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Abstract

Hepatitis C virus (HCV) is a global health concern associated with significant
morbidity and mortality. Before the approval of second-generation direct-acting
antiviral agents (DAAs), interferon therapy and liver transplantation constituted
the mainstay of treatment. The introduction of well-tolerated oral DAAs in late
2013 has revolutionized HCV management with over 95% cure rates. The pre-
dominance of HCV-related liver transplantations has declined following the
widespread approval of DAAs. Despite the unparallel efficacy observed among
these novel therapies, pharmaceutical costs continue to limit equitable access to
healthcare and likely contribute to the differential HCV infection rates observed
globally. To reduce the burden of disease worldwide, essential agenda items for
all countries must include the prioritization of integrated care models and access
to DAAs therapies. Through transparent negotiations with the pharmaceutical
industry, the consideration for compassionate release of medications to promote
equitable division of care is paramount. Here we provide a literature review of
HCV, changes in epidemiologic trends, access issues for current therapies, and
global inequities in disease burden.

Key Words: Hepatitis C virus; Direct-acting antivirals; Global health; Liver transplantation;
People who inject drugs; Liver cirrhosis
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Core Tip: Hepatitis C virus (HCV) is a global health concern associated with significant
morbidity and mortality. The introduction of well-tolerated oral direct-acting antiviral
agents in late 2013 has revolutionized HCV management with over 90% cure rates.
Equitable access to these agents remains an important issue, given that countries with
the greatest burden of disease have the least access to curative therapies. Here we
provide a literature review of HCV, changes in epidemiologic trends, current therapies,
and highlight inequities in the burden of disease and access to treatment.

Citation: Dennis BB, Naji L, Jajarmi Y, Ahmed A, Kim D. New hope for hepatitis C virus:
Summary of global epidemiologic changes and novel innovations over 20 years. World J
Gastroenterol 2021; 27(29): 4818-4830

URL: https://www.wjgnet.com/1007-9327/full/v27/i29/4818.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i29.4818

INTRODUCTION

Hepatitis C virus (HCV) is a blood-borne RNA virus first described in the 1980s.
During the acute phase of the infection, a large proportion of individuals are
asymptomatic, contributing to increased spread and transmission. Thirty percent of
individuals clear the infection spontaneously within the acute phase or the first six
months[1]. According to 2017 World Health Organization (WHO) estimates, less than
20% of individuals infected with HCV are aware of their diagnosis[1].

HCV infection is a global health concern leading to significant morbidity and
mortality worldwide[1]. According to the most recent global statistics, approximately
71 million persons are chronically infected with HCV, comprising 1% of the
population[1]. Chronic HCV infection is associated with significant downstream
complications, including liver cirrhosis, hepatocellular carcinoma (HCC), and end-
stage liver disease[2]. In 2016, the WHO developed a global strategy with the aim of
reducing the incidence of HCV by 90% and associated deaths by 65% by 2030[3]. This
strategy entails raising awareness, preventing transmission, increasing detection, as
well as optimizing access to pharmacotherapies to ultimately ensure equitable division
of resources globally[3]. Here we provide a literature review of HCV, changes in
epidemiologic trends, access issues for current therapies, and global inequities in
disease burden.

GLOBAL EPIDEMIOLOGICAL TRENDS

Globally, the seroprevalence of HCV is highly variable and likely underestimated in
low- to middle-income countries due to inadequate infrastructure for population-wide
testing. The Global Burden of Diseases, Injuries, and Risk Factors 2010 (GBD 2010)
Study estimated > 184 million have been infected with HCV[4]. This study identified
Central Asia, East Asia, and North Africa-Middle East as the most endemic regions,
with > 3.5% of their populations affected by HCV[4]. Of these regions, Asia carries the
highest burden of disease, with more than 100 million HCV-affected individuals across
South and East Asia[4]. Evaluation of global epidemiologic trends with a focus on
regional prevalence identifies Asian and African countries to have some of the highest
reported cases, with Egypt (18%-22%) and Pakistan (4.9%) exhibiting the highest rate
of chronic infections. Among high-income countries, Italy (2.5%-10%) remains the
most impacted, with as high as 10% of its population reporting chronic HCV infection.

