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Preface

half million deaths a year. Recent developments in prevention and

treatment have engendered a change in the way the world views
this problem. Increasingly, we ask if there is a better, feasible alternative
to the suffering and untimely mortality caused by hepatitis B and C. The
National Academies of Sciences, Engineering, and Medicine’s Committee on
a National Strategy for the Elimination of Hepatitis B and C was charged
with determining if these diseases might be eliminated in the United States
and, if so, how that goal might be met. My fellow committee members and
I were humbled by the philosophical and practical challenge these ques-
tions posed.

In our first report, the committee concluded that these infections could
be eliminated as public health problems in the United States. (For purposes
of brevity, the material in the first report is not repeated in this second one.)
At the same time, the report emphasized the multiple barriers that stand in
the way of this goal, all of which could be seen as consequences of another,
more basic problem: viral hepatitis is simply not a sufficient priority in the
United States.

The time is right for this to change. This report, which the committee
hopes will be a vehicle for such change, lays out a strategy through which
morbidity and mortality from viral hepatitis could be reduced by 2030 to
the point that neither hepatitis B nor C commands attention as a major
public health threat in the United States.

The committee’s deliberations necessarily touched on other pressing
topics of public health significance, such as the opioid epidemic and the

‘ ’iral hepatitis can be a devastating disease, causing over one and a

X111
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problem of unaffordable medicines. Ultimately, this study deals with these
topics only as they relate to viral hepatitis. I refer readers seeking a broader
analysis of either question to two other committees currently convened
by the National Academies: the Committee on Ensuring Patient Access to
Affordable Drug Therapies and the Committee on Pain Management and
Regulatory Strategies to Address Prescription Opioid Abuse.

The committee met three times to prepare this report. In closed session,
the group evaluated the evidence and deliberated on the best strategy to
eliminate hepatitis B and C as public health problems in the United States.
Based on expert opinion and review of the evidence, the committee came to
conclusions about a suitable strategy, recommending action for specific or-
ganizations to reach this goal. The committee drew on published literature
and presentations from expert speakers in its deliberations. Members of the
public were free to submit written testimony to the committee.

The committee is greatly appreciative of the strong and constant sup-
port provided by the study staff, who worked diligently over the many
months of our deliberations and report preparation. Without their excellent
and unending support we would never have been able to complete our task.
We specifically wish to thank Gillian Buckley, who served as Study Director,
and provided us enormous assistance and direction as the committee work
proceeded, and without whom this report would not have existed. Other
members of the National Academies staff who aided the study include
Aimee Mead, Marjorie Pichon, Annalyn Welp, and Sophie Yang. Finally, as
committee chair, I would like to thank my colleagues who served as com-
mittee members, who not only taught me an enormous amount about viral
hepatitis, but served as a tremendous team, sharing expertise and (usually!)
coming to an easy consensus. They also put in enormous work, providing
the initial drafts of the report text.

Brian L. Strom, Chair
Committee on a National Strategy for the
Elimination of Hepatitis B and C
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Summary!

very year viral hepatitis causes almost one and a half million deaths
worldwide, more than HIV, tuberculosis, or malaria. Hepatitis B
virus (HBV) and hepatitis C virus (HCV) account for 96 percent of
these deaths, more than 20,000 a year in the United States alone. Such loss
of life comes at a cost to society, both directly, through the expense of treat-
ment, and indirectly, through the loss of adults in their prime; viral hepatitis
culls most heavily from the 45 to 64 age group. It is therefore surprising
how relatively little public or scientific attention viral hepatitis has gar-
nered. In a 2016 report the World Health Organization (WHO) described
it as “largely ignored as a health and development priority until recently.”?
But because of recent advances, hepatitis C is now curable with short
and easily tolerable courses of treatment; treatment can prevent most deaths
from hepatitis B, and there is an effective vaccine against hepatitis B. Such
developments inspired the World Health Assembly resolution in June 2016
to eliminate viral hepatitis as a major public health problem by 2030.
In the first phase of this project,® the sponsors* asked the committee to

1 References are not included in the summary; please see the body of the report for references
and the bulk of the discussion and justification.

2 WHO. 2016. Global health sector strategy on viral hepatitis, 2016-2021: Towards ending
viral hepatitis. Geneva, Switzerland: WHO.

3 The committee’s phase one report, Eliminating the public health problem of hepatitis B
and C in the United States: Phase one report, is available for free download. Please see Chapter
1 for the full statement of task.

4 The Centers for Disease Control and Prevention’s (CDC’s) Office of Viral Hepatitis and
the Department of Health and Human Services” Office of Minority Health sponsored the first

1



2 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C

consider the feasibility of such a goal in the United States. The committee’s
previous report concluded that hepatitis B and C could be eliminated as a
public health problem, defining a public health problem as a disease that
by virtue of morbidity, mortality, or transmission commands attention as
a major threat to health in a community. In this report, the second of two,
the committee lays out appropriate goals for disease reduction and a path to
achieve these goals. The report is organized according to the WHO strategy
document, which encourages countries to consider five areas (information,
interventions, service delivery, financing, and research) in forming their na-
tional plans. Each report chapter deals with one of these topics; a separate
chapter presents results of commissioned models informing the committee’s
conclusions on a suitable timeline and targets.

TARGETS FOR ELIMINATION

As a first step to identifying targets for eliminating hepatitis B and C
from the United States, the committee commissioned models to estimate the
effects of different interventions on disease burden. Modelers were chosen
for their prior work in the field; only models that have been extensively
validated and peer reviewed were considered. Given the differences in biol-
ogy, epidemiology, and treatment options for hepatitis B and C, the models
presented are not directly comparable, but both consider the reduction in
morbidity and mortality that might be expected from different strategies
for diagnosis, care, and treatment.

Hepatitis B Models

The hepatitis B model compared different levels of diagnosis, care,
and treatment on the population of HBV-infected people in the United
States. The modeled prevalence of chronic hepatitis B was 1.29 million
cases (range: 855,000 to 2.02 million cases). It found that diagnosing
two-thirds of hepatitis B cases in the United States, almost doubling the
current diagnosis rate, but changing nothing else, would reduce deaths by
only 4.5 percent by 2030. In order to see a meaningful reduction in deaths,
simultaneous improvements would have to be made in care and treatment
of chronic infection. Diagnosing 90 percent of cases, bringing 90 percent
of those to care, and treating 80 percent of those for whom treatment is
indicated, on the other hand, would, assuming highly motivated patients
with good adherence to treatment, result in a cumulative 50 percent reduc-

phase of this report. They were joined in phase two by the American Association for the Study
of Liver Diseases, the CDC Division of Cancer Prevention and Control, the Infectious Diseases
Society of America, and the National Viral Hepatitis Roundtable.
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tion in deaths by 2030 (relative to a 2015 baseline), averting over 60,000
deaths. The same level of diagnosis, care, and treatment would reduce
incident cirrhosis by about 45 percent and new cases of hepatocellular
carcinoma by a third.

The model has important limitations. The model cohort does not in-
clude the roughly 23,370 new cases of chronic hepatitis B that enter the
United States every year from immigration (about 1 percent of the to-
tal cases) or the relatively small number of chronic infections acquired
domestically.’ When considering these cases, the prevalence of chronic
hepatitis B will increase from 1.29 million in 2015 to 1.64 million in 2030.
These additional cases would not, however, affect the estimated percent
reduction in cumulative risk if they follow the same diagnosis, care, and
treatment patterns.

The model also does not include strategies to end mother-to-child
transmission of HBV or chronic hepatitis B as a result of horizontal trans-
mission, partly because both are rare in the United States. However, work
in Alaska has shown that it is possible to fully eliminate both.

Hepatitis C Models

The hepatitis C model compared four scenarios of diagnosis and treat-
ment coverage on incidence and prevalence of hepatitis C and on liver-
related deaths, liver cancer, and cirrhosis. It suggested considerable public
health benefit to combining aggressive case finding with unrestricted treat-
ment for chronic hepatitis C. In such a scenario, the total number of viremic
cases would drop 85 percent and annual deaths from chronic HCV infec-
tion would drop 65 percent by 2030 (relative to 20135), averting a cumula-
tive 28,800 deaths between 2015 and 2030. The same level of treatment
and case finding would reduce incident infections by 90 percent (relative
to 2015) by 2030.

The model’s limitations include the assumption that only 260,000
people can be treated in a year. There is no reason why this number could
not increase, especially if the capacity of primary care providers to treat
hepatitis C were expanded. The model also assumes diagnosis of 110,000
new cases a year until 2020 and roughly 70,000 to 90,000 a year between
2020 and 2030. Case finding will be more challenging as time passes; the
people in contact with the health system will have already been cured.
Meeting the target of a two-thirds reduction in HCV-related deaths by 2030
will require special attention to testing and treatment among people who
inject drugs, a population accounting for most new HCV infections in the
United States, and people in prisons.

