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New therapies offer hope for a cure to millions of persons living with hepatitis C virus (HCV) infection. HCV elimi-
nation is a global goal that will be difficult to achieve using the traditional paradigms of diagnosis and care. The
current standard has evolved toward universal HCV screening and treatment, to achieve elimination goals. There are
several steps between HCV diagnosis and cure with major barriers along the way. Innovative models of care can ad-
dress barriers to better serve hardly reached populations and scale national efforts in the United States and abroad.
Herein, we highlight innovative models of HCV care that aid in our progress toward HCV elimination. (Hepatology

Communications 2021;5:371-386).

epatitis C virus (HCV) infection is a major
public health threat worldwide, with approx-
imately 71 million people living with chronic
infection.? The approval of direct-acting antivirals
(DAAsS) starting in 2014 revolutionized treatment and
allows nearly all patients to be cured.” The number
of individuals initiating HCV treatment has increased
from approximately 500,000 in 2014 to over 2 million
in 2017.%) In 2016, the World Health Organization
called for HCV to be eliminated as a global public
health threat by 2030, setting a goal of reducing new
infections by 90%, treating 80% of chronic infections,
and reducing mortality by 65%.°
However, few countries are on track to reach-
ing these HCV elimination targets. Globally, only
19% of chronically infected individuals report being
aware of their infection, and 15.3% had been treated
with DAAs by the end of 2017.) In the United

States, HCV remains the most common bloodborne

infection, affecting 2 million people,(z) and in 2016,
more than half of individuals reported being unaware
of their infection.”) HCV-related mortality contin-
ues to rise, surpassing the combined total of 60 other
nationally notifiable infectious conditions, includ-
ing human immunodeficiency virus (HIV).279)
The United States Preventive Services Task Force,
the American Association for the Study of Liver
Diseases (AASLD), the Infectious Diseases Society
of America (IDSA), and Centers for Disease Control
and Prevention (CDC) recently updated their guide-

lines to recommend universal HCV testing among

adults. 101

The 2020 standard of HCV care has evolved toward
universal screening and treatment.'? However, there is
currently a considerable drop-off between each step of
the HCV “cascade to cure,” from screening, diagnosis,
evaluation, treatment, cure, prevention of reinfection,

and care for cirrhosis (Fig. 1).1¥ Low rates of diagnosis
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FIG. 1. HCV cascade to cure. There are currently many steps, with considerable drop-off between each step, along the HCV cascade to
cure, from diagnosis, access to care, treatment, cure, prevention of reinfection, and care for cirrhosis. More effective strategies to overcome
barriers around testing, linkage to care, treatment delivery, and viral suppression are needed to successfully move more people living with
HCV from one step to the next to achieve the goal of HCV elimination. Printed with permission © Mount Sinai Health System.

result in even lower rates of treatment and ultimately
cure. Innovation can help address major barriers in these
steps to move us toward HCV elimination (Fig. 2). In
this review, we focus on a combination of barriers at the
system, provider, and patient level, with an emphasis
on how system-level and provider-level enhancements
are critical in overcoming what have traditionally been
deemed patient-level barriers. Since the interferon era,
there has been focus on persons living with HCV in
silos, some with blame and consequently stigma for their
behaviors, when it is system-level and provider-level
policies and practices that have presented as barriers
that need to be addressed. Implementing interven-
tions tailored toward “hardly reached” populations, the
micro-elimination approach, is a key strategy for achiev-
ing HCV elimination, "
lation-level macro-elimination programs. Herein, we
highlight interventions that address the HCV cascade to
cure in hardly reached populations, including (1) persons
who inject drugs (PWIDs) and persons who are margin-
ally housed; (2) correctional populations; and (3) women

) They complement popu-
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In developed countries, injection drug use (IDU)
is the primary route of HCV transmission; 67% of
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FIG. 2. Barriers to HCV elimination can be overcome by innovation. System-level innovations of HCV care can overcome gaps in
care from testing, linkage to care, treatment, and cure. Barriers such as access to HCV specialists can be overcome by task sharing with a
multidisciplinary team—based approach to care, removal of specialist restrictions by payers, coupled with task shifting to primary care and
use of telehealth. Printed with permission © Mount Sinai Health System.
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PWIDs are estimated to be infected globally.162

IDU contributes to HCV transmission among home-
less adults and people living with HIV/acquired
immune deficiency syndrome (AIDS), two promi-
nent hardly reached populations.***? Harm reduc-
tion interventions such opioid agonist therapy (OAT),
encompassing methadone and buprenorphine, and
syringe exchange programs (SEPs) can modestly
reduce HCV transmission and provide a foundation