Contaminated needles are considered to be the primary cause of spread in low-to
middle-income countries[5]. The population-level spread is seen in countries where
infection control practices were historically insufficient. For example, treatment of
schistosomiasis, an endemic parasitic infection in Egypt, between the late 1950s to
1980s with intravenous tartar emetic unintentionally contributed to HCV transmission
[6,7]. Contaminated needles also account for the majority of new HCV cases in high-
income countries. In fact, the highest rates of HCV transmission in the United States
are currently seen among people who inject drugs, comprising 23% of new infections
(1.75 million new infections in 2015) and 33% of deaths from HCV[8]. Approximately
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67% of individuals who endorse a history of intravenous drug use test positive for
anti-HCV, indicating current or past infection[8].

In the United States, the estimated prevalence of HCV infection in the non-institu-
tionalized civilian population is 1.0%, corresponding to 2.7 million in 2010[9]. HCV
increases the risk of HCC by up to 20-folds, making it the leading cause of HCC
worldwide and accounting for approximately 34% of cases in the United States[10].
Globally, HCV-related cirrhosis and HCC together contributed to 399000 deaths in
2016[11]. For decades, HCC had been the fastest-rising cause of cancer-related death in
the United States, likely attributed to the HCV epidemic, obesity, and increased
prevalence of non-alcoholic steatohepatitis[12]. In 2016 we observed the first decline in
the rates of HCC (Relative Rate 0.96; P = 0.007), resulting from improved treatments
for HCC and increased availability of direct-acting antiviral agents (DAAs)[12]. In
terms of HCV-related mortality, since the introduction of DAAs in late 2013, there has
been a significant decrease in United States nationwide HCV-related mortality rates
compared with the pre-DAAs era. Although cirrhosis and HCC-related mortality
continues to increase in recent decades, HCV cirrhosis-related mortality rates
markedly declined from 2014 to 2016[13].

In the advent of DAAs, global declines in HCV viremia are anticipated, and over the
past decade epidemiologic surveys have demonstrated such a trend[6]. Unfortunately,
few direct data exist to establish global trends of HCV burden in the post DAA era
[14]. Employing previously validated simulation models, HCV is projected to become
a rare disease by 2036 in the United States[15]. Population-based modeling studies
employing European data predict that the number of cured HCV patients will exceed
the number of viraemic patients[16]. Irrespective of cure, the same researchers foresee
a large number of patients remaining untreated, undiagnosed, and developing
advanced sequelae of liver disease[16]. Ultimately, it is expected the burden of the
disease will shift from patients with viremia to those with virologically cured HCV
and expected to reach older age[17].

HCV VIROLOGY AND GENOMIC SEQUENCING

HCV is a single-stranded RNA virus which is easily transmissible via microscopic
amounts of as little as 0.6 microlitres of blood[18]. It is primarily transmitted through
contaminated needles, inadequate sterilization of medical equipment, transfusion of
unscreened blood, as well as high-risk sexual practices. We see higher rates of infection
among people from low and middle-income countries, in populations who inject
drugs, and in men who have sex with men[5,19].

Following exposure, the virus incubates for 2 wk to 24 wk, though only 20% of
patients actually develop symptoms[11]. While a minority of patients spontaneously
clear the infection within six months, 70% develop chronic HCV. These individuals are
at an elevated risk for significant morbidity and mortality, whereby approximately 20-
30% will subsequently develop cirrhosis at 20-30 years[5].

This virus was first described in 1989 as a non-A non-B hepatitis. This was dis-
covered after a significant number of post-transfusion hepatitis cases were identified
despite what was felt to be adequate testing for the previously identified hepatitis A
and B viruses[20]. It was not until Dr. Michael Houghton’s team isolated comple-
mentary DNA from a “non-A non-B” infected patient, cultivating the isolation of viral
RNA, which was ultimately termed "HCV’[21]. Following the isolation of this strain,
Houghton's team were able to develop accurate serological diagnostic tests, including
Elisa immunoassays[21]. Unfortunately, the establishment of HCV through antibody
testing alone would under detect a quarter of chronically infected patients. These
misclassifications resulted from the seroconversion processes, which occur 4-10 wk
after transmission, can be circumvented by HCV RNA reverse transcription-
polymerase chain reaction testing[22]. Identification of active infection is the primary
utility of the HCV RNA testing modality, which is now universally employed.
Genomic sequencing of the HCV was completed by Choo et al[23] in 1991. This
remarkable achievement led to the distinct categorization of HCV by varying geno-
types, now numbered from 1-7, with further subcategorizations of related HCV
genotypic strains known as subtypes (labelled alphabetically)[22,24]. Despite the
description of seven known genotypes, the first six remain the most commonly studied
and reported[25]. Genomic isolates of HCV have been well characterized by their
geographic variation, which is partly explained by human migration, environmental
epidemiologic changes (attempts at eradication of schistosomiasis), and viral evolu-
tions observed across continents[25]. A summary of the HCV genotypes, subtypes, and
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geographic variation can be found in Figure 1. Understanding the genotypes, in
addition to their geographic variation, is crucial, as interventions are organized for
distinct genotype targets. This significant discovery and contribution to science
ultimately garnered international recognition, winning Dr. Houghton’s team the 2020
Nobel Prize in Physiology or Medicine[26].

