for potential confounders
(Appendix B Table 5).
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Quality of Life and Function

Ten trials reported quality of life and functional outcomes before and after treatment with a
current DAA regimen (Appendix B Tables 5, 10, and 11). Seven trials were included in two
post-hoc pooled analyses: one analysis'® included three trials (n=1,005) of sofosbuvir /
ledipasvir and one analysis®*® included four trials (n=1,701) of sofosbuvir / velpatasvir. The trials
varied with regard to whether antiviral therapy was administered with or without ribavirin. Two
additional trials (reported in 1 publication, n=309 and 148) of ombitasvir / paritaprevir / ritonavir
/ dasabuvir (with or without ribavirin)'*" and one additional trial of elbasvir / grazoprevir
(n=129) also reported quality of life or function.'®® All studies used an open-label design, and the
quality of life and functional measures assessed in the trials differed. In addition, the trials
included in the pooled analyses lacked a non-DAA regimen comparison group.

A pooled analysis of four trials found sofosbuvir / velpatasvir associated with an average
improvement of 5.5 to 6.1 points on 26 measures related to quality of life or function at 24 weeks
(12 weeks post-treatment) in persons without cirrhosis.!3*® Changes from baseline were not
statistically significant. Findings were similar when the regimen was administered with or
without ribavirin. The average improvement was based on 26 outcomes derived from the SF-36,
the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), the Chronic Liver
Disease Questionnaire-HCV version (CLDQ-HCV), and the Work Productivity Activity Index:
Specific Health Problem (WPAI-SHP) measures, standardized to a 0 to 100 scale.

A pooled analysis of three trials found sofosbuvir / ledipasvir associated with statistically
significant improvements from baseline to 24 weeks (12 weeks post-treatment) on multiple
quality of life and functional domains in persons with no to mild fibrosis at baseline.!® Estimates
were similar when sofosbuvir / ledipasvir was administered with or without ribavirin. Mean
differences were less than 3 points on the 0 to 100 SF-36 physical and mental component
summary scales, 10 to 11 points on the 0 to 160 FACIT-F scale, 0.5 to 0.6 points on the CLDQ-
HCYV, less than 0.1 point on the 0 to 1 WPAI-SHP scales, and 0.04 to 0.05 points on the six-
dimensional health state short-form (SF-6D) health utility scale; the latter measure was derived
from the SF-36 instrument.

Three trials not included in pooled analyses also reported small improvements in some measures
of quality of life or function.®"13 Two trials found ombitasvir / paritaprevir / ritonavir /
dasabuvir associated with small changes from baseline to 12 weeks post-treatment on the SF-36
physical (improvement 0.5 to 1.4 points) or mental component (improvement 2.5 to 3.0 points)
summary scales.'®” Estimates were similar when the regimen was administered with or without
ribavirin and among treatment-naive and -experienced patients. In both trials, there were no
statistically significant differences between the DAA regimen versus telaprevir / pegylated
interferon / ribavirin on the SF-36 (differences —1.1 to —1.5 points on the mental component and
—1.3 to +0.9 points on the physical component summary scales). Changes from baseline
following treatment with ombitasvir / paritaprevir / ritonavir / dasabuvir on the WPAI-SHP scale
were also very small. Another trial found elbasvir / grazoprevir use associated with small but
statistically significant improvements from baseline in SF-36 mental and physical component
scores (mean change of 2 points each).!® There was no effect of elbasvir / grazoprevir on patient
fatigue, based on FACIT-F scale score.
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Mortality