©00000000000000000000000000000000000000000000000000000000000

for innovative models.?*2 OAT, essential treatment
for opioid use disorder (OUD), can reduce HCV inci-
dence and reinfection and facilitate treatment deliv-
ery and cure, along with decreasing opioid-related
morbidity and mortality.?”” Major barriers to HCV
cure in these populations are system-level and pro-
vider-level, including a lack of integrated/co-located
care models, low-threshold patient-centered care, and
discrimination.
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TABLE 1. INNOVATION IN HCV SCREENING, LINKAGE TO CARE,AND TREATMENT

Population or Setting

Key Elements

Global innovations in micro-elimination
PWIDs

Correctional facilities

TCC

Women who are pregnant

US macro-elimination

. POC and rapid diagnostic tests

. Integrated/colocated testing and treatment
. Primary care/community-based programs
. Peer-based groups

. Task sharing

. Social networks

. Financial incentives

. Telemedicine

. Opt-out screening

. Integrated HIV and HCV testing

. Reflex RNA testing

. Telemedicine

. New screening guidelines
. Linkage-to-care registry

. Treatment-pipeline studies

Community 1. Infegrate HCV and HIV festing
2. Reflex or on-site blood draw for confirmatory festing
3. Mobile health unit
4. Care coordination
5. Peer and patient navigators
6. Telemedicine
7. Support of social workers
Academic health systems 1. Provider education and feedback
2. EHR flags
3. Patient navigation
4. Information technology algorithm for case finding
VHA 1. National strategy with centralized leadership
2. Hepatitis C innovation teams
3. EHRs
4. Low drug prices
5. Telemedicine
Global innovations in macro-elimination
1. National strategy
2. Partisan-free political support
3. Competitive drug pricing
4. Expanded/universal DAA coverage
5. Rapid DAA initiation
6. Integrate POC/rapid diagnostics tests
7. Embed micro-elimination efforts
8. Funding

9. Eliminate prescriber, fibrosis, and substance use restrictions
10. Decentralized testing and service delivery
11. Primary care/general practitioner expansion

The traditional approach to HCV diagnosis requires
a two-step process. The first step involves venipuncture
for screening with an antibody test, which if reactive, is
tollowed by a second venipuncture for diagnostic con-
firmation of viremia, usually using a polymerase chain
reaction—based assay to quantify the level of HCV RNA.
This traditional two-step process can take several days
or weeks and lead to drop-off, thereby decreasing the
number of cases diagnosed. To address the gap between

374

screening and diagnostic testing, ¥

particularly challenging in PWID and homeless popu-
lations, novel diagnostics with point-of-care (POC) and
rapid diagnostic tests have been developed (Table 2).
Rapid POC-HCV antibody tests can offer results in
minutes, and reflex HCV-RNA testing (a process in
which a single venous sample that is found to have a
reactive HCV antibody result can be tested for HCV
RNA, bypassing a second venipuncture) has been more

where follow-up is
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TABLE 2. INNOVATION IN HCV DIAGNOSTICS

Test or Time to
Approach Details and Process Result Pros Cons
Reflex HCV Serum (venipuncture), Hours to days  One venipuncture rather than two Time required for RNA result
RNA drawn with HCV antibody Hospital or outpatient clinical settings Extra blood drawn to run reflex test-
testing ing if needed
Need fo establish work for collection
and processing in lab
DBS RNA Fingerstick for whole blood, Days to Avoid venipuncture Time to run test can vary; not rapid
applied to a filter paper week(s) Avoid separating plasma samples (no immediate result)
card, stable af room Cold chain not required for sforage/transport Requires centralized testing in
temperature, allow card to Can be performed in community, nonclinical specialized lab
dry for up to 24 hours and settings Smaller sample volume; may require
send to lab Can be performed in low-resource and rural seftings additional pricks
Easy storage; let dry and send card to lab Lower HCV-RNA viral load
POC antibody ~ Blood/serum/oral ~20 minufes  Avoid venipuncture Co-infection may lower sensitivity
Simple collection method of test
Rapid test results Oral test not approved in some
Performed near the patient countries
Changes patient care
POC RNA Drop of whole blood ~105 minutes  Reduce time to confirmed diagnosis Not widely available

or serum, individual
cartridges for blood
collection, autfomated
nucleic acid extraction
and amplification

widely implemented in various settings. Additionally,
HCV-RNA diagnostic testing can be reflexed with
genotype testing. Innovation in reflex RNA testing
with dried blood spot (DBS) sampling and POC-
RNA testing with tests like Xpert (Xpert Solutions,
Aliso Viejo, CA) have further facilitated screening and
diagnosis. These have been successfully evaluated in
studies of PWIDs in Australia and Spain.?**” In the
study from Spain, investigators found that POC and
DBS were 98.4% and 93.7% sensitive for detecting
HCV RNA with venous plasma samples as the gold-
standard comparison. Eighty percent of patients
received their POC testing results on the same day,
which was preferred by most participants.(zg) The
teasibility of self-sampling DBS at home is currently
being evaluated.®” The novel approach of POC-RNA
testing as one-step, rapid screening in high-prevalence
PWID populations coupled with rapid (same-day)
DAA initiation are underway in Australia (ClinicalTr
ials.gov, NCT03492112).