5 Fewer than 2,000 a year from vertical and horizontal transmission combined.
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A Central Coordinating Office

The targets presented in this report represent the committee’s best effort
to balance a compelling public health target against practical constraints.
Meeting these targets depends on considerable improvements in testing,
diagnosis, and care, as well as increased preventive measures and focused
research. The actions recommended in this report all advance some part of
the larger goal: eliminating the public health problem of hepatitis B and C
in the United States by 2030. This program will require the cooperation
of various federal and state government agencies, as well as professional
societies, legislators, and private companies. With work spread among so
many organizations, the opportunity for distraction is real. The leadership
of a single office would help ensure efficient and harmonious work.

Recommendation 2-1: The highest level of the federal government
should oversee a coordinated effort to manage viral hepatitis elimination.

Strong central leadership is a characteristic of successful disease elimi-
nation programs. The elimination strategy described in this report may have
particular need for such leadership, given its emphasis on reaching people
who inject drugs and novel strategies to finance medicines for Medicaid
beneficiaries and prisoners.

PUBLIC HEALTH INFORMATION

Chronic hepatitis B and C are both clinically silent in most patients.
Serious symptoms may not emerge for decades, and the root infection is
often unrecorded on death certificates. This long latency is part of the rea-
son why morbidity and mortality from viral hepatitis are undercounted. A
better understanding of the true burden of disease will be essential when
tracking progress toward elimination. Measuring disease burden is the pri-
mary responsibility of state and local health departments, but is something
most health departments are not in a position to do.

Describing the Viral Hepatitis Epidemic

The Centers for Disease Control and Prevention (CDC) currently sup-
ports enhanced viral hepatitis surveillance in seven jurisdictions, and these
offices are finding considerably higher disease burden than national data
would suggest. Proper viral hepatitis surveillance requires tracking patients
over time and processing a large amount of data for every case. The data
gleaned from routine surveillance can identify spikes in new infections, give
insight into patterns of access to care, help estimate disease prevalence in
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an area, and tailor prevention and response programs. Highly automated
surveillance systems can help make this task more efficient; an investment
in such systems and the human expertise to manage them would advance
the goal of hepatitis elimination in the United States.

Recommendation 3-1: The Centers for Disease Control and Prevention
(CDC), in partnership with state and local health departments, should
support standard hepatitis case finding measures and the follow-up,
monitoring, and linkage to care of all viral hepatitis cases reported
through public health surveillance. The CDC should work with the
National Cancer Institute to attach viral etiology to reports of liver
cancer in its periodic national reports on cancer.

The use of automated, electronic reporting from diagnostic laboratories
holds promise to improve viral hepatitis case finding. Such systems cannot
replace traditional surveillance, however. The work of managing data,
tracking cases, and describing the demographics and risk factors for viral
hepatitis will continue to fall on health department epidemiologists. Their
work might be made easier by changes to state regulations on the report-
ing of HBV and HCV test results. A negative HCV RNA test result after
treatment is particularly valuable as it indicates sustained virologic response
or cure of hepatitis C, but such results are not reportable in many states.

Measuring mortality due to viral hepatitis could be improved by atten-
tion to cancer registries. A classification system that captures liver cancer
etiology would improve understanding of the burden of HBV infection and
HCV infection.

A better understanding of the incidence of viral hepatitis would come
from cohort studies, especially among high-risk populations. Further, peri-
odic cross-sectional surveys in similar populations would inform a more ac-
curate understanding of disease prevalence and trends therein. Such studies
would complement information about hepatitis coming from population-
based surveys.

Recommendation 3-2: The Centers for Disease Control and Prevention
should support cross-sectional and cohort studies to measure HBV and
HCYV infection incidence and prevalence in high-risk populations.

The CDC could make use of existing contacts for sero-surveys in popu-
lations at risk for hepatitis. Serum analysis is clearly essential in any study
of viral hepatitis, and researchers should be encouraged to measure a basic
panel of serum biomarkers including HBsAg, total anti-HBc¢, and anti-HBs,
HCV RNA, and HCV antibody. The new HCV immunoglobulin antibody
avidity assay, which measures biomarkers that change with duration of in-
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fection, could be used with HCV RNA to identify new infections. Though
validation studies are ongoing, this assay promises to improve estimates of
incidence of hepatitis C, especially in high-risk groups.

ESSENTIAL INTERVENTIONS

This committee’s first report reviewed the epidemiology of hepatitis B
and C in the United States. With this review in mind, the committee con-
sidered specific actions with the power to interrupt transmission of HBV
and HCV and prevent morbidity and mortality from chronic infection. In
identifying interventions with the greatest possible effect, the committee
considered a continuum of services from prevention to chronic care. As
much as possible, this report separates discussion of essential interventions
from strategies for improving their delivery.

Prevention and Testing

Prevention is the first step to eliminating the public health problem of
hepatitis B and C.

Prevention of HBV Infection

Immunization against HBV can prevent 95 percent of infections. About
90 percent of U.S. children were fully immunized against HBV in 2013,
but as of 2014, only about a quarter of adults over 19 were. Unvaccinated
adults remain vulnerable to HBV infection through unprotected sex or con-
tact with infected blood. There is not good awareness of the importance of
adult vaccination however, and clinics often fail to stock the vaccine, partly
because there is no funding to deliver it to uninsured and underinsured
adults, and partly because they fear losing patients over the three-dose
vaccine schedule.

Adult immunization does not have to be so complicated. Every year
since 2009 about 40 percent of adults in the United States have received
seasonal influenza vaccine. If states supported hepatitis B vaccination to
the same level as seasonal influenza vaccine, great improvements could be
made in hepatitis B immunization. The relative success of seasonal influenza
immunization is partly a matter of making vaccination convenient, espe-
cially for hard-to-reach patients, including homeless people and substance
users. Offering vaccination in pharmacies is one way to reach a wider
cross-section of the population, as pharmacies have evening and weekend
hours without appointment. Some states restrict the types of vaccines of-
fered in pharmacies and the circumstances under which pharmacists may
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administer them, however. State laws reimbursing pharmacies for vaccines
also vary widely.

Recommendation 4-1: States should expand access to adult hepatitis B
vaccination, removing barriers to free immunization in pharmacies and
other easily accessible settings.

Early vaccination and dosing with hepatitis B immune globulin can
prevent mother-to-child transmission of HBV even among HBeAg+ women.
Infants born to highly viremic women face particular risks, however. About
9 percent of infants born to women with HBV DNA greater than 20 million
IU/mL contract HBV at birth despite proper prophylaxis.

Among highly viremic women, prophylactic antiviral therapy in the
third trimester of pregnancy has been shown to further reduce perinatal
HBYV transmission. At the same time, women may experience hepatitis flare
after stopping treatment, making long-term antiviral therapy necessary. The
precise viral load threshold for antiviral therapy is not clear, but all HBsAg+
pregnant women should have early testing so that they and their doctors
can weigh the pros and cons of antiviral prophylaxis.

Recommendation 4-2: The Centers for Disease Control and Preven-
tion, the American Association for the Study of Liver Diseases, the
Infectious Diseases Society of America, and the American College of
Obstetricians and Gynecologists should recommend that all HBsAg+
pregnant women have early prenatal HBV DNA and liver enzyme
tests to evaluate whether antiviral therapy is indicated for prophylaxis
to eliminate mother-to-child transmission or for treatment of chronic
active hepatitis.

Prevention of HBV and HCV Infections

There is no vaccine for HCV and, until there is, prevention will be
mostly a matter of limiting exposure to the virus. One component of pre-
vention is curing all chronic infections, thereby removing infected cases
from the population. Stopping transmission also depends on reducing risk
of HCV among people who inject drugs, a group that accounts for 75 per-
cent of the roughly 30,500 new HCV infections every year in the United
States.

Stopping HCV transmission among people who inject drugs is challeng-
ing. HCV can survive on fomites for hours, even days, and transmission by
needle stick is 10 times more efficient for HCV than HIV. The best way to
prevent hepatitis C in this population is to combine strategies that improve
the safety of injection with those that treat the underlying addiction.
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Opioid agonist therapy can relieve the symptoms of drug withdrawal
and is considered part of the tertiary prevention of substance use disorder
(meaning that it prevents the worst complications of the condition). How-
ever, 30 million Americans live in places where not a single provider can
prescribe opioid agonists. Syringe exchange programs, similarly, do not
have sufficient coverage even in cities. Rural and suburban areas, home
to half of people who inject drugs, have 30 percent of the nation’s syringe
services and distribute only 8 percent of the total number of syringes.

Recommendation 4-3: States and federal agencies should expand access
to syringe exchange and opioid agonist therapy in accessible venues.

Evidence indicates that syringe exchange programs neither encour-
age new users nor increase drug use among clients. Nevertheless, in some
states, drug paraphernalia laws and regulations on the sale of syringes can
impede the proper reach of syringe services. Expanding syringe exchange
to rural and suburban areas may require modification to models developed
in cities. Pharmacies may be a promising venue for syringe exchange, as
they are accessible to people in most parts of the country and reasonably
well equipped to provide a confidential space for counseling. Exchanges
operating from a van or bus can reach more people and face less community
opposition than a fixed-site exchange. They may also be more appealing
to younger clients and to people concerned with maintaining anonymity.