Thirty-one trials (in 28 publications; n=21 to 558; total N=3,848) reported mortality 12 to 36
weeks following completion of therapy with a DAA regimen (Appendix B Tables 10 and
11).13%141-167 The trials were not designed or powered to assess mortality, and 21 studies reported
no deaths. There were 17 deaths in the remaining ten studies (0.4% overall). The regimens
evaluated in these trials were sofosbuvir / velpatasvir (8 deaths in 884 patients; 0.9%),13%:146:147.150
ombitasvir / paritaprevir / ritonavir / dasabuvir with ribavirin (4 deaths in 187 patients; 2%),49162
grazoprevir / elbasvir (2 deaths in 732 patients; 0.3%),'41% glecaprevir / pibrentasvir (2 deaths
in 1,172 patients; 0.2%),'%" and sofosbuvir / daclatasvir (one death in 115 patients; 0.9%).1%” Ten
of the 17 deaths were reported in three trials that enrolled persons reporting recent injection drug
use (26% to 66% at baseline) or use of opioid substitution therapy (3% to 85% at
baseline).149'15o'167

Other Clinical Outcomes

Three large, fair-quality cohort studies evaluated the association between antiviral treatment
versus no treatment and clinical outcomes (cardiovascular events, HCC, or all-cause
mortality).1%81/0 Two studies’®®’® were conducted using the VA ERCHIVES database, and one
study'®® was conducted in France.

Two large (n=17,836 and 34,206), retrospective analyses of VA patients evaluated the
association between use of DAA regimens, interferon-based treatment, and no antiviral therapy
and risk of cardiovascular events and HCC (Appendix B Tables 5 and 6).1%%1"° The studies
included primarily male (3 to 4% female), HCV-infected veterans. Mean age ranged from 54 to
62 years; approximately 20 percent of the population had cirrhosis at baseline. One study found
DAA therapy and interferon-based therapy each associated with decreased risk of cardiovascular
events, including acute myocardial infarction, congestive heart failure, and stroke (incidence rate
per 1,000 person-years of followup: 16.3 for DAA therapy, 23.5 for interferon-based therapy,
and 30.4 for no therapy; p<0.001 for DAA therapy vs. no therapy and for interferon-based
therapy vs. no therapy).'%® The proportion of patients with at least 5 years followup was 82% for
interferon-based therapy, 3.7% for DAA therapy, and 43% for no therapy (mean followup not
reported). The other study found no difference between interferon-based treatment versus DAA
therapy in risk of HCC (incidence rate per 1,000 person-years of followup 7.48 vs. 7.92;
p=0.72).17° Both types of antiviral therapy regimens were associated with lower incidence of
HCC than no therapy (incidence rate per 1,000 person years 10.90). The mean duration of
followup was 7.4 years for persons treated with interferon-based therapy and 1.1 years for
persons treated with DAA therapy (mean not reported for untreated patients).

A third, smaller (n=6,850) study conducted in France found no difference between DAA therapy
versus no antiviral therapy in risk of HCC (adjusted HR 1.02, 95% CI, 0.40 to 2.61) in persons
not known to have cirrhosis at baseline after a median of 33 months followup.%® Effects on all-
cause mortality favored DAA therapy, but the difference was not statistically significant
(adjusted HR 0.74, 95% CI, 0.43 to 1.28). There were too few events to estimate effects on liver-
related mortality or decompensated cirrhosis. Some differences between this analysis and the VA
studies described above include availability of results for the subgroup of persons without
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cirrhosis at baseline, a much higher proportion of female patients (approximately 50%),
restriction to DAA therapy, prospective design, and similar duration of followup in treated and
untreated patients.

No study evaluated effects of treatment with DAA regimens on risk of HCV transmission.