OUT WITH THE OLD, IN WITH NEW-NOVEL THERAPEUTICS IN THE
TREATMENT OF HCV

The goal of HCV treatment is to cure patients through the eradication of HCV RNA as
measured by the sustained virologic response (SVR) at 12 wk after treatment
completion[5]. Evaluation of SVR at 12 wk is still considered controversial, where
historically, assessment of SVR at 24 wk following treatment completion was
considered the gold standard. While high concordance between SVR measured at 12
and 24 wk has been previously demonstrated in trials of pegylated interferon and
ribavirin[27], there is less evidence demonstrating the appropriateness of a 12-wk SVR
target in the literature for DAAs. A recent systematic review from 2016 did evaluate
the concordance of SVR at 12 and 24 wk across two studies of DAAs, demonstrating a
reliable correlation of SVR at 12 and 24 wk among multiple populations infected with
HCYV, including treatment naive, varying viral genotype, and prior null responders
[27]. This evidence was ultimately used to inform future clinical trial design and
current recommendations.

Approximately 99% of patients who attain SVR will remain infection-free 5 years
later, in the absence of re-infection[28]. Treatment is associated with reduced rates of
HCC, liver-related morbidity, as well as liver- and all-cause mortality[5,29,30]. Unless
contraindicated, all patients with chronic HCV should be offered treatment. Between
1991 and 2011, combination treatment with pegylated interferon and ribavirin was the
mainstay of therapy, achieving SVR rates of up to 40%-50%[5].

DAAs function by targeting proteins involved in HCV replication[29]. The first-
generation DAAs for HCV treatments (boceprevir and telaprevir) were approved for
use in combination with pegylated interferon and ribavirin in 2011, but have been
largely replaced by second-generation DAAs since[29]. The introduction of second-
generation DAAs from late 2013 has revolutionized HCV care, achieving cure rates of
over 95% among treatment-naive patients. These interferon-free oral regimens have
allowed for major advancements in HCV management, given their ease of adminis-
tration, much more tolerable side effects profile, and superior efficacy[5,29]. The choice
of regimen is guided by HCV genotype, as well as other factors, including previous
treatments received and liver cirrhosis[5,29]. Genotypic viral variations add to the
complexity of DAA selection. The most desirable therapy would be a pangenotypic
option that can be utilized across viral genotypes and subtypes[31]. This was the
motive behind the novel NS5A inhibitor, velpatasvir, demonstrated to have 90% SVR
at 12 wk across patients with genotypes 1 through 6[32]. Other combination therapies,
including glecaprevir/pibrentasvir have also been demonstrated to show pangen-
oytpic effectiveness[33-35].

Drug-drug interactions (DDIs) are concerning for patients with HCV, especially in
the era of DAAs where complex treatment regimens require multiple medications, in
conjunction with the other therapies utilized for optimal control of comorbid disease
and the side effects of hepatitis treatment itself[31]. The majority of DDIs involve
interaction between drugs using the cytochrome P450 enzymes[36]. Careful obser-
vation must be given prior to any drug treatment initiation within this population.
Often managing teams will include specialist pharmacists responsible for determining
the risk for DDIs, approving patients already existing medications, or adding new
ones.