Diagnosis of infected cases is also essential for elimination. U.S. Pre-
ventive Services Task Force guidelines recommend screening for people at
high risk of HBV or HCV infection, but wider screening may be warranted.
Compliance with the current recommendation that anyone born between
1945 and 1965 be screened for HCV is poor.

Emergency departments serve as safety net providers for uninsured
and underinsured people, and some have explored opt-out screening for
hepatitis C. As the elimination effort continues, finding cases in emergency
departments and other such settings will be a key to continued progress.

Recommendation 4-4: The Centers for Disease Control and Prevention
should work with states to identify settings appropriate for enhanced
viral hepatitis testing based on expected prevalence.

Care and Treatment

The direct-acting antivirals that cure hepatitis C make elimination feasi-
ble in the United States. There is no comparable cure for hepatitis B, but en-
tecavir and tenofovir are effective at viral suppression and are cost-effective.

The combination of cost and demand for hepatitis C treatments has
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strained the budgets of many payers since these drugs came to market.
Insurers responded with restrictions that create more work for providers.
There is also evidence of disparities in access to treatment. A recent study
found that 46.3 percent of Medicaid patients were refused treatment, com-
pared to only 5.0 percent of Medicare patients and 10.2 percent of patients
with commercial insurance.

Delaying treatment only increases a patient’s risk of cirrhosis, liver
cancer, and death. There are also consequences to society, as failure to
treat chronic HCV infection creates a reservoir for transmission. Treating
everyone with chronic hepatitis C, regardless of disease stage, would avert
considerable suffering and anxiety.

Recommendation 4-5: Public and private health plans should remove
restrictions that are not medically indicated and offer direct-acting
antivirals to all chronic hepatitis C patients.

Without universal hepatitis C treatment, elimination of viral hepatitis
will not be possible in the United States. Health plans should not stand in
the way of this goal. The committee recognizes that the cost of the drugs
presents an obstacle to universal treatment, but a strategy to control these
costs is discussed later.

SERVICE DELIVERY

Part of the challenge of eliminating hepatitis B and C in the United
States is that the people suffering from or at risk for the infections are often
not engaged in care. Therefore, the elimination strategy must give as much
attention to the delivery of services as to the services themselves. This piece
of the strategy considers steps that could be taken to make viral hepatitis a
higher priority, to support efficient care, and to reach patients who might
otherwise be neglected.

Encouraging Compliance

There is often a gap between the practice of medicine as recommended
by experts and what actually happens. Closing this gap is of concern to the
National Committee for Quality Assurance (NCQA) which maintains the
HEDIS® indicators, a set of measures used to monitor the performance of
90 percent of American health plans. HEDIS measures command a certain
attention from providers and health plan managers. Addition of viral hepa-
titis indicators to HEDIS would help make these services higher priority.

¢ Officially, the Healthcare Effectiveness Data and Information Set.
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Recommendation 5-1: The National Committee for Quality Assurance
should establish measures to monitor compliance with viral hepatitis
screening guidelines and hepatitis B vaccine birth dose coverage and
include the new measures in the Healthcare Effectiveness Data and
Information Set.

Screening and immunization measures would benefit from NCQA’s at-
tention, and they meet established criteria for inclusion in HEDIS. Increased
screening could also encourage improvements to point of care assays for
HBsAg and HCV core antigen.

Various measures of child and adolescent immunization are also in-
cluded in HEDIS, including full immunization against HBV in the first year
of life. This indicator does not take into account the relative importance
of the timing of the first dose, however. Children born to HBsAg+ women
or to women who have not been tested for HBV infection require vaccina-
tion within 12 hours of birth, others within 1 day of birth. Emphasis on
the hepatitis B birth dose as well as the completion of the series could help
direct attention to this essential intervention.

Reaching Patients

Primary care is an efficient way to provide services, and viral hepatitis
services should be no exception. At the same time, treating viral hepatitis
carries risks that providers in small practices may be reluctant to accept,
causing a disparity where viral hepatitis care is out of reach for people in
rural and underserved communities.

There is precedent for managing hepatitis C in primary care. The Uni-
versity of New Mexico’s ECHO program is one example of an ongoing
training and support program between primary providers and specialists.
ECHO and similar programs have transferable lessons for building capacity
in primary care and could be replicated at large scale with support from
professional societies.

Recommendation 5-2: The American Association for the Study of
Liver Diseases and the Infectious Diseases Society of America should
partner with primary care providers and their professional organiza-
tions to build capacity to treat hepatitis B and C in primary care. The
program should set up referral systems for medically complex patients.

Capacity building in primary care will have to go beyond one-time
training programs and include standing teleconferences to keep the lines

7 Officially, Extension for Community Healthcare Outcomes.
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of communication between primary care providers and specialists open. A
shared patient information system accessible to all involved providers will
also be important to track patients over time and facilitate shared decision
making.

Eliminating viral hepatitis will also require additional work to reach
patients who are not in regular contact with any primary care provider.
Some of the people with the most serious need for viral hepatitis care are
hard to reach: people born abroad, who are uninsured, who have substance
use problems, and who are or have been imprisoned. Various federal and
state agencies should give more explicit attention to bringing hepatitis ser-
vices to these populations. The Ryan White Act® was passed in response to
a similar problem with HIV. A system of the same breadth and flexibility
would go far to reaching marginalized viral hepatitis patients. While build-
ing a parallel program comparable to Ryan White might not be feasible,
outreach activities for viral hepatitis could be built onto existing Ryan
White programs, using separate funding for HIV-negative people.

Recommendation 5-3: The Department of Health and Human Services
should work with states to build a comprehensive system of care and
support for special populations with hepatitis B and C on the scale of
the Ryan White system.

People in jails and prisons bear a particularly high burden of viral
hepatitis; CDC estimates from the early 2000s put the prevalence of hepa-
titis C in correctional facilities at 12 to 35 percent and chronic hepatitis B
infection between 1 and 3.7 percent. Unprotected sex and needle sharing
are both common among incarcerated people, making jails and prisons an
amplifying reservoir for the infections. Ironically, correctional facilities are
also an ideal place to test and vaccinate for HBV and to cure chronic HCV
infection, as directly observed therapy is the norm and the risk of drug
diversion is low.

Recommendation 5-4: The criminal justice system should screen, vac-
cinate, and treat hepatitis B and C in correctional facilities according
to national clinical practice guidelines.

Prisons and jails have a constant rotation of inmates, sometimes living
in close quarters. The mixing of people and opportunities for disease trans-
mission make immunization important. Nevertheless, the cost of vaccines
and problems with staffing make it difficult for states to vaccinate widely
in jails and prisons. More attention to testing for HBV infection could help

8 Officially, the Ryan White Comprehensive AIDS Resources Emergency Act of 1990.
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draw attention to the related problem of immunization. If many inmates
are shown to be vulnerable to HBV infection, correctional health officers
might be able to make a stronger case to their state authorities for immu-
nization support.

Screening inmates for viral hepatitis will bring many new diagnoses to
light, especially cases of chronic hepatitis C. Concerns about the adequacy
of treating these cases may have prevented prison health officers from
screening more aggressively. The expense of testing, vaccination, and treat-
ment is a barrier to hepatitis care in jails and prisons. Strategies to defray
these expenses are discussed in the next section.

FINANCING ELIMINATION

Eliminating the public health problem of hepatitis B and C will require
increasing preventive and therapeutic services. There will be an expense
to this increase, but the cost of inaction is also high. By a 2009 estimate,
Medicare alone stood to absorb a fivefold increase in hepatitis C expenses,
and the introduction of direct-acting antivirals has only increased this
estimate. U.S. payers will spend an estimated $136 billion on hepatitis C
drugs between 2015 and 2020, about 45 percent of which will come from
the government.

In 2016 Congress allocated over a billion dollars to treat hepatitis C in
veterans. The committee commends this decision and sees complementary
spending on prevention and treatment for a wider patient group as the
best strategy to protect the taxpayers’ investment. Congress is in the best
position to marshal funds to implement the strategy outlined in this report.

A discretionary program would be one way for Congress to track the
effects of their spending over time. As discussed in the previous section,
it might be most efficient to use another discretionary program, the Ryan
White Act, to reach viral hepatitis patients with overlapping risk factors
for HIV. Any modifications to the Ryan White Act should make it clear
that services for viral hepatitis patients should supplement the program’s
main goal of supporting treatment for poor and uninsured HIV patients.
It is also important to remember that the Ryan White Act was passed out
of concern for marginalized people facing a lifetime of expensive medical
care. Loosening its restrictions to cover viral hepatitis treatments would be
consistent with the spirit of this law and would hasten the end of a disease
that poses particular risk to people with HIV.