Following diagnosis of HCV, there is a drop-off
particularly in PWID populations before they are
linked to care, because off-site referral to subspecialty
care has not been effective in this population.®"

Advancements in system-level interventions to
provide an “under one roof” approach can facilitate

Cost unknown

HCV-related outcomes. Integration of telemedicine
at SEPs has also broadened access to HCV treatment
by bypassing off-site referrals while enabling specialist

.52 Under-one-roof test and treat models

involvemen
in community settings facilitate linkage to care when
integrated into or co-located with drug, alcohol and
psychiatric services, thereby improving access to HCV
care. Strategies that reduce unnecessary obstacles to
medication, such as urine drug testing, and promote
access to stable housing can also improve medication
adherence.®*** These illustrate the impact of ser-
vices that address social determinants of health, to
improve long-term outcomes in this population.(SS)
Notable features of test-and-treat models include task
sharing (i.e., team-based approach), decentralization
of services (i.e., moving testing and treatment out of
tertiary or specialist practices to local-level care), and
a multidisciplinary approach. Two successful exam-
ples are Project ITTREAT (Integrated Community
Test-Stage-TREAT), which is based at a drug and
alcohol treatment center in the United Kingdom, and
the Cool Aid Community Health Center in British
Columbia.®**” Both test-and-treat models incor-
porate task sharing with a nurse coordinator, who
integrates all components of the cascade of care and
provides services to address barriers caused by low
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income, insufficient housing, and mental health. In
Project ITTREAT, care was directed by an experi-
enced hepatitis nurse and clinics were designed in a
“drop-in” style where mental health, medication for
OUD, social support, and SEPs were available. Nearly
all 125 patients with a detectable HCV-RNA test
who were deemed eligible for treatment received and
completed therapy (98%), with a sustained virologi-
cal response (SVR) rate of almost 90%. The Cool Aid
Community Health Center features a similar medi-
cal home and multidisciplinary team model that uses
multiple strategies to improve access to care, includ-
ing easier self-referral, creating “Liver Days” to con-
solidate treatment and counseling, creating integrated
treatment plans, and having an on-site pharmacy team
be available to administer medications and answer
questions. By using a test-and-treat model, this clinic
consistently achieved SVR rates of 72%-88%, even
during the pre-DAA era. Other interventions that
improve linkage to care include colocation, peer-based
HCV support groups, contingency management, and
use of financial incentives.***” In PWID popula-
tions, a randomized controlled trial in Australia and
New Zealand demonstrated that HCV treatment
outcomes for PWIDs were superior in a primary care
setting compared with hospital-based specialty care,
supporting the expansion of treatment to primary care
providers."*" Models of HCV care in harm-reduction
programs have also leveraged telemedicine successfully
in PWID populations.<32) Colocation of treatment,
primary-based and community-based care models,
and peer-based support have also been demonstrated
to be effective in patients who are homeless and
underhoused.“*?>™ Other facilitators include simpli-
fied treatment regimens, shortened treatment, elimi-
nation of response-guided treatment, and availability
of blood tests to estimate fibrosis rather than sending
patients off site for imaging.

There is strong evidence of high cure rates
and low rates of reinfection (1%-5% per year) in
PWIDs. #6749 Re-infection, while low, is more com-
mon among individuals with ongoing IDU after
DAA therapy.(so) Engagement in OAT reduces
re-infection risk, and re-infection should not be used
as a reason to withhold therapy from people with
ongoing IDU. Modeling studies suggest that HCV
prevalence decreases in PWIDs even when treating
10 infections per 10,000, even if risks of re-infection

are higher and SVR lower.5152 Additionally prompt
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retreatment and rapid scale-up can reduce reinfec-
tion rates. Another method that may reduce HCV
incidence is treatment of PWIDs through social
networks.®® In one study, investigators modeled the
effect of different treatment strategies on long-term
HCYV prevalence in an Australian cohort of PWIDs.
This transmission model found that a strategy of
treatment of contacts within a patient’s social net-
work (“treat your friends”) versus treatment of ran-
dom patients leads to a drop in HCV prevalence
over 10 years. For this reason, treatment as preven-
tion warrants further study as an innovative model.