Among pregnant women, HCV prevalence estimates range between 0.1% to 8%,
depending on the setting and country[37]. However, despite the prevalence of HCV in
this population, until recently, the mainstay treatment of HCV, including ribavirin,
was considered contraindicated due to the teratogenic and embryotoxic properties of
this therapy[37-39]. The introduction of DAAs has opened up questions around the
role of DAAs in pregnancy. While there are investigations underway, overall safety
data in this population is lacking, and, therefore, treatment with DAAS in pregnancy is
currently not recommended in most guidelines[37-39]. For similar reasons, treatment
of HCV is also not recommended in breastfeeding women or during lactation[37-39].
Where possible, women of reproductive age should be screened for HCV infection,
and if found to have HCV infection, recommendations suggest offering treatment
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HCV
genotypes

Summary of hepatitis C genotype variants, genetic subtypes,
and geographic distribution

Subtypes: 1a 1b
Predominant geographic region: North America, Central Africa, Europe
Accounts for 80% of HCV genotypic variants in United States

Subtypes: 2a 2b 2c 2d
Predominant geographic region: West Africa
accounts for 10% of genotypic variants in United States

Subtypes: 3a 3b 3c 3d 3e 3f
Predominant geographic region: Southeast Africa

Subtypes: 4a 4b 4c 4d
Predominant geograph gion: Central Africa

Subtype: 5a
Predominant geographic region: South Africa, Asia

Subtype: 6a
Predominant geographic region: South Asia

Subtypes: None known yet
Predominant geographic region: First described in central Africa (DRC)

Figure 1 Summary of hepatitis C virus genotypes. HCV: Hepatitis C virus.
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prior to conception and pregnancy, or following the completion of pregnancy and
lactation in the postpartum period, and screening|[38,39].

Compared to existing guidelines for the treatment of HCV or HBV mono-infection
are well delineated in both national and international settings, treatment guidelines for
HCV/HBV co-infection are less established and remain an area requiring further data
[40]. Early reports on the use of DAAs and interferon-based intervention have
suggested an increased risk for HBV reactivation with treatment of HCV without
concomitant suppression of HBV[41]. However, the clinical significance of this is
inconclusive.

While there has been evidence for lower response rates to DAA treatment in HCV
populations with parallel injectable recreational drug use, a 2020 study led by
Koustenis et al[42] offers real-world data that sustained virological response to DAAs
is possible in high-risk patients who inject drugs[42]. This is in keeping with estab-
lished trends revealing similar treatment responses in these higher-risk populations to
that of the general population[42]. However, adherence and loss to follow-up remain
ongoing concerns among high-risk populations, and during the study, over 10% of
patients who inject drugs were lost to follow-up during or after treatment[42]. The risk
of being lost to follow-up was correlated with several factors, including younger age
and parallel recreational drug use[42].

There have been some controversies as to the safety and efficacy of DAAs for
reducing HCC[43,44]. Recent studies have reported that DA As-based SVR resulted in
approximately 50%-80% risk reduction of HCC in patients with cirrhosis[45,46]. Based
on the recent expert review, successfully eradicating HCV infection by DAAs confers a
protective benefit with reduced incidence of HCC[47]. In terms of HCC recurrence,
DAAs therapy was not associated with an overall or early increase in HCC recurrence
after complete response to HCC treatment[48].

The availability and access to DAAs worldwide differ by national income and
setting[49]. For example, Gilead Sciences has issued licenses that would enable over
100 countries to access generic DAA regimens, and some countries, such as Pakistan
and Egypt, have enabled other companies to manufacture unlicensed DAAs in generic
format. However, there are disparities among low-income countries, and several
countries have not been registered for access to DAAs[49]. Lack of global funding and
license provision may present potential barriers[49]. Among higher-income countries,
such as countries in Europe, Japan, and the United States, overall generic drug
competition among manufacturers has significantly lowered drugs prices, which has
improved accessibility[49].

In the table below, we summarize drugs within each category based on their target
site of action, and the HCV genotype for which they are employed[29] (Table 1).
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Table 1 Classification of direct-acting antiviral agents[29]

Class

Drug name HCV genotype

NS3/4A inhibitor

NS5A inhibitor

Boceprevir! Genotypes 1a and 1b
Telaprevir'

Simeprevir

Asunaprevir

Paritaprevir

Grazoprevir

Glecaprevir

Voxilaprevir

Daclatasvir All HCV genotypes
Ledipasvir

Ombitasvir

Elbasvir

Velpatasvir

Pibrentasvir

NS5B polymerase inhibitor: Nucleoside analogs Sofosbuvir All HCV genotypes

NS5B polymerase inhibitor: Non-nucleoside analogs Dasabuvir Genotypes 1la and 1b

IFirst generation direct-acting antiviral agents.