Adolescents

Data on health outcomes associated with DAA regimens in adolescents is available from one fair
quality, open-label trial'’* and post-hoc, before-after analyses of two other fair quality trials
(Appendix B Tables 7 and 8).17>1"3 The studies included a total of 200 patients, mean age was
14 to 15 years, the proportion of females ranged from 40 to 63 percent, and patients did not have
known cirrhosis. The studies utilized ledipasvir and sofosbuvir in adolescents with genotype 1
infection,'’? sofosbuvir and ribavirin in adolescents with genotype 2 or 3 infection,'’® and
glecaprevir / pibrentasvir in patients with genotype 1, 2, 3 or 4 infection.!”* Quality of life was
assessed based on change from baseline on the Pediatric Quality of Life Inventory.'’* The
Pediatric Quality of Life Inventory comprises four domains: Physical, Emotional, Social and
School Functioning, and the total score is determined by averaging the scores from each of the
four domains. In adolescents with genotype 1 infection treated with ledipasvir and sofosbuvir,
caregiver-reported total quality of life scores were significantly improved from baseline at 24
weeks post-treatment (0-100 scale; mean change 5.2 points; p=0.009). However, there was no
significant change in patients’ self-reported total scores (mean change 1.9 points; p=0.12). Only
the Emotional Functioning domain was rated as significantly improved from baseline by both
caregivers (mean change 9.32 points, p<0.001) and patients (mean change 3.66, p=0.04).1"2 In
adolescents with genotype 2 or 3 infection treated with sofosbuvir and ribavirin, scores improved
on the self-reported Social Functioning score by 4.8 points (p=0.02) and on the parent-proxy-
reported School Functioning score by 13.0 points (p=0.0065). Adolescents treated with
glecaprevir / pibrentasvir also experienced a small improvement in total quality of life score
(mean change 2.3 points) though the statistical significance (p-value not reported) and timing of
the assessment in this study is unclear.

Three studies of DAA regimens (sample sizes 30 to 100; total N=182) reported no deaths, but
were not designed to assess long-term clinical outcomes (duration of followup <48 weeks;
Appendix B Tables 7 and 8). Two of the studies evaluated DAA regimens FDA-approved for
use in adolescents (ledipasvir and sofosbuvir'”® and sofosbuvir and ribavirin!’®) and one study
evaluated a DAA regimen currently recommended for use in adults but not FDA-approved for
use in adolescents (sofosbuvir and daclatasvir'’®).
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Key Question 7. What Is the Effectiveness of Currently
Recommended Antiviral Treatments in Achieving a SVR in
Patients With HCV Infection?

Summary

Adults

e The prior review found triple therapy with telaprevir or boceprevir associated with higher
likelihood of SVR than dual therapy with pegylated interferon and ribavirin in persons
with genotype 1 infection. SVR rates were 68 percent to 72 percent with triple therapy
and 38 percent to 46 percent with dual therapy.

¢ One new randomized trial found sofosbuvir / velpatasvir associated with very high
likelihood of SVR versus placebo in persons with mixed genotype (1, 2, 4, 5, or 6)
infection (99% vs. 0%, RR 231.6, 95% CI, 14.6 to 3,680).2*° Across genotypes, the SVR
rate with sofosbuvir / velpatasvir ranged from 97 percent to 100 percent.

e Two new randomized trials found ombitasvir / paritaprevir / ritonavir / dasabuvir (with or
without ribavirin) associated with increased likelihood of SVR versus telaprevir /
pegylated interferon / ribavirin in persons with genotype 1 infection who were treatment-
naive (98% vs. 80%, RR 1.22, 95% CI, 1.08 to 1.37) or who had previously received
interferon therapy (99% vs. 66%, RR 1.50, 95% CI, 1.22 to 1.85).1%

e Forty-nine new trials found current DAA regimens associated with pooled SVR rates that
ranged from 95.5 percent to 98.9 percent:

o Genotype 1 infection (32 trials): Pooled SVR 97.7 percent (95% CI, 96.6% to
98.4%, I’=82%)

o Genotype 2 infection (5 trials): Pooled SVR 98.9 percent (95% CI, 97.5% to
99.5%, I’=4%)

o Genotype 3 infection (6 trials): Pooled SVR 95.5 percent (95% CI, 91.6% to
97.7%; 1’=66%)

o Genotype 4 infection (10 trials): Pooled SVR 98.2 percent (95% CI, 94.7% to
99.4%; 1*=50%)

o Genotype 5 infection (4 trials): Pooled SVR 96.0 percent (95% CI, 88.3% to
98.7%; 1’=0%)

o Genotype 6 infection (5 trials): Pooled SVR 98.2 percent (95% CI, 95.4% to
99.3%, I*=0%).