A Purchasing Strategy for Medicines

The cost of the direct-acting antivirals that cure HCV infection is a
major obstacle to elimination. These drugs have strained the budgets of
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public and private payers alike. Faced with the unenviable task of allocat-
ing scarce treatment, payers gave first priority to the sickest patients, those
at most immediate risk of death. Many also imposed sobriety restrictions,
fearing the risk of reinfection in active drug users too great to justify the
expense of treatment. Such restrictions have met with criticism. Overt drug
rationing offends the American public, but it is difficult to know how else
to act in the face of such high prices.

Unrestricted mass treatment of hepatitis C will be necessary to elimi-
nate the disease as a public health problem by 2030, but no direct-acting
agent will come off patent before 2029. Delaying mass treatment would
result in tens of thousands of needless deaths and billions of dollars in
wasted medical costs. It is the government’s role to avoid such suffering,
while still respecting innovator drug companies’ right to compensation for
the risk they took to bring a valuable product to market.

Recommendation 6-1: The federal government, on behalf of the De-
partment of Health and Human Services, should purchase the rights to
a direct-acting antiviral for use in neglected market segments, such as
Medicaid, the Indian Health Service, and prisons. This could be done
through the licensing or assigning of a patent in a voluntary transaction
with an innovator pharmaceutical company.

There are times when the government must act to correct a market
failure. With this in mind, the committee recommends a voluntary transac-
tion between the government and the companies producing direct-acting
antivirals wherein the companies compete to sell their patent rights to the
federal government for use in neglected populations. The voluntary nature
of this process guarantees the drug company reasonable compensation;
the patent holder has the option to walk away if the price is too low. Fur-
thermore, the government would license the patent only for use in those
populations for whom the government buys and access is limited, such as
prisoners and Medicaid beneficiaries. This limitation will also control costs;
the government should not have to pay as much as if it were compromising
the lucrative private market.

Calculations shown in Chapter 6 suggest that the licensing rights should
cost about $2 billion, after which states would pay about $140 million to
treat 700,000 Medicaid beneficiaries and prisoners. For comparison, under
the status quo it would cost about $10 billion over the next 12 years to
treat only 240,000 Medicaid beneficiaries and prisoners.

Critics of this strategy may maintain that it sets a dangerous precedent;
they may fear the government negotiating a license for other expensive
medicines. This is unlikely, as the U.S. government has never been inclined
to such action. In general, the United States is extremely supportive of the
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pharmaceutical industry, investing heavily in the science infrastructure
that supports it and paying more for medicines than other rich countries.
Indeed, the government’s very reluctance to interfere in the pharmaceutical
market may have emboldened the industry. The Senate Finance Commit-
tee’s investigation into the pricing of sofosbuvir concluded that Gilead® had
deliberately elevated the price in an effort to raise the market floor, ensur-
ing continued high prices for all future hepatitis C treatments. Action now
might discourage other companies from pursuing this strategy in the future.

RESEARCH

The WHO identified research as one of the essential pieces of any
country’s viral hepatitis elimination strategy. For the United States, a com-
parative advantage in science and technology compels special attention to
research. Yet despite being the seventh leading cause of death in the world,
viral hepatitis accounts for less than 1 percent of the National Institutes of
Health’s research budget.

This report identified a series of key gaps in the research that would
benefit from scientific attention, broadly divided into mechanistic and im-
plementation research questions. Mechanistic research questions include
the immune response and curative therapies for HBV and vaccine for HCV,
as well as rapid diagnostic tests and new treatments for fibrosis, cirrhosis,
and liver cancer. Implementation research questions include how to man-
age substance use in prisons and ways to reach key populations, as well as
novel strategies for harm reduction, better understanding of networks of
drug users, and prevention of injection drug use.

9 The innovator pharmaceutical firm that brought the drug to market.
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hepatitis as a major public health problem by 2030 (WHO, 2016a).

In the first strategy document of its kind, the organization concluded,
“hepatitis has been largely ignored as a health and development priority
until recently,” despite causing more deaths than HIV, tuberculosis, or
malaria (Stanaway et al., 2016; WHO, 2016a; Wiktor and Hutin, 2016).

The world cannot afford to ignore viral hepatitis any longer. The
Global Burden of Disease Study estimated 1.45 million deaths from viral
hepatitis in 2013 (95 percent confidence interval [CI]: 1.38 to 1.54 million)
(Stanaway et al., 2016). Together hepatitis B virus (HBV) and hepatitis C
virus (HCV) account for 96 percent of these deaths (Stanaway et al., 2016),
more than 21,000 of them in the United States (CDC, 2016). Such loss of
life comes at a cost to society, both in the direct financial burden of treat-
ment and indirectly through the loss of adults in their prime—most viral
hepatitis deaths cull from the 45 to 64 age group (Ly et al., 2012).

There is no longer any reason to disregard these diseases. There is an
effective vaccine to prevent hepatitis B, advances in treatment can prevent
most deaths in those chronically infected with HBV, and hepatitis C is now
curable with a short course of easily tolerated treatment (Afdhal et al.,
2014; Feld et al., 2014). (Box 1-1 describes a national treatment program
in Egypt.) Preventive measures against both infections abound (Thomas,
2013). Hepatitis B vaccine confers long-standing immunity in 95 percent of
recipients (WHO, 2015); immunization of newborns prevents community
acquisition in childhood (Mast et al., 2005). Mother-to-child transmission
of HBV, once inevitable, can now be prevented in 85 to 95 percent of cases

In June 2016 the World Health Assembly set the goal of eliminating viral

15
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BOX 1-1
Unrestricted Hepatitis C Treatment in Egypt

Egypt is a rare example of a country with high hepatitis C prevalence and
commitment to treatment. lts hepatitis C prevalence is among the highest in the
world (CDC, 2012; Gower et al., 2014; Kandeel et al., 2016). In 2015, about 10
percent of adults between 15 and 59 years old tested positive for HCV antibody
and another 150,000 to 165,000 are infected every year (CDC, 2012; Kandeel et
al., 2016; McNeil, 2015). In some villages of the Nile delta region, as many as half
of men older than 50 test positive for HCV antibody (McNeil, 2015).

The problem is largely attributable to efforts from the 1950s through the
1980s to control schistosomiasis, a water-borne parasitic disease that causes
serious organ damage (WHO, 2016b). Schistosomiasis was endemic in Egypt,
about 20 million Egyptians suffered from the infection in 1980 (Abdel-Wahab,
1982; Abdel-Wahab et al., 1980; Strickland, 2006). The standard of care treat
ment at the time was an intravenous injection of tartar emetic, which millions of
people received at community clinics and other health posts (Strickland, 2006).
Syringes were frequently reused, often without adequate sterilization, spreading
HCV years before it was discovered and named (McNeil, 2015; Strickland, 2006).
Roughly as many people were infected with hepatitis B virus, but only about 5
percent went chronic, compared to 70 or 80 percent of those exposed to HCV
(Strickland, 2006).

The Egyptian ministry of health started a hepatitis C control program in 2001;
in 2007 it launched a national treatment plan, providing pegylated interferon and
ribavirin treatment to about 190,000 people (CDC, 2012; Egyptian Ministry of
Health and Population, 2014). The advent of direct-acting antivirals was particu
larly welcome in Egypt, where about 850,000 people have been cured since late
2014 (Daily News Egypt, 2016a; Kandeel et al., 2016).

Since 2015, Gilead has sold Sovaldi® to the Egyptian government for about
$10 per pill and licensed two Egyptian manufacturers to produce generic sofos
buvir for about $4 per pill (Gilead, 2015; McNeil, 2015). The Egyptian government
pays for 40 percent (about $80 million per year) of costs related to the national
treatment program, with the remaining 60 percent paid by insurance companies
and patients (Egyptian Ministry of Health and Population, 2014). As of July 2016,
a government referendum guaranteed free HCV treatment for uninsured patients
(Daily News Egypt, 2016b).

(Nelson et al., 2014). Direct-acting antiviral treatments with cure rates of
95 percent and higher have revolutionized hepatitis C care (Afdhal et al.,
2014; Zoulim et al., 2015). Although there is no vaccine for HCV, second-
ary prevention measures can impede the spread of infection. In the United
States, where most new HCV infections are associated with injection drug
use, syringe exchange programs have particular promise to interrupt trans-
mission (Mehta et al., 2011). Treatment of all chronic infections would do
the same.
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Yet this committee’s previous report concluded that while elimination
of hepatitis B and C in the United States may be entirely feasible, it is not
likely without meaningful changes to policy and directed research (Buckley
and Strom, 2016; NASEM, 2016). Like a previous Institute of Medicine
committee that commented on woefully underfunded surveillance systems
and inadequate public spending on viral hepatitis prevention and treatment,
this committee’s previous report discussed limitations with, among other
things, surveillance, case detection, and access to care, as well as gaps in
the current understanding of the viruses (IOM, 2010; NASEM, 2016). The
report concluded that most of the barriers to preventing and treating viral
hepatitis could be seen as consequences of another, more basic problem:
viral hepatitis is not a public priority in the United States.