HCV: Hepatitis C virus.

Jaishideng®

Considerable efforts have focused on the design and development of a HCV
vaccine. Challenges resulting from differential rates of transmission among distinct
subgroups, in conjunction with the notable variability in treatment access, acceptance,
and compliance, could be prevented the development of an effective vaccine. Unfortu-
nately, many barriers have prevented its development. Challenges to the generation of
live-attenuated inactivated whole virus for HCV stems largely from our inability to
culture the virus effectively[50]. In the rare instances this has been accomplished, the
cultured strains exhibited adaptive mutations, which increased replication in vitro
[50]. These processes become further complicated by the enormous genetic diversity
observed with HCV, with 7 known genotypes and more than 80 subtypes. Ultimately,
major barriers to vaccine development include the significant genetic variability
between HCV strains, challenges in vaccine production and testing models, as well as
our incomplete understanding of the innate protective immune responses to HCV[50].

LIVER TRANSPLANTATION IN THE CONTEXT OF HCV

Prior to the approval of second-generation DAAs, interferon treatment and liver
transplantation constituted the mainstay treatment options for liver disease attributed
to HCV infection. HCV was previously identified as the leading cause of liver
transplantation waitlist additions and surgeries over the last two decades in the United
States[51-53]. However, newer data suggest that the predominance of HCV-related
liver disease-related transplantations has declined following the widespread use and
approval of second-generation DAAs[54]. More recently, HCV-related liver disease
has been replaced by alcoholic liver disease as the leading cause of liver trans-
plantation in the United States[51]. Between 2012 and 2015, HCV accounted for 28% of
liver transplantations on average[51], by 2016, following the use of DAAs, 18% of liver
transplantations were attributed to HCV-related liver disease[51].

Without curative therapies including liver transplantation, re-infection with HCV
occurs in high frequency and commonly results in significant liver graft destruction,
resulting in poor patient survival[55]. Approximately 80% of patients will develop
allograft hepatitis within two years of liver transplantation without eradication, and
20% of those patients progress to advanced fibrosis or cirrhosis within five years of
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transplantation[56]. Of note, cholestatic hepatitis C, which can occur in up to 5% to
10% of patients within one year of liver transplantation, can be rapidly progressive
and life-threatening[55]. For this reason, many eligible patients will undergo treatment
with DAAs prior to or following liver transplantation, ideally before recurrence[55].

Although the optimal timing of DAAs in the context of liver transplantation is still
to be clarified, many eligible patients receive treatment prior to transplantation. The
overall low burden of DDIs with widely used immunosuppressants poses no contrain-
dication for use in the post-transplantation period[55]. The advantages of early or pre-
transplantation viral eradication can include improved overall liver function, quality
of life and liver-related complications, potential avoidance of the need for liver
transplantation, and lower rate of post-transplantation infection recurrence[56].
However, pre-transplantation eradication can increase wait times for transplantation
by limiting access to HCV-positive donor livers and through the improvement of liver
function to the degree that de-prioritizes patients on organ transplantation wait lists
[56]. This concept has been referred to as ‘Model for End-stage Liver Disease (MELD)
purgatory” or ‘"MELD limbo’[55].

The financial burden of liver transplantation remains considerable and is almost
exclusive to high-income countries. In Canada, the average cost of liver transplantation
in Ontario is $121732 CAN, and in the United States, the average cost is estimated to
be around $163438 USD, including follow-up care and medication-related costs. This is
compared to other Organization for Economic Cooperation and Development coun-
tries, where costs have been estimated at a mean of $103548 USD[57,58]. On average,
the out-of-pocket expense for liver transplantation in the United States was noted to be
$476.60 USD[59]. Approximately half (53.9%) patients required personal savings and
credit (25%) to offset the costs. When compared to patients undergoing kidney
transplantation, liver recipients were more likely to rely on alternative sources of
funds, including personal loans from friends or family members, retirement funds,
and community-based fundraising campaigns[59]. It is anticipated that the burden of
financial costs will proportionally reduce with the lower rates of required transplan-
tation with novel therapeutics such as DAAs.