CORRECTIONAL POPULATIONS

Seroprevalence of HCV is estimated to be 16.1%
for US inmates, with 10.7% having a confirmed
infection using RNA testing.<2) Opportunities
for initiating the HCV cascade differ between
high-turnover jails (mean stay of 25 days®*) and
longer-term prisons (stays typically longer than 1
year), as well as access to OAT, which can assist
with primary prevention.(ss) Jails may be primed for
innovations in rapid screening and linkage to care,
although jail-release patterns suggest that a tailored
approach is needed, given heterogeneity in length
of stay.(42’56) Conversely, the defined length of time
in prison populations affords the opportunity to
complete HCV treatment in a highly supervised
environment.

The Federal Bureau of Prisons currently recom-
mends “opt-out” HCV testing for all inmates, which
is informed decline of testing rather than informed

Consent(43);

however, only 13 state prison systems
currently offer routine HCV screening,(44) and just
4% of jails reported routine screening in a 2012 sur-

(45
vey.

) Several factors contribute to low screening
rates. By US Supreme Court case law, prisons and
jails must act on diagnosed diseases. Given the diffi-
culty in linking prisoners to care and the high price
of DAAs, correctional systems have a disincentive
to detect HCV infections, despite new evidence
demonstrating the cost effectiveness of a test-all,
treat-all linkage to care at release approach in this
population.(57’58) Some jails have implemented opt-
out HCV screening. Dallas County Jail transitioned
from targeted and by-request screening to opt-out

testing in 2015. Testing for both HIV and HCV

antibodies was offered during the intake process
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and every phlebotomy, increasin% HCYV testing from
12.9% to 80.5% within a year.<59 Implementation of
reflex HCV-RNA testing with antibody screening
further streamlined diagnosis.®”

A comprehensive approach can couple screening
with linkage to care. Drawing on a nationally rec-
ognized linkage-to-care program called transitional
care coordination (TCC),((’D which provides medical
case management, counseling, and comprehensive dis-
charge planning for incarcerated people living with
HIV/AIDS, Akiyama et al. developed a similar pro-
gram for inmates with reported HCV mono-infection
at three New York City (NYC) jails and one hospi-
tal correctional health ward.®? Patients were con-
tacted by a coordinator during or after incarceration
and followed for 180 days. The coordinator sched-
uled appointments, made reminder calls, accompa-
nied patients to appointments, and offered free public
transit passes. Of 84 inmates, 31% attended an HCV
appointment, 18% completed treatment, and 8%
achieved SVR. Strengthening and adapting the TCC
strategy, such as with peer navigation, may improve
effectiveness.®”

There have also been increased models of patients
being treated on site in correctional facilities.©%%
Telemedicine has emerged as an promising model
of HCV treatment in prisons, obviating challenges
associated with transporting prisoners to off-site
clinics.®® Efficacy of telemedicine in HCV treat-
ment was demonstrated beginning during the pre-
DAA era through Project ECHO (Extension for
Community Healthcare Outcomes; discussed sub-
sequently) and when the Virginia Department of
Corrections partnered with an academic medical
center to treat 59 inmates. Patients achieved com-
parable or better rates of SVR than published lit-
erature at the time.“”) A similar study conducted
in Australia during the pre-DAA era found high
SVR rates when HCV treatment was comanaged by
nurses and medical staff.*® A telemedicine-based
DAA treatment program in a large Spanish prison
recently achieved prison HCV elimination (n = 131)
over 3 years, further demonstrating the promise of
this approach in correctional populations.®” Project
ECHO has partnered specialists from the University
of New Mexico with providers working in the New
Mexico Corrections Department since 2003, to offer
treatment on site, and has continued to have success

during the DAA era."”
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WOMEN WHO ARE PREGNANT

In the United States, the number of HCV cases
in women of reproductive age (WORA) doubled
between 2006 and 2014.7Y In 2014, the prevalence
of HCV in the US pregnant population was esti-
mated to be 0.73%, suggesting that 29,000 HCV-
infected women gave birth.”? This population has
unique opportunities and challenges. Pregnancy
and the postpartum period may be the only time
women in the United States have access to health
insurance, presenting an opportunity to screen and
treat.

Routine screening of women who are pregnant
tor HCV infection offers significant advantages over
risk-based screening, which is poorly implemented by
clinicians and inadequately sensitive.”*7” In 2018,
the AASLD and IDSA updated guidelines, based
on expert opinion, recommending universal HCV
screening with each pregnancy,’® with the CDC
following suit in 2020, except in settings where HCV
prevalence is less than 0.1%.7” Routine HCV ante-
partum screening is under review by the American
College of Obstetricians and Gynecologists.(go)
In the DAA era, universal screening appears to be
cost-effective. 8152

HCYV infection in pregnancy in the United States
is a marker for potential IDU in 2020. Women who
are pregnant may not want to be screened for reasons
that include stigma, involvement of state agencies
with risk of women losing their children, and crimi-
nalization of substance use in pregnancy. The critical
intervention is health care and support for the woman
living with OUD, with treatment to prevent and/or
reduce IDU-related morbidity or mortality, and to
ameliorate drug-related harms to a developing fetus.
OAT is indicated for women who are pregnant and is
a great medical priority.