The United States is not alone in this, as the World Health Assembly
resolution observed. The international movement toward eliminating hepa-
titis B and C as public health problems could help generate the impetus
for change. A concrete action plan and clear goals could also do much
to change attitudes domestically. The United States should not come late
or halfheartedly to the global elimination effort. With this in mind, the
Committee on a National Strategy for the Elimination of Hepatitis B and
C issues this strategy document recommending actions that will hasten
the end of HBV and HCV infections and deaths in the United States and
advance the international goal of eliminating the public health problem of
viral hepatitis by 2030.

THE CHARGE TO THE COMMITTEE

The Centers for Disease Control and Prevention (CDC) and the De-
partment of Health and Human Services (HHS) have a commitment to
fighting viral hepatitis; the CDC Division of Viral Hepatitis and the HHS
Office of Minority Health sponsored the first phase of this project. In
phase two, the original sponsors were joined by the American Association
for the Study of Liver Diseases, the CDC Division of Cancer Prevention
and Control, the Infectious Diseases Society of America, and the National
Viral Hepatitis Roundtable. Box 1-2 shows the statement of task for both
phase one and two of this project, though this report is limited to the
phase two task.

The Phase One Report

In the first phase of this project, the sponsors asked the committee
whether it is feasible to eliminate hepatitis B and C from the United States.
The first publication in this series briefly reviewed the literature on the
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BOX 1-2
Statement of Task

PHASE |

The National Academies of Sciences, Engineering, and Medicine will conduct
a literature review and convene two meetings of the committee, one of which will
include a two part workshop, one part focused on hepatitis B virus (HBV) and
one focused on hepatitis C virus (HCV) to determine whether HBV and HCV
elimination goals for the United States are feasible and to identify possible critical
success factors. A brief report containing the committee’s conclusion regarding
the feasibility of setting elimination goals and possible critical success factors
shall be prepared.

PHASE II

The committee will prepare a consensus report containing committee conclu
sions and recommendations, specifically identifying

1. the appropriate hepatitis reduction or elimination goal(s) and specifying a
plan of action to achieve the goal(s) including, but not necessarily limited
to: medical and substance abuse services, community-based services,
and correctional health services;

2. barriers to achieving the goal(s) such as access to treatment and related
policy issues; public health infrastructure resources for screening, educa
tion and outreach; and surveillance;

3. potential solutions to the barriers identified; and

4. specific stakeholders and their responsibilities to achieve the goal.

epidemiology and natural history of both infections.! The committee then
considered the feasibility of eliminating hepatitis B and C, dividing that
question into smaller questions about ending transmission and reducing
morbidity and mortality from chronic infection; for hepatitis C it also
weighed the feasibility of eliminating chronic infection.

Part of the challenge of this task was first clarifying exactly what level
of disease control could be considered elimination. Unlike eradication,
which refers to a permanent, zero-level incidence of new infections with-
out ongoing control measures, elimination is a softer target (CDC, 1993;
Dowdle, 1998). CDC definitions of disease elimination emphasize cessation
of transmission, and allow for circumstances where a disease may remain,

! The committee encourages readers who are unfamiliar with the basic virology and natural
history of these infections to consult the first report.
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but its most devastating consequences avoided (e.g., trachoma remains, but
with no further cases of blindness) (CDC, 1993). In this understanding,
disease elimination can refer to a level of control where the disease is no
longer considered a public health problem (CDC, 1993).

In considering the elimination of hepatitis B and C from the United
States, it is important to remember that both infections are endemic abroad,
making frequent importation of cases inevitable. Hepatitis C, though cur-
able, is not vaccine-preventable. Chronic HBV infection, on the other hand,
is incurable, but largely preventable with vaccination and prophylactic mea-
sures against vertical transmission. Antiviral treatment can reduce the risk
of disease progression; there is no reason why people with chronic hepatitis
B should not live long lives and die of unrelated causes. For these reasons,
the committee concluded that, “hepatitis B and C could both be eliminated
as public health problems in the United States, but that this would take
considerable will and resources” (NASEM, 2016, p. 2). The report went on
to define a public health problem as one that, “by virtue of transmission or
morbidity or mortality commands attention as a major threat to the health
of the community” (NASEM, 2016, p. 2). Tables 1-1 and 1-2 summarize
the committee’s assessment of these questions, as well as critical factors
relating to each step, and barriers to meeting the elimination goal.

This phase of the project builds off the conclusions of the phase one
report. In this document, the committee has been asked to lay out appropri-
ate goals for hepatitis reduction over time and specific actions to achieve
them, being clear about possible barriers and ways to overcome them and
articulating responsibilities for key stakeholders.

The Committee’s Approach to Its Charge

The committee met three times to prepare this report; see Appendix C.
In closed session, the group evaluated the evidence and deliberated on the
best strategy to eliminate hepatitis B and C as public health problems in
the United States. Based on expert opinion and review of the evidence, the
committee came to conclusions about a suitable strategy, recommending
actions for specific organizations to reach this goal. The committee drew on
published literature and presentations from expert speakers in its delibera-
tions. Members of the public submitted written testimony to the commit-
tee (available from the National Academies of Sciences, Engineering, and
Medicine’s Public Access Records Office, PARO@nas.edu).

The World Health Organization’s 2016 strategy document identified
five areas in which action will be needed, referred to in the document as
strategic directions. These five areas are meant to guide countries’ forma-
tion of their national strategies, each area addressing a set of essential
questions (see Box 1-3). This report is organized around these five strate-
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BOX 1-3
WHO Strategic Directions from the Global
Health Sector Strategy on Viral Hepatitis

1. Information: What is the situation?
Focus on the need to understand the viral hepatitis epidemic and re
sponse as a basis for advocacy, political commitment, national plan
ning, resource mobilization and allocation, implementation, and program
improvement.

2. Interventions: What services should be delivered?
Describe the essential package of high-impact interventions that need to
be delivered along the continuum of hepatitis services to reach country
and global targets, and which should be considered for inclusion in na
tional health benefit packages.

3. Delivering for Equity: How can these services be delivered?
Identify the best methods for delivering the continuum of hepatitis ser
vices to different populations and in different locations, so as to achieve
equity, maximize impact, and ensure quality.

4. Financing: How can the costs of delivering the package of services be
met?
Identify sustainable and innovative models for financing of hepatitis re
sponses and approaches for reducing costs so that people can access
the necessary services without incurring financial hardship.

gic directions: information, interventions, service delivery, financing, and
research. A separate chapter presents the results of commissioned models
informing the committee’s goals on suitable targets, interim indicators, and
a timeline for elimination in the United States.

HEPATITIS AND LIVER CANCER

The 2016 Annual Report to the Nation on the Status of Cancer cel-
ebrated continued declines in cancer deaths in the United States, attribut-
ing much of this progress to public health (Ryerson et al., 2016). Tobacco
control measures have curbed the incidence of many cancers, especially lung
cancer, long the most common and fatal cancer in the country (CDC, 2011;
Henley et al., 2014; Jemal et al., 2008). Improved screening, early diagno-
sis, and treatment have contributed to declines in incidence and lengthened
survival time for lung, colorectal, prostate, and breast cancers (Edwards



INTRODUCTION 23

5. Research: How can the trajectory of the response be changed?
Identify where there are major gaps in knowledge and technologies,
where innovation is required to shift the trajectory of the viral hepatitis
response in order for those responses to be accelerated and for the 2020
and 2030 targets to be achieved.

STRATEGIC STRATEGIC STRATEGIC
DIRECTION2 DIRECTION3 DIRECTION 4

Interventions Delivering Financing for
for impact for equity sustainability

The “what” The “how” The financing

SOURCE: Adapted with permission from Global health sector strategy on viral hepati-
tis, 2016-2021: Towards ending viral hepatitis. Figure 1. http://apps.who.int/iris/bit
stream/10665/246177/1/WHO-HIV-2016.06-eng.pdf (accessed July 19, 2016).

et al., 2010, 2014; Kohler et al., 2015; Ryerson et al., 2016). The recent
annual report highlighted one troubling trend, however. The incidence of
hepatocellular carcinoma, the most common form of primary liver cancer,
increased 38 percent between 2003 and 2012, the most recent years for
which data are available (Ryerson et al., 2016). Liver cancer deaths rose 56
percent in the same time, a sharper increase than that of any other cancer
(Ryerson et al., 2016). Data from 2008 to 2012 indicate a disproportionate
increase in racial and ethnic minorities: American Indian and Alaska Na-
tives have the highest incidence of liver cancer (14.9 per 100,000), followed
by Asian and Pacific Islanders (13.8 per 100,000) and Hispanics (12.7 per
100,000). Among non-Hispanic blacks, the age-specific rate of liver cancer
has shifted over time and is now highest (around 60 per 100,000 people)
at the relatively young ages of 55 to 59 (Ryerson et al., 2016). Another
recent study confirmed the increase in hepatocellular carcinoma incidence,


http://apps.who.int/iris/bitstream/10665/246177/1/WHO-HIV-2016.06-eng.pdf
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BOX 1-4
Hepatitis Control and Elimination in Mongolia

Mongolia has the highest rate of liver cancer and liver cancer deaths in the
world, mostly due to viral hepatitis. Hepatitis B virus (HBV) infection is usually
acquired at birth or in early childhood, while chronic hepatitis C is more commonly
due to unsafe medical injection and transfusion. In adults, HBsAg prevalence is
about 10 percent, and in the general population, chronic hepatitis C prevalence
is almost 7 percent. Aimost every family in Mongolia is affected by hepatitis or
liver cancer.