GLOBAL INEQUITIES IN ACCESS TO CARE: THE PHARMACEUTICAL
DILEMMA

The global burden of HCV is disproportionately higher among low and middle-
income countries[60]. Previous epidemiologic studies from 2013 estimated 12% of
globally prevalent cases lived in countries with reliable access to HCV-targeted
therapies[4]. Estimates of global disease burden are directly impacted by disease
screening practices. Limitations in public health funding among low- and middle-
income countries is a barrier to screening and ultimately prevent widescale testing.
This leads to the underestimation of HCV prevalence. It is currently estimated that
41% of the world’s population lives in countries with no public health funding for the
screening and management for viral hepatitis B and C[60]. Overall, limitations in
public health funding and infrastructure, organization and costs of screening,
expensive of therapeutics, shortages of highly specialized clinicians, and political
prioritization of other infectious diseases such as HIV and tuberculosis, all contribute
to the barriers inequitable access to care[61].

When distinguishing the Millennium Development Goals, prioritization of infec-
tious diseases excluded viral hepatitis as a “top 10" contributor to global morbidity and
mortality[60,62]. The prioritization of other infectious diseases above HCV leads to
considerable diversion of resources away from targeting the important health out-
comes resulting from hepatitis infection, including cirrhosis and HCC[60,62]. Provided
the global estimates of morbidity and mortality of both cirrhosis and HCC resulting
from viral hepatitis were combined, viral hepatitis would securely rank among the top
10 infectious diseases, redefining its importance on the global arena and focus of
resources|[63].

The prohibitive costs of treatment for HCV infection have been well reported. Many
countries will prioritize curative treatment for HCV with DAAs to mitigate down-
stream costs associated with end-stage liver disease[64,65]. Irrespective of savings, the
total cost of DAAs are substantial. Current estimates place DAAs in the highest cost
category, with wholesale acquisition prices listed between $417 USD (glecaprevir-
pibrentasvir) to as high as $1125 USD (ledpasvir-sofosbuvir)[66]. Discrepancies
between production and wholesale acquisition exist and contribute to substantial
grievances with the pharmaceutical industry. For instance, Daclatasvir production cost
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for a 12-wk course is estimated to be between $10-30 USD, yet wholesale acquisition
cost is marked up to $ 63000 USD for one 12-wk treatment course[66].

DAA drug costs continue to fluctuate as a result of generic drug competition, local
manufacturing, and geography[49]. In Iran, reducing pricing on generic DAAs, such as
sofosbuvir/daclatasvir, has been made possible by local production and manufac-
turing of generic formulations, together with resultant market competition[67]. This
described process has been documented in other countries, such as India, Pakistan,
Bangladesh, China, Brazil, and Morocco[67]. These market factors have allowed for
generic DAAs to be priced at approximately $60 USD, compared to a previously
quoted price of approximately $10000 USD a decade prior[67]. Concerns, however,
have been highlighted regarding the degree of oversight over generic manufacturing
in these settings, which may be balanced against quality assurances based mainly on
clinical observations of the safety and effectiveness of these drugs in the community
[67].

Globally, the United States pays disproportionately higher costs for DAAs, even
when compared to other high-income countries. For instance, the cost of sofosbuvir for
12-wk of treatment is $84000 USD, which is disproportionately higher than European
countries such as Spain where the cost is estimated to be $25000 USD for the same
treatment course[68]. Such discrepancies reflect the purchasing power single-payer
healthcare systems hold when negotiating with the pharmaceutical industry[68].

Despite the recent United States Food and Drug Administration approval of the
more affordable pan-genotypic glecaprevir-pibrentasvir through federally funded
programs[66], there remains considerable inequity in access to DAAs and treatment
with curative intent. This is partially driven by the lack of standardized policies within
federally funded insurance such as Medicare or Medicaid to define eligibility for
treatment[66]. Some insurers have gone so far as prioritizing patients with advanced
liver fibrosis or those with clinical features of severe disease[66]. Variability in access
to treatment is a serious problem within the United States, driven largely by limi-
tations within the health infrastructure. Disproportionate allocation of resources has
led insurers to enact restrictions on the delivery of HCV medications[68]. Regardless of
the power publicly funded healthcare systems may hold, such costs are prohibitive to
equitable treatment distribution worldwide.