In general, linkage to HCV care is low'
women who are pregnant,and treatment-completion
rates postpartum are even lower. Retrospective case
finding and linkage to care using public health records
may improve postpartum cure rates. Using Tennessee’s
National Electronic Disease Surveillance System Base
System to identify recent, probable, or confirmed
HCV cases in WORA, researchers found that 30% of
women were pregnant at time of diagnosis of HCV
exposure, and 28% of women with contact information
responded by telephone to a mailed inquiry, resulting

76,77) -
mn
(83)
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in nearly 300 women receiving posttest counseling
with referral to the local health department for con-
firmatory HCV testing or to a patient navigator for
HCV care.®”

Other than preventing long-term complications
of advanced liver disease, one major goal of HCV
treatment is reducing the risk of perinatal transmis-
sion. Rates of infection seen in partners of pregnant
women in one Swedish cohort study also suggest a
broader benefit to knowing one’s status and consid-
ering treatment.®>) Currently, treatment of HCV
with DAAs is only recommended after breast-
feeding is completed. The postpartum period can
include loss of health insurance, and mothers may
be lost to follow-up. HCV treatment during preg-
nancy may increase uptake and adherence; how-
ever, more evidence is needed to establish safety. A
phase 1 study with ledipasvir/sofosbuvir therapy in
pregnancy was recently completed. The preliminary
results indicate that all 8 women achieved SVR and
delivered at term with no safety concerns identified
to date.®®¥” A similar phase 1 study of sofosbu-
vir/velpatasvir treatment in women who are preg-
nant will start enrolling soon.®® A researcher in
India treated 15 pregnant women with ledipasvir/
sofosbuvir, with no identified safety concerns and
100% SVR.

Innovations in
Macro-elimination in the

United States

The US Health and Human Services has devel-
oped a National Viral Hepatitis Action Plan and is
tracking local progress.(gg’()o) Several states (13 at the
time of this publication) and cities have developed
strategies to implement HCV-elimination programs
by building innovative coalitions of community
advocates, social service providers, researchers, legal
experts, and government representatives.(91) In this
section we will highlight a number of the innova-
tions in the United States. While not exhaustive, the
aim is to highlight innovations on the community
level, within academic health centers and through
the national Health Administration
(VHA) system.

Veterans
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US COMMUNITY-BASED
PROGRAMS

Novel studies have explored HCV screening and
linkage-to-care programs in community and non-
clinical settings, to help reach hardly reached popu-
lations. Many HCV infections in the United States
cluster geographically, with higher prevalence in spe-
cific regions with significant socioeconomic, racial/
ethnic, and educational disparities seen in both rural
and urban areas.”? Community-based HCV screen-
ing and linkage-to-care interventions that are geo-
graphically focused may help identify people living
with HCV, similar to HIV,(93’94) and help overcome
barriers to care.

The Project ECHO model was initially developed
to provide access to HCV care in rural areas with
severe shortages of specialty providers and in prisons.
Core innovative features include task sharing, inte-
grating primary care with specialty and behavioral
health, and telemedicine to expand HCV provider
capacity. In this model, primary care providers were
mentored by a multidisciplinary team of experts at the
University of New Mexico via telemedicine during
weekly clinics, where community providers presented
cases. Collaboration was built under the principles
of (1) longitudinal co-management of patients with
specialists, (2) shared case-management decision
making with other providers in the network, and (3)
short didactic presentations. Community providers
who were able to manage 20 patients in a year and
complete the necessary training were deemed ready
to treat patients independently. The ECHO model
was piloted in a prospective study,(m) conducted in
the pre-DAA era between 2004 and 2008. The study
compared the standard of care of in-person HCV
treatment with treatment by primary care providers
at 21 ECHO telemedicine visits in rural areas and
prisons. Of the 407 patients with HCV enrolled and
treated, similar SVR rates were reported between the
two groups (57.5% in-person vs. 58.2% telemedicine;
P = 0.89). The model demonstrated improvement in
community provider knowledge, self-efficacy, and
satisfaction.”