Mongolia’s first national strategy on viral hepatitis covered years 2010 to
2015, and emphasized hepatitis B immunization to decrease HBsAg prevalence
to less than 2 percent among children under 5. This goal was met; the most re
cently reported HBsAg prevalence in 4 to 6 year olds was 0.53 percent. In 2014
and 2015 experts from the World Health Organization (WHO) regional office, the
Centers for Disease Control and Prevention, and the National Institutes of Health
conducted a review of the viral hepatitis response in Mongolia, including clinical
medicine and public health measures in the public and private sectors. Their
review formed the basis for a new national strategy that will likely emphasize
wider hepatitis B catch-up vaccination, increasing prevention, making better use
of the private sector, and combining hepatitis and alcoholism prevention in public
messaging.

With bipartisan parliamentary support, Mongolia’s hepatitis elimination pro
gram has become a key government policy. In 2016 hepatitis B antivirals were
added to the country’s national health insurance plan, which subsidizes 80 percent
of the cost of generic tenofovir. Direct-acting antivirals (four generic and one brand
name) were also licensed in Mongolia in 2016, with the national health insurance
plan subsidizing more than half the cost. Out-of-pocket costs after subsidies are
about $1.40 a month for hepatitis B treatment and $198 for a 3-month course of
hepatitis C treatment.

In the first 10 months of 2016, the WHO reported that more than 5,800
patients in Mongolia had been treated for chronic hepatitis C, with a sustained
virologic response rate of 92 to 99.5 percent, depending on fibrosis stage. Costs
for generic direct-acting antivirals are expected to continue to decrease, making
treatment more accessible.

SOURCES: Dashdorj et al., 2014; Mongolia WHO Representative Office, 2010; WHO and
Center for Disease Analysis, 2015; WHO Regional Office for the Western Pacific, 2014,
2015, n.d.

especially among subgroups such as men aged 55 to 64, and highlighted
geographic variation in the trend (White et al., 2016).

Hepatitis B and C are driving this increase. Together HBV and HCV
account for about 80 percent of the world’s hepatocellular carcinoma
(the most common form of liver cancer) (Arzumanyan et al., 2013).
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Chronic hepatitis B increases odds of liver cancer 50 to 100 times, chronic
hepatitis C by 15 to 20 times (El-Serag, 2012; Sherman and Llovet, 2011).
Action against viral hepatitis is essential to combatting liver cancer. Box 1-4
describes Mongolia’s hepatitis elimination program in response to the coun-
try’s high rate of liver cancer mortality.

Much as public health measures have lessened the burden of lung,
breast, colorectal, and prostate cancers over time, so can public health
programs reverse troubling trends in liver cancer. This report outlines ways
to reduce the burden of viral hepatitis in the United States and discusses
the likely effects of such a reduction on the incidence of liver cancer and
its frequent precursor, cirrhosis. The strategy of expanded screening and
treatment, improved surveillance, harm reduction, adult vaccination, and
ensured access to medicines would make hepatitis B and C rare diseases in
the United States by 2030.
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Targets for Elimination

ment set targets for reducing the world’s burden of viral hepatitis (see

Table 2-1). The document makes clear, however, that the proposed
targets are global and will not necessarily be suitable for any one country.
The emphasis on the screening of donor blood and the use of safety-engi-
neered syringes, for example, does not apply to the United States but to
countries where such measures are not already required. The proposed re-
ductions in incidence and mortality shown in Table 2-1 are similarly broad.
One percent prevalence of hepatitis B surface antigen (HBsAg) among
children is an aspirational goal for 2020 in most of the world’s hepatitis B
endemic countries but considerably higher than 2006 estimates suggest for
the United States (Wasley et al., 2010).

Given differences in epidemiology and disease burden, WHO guidance
asks every country to identify its most affected populations and tailor its
response accordingly (WHO, 2016b). The organization’s strategy document
directs countries to “develop as soon as practicable ambitious national
goals and targets for 2020 and beyond [. . .]. Targets should be feasible and
developed based on country realities, the best possible data [. . .], trends
and responses, and monitored through a set of standard and measurable
indicators” (WHO, 2016b, p. 23). Box 2-1, for example, describes the Re-
public of Georgia’s viral hepatitis strategy in response to the country’s high
prevalence of hepatitis C.

As a first step to identifying feasible targets for hepatitis B and C elimi-
nation in the United States, the committee commissioned modeling analysis
to estimate how different interventions might reduce the national burden of

The World Health Organization’s (WHQO?’s) hepatitis strategy docu-

29
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TABLE 2-1 WHO Targets for Reducing the Global Burden of Viral
Hepatitis

Target Area Baseline 2015 2020 Targets 2030 Targets

Impact targets

Incidence: New Between 6 and 10 30% reduction 90% reduction
cases of chronic million infections
viral hepatitis B are reduced to 0.9 (equivalent to (equivalent to 0.1%
and C infections million infections by 1% prevalence prevalence of HBsAg
2030 (95% decline of HBsAg among  among children)
in hepatitis B virus children)

infections, 80% decline
in hepatitis C virus

infections)
Mortality: Viral 1.4 million deaths 10% reduction 65% reduction
hepatitis B and C reduced to less than
deaths 500,000 by 2030 (65%

for both viral hepatitis

B and C)

Service coverage targets

Hepatitis B virus 82% in infants 90% 90%
vaccination:

childhood vaccine

coverage (third

dose coverage)

Prevention of 38% 50% 90%
hepatitis B virus

mother-to-child

transmission:

hepatitis B

virus birth-dose

vaccination

coverage or

other approach

to prevent

mother-to-child

transmission

Blood safety 39 countries do 95% of 100% of donations
not routinely test donations are screened in a
all blood donations screened in a quality-assured
for transfusion- quality-assured manner

transmissible infections manner

89% of donations
screened in a quality-
assured manner
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TABLE 2-1 Continued

Target Area

Baseline 2015

2020 Targets

31

2030 Targets

Safe injections:
percentage

of injections
administered with
safety-engineered
devices in and out
of health facilities

Harm reduction:
number of sterile
needles and
syringes provided
per person who
injects drugs per
year

Viral hepatitis B
and C diagnosis

Viral hepatitis B
and C treatment

5%

20

<5% of chronic
hepatitis infections
diagnosed

<1% receiving
treatment

50%

200

30%

5 million people
will be receiving
hepatitis B virus
treatment

3 million people
have received
hepatitis C virus
treatment

90%

300

90%

80% of eligible
persons with chronic
hepatitis B virus
infection treated

80% of eligible
persons with chronic
hepatitis C virus
infection treated

(Both targets are
cumulative by
2020)

NOTE: HBsAg = hepatitis B surface antigen; WHO = World Health Organization.
SOURCE: WHO, 2016b.

hepatitis B and C, including liver cancer, cirrhosis, and liver-related deaths
(see Appendixes A and B). The modelers were chosen on the basis of their
prior work in the field; only models that have been extensively validated
and peer-reviewed were considered.’

Given the inherent differences in the biology, epidemiology, natural
history, and treatment options for hepatitis B and C, the models presented
in this chapter are not directly comparable. Broadly, the hepatitis B model
considers the effects of varying rates of diagnosis, care, and treatment on

1 Staff at Center for Disease Analysis can make the hepatitis C model available upon request
to employees of government or academic institutions. The hepatitis B model can be re-created
using TreeAge software and the information presented in Appendix A.
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BOX 2-1
Hepatitis Control and Elimination in the Republic of Georgia

The Republic of Georgia is a small country with an estimated 6.7 percent
prevalence of hepatitis C, one of the highest rates in the world (Stvilia et al.,
2006; WHO Regional Office for Europe, 2015). Experience in HIV programming
has afforded the country a cadre of technical workers with transferable expertise
for hepatitis C elimination (WHO Regional Office for Europe, 2015). Despite the
challenges of high disease burden in a middle-income country, the Georgian
authorities have made an elimination plan and secured support to implement it
from donors.

The highly effective direct-acting antivirals that were first licensed in 2013 are
the cornerstone of the effort (Mitruka et al., 2015). Results of a population sero
survey in May 2015 informed the selection of seven clinical sites for the start of
the elimination program. The U.S. Centers for Disease Control and Prevention is
working with the Georgian ministry to develop the national program, particularly
essential pieces such as case management, laboratory quality assurance and
control, and provider training (Mitruka et al., 2015). The pharmaceutical company
Gilead also views Georgia as a demonstration project in eliminating hepatitis C.
In April 2015, Gilead donated 5,000 courses of Sovaldi® and 20,000 courses of
Harvoni® for use in patients with hepatitis C and severe liver disease (Mitruka et
al., 2015; WHO Regional Office for Europe, 2015).