o Mixed genotype 1 to 6 (2 trials): Pooled SVR 95.4% (95% CI, 89.4% to 98.1%;
12=0%).

e SVR estimates were consistent in analyses stratified by DAA regimen, study quality,
inclusion of persons with cirrhosis at baseline, and geographic setting; and when analyses
were restricted to trials that utilized ribavirin as recommended or to treatment-naive
patients.

e SVR estimates were similar in trials that stratified patients according to age (17 trials,
primarily using a 55- or 65-year threshold), sex (17 trials), race or ethnicity (11 trials), or
treatment-experience (five trials).
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Adolescents

e Seven new trials (total N=348) reported SVR rates of 97 percent to 100 percent with
DAA regimens in adolescents with HCV infection.

o Four trials evaluated DAA regimens currently recommended and FDA-approved
for use in adolescents (ledipasvir / sofosbuvir, sofosbuvir / ribavirin or glecaprevir
/ pibrentasvir) and three trials evaluated DAA regimens currently recommended
for adults but not FDA-approved for use in adolescents.

o Results were consistent across genotypes and in treatment-naive and -experienced
patients.

Evidence

Adults

The prior review found higher SVR rates in persons with HCV genotype 1 infection treated with
triple therapy with telaprevir or boceprevir plus pegylated interferon and ribavirin than with dual
therapy with pegylated interferon and ribavirin.>*° Findings were consistent for a 48-week
boceprevir regimen (2 trials, SVR rates 70% vs. 38%, RR 1.8, 95% CI, 1.6 to 2.1),126177 3 24-
week, fixed-duration telaprevir regimen (3 trials, SVR rates 68% vs. 46%, RR 1.5, 95% CI, 1.3
to 1.8),178180 and a 24- or 48-week, response-guided telaprevir regimen (1 trial, SVR rate 72%
vs. 44%, RR 1.6, 95% CI, 1.4 to 1.9).1% The prior review also included 5 trials of dual therapy
with pegylated interferon and ribavirin for genotype 2 or 3 infection that reported pooled SVR
rates of 78 percent (95% CI, 67% to 88%) for 24 weeks of treatment and 68 percent (56% to
78%) for 12 to 16 weeks of therapy.'8184 None of the studies in the prior review evaluated
current DAA regimens.

Forty-nine new trials (in 44 publications) reported effects of current DAA treatment regimens on
SVR in patients with HCV infection (Table 10; Appendix B Tables 10 and 11).137:139141-167,185-
199 Sample sizes ranged from 20 to 706 (total N=10,181), mean age ranged from 45 to 68 years,
and the proportion of female participants ranged from 18 to 64 percent. Twenty-four trials (in 20
publications) were multinational (primarily United States, Australia and/or
Europe),137:139:143,144,149,150,155,158,160,164,166,167 185-189,19L.196.198 | | (ipy 1() publications) were
conducted in the United States and/or Canada,146147.153,154.157,161,190,192-194 o oh¢ jpy
Asia,145151,152,156,163,165,197.199 4\, in France,'*"'%? two in Egypt,mz*195 and one each in Brazil,'*°
and New Zealand.'*® The eight trials conducted in Asia did not report race. In the other studies,
among those that reported race, the majority of participants were white (range 60 to
100%5)139:141,142,146,147,153-155,157,158,160-162 166, 185-188,190-194 \y 4 the exception of one study conducted
in New Zealand in which 16 percent of participants were white!*® and one study conducted
primarily in Asian countries in which 28% of participants were white.®* Twenty-one trials (in 19
publications) enrolled patients with genotype 1 infection,37:145.149.151-156,159-161,163,167,185-188,190-
194,197 one trial genotype 2,419 three trials genotype 3,147157158.167 three trials genotype
4,141,162,189,195200 e trial each for genotypes 524214 and 6,318 and nine trials mixed genotypes
(three trials genotypes 1 through 6;14615018 one trial genotypes 1, 2, 4 and 6;'% two trials
genotypes 2 through 6;1*41% two trials genotypes 1, 4 and 6;1%¢1% and one trial genotypes 1 and
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4% Thirty-one trials (in 28 publications) excluded patients with cirrhosis!3/144:146.147.154,155,.159-