Community-based strategies that couple targeted
outreach with patient navigation appear promis-
ing to enhance HCV screening and linkage-to-care
efforts. Check Hep C was a public health department,

community-based patient navigation program that
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began in the pre-DAA era; it aimed to scale up HCV
screening and linkage to care in partnership with fed-
erally qualified health centers and SEPs in NYC. As
part of a year-long pilot (2012-2013), Check Hep C
funded several organizations to provide HCV testing
and related services. Sites were located in low-income
neighborhoods with high rates of HCV infection and
included programs that served PWID populations.
Interventions included (1) rapid POC-HCV antibody
screening, (2) immediate on-site phlebotomy for con-
firmatory RNA testing, (3) linkage to care via patient
navigators, and (4) telemedicine. HCV screening was
conducted in a diverse, at-risk cohort of 4,751 persons
(49% Hispanic and 40% Black non-Hispanics, 41%
reporting a prior incarceration, 25% with prior IDU,
and 15% homeless). Check Hep C identified 11%
(n = 512) with confirmed infection, 85% of whom
attended at least one follow-up appointment. These
innovative models show how targeted outreach, decen-
tralized testing, and community patient navigation can
increase HCV screening and linkage to care. Improved
outcomes with expanding access care coordination has
also been shown. A care coordination model, Project
INSPIRE (2014-2017), integrated primary care with
behavioral health services in NYC to assess the effect
on HCV cure rates in the DAA era. Care coordina-
tors worked with patients with HCV (n = 2,775) to
schedule appointments, provide health promotion
and appointment reminders, coordinate medication
insurance approval, and connect patients to mental
health and substance use care. Participants enrolled
had higher rates of HCV treatment initiation (72% vs.
36%) and cure (65% vs. 47%) than patients not enrolled
in Project INSPIRE.®® This model increased HCV
provider capacity via telemedicine for primary care
providers(97) and was found to cost very few resources
(i.e., only 30 patients needed to be treated at each
site to break even with budgetary expenses, and the
cost of the intervention totaled to less than $100 per
month).”®* Increased funding to reimburse support-
ive services, ability to bill and reimburse for outpatient
HCV care in community-based settings, elimination of
DAA restrictions, and innovative payer models could
help lead to wider implementation of HCV care.

US ACADEMIC HEALTH SYSTEMS

Several academic research groups in the United
States have implemented programs to increase

PATELET AL.

HCV screening and linkage to care, evolving in
accordance with changes in CDC guidelines and
gaining momentum with the introduction of DAAs
in 2014. In 2012, the CDC issued guidelines rec-
ommending HCV antibody testing for persons born
between1945 and 1965 (the baby boomer cohort).
At the time, HCV prevalence was five-fold higher
in this cohort than in other segments of the pop-
ulation. Eight years later, baby boomers still har-
bor most HCV infections, and therefore remain an
important population.

In the 2-year period from November 2013 to
November 2015, during the transition from interfer-
on-based treatment to interferon-free DAA regimens,
researchers in NYC tested the impact of a multifac-
eted intervention on rates of HCV screening among
baby boomers in two primary care practices. 100) The
results demonstrated a beneficial effect of educational
interventions and data feedback to providers, and to
a lesser extent, patient navigation. Automated medi-
cal record alerts were relatively ineffective. During the
study period, screening rates increased from 55% to
75% (P < 0.01), with far greater improvements among
physician trainees than among the faculty. Among 84
HCV RNA-positive patients identified during the
study, 60 completed an appointment with a hepatolo-
gist and 32 initiated HCV treatment.

Researchers at the University of Michigan tested
the impact of an electronic health record (EHR) best
practices alert on rates of HCV screening and link-
age to care among baby boomers at 13 clinics.!%")
The alert was linked to educational materials, an
order set, and streamlined access to specialty care;
it was a soft alert that was repeated at 10-month
intervals if initially declined. Compared with prac-
tices during the 6-month period before the alert,
during the first year afterward, screening of eligible
patients increased from 7.6% to 72% (P < 0.001),
and the number of newly diagnosed HCV RNA-
positive patients increased from 23 to 53, of whom
31 had received a DAA prescription and 20 had
begun treatment at the time of publication.

These two studies establish the effectiveness of
interventions that simultaneously increase HCV
awareness and streamline access to treatment.
However, a significant percentage of the HCV RNA-
positive patients did not receive treatment, raising
the possibility that screening is creating an ever-
increasing population of untreated persons with
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positive HCV-RNA test results in their medical
record. This was confirmed by a study carried out
in an emergency department in the Bronx, New
York. (10 Building on these findings, researchers in
a large health system in NYC developed a computer
algorithm to find patients with positive HCV-RNA
tests and identified nearly 11,000 patients. Their
records are currently being reviewed, and treatment
candidates are being offered linkage to care. 1%