Advocacy, surveillance, testing and care, harm reduction, and blood safety
have all been identified as target areas for the next phase of the Georgian hepa
titis C elimination program (WHO Regional Office for Europe, 2015). At the 2015
World Hepatitis Summit, the minister of health cited a goal for 2020 of 95 percent
of hepatitis C cases diagnosed, 95 percent of those diagnosed in care, 95 percent
of those in care treated, and 95 percent of those treated cured (Sergeenko, 2015).
(Though more recent statements have suggested a diagnosis goal of 90 percent
of cases [Tsertsvadze, 2016].) By April 2016, 27,392 Georgians registered with
the elimination program. Of those enrolled, 8,448 started treatment (Gvinjilia et
al., 2016).

liver health outcomes. The hepatitis C model, in contrast, considers the ab-
solute number of people treated and diagnosed as inputs, then compares the
consequences of different treatment strategies. Both provide useful insight
into realistic targets for hepatitis B and C elimination in the United States.

HEPATITIS B MODELS

The author’s full report Population Health Tmpact and Cost-Effective-
ness of Chronic Hepatitis B Diagnosis, Care, and Treatment in the United
States is shown in Appendix A. Briefly, the author adapted a Markov model
originally developed to study hepatitis B interventions in Shanghai, China
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(Toy et al., 2014). Updated data from recent cohort studies and a meta-
analysis of mostly North American research were used to estimate disease
progression (Campsen et al., 2013; Chen et al., 2010; Chu and Liaw, 2007,
2009; Fattovich et al., 2008; Kanwal et al., 2006; Lin et al., 2005; Raffetti
et al., 2016; Thiele et al., 2014) and treatment effectiveness (Heathcote
et al., 2011; Lok et al., 2016; Papatheodoridis et al., 2015; Tenney et al.,
2009; Wong et al., 2013). The model’s assumptions regarding the likelihood
of developing cirrhosis and liver cancer during antiviral treatment are based
on recent data (Arends et al., 2015; Marcellin et al., 2013). Background
mortality by age and probability of receiving a liver transplant were drawn
from the Organ Procurement and Transplant Network (HRSA, 2016).

The model then compared different rates of diagnosis, care, treatment
(among the subset of chronic hepatitis B patients for whom treatment is
appropriate), and patient adherence to serological monitoring, as shown in
Table 2-2. The estimates for current practice are based on peer-reviewed
studies (Chotiyaputta et al., 2011; Hu et al., 2013; Juday et al., 2011; Kim
et al., 2014; Lin et al., 2007). The next scenario (HHS 2020 Target) showed
the effect of meeting the Department of Health and Human Services (HHS)
goal of increasing diagnosis from one-third to two-thirds of all patients
with chronic hepatitis B (HHS, 2015). A third scenario (HHS 2020 Target
+ Improved Treatment) added improvements in rates of care and treatment
to the stated HHS target. For additional comparison, the modeler then
included a scenario of 80 percent diagnosed, 80 percent of those in care,
with 80 percent treatment among those eligible, and 80 and 95 percent
patient adherence to monitoring and treatment. This scenario is slightly
lower coverage than the next scenario, modeling the WHO’s proposed
global targets of 90 percent of chronic hepatitis B cases diagnosed, and
80 percent of treatment among those eligible, assuming that 90 percent of
diagnosed patients are in care, with (for comparison’s sake) perfect patient
adherence (WHO, 2016a). Finally, the analysis considered an ideal scenario
where everyone with chronic hepatitis B is diagnosed and adheres perfectly
to treatment and monitoring.

The modeled prevalence of chronic hepatitis B in the United States in
2015 was 1.29 million people (95 percent confidence interval [CI]: 855,000
to 2.02 million), similar to the Center for Disease Control and Prevention’s
(CDC’s) current estimate of 850,000 to 2.2 million people (CDC, 2016a).
This prevalence amounts to 0.4 percent (95 percent CI: 0.27 to 0.63 per-
cent) of the total U.S. population, compared to the most recent NHANES?
estimate of 0.3 percent (95 percent CI: 0.2 to 0.4 percent) (Roberts et
al., 2016). Foreign-born blacks and people born in Asia account for 72.6
percent of cases. Appendix A gives more detail on the age breakdown of

2 Officially, National Health and Nutrition Examination Survey.
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this cohort, about 25 percent of whom are eligible for antiviral treatment
because of chronic active hepatitis or cirrhosis.

Table 2-3 shows the cumulative risks in 2030 of hepatocellular carci-
noma, cirrhosis, and HBV-related death among chronic hepatitis B patients
in the United States, based on the current practice for diagnosis, care, and
treatment. Table 2-4 shows cumulative reductions in these outcomes rela-
tive to 2015 practice. Improving the rate of diagnosis to the two-thirds
level cited in the HHS strategy document would reduce deaths related to
hepatitis B by only about 4 percent by 2030 (HHS, 2015). Table 2-4 makes
it clear that higher levels of diagnosis, care, and treatment will be necessary
to meaningfully reduce morbidity and mortality from chronic hepatitis B.
If the United States were to meet the WHO target of 90 percent of chronic
hepatitis B patients diagnosed, 90 percent of those in care, and 80 percent
treatment among those eligible (hereafter the 90/90/80 scenario), there
would be about 50 percent fewer cumulative deaths related to hepatitis B
in the United States over the next 15 years. Meeting the same targets would
reduce new cases of cirrhosis by about 45 percent and new cases of hepa-
tocellular carcinoma by about one-third.

Under the current practice, about 9.4 percent of HBV-infected people
would die by 2030, only 4.7 percent would die if the WHO target levels of
diagnosis, testing, and treatment were met. Given the size of the infected
population, this would translate into about 60,630 deaths averted by 2030.
(Working off the lower bound of the estimate of HBV-infected people in
the United States, 40,185 deaths averted; given the higher bound, 94,940
deaths averted.)

At the same time, the model’s analysis of the WHO 2030 target sce-
nario assumed almost perfect adherence to serological monitoring and
treatment. This would be a significant improvement over current practice
and will require changing the system for delivering hepatitis B care; such
changes are discussed more in Chapter 5. Sensitivity analysis shown in
Appendix A indicates that increasing care has the strongest effect on the
outcomes, followed by increasing diagnosis. Increasing treatment had the
least effect on the model’s outcomes.

As with all such analyses, this model has several important limitations.
First, it works with a hypothetical cohort of chronic hepatitis B patients
in the United States in 2015. This cohort does not include the estimated
23,370 new chronic hepatitis B cases (95 percent CI: 17,800 to 31,660
cases) entering the United States every year from immigration, or the rela-
tively small number (fewer than 2,000 a year) of chronic infections acquired
domestically.> When considering new cases from immigration, the preva-

3 The CDC estimates about 19,200 acute infections every year, including roughly 900
newborns a year acquiring the infection from their mothers (95 percent CI: 800 to 1,000)
(CDC, 2016b; Ko et al., 2014).
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lence of chronic hepatitis B increases to about 1.64 million by 2030. (These
additional cases would not, however, affect the estimated percent reduction
in cumulative risk if they follow the same diagnosis, care, and treatment
patterns.) NHANES estimates put the prevalence of chronic hepatitis B
around 730,000 from 1999 to 2006 (Wasley et al., 2010). After 2007,
when more attention was given to identifying participants of Asian descent,
the estimate rose to 850,000 (Roberts et al., 2016). But since people born
in HBV endemic countries are still not well-represented in NHANES this
figure is likely an underestimate (Cohen et al., 2008; Kim, 2009). If the
foreign-born populations in the United States have the same prevalence
rates as in their birth countries, as many as 2.2 million additional people
may have hepatitis B (Kowdley et al., 2012). At the same time, immigrants
are not entirely representative of their native country; the hepatitis B preva-
lence in an immigrant’s birth country may not apply to the people living
in the United States (Uddin et al., 2010). With this is mind, the modeler
used age-specific U.S. prevalence rates, reported in studies of various racial
and ethnic groups, including people born in the United States and abroad.
To accommodate the range in prevalence estimates, the committee based
its conclusions on percentage reductions in morbidity and mortality rather
than absolute numbers.

Furthermore, the work presented in Appendix A does not model strate-
gies to end mother-to-child transmission of hepatitis B or horizontal trans-
mission, as this is not a question for which the modeler has developed
peer-reviewed analytic tools. Both are now rare in the United States. Only
about 900 infants a year contract HBV infection at birth (Ko et al., 2014);
less than § percent of the roughly 19,200 adults and children over five who
acquire HBV every year develop chronic hepatitis B (CDC, 2016b; Mast et
al., 2006). Therefore, new cases entering the population from horizontal
transmission would not substantively change the estimates.