INNOVATIVE EXAMPLES OF HCV ELIMINATION EFFORTS IN
RESOURCE-LIMITED SETTINGS

Despite the advent of safely targeted pharmacotherapies, treatment access, as well as
the rates of infection and re-infection, continue to soar in specific subgroups, partic-
ularly those with substance use disorders[69]. Novel approaches to reducing HCV
transmission and improving access to therapeutics include integrative HCV care
models, whereby delivery of care through addiction services can serve as an effective
approach to HCV prevention. In fact, the scale-up of both opioid substitution therapy
as well as needle exchange programs can contribute to substantial reductions in HCV
transmission and prevalence[70].

Within addiction services, a variety of integrated models for improving HCV
treatment have been proposed and evaluated. These models include referrals to
primary care or harm reduction settings, developing specialty clinics with inter-discip-
linary teams, organization of hepatology and addiction providers within primary care
settings, utilizing technology to improve access with telemedicine, as well as onsite
delivery of DA As within opioid substitution clinics[71]. Prison-based HCV programs
have also been proposed as a method to improve the delivery of HCV treatment
among specific vulnerable subgroups. Targeting penitentiary populations provides an
opportunity for micro-elimination, given the controlled setting and ease at which
delivery of care can be executed, as well as organized upon transfer or release[72]. In
the largest study of European inmates with hepatitis, HCV care was arranged for more
than 80% of inmates exhibiting antibody positivity, with similar rates of treatment
acceptance and compliance regardless of high-risk practices (e.g., injecting drug)[73].
Ultimately this model of care proved effective for treatment delivery and completion
[73].

Comprehensive community-based HCV care models (“educate, test, and treat”
schemas) have been trialed with success in Egypt, a country that experiences one of the
highest global burdens of HCV infection[74]. A study by Shiha et al[74] tested the real-
world applicability of such models[74]. First, eligible villagers who met inclusion
criteria for age were identified and screened for HCV infection using rapid diagnostic
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tests[74]. Patients who screened possessive would provide an immediate sample to be
tested for HCV RNA, and those who had a positive result would be scheduled for a
clinic visit for education and initiation of baseline testing and, later, treatment using
DAAs[74]. Patients with cirrhosis were followed up clinically at ELRIAH or satellite
facilities during treatment, and among these patients, 5.2% (166 patients) were
diagnosed with HCC[9]. As a result, treatment cure was established for 84.6% of the
17137 persons identified across 70 villages, and established this community-based care
model as feasible and effective in this setting[74]. The data may suggest that com-
munity-based HCV care models can be a feasible model to consider in treating HCV
patients with similar characteristics as those in the study. Despite their novelty and
demonstrated impact within specific settings, few of these models have been tested in
a clinical trial, and none have been directly compared.

FUTURE DIRECTIONS

Despite the unparallel efficacy observed among second-generation DAAs, with SVR of
over 95%([75-78], the cost of such treatments continues to limit equitable access to care
and likely contributes to differential rates of HCV infection globally. To reduce the
burden of disease worldwide, essential agenda items for low-, middle-, and high-
income countries must prioritize access to DAAs therapies. We must acknowledge the
complexity of the proposed task beyond negotiations for lower prices from the
pharmaceutical industry.

Ancillary costs contributing to the safe and effective delivery of HCV care are
undoubtedly expensive. These expenses are largely driven by the costs associated with
healthcare personnel, as well as diagnostic and laboratory testing. Provider experience
(specialized training in hepatology, infectious disease, general internal medicine),
technology for fibrotic staging, as well as baseline laboratory measures including
transaminase levels, HCV RNA level, HCV genotype, measures of synthetic liver
function (glucose, platelets, albumin), and current renal function account for the bulk
of health delivery expenses. Within the United States alone, accomplishing this task
may require federal level funding to negotiate in a single-payer fashion for the United
States population in one pool. Given the United States is a multi-payer system, there
no incentive for pharmaceutical companies to provide the bulk prices single-payer
systems negotiate such as the United Kingdom.

CONCLUSION

On a global scale, continued commitment to the prioritization of HCV is required to
increase its importance on the international agenda, specifically the WHO. Addi-
tionally, pharmaceutical companies need to consider providing compassionate release
of medications to promote equitable healthcare worldwide, especially given that the
highest burden of disease rests within low- and middle-income countries.
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