US VHA
The VHA is the largest integrated health system

in the United States. Serving more than 9 million
veterans at 1,255 health care facilities, the VHA is
the single largest provider of HCV care in the United
States.'% VHA system-level and provider-level
barriers impeded progress with HCV treatment
for years before DAAs were introduced. Barriers to
treatment included need to prove service relatedness
tor HCV diagnosis, the volume of patients in need
of treatment with high cost of DAAs when intro-
duced, and restrictions around alcohol and substance
use as well as prescribers (only allowing certain spe-
cialists, who are not readily available, to prescribe a
cure). At the advent of the DAA era in 2014, only
12,000 veterans had been cured of HCV, and it is
unclear how many died due to a lack of treatment.
Mental health and substance abuse disorders are
common among HCV-infected veterans and were
deemed as barriers to treatment candidacy by pro-
viders."® From 2015 to 2017, US Congress appro-
priated over $3 billion for HCV macro-elimination
efforts. The VHA ramped up HCV treatment, and
during the period of 2015 to 2017, approximately
2,000 veterans per week were treated. 1 By March
2019, 116,000 veterans had initiated DAA therapy
with SVR rates of over 90%. The multipronged ini-
tiative included (1) centralized leadership and team-
based implementation structures, (2) innovative use
of EHR databases, (3) alternative treatment mod-
els, and (4) negotiating lower drug prices, which are
described in the coming sections.

In 2001, the VHA established the National Viral
Hepatitis Program, which has published policies for
diagnosis and management of HCV and developed
resources for clinicians and patients.(loé) Following
DAA approval, the program established Hepatitis

C Innovations Teams and provided funding for
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administrators, organization, and system redesign
efforts. The program addressed gaps in the HCV
cascade of care using process improvement meth-
ods. Teams identified annual objectives regarding
HCYV screening and treatment, and created facility-
specific solutions. They shared best practices with
monthly and quarterly regional meetings and an
annual national meeting, as well as through a central
portal of information. The strategies of (1) revis-
ing professional roles and (2) preparing champions
were among the most successful in improving HCV
uptake within the VHA.1%”)

Since the late 1990s, the VHA has maintained an
EHR, and since 2006 began to store data in the cor-
porate data warehouse.1"® For HCV care, the VHA
created a national database (i.e., an HCV clinical
dashboard with patient-level data) that included
data on location of care, HCV antibody and viral
load results, and measures of liver disease.'%”) This
allowed local teams to scale up HCV screening as
well as identify and track veterans through the cas-
cade of HCV care. Tools, including EHR reminders
and note templates, were implemented to support
these efforts.

The VHA has also successfully implemented multi-
ple novel treatment models. Task sharing with nonspe-
cialists, such as advanced practice practitioners (APPs),
pharmacists, mental health providers, and primary
care physicians, has been critical in a number of prac-
tice settings. At some VHA facilities, HCV treatment
was led almost entirely by nonspecialists.'” Among
the several successful models, VHHA San Diego used a
mental health APP to provide case management and
coordinate multidisciplinary care, resulting in more
patients (32%) starting DAAs when receiving inte-
grated care, compared to just 16% who did not receive
integrated care. 11V Expansion of telehealth programs,
including HCV management by specialty and mid-
level providers using telehealth for remote locations,
and expansion of the Veterans Affairs (VA) ECHO
program, which trained primary care physicians, was
also important. In one study of the VA-ECHO pro-
gram, HCV antiviral medication dispensation by pri-
mary care providers occurred in 21% of patients with
VA-ECHO, compared with just 2.5% among patients
who did not receive the program.(uz)

Finally, one component of improving HCV-
elimination efforts in the VHA was negotiating

lower drug prices for DAAs. M For the VHA, drug
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manufacturers are required to provide a 24% discount
off the drug’s average price or charge the VHA the
lowest price offered in the private sector to nonfed-
eral buyers. This increased access to medications and
capacity for treating patients.

Innovations in
Macro-elimination Outside
the United States

As of 2018, fewer than 10 high-income countries
are on track to eliminate HCV by 2030. Modeling
studies suggest 30 high-income countries are not
expected to eliminate HCV before 2050. Barriers
have plagued high-income countries, which may be
counterintuitive to the notion that increased resources
can lead to more progress toward elimination.
Countries such as the United States have fragmented
health systems, multiple competing payers, predom-
inantly specialist-based HCV' care delivery, lack of
transparency in drug pricing coupled with a strong
pharmaceutical lobby to maintain high drug prices,

and lack of research funding*® (Fig. 3)—all of which
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can impede innovation. Most of the growth in annual
HCV treatment globally has been in middle-income
countries.” Despite these challenges, some nations
are notable for their progress toward achieving HCV
elimination. 119

A review of countries and their hepatitis elimi-
nation efforts highlights diverse approaches. Global
comparisons show that HCV elimination progress is
linked to strong leadership and centralized planning
with multisectoral collaboration and innovative strat-
egies for reducing barriers and increasing access for

testing, care, and treatment.1”) A

report examining
Australia, Pakistan, Malaysia, Fiji, Iceland, Egypt,
Georgia, Scotland, Brazil, India, Qatar, Rwanda,
and South Africa highlighted a wide spectrum of
approaches to match the unique hepatitis burden,
healthcare infrastructure, diagnostics and treatment
markets, resources, and communities of each coun-
¢ ry'(118
substance use disorders has served as a foundation