162,167,186,188-194,196,197.199 o reported results in the subgroup of patients without
cirrhosis.13%147:149,150,164,165.185,198 Er- trials that enrolled patients with cirrhosis, inclusion was
restricted to trials in which the proportion of patients with cirrhosis was less than 20 percent,
with the exception of one trial of grazoprevir / elbasvir that had a slightly higher proportion
(22%).1%% All trials excluded patients with HBV infection. Five trials (in 4 publications) enrolled
patients with a history of receiving methadone or buprenorphine for opioid use

disorder. 149150167192 The other trials excluded patients with recent or current substance use or did
not describe substance use.

Thirteen trials (in 11 publications) evaluated ombitasvir / paritaprevir / ritonavir / dasabuvir, with
or without ribavirin,!37149151,155.162.186-189.191,192 4oy trig]s ledipasvir /
sofosbuvir,141:142145.148,156,163,185,190,193.195 oot trials (in 6 publications) glecaprevir /
pibrentasvir,143:167194.196.197.199 geven trials (in 6 publications) sofosbuvir /
velpatasvir,139.146.147.150.158,165 gix tria]s elbasvir / grazoprevir,44152:160.164.166.198 £ 1 trials
daclatasvir / sofosbuvir, 12159161167 4 three trials simeprevir / sofosbuvir. 13541 One trial
compared a current DAA regimen versus placebo,™® two trials (reported in one publication)
compared a current DAA regimen versus a regimen with telaprevir,’*’ and two trials (reported in
one publication) compared a current DAA regimen versus an older, not currently recommended,
DAA regimen.'*’ Five other trials randomized patients to a DAA regimen versus placebo with
delayed DAA therapy, but only reported SVR rates following active treatment,151:152164.166.187
The other trials did not compare a current DAA regimen to placebo or an older antiviral regimen.
The duration of treatment was 12 weeks in all trials except for seven trials (in 5
publications)143167196.197.199 \which evaluated 8 or 12 weeks of glecaprevir / pibrentasvir and two
trials which evaluated 8 or 12 weeks of ledipasvir / sofosbuvir.'**'% Fourteen trials (in 12
publications) evaluated the same DAA regimen with and without ribavirin;3":144154.158,160.161,185,
186,188,191,193,194 f these, six trials (in 4 publications'®" 186188191y evalyated ombitasvir /

144160 olpasvir

158

paritaprevir / ritonavir / dasabuvir, two trials'®®1% ledipasvir / sofosbuvir, two trials
/ grazoprevir, and one trial each evaluated simeprevir / sofosbuvir,'>* sofosbuvir / velpatasvir,
glecaprevir / pibrentasvir,’** and daclatasvir / sofosbuvir.!®* Twenty-one trials did not vary
duration of treatment or use of ribavirin,141:142.145,146,148-150,153,155-157 159,162-165,189,190,192,195,198
Thirty-two trials (in 30 publications) enrolled treatment-naive populations or reported results
stratified according to prior treatment status,37+141142,144-146,149,151-153,155-157,15-167,185,188-191,193,195,198
five trials only enrolled treatment-experienced patients,3/1541%8.186.194 34 11 trials (in 10
publications) enrolled a mix of treatment-naive and -experienced patients but did not stratify
results according to treatment status,13%143.147,148.150,187,192, 196,197,199 11y {ria]5 of mixed populations,
the proportion of treatment-naive patients ranged from 52 to 95 percent. SVR was measured 12
weeks after the end of treatment in all trials except for one trial that assessed SVR at 14 weeks
post-treatment'®® and four trials (in 3 publications) that reported 12- and 24-week post-treatment
SVR rates. 167191192 [n the latter trials, 12- and 24-week SVR rates were identical or very similar.