) The decriminalization and medicalization of

of HCV elimination efforts in countries such as
Australia, Portugal, and Iceland. Successful national
models have embedded micro-elimination efforts.
For example, Australia has had increased uptake

among PWID populations and HIV-infected men

[ NIH Funding——

USS Billions
N

NIH Funding

Dl HCV

FIG. 3. United States response to HIV and HCV epidemics."’® While the US estimated prevalence of HCV may vary by study, Saab
et al. demonstrated how HCV is severely underfunded from research and care standpoints. 108) This comparison shows the prevalence,
undiagnosed infection, mortality, and National Institutes of Health research funding for HCV and HIV/AIDS in the United States. HCV
is a more prevalent infection in the United States, with a substantial burden of undiagnosed cases and greater mortality compared with

HIV.
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who have sex with men.'?*1?2) One example is the
CEASE prospective cohort study in which people
living with HIV/HCV coinfection were recruited
(2014-2017) across sites nationally (n = 402) and
colocated HCV treatment in primary care clinics.
This effort resulted in a decline of HCV viremic
prevalence from 82% in 2014 to 8% in 2018 with
low re-infection rates.!**)

Effective national models have leveraged political
action, contained costs, decentralized service deliv-
ery with removal of prescribing restrictions, and
task shifting from specialists to primary care, and
provided enhanced coverage for DAAs. Outside the
United States, capping DAA prices has led to wider
access to HCV treatment. Furthermore, high pric-
ing in the United States has led to DAA rationing
by state Medicaid programs. Prescribing restrictions
such as the US Medicaid fibrosis restrictions should
be eliminated. In March 2016, the Australian gov-
ernment made available unrestricted access to DAA
therapy over 5 years.?* As of 2019, Australia has
demonstrated rapid DAA uptake nationally with
approximately 85,000 people treated. Additionally,
with prescribing restrictions lifted and increased
training of general practitioners, DAA prescrip-
tions written by general practitioners in Australia
increased from 9% to 37% in a year."?® The cost for
rapid HCV testing and DAA treatment has fallen
substantially in parts of the world. With one of the
highest HCV prevalence rates globally, Egypt estab-
lished a national response and by 2018 had treated 2
million people.1?® The program in Egypt had novel
components that included a public facing national
campaign, leveraging a national voting registry, and
establishing a web-based registration system that
increased access to treatment. Egypt aggressively
negotiated DAA price, and locally produced generics
also drove down the price.(127’128) Notably, Iceland,
considered a “closed system” with little immigra-
tion or emigration, is the first country anticipated
to achieve HCV elimination through the Treatment
as Prevention for Hepatitis C (the TraP Hep C)
study. Launched in 2016, the TraP Hep C study is
a nationwide elimination program that aims to*®
(1) initiate HCV treatment for every person in need
in Iceland within 3 years of commencement of the
study(2’7’8) and (2) reduce the domestic incidence of
HCV in the population by 80% before the World
Health Organization target of HCV elimination by
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the year 2030. Fifteen months after launching the
TraP HepC, 557 individuals (~56%-70% of the esti-
mated total infected population) were evaluated. This
cohesive, multipronged approach includes scaled-up
of prevention, testing, and early treatment of HCV
in both hospital and community settings. It includes
a multidisciplinary public health model of care and
cooperation among government, health services, the
penitentiary system, and community organizations.

Continued efforts to decentralize and destigmatize
case finding efforts tailored to the needs of hardly
reached populations are urgently required. Case find-
ing efforts similar to what we describe in the United
States with reaching patients already diagnosed with
HCYV and engaging them into care has been demon-
strated in the Netherlands and other countries as
well.1?) Innovation across global settings will help
inform which strategies can be realized in other set-
tings to achieve global HCV elimination goals.

Keys to Future Success

Screening, case finding, linkage to care, and treat-
ment in hardly reached populations needs continued
study to overcome barriers in achieving HCV elimi-
nation. Groups such as the International Network on
Hep C in Substance Users have helped create a body
of work to guide how system-level and provider-level
changes can effectively enhance our approach. As
more and more people are cured, and with the rise
of cases related to the opioid epidemic, additional
system-level interventions will be needed to aid case
finding efforts. Now that we have demonstrated
high efficacy of DAA therapy across various practice
settings, we must work harder toward overcoming
system-level and provider-level barriers with innova-
tive models of care, working across defined roles to
enhance collaboration, and increasing funding so that
we can succeed toward the path of HCV elimination.
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