137,139,144,146,147,151-154, 158-161,166,167,185-191,193,194) had multiple
141—143,145,148—150,155—157,162—165,167,192,195—199)

Twenty-seven trials (in 24 publications
DAA treatment arms, and 22 trials (in 21 publications
were single-arm studies (Appendix B Tables 10 and 11). Among the trials with multiple
treatment arms, 20 (in 18 publications!37:144146:147,153154,158-161,167,185,186,189-191,193194) ;e an open-
label design. In the open-label trials, treatment allocation was random in 11 trials (in 9
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publications!®/:147:153:159,167,185,186,190.194). iy the other trials patients were allocated to treatment
based on genotype (4 trials!44146.160161) "nyrior treatment status (1 trial*®), or clinical
characteristics (e.g., fibrosis stage).>*158189.193 Thirteen trials were rated good
quality,137:139.141,146,152,159,162,164,166,187-189,191 5y 4 the remainder were rated fair quality. Frequent
methodological limitations included unclear randomization or enrollment methods (e.g., unclear
if the trial enrolled consecutive patients meeting inclusion criteria, or a random sample). Loss to
followup was low across all trials (range 0 to 3%). All of the trials were industry-funded.

SVR Rates in Comparative Trials

DAA Regimen vs. Placebo

One randomized trial (n=706) compared sofosbuvir / velpatasvir versus placebo in persons with
HCV infection (genotypes 1, 2, 4, 5, or 6; Table 11).*° Genotype 1 infection was present in 53
percent of patients, 32 percent of patients had previously received interferon therapy, and 19
percent had cirrhosis at baseline. Sofosbuvir / velpatasvir was associated with an SVR rate of 99
percent (618/624), compared with no cases of SVR among 116 patients randomized to placebo
(RR 231.6, 95% CI, 14.6 to 3680). Across genotypes, the SVR rate with sofosbuvir / velpatasvir
ranged from 97 percent to 100 percent.

DAA Regimen vs. Telaprevir-Containing Regimen

Two randomized trials (reported in one publication) compared ombitasvir / paritaprevir /
ritonavir / dasabuvir (with or without ribavirin) for 12 weeks versus telaprevir (12 weeks) /
pegylated interferon / ribavirin (24 or 48 weeks) for genotype 1 infection (Table 11).33" One trial
(n=311) enrolled treatment-naive patients, and the other (n=148) enrolled patients previously
treated with pegylated interferon and ribavirin. In treatment- naive patients, ombitasvir /
paritaprevir / ritonavir / dasabuvir was associated with increased likelithood of SVR versus
telaprevir / pegylated interferon / ribavirin (98% vs. 80%, RR 1.22, 95% CI, 1.08 to 1.37). SVR
rates were similar in genotype 1a patients who received ombitasvir / paritaprevir / ritonavir /
dasabuvir with ribavirin (97%) and genotype 1b patients who received the same regimen with or
without ribavirin (98 to 99%). In the other trial, ombitasvir / paritaprevir / ritonavir / dasabuvir
with ribavirin was associated with increased likelihood of SVR versus telaprevir / pegylated
interferon / ribavirin in treatment-experienced patients (99% vs. 66%, RR 1.50, 95% CI, 1.22 to
1.85). SVR rates were similar for genotype 1a (100%) and 1b (99%) infection.

DAA Regimen vs. Non-Recommended DAA Regimen

Two randomized trials (reported in one publication) compared sofosbuvir / velpatasvir for 12
weeks versus sofosbuvir / ribavirin for 24 weeks.'*’ One trial (n=269) enrolled patients with
genotype 2 infection (14 to 15% prior interferon therapy, 14% cirrhosis) and one trial (n=280)
enrolled patients with genotype 3 infection (26% prior interferon therapy and 29 to 30%
cirrhosis; results reported for non-cirrhosis subgroup). Sofosbuvir / velpatasvir was associated
with increased likelihood of SVR for genotype 2 infection (99% vs. 94%, RR 1.06, 95% 