Work in Alaska has shown that it is possible to fully eliminate mother-
to-child transmission of HBV. Despite HBV infection being endemic among
Alaska Natives and 70 percent of chronic hepatitis B patients living in
remote areas without road connection, there has not been a single case of
acute hepatitis B in an Alaska Native child since 1992* (FitzSimons et al.,
2013; McMabhon et al., 2014). This work, coupled with an assessment of
the relative rarity of vertical transmission of HBV, may have inspired the
support for elimination of mother-to-child transmission of viral hepatitis
expressed in the U.S. government’s Viral Hepatitis Action Plan, 2017-2020
(HHS, 2017b). Chapter 4 discusses management of HBsAg+ pregnant
women and steps that may be taken to replicate the Alaskan success nation-

4 Barring one or two international adoptions (McMahon, 2015).
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ally. This chapter also describes measures to bring hepatitis B vaccination to
more adults, thereby preventing horizontal transmission of HBV.

The Committee’s Conclusions Regarding
Targets for Hepatitis B Elimination

* A 50 percent reduction in mortality from chronic hepatitis B, averting over
60,000 deaths, is possible in the United States by 2030. Meeting this goal
will require diagnosing 90 percent of chronic hepatitis B cases, bringing 90
percent of those to care, and treating 80 percent of those for whom treatment
is indicated.

* The same level of diagnosis, care, and treatment will reduce new cases of
HBV-related hepatocellular carcinoma by about a third and new cases of HBV-
related cirrhosis by about 45 percent.

* Prevalence of chronic hepatitis B in the United States will continue to increase
because of in-migration of infected people.

* The elimination of hepatitis B virus infection in neonates and children under 5
is possible, as demonstrated in Alaska Natives.

HEPATITIS C MODELS

The author’s full report, Modeling the Elimination of Hepatitis C in
the United States, is shown in Appendix B. The author used a Markov
model developed to estimate how morbidity, mortality, and total number
of viremic HCV infections would change between 2015 and 2030 (Razavi
et al., 2013, 2014). The model has been used previously to project disease
burden in 100 countries; results have been validated with a panel of local
experts in 59 of these countries (Blach et al., 2016). The model estimates
the number of incident cases of hepatitis C, accounting for spontaneous
clearance (Razavi et al., 2014). An older version of the model (predating
direct-acting antiviral treatment for chronic hepatitis C) was validated with
U.S. data (Kershenobich et al., 2011).

The model drew on published data from multiple sources. Estimates of
the current U.S. population, including mortality by gender and age, came
from United Nations (UN) data (Razavi et al., 2014; UN, 2015). Estimates
of the percentage of the population who are HCV antibody positive and
HCV RNA positive, the age and sex distribution of this prevalence, and
the total number of cases diagnosed in a given year were drawn from
peer-reviewed literature (Denniston et al., 2014; Edlin et al., 2015; Seeff,
2002; Volk et al., 2009). CDC data informed estimates of the distribution
of HCV genotypes in the population and across newly diagnosed cases,
while national reports and drug sale data were used to estimate the number
of patients treated each year (Klevens et al., 2009, 2014; NCHS, 2015).
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Information on the number of liver transplants, incidence of hepatocellu-
lar carcinoma, and deaths from hepatitis C came from published sources
(Altekruse et al., 2014; CDC, 2016a; HRSA, 2016; NCI, 2015; Yang et al.,
2012). The model’s results were validated against incident cases of hepa-
tocellular carcinoma attributable to chronic hepatitis C as reported to the
Surveillance, Epidemiology, and End Results program.

The model compared four scenarios with different assumptions about
screening and treatment on hepatitis C incidence and deaths, hepatocellu-
lar carcinoma, and decompensated cirrhosis due to hepatitis C. Table 2-5
describes the four scenarios. Briefly, the first scenario (labeled “Base 2013”)
reflects historical treatment data before the 2014 introduction of direct-
acting antivirals. This scenario assumes 110,000 new patients diagnosed
every year between 2013 and 2017. This number is shown to decline after
2017, both because of the preventive effect of removing infectious cases
from the population and because over time the treatment-eligible patients
remaining will be harder to find. This scenario allows for about 30,000
patients treated a year, and a rate of sustained virologic response’ of 58
percent. The second scenario (labeled “Base 2015”) assumes relatively little
change in the number of new infections annually, but the use of current
drug therapy, with its vastly better rates of sustained virologic response
and far more people eligible for treatment. The model also assumes annual
treatment of 260,000 people (about what has been reported since direct-
acting agents came on the market) gradually declining to 130,000 between
2020 and 2030, but with current restrictions limiting treatment to patients
with fibrosis grade 2 or worse. This model makes the same assumptions as
the base scenario regarding the number of cases diagnosed and new infec-
tions each year. The third scenario (labeled “Aggressive =F0”) assumes no
fibrosis restrictions on treatment after 2017, with aggressive efforts made
to diagnose new cases, but allows that the annual number diagnosed will
begin to decrease around 2020 because there will be fewer infected cases in
the population and the cases left will be harder to find. The final scenario
(labeled “Aggressive =F2”) also assumes 260,000 people will be treated ev-
ery year and that aggressive measures will be taken to diagnose new cases,
but limits treatment only to people with hepatitis fibrosis stage 2 or higher.
The drop-off in the number of newly diagnosed cases is less pronounced in
this model because HCV transmission will not decline much in a situation
where only people with more advanced fibrosis are treated.

Estimates of the percentage change in total viremic HCV infections
(meaning cases with detectable HCV RNA) and the percentage change in

5 Sustained virologic response refers to eradication of HCV from the body, indicated by no
detectable viral RNA 24 weeks after therapy. Relapse after sustained virologic response occurs
in less than 1 percent of cases (NASEM, 2016a).
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cumulative incident hepatocellular carcinoma, decompensated cirrhosis,
and liver-related deaths relative to the 2015 baseline scenario are shown in
Figure 2-1. As with the hepatitis B models, the value of the models lies in
comparing the different scenarios and identifying important influences on
the outcomes.

Removing all disease severity restrictions and taking aggressive ef-
forts to diagnose new cases would reduce cumulative liver deaths between
2015 and 2030 by 10 percent (relative to 2015). As Figure 2-1 shows, the
scenario combining aggressive diagnosis and treatment with restriction to
only patients with advanced fibrosis results in a 35 percent reduction in
deaths over the same time period. This counterintuitive result is partly a
function of the model that holds constant the annual number of treated
patients. The treatment restriction scenario modeled therefore includes
some relatively healthy people in the 260,000 treated each year. Given that
chronic hepatitis C infection is usually asymptomatic for decades, many of
the people cured in this scenario would not have died by 2030, but they
are more likely to transmit the infection (Hagan et al., 2004; Zeiler et al.,
2010). For this reason, unrestricted treatment has a pronounced influence
on incidence of chronic hepatitis C.

The model indicates considerable public health benefit to unrestricted
treatment. Figure 2-1 shows that the total number of infected cases would
drop 75 percent by 2030 (relative to the 2015 base scenario) if treatment
were allocated without regard for disease stage. The trade-off between a
sharp reduction in disease prevalence and a marginally larger reduction
in deaths implied by these models is a function of holding the number of
patients treated as an input parameter. Data from recent drug sales and na-
tional reports inform the model estimate of 260,000 patients treated every
year. There is no reason why this number could not increase, especially if
the recommendations made in Chapter 5 are implemented. Increasing the
number of patients treated annually, so as to treat those with minimal fi-
brosis and those with more advanced disease at the same time, would allow
for larger reductions in both chronic hepatitis C incidence and prevalence
and liver-related mortality.

As Appendix B discusses, there were an estimated 21,600 deaths from
chronic hepatitis C in the United States in 2015 (95 percent CI: 10,300 to
36,700 deaths). With no change to current practice, about 13,500 deaths
related to hepatitis C would be expected in 2030, or 37.5 percent fewer
than in 2015. The scenario combining unrestricted treatment with aggres-
sive diagnosis (labeled “Aggressive =F0”) would result in 7,100 hepatitis C-
related deaths in 2030, about a two-thirds reduction from the 2015 level.
The same scenario would reduce the incidence of chronic hepatitis C by
90 percent. Table 2-6 presents this information as well as the reduction in
prevalence relative to the 20135 scenario.
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TABLE 2-6 Reduction in Number of Deaths, Prevalence, and Incidence of
Hepatitis C in 2030 Relative to 2015

No Change Aggressive Aggressive

from 2015 =F0 =F2
Number of deaths in 2030 13,500 7,100 4,100
Reduction in mortality relative 2015 38% 65% 80%
Total viremic cases in 2030 1,495,000 390,000 980,000
Reduction in prevalence relative 2015 50% 85% 70%
Total incident cases in 2030 29,830 2,730 29,800
Reduction in incidence relative 2015 2% 90% 2%
Cumulative HCV deaths 289,200 260,400 190,700
Deaths averted by 2030 — 28,800 98,500

NOTE: HCV = hepatitis C virus.

The committee’s first report discussed a theoretical trade-off in elimi-
nating hepatitis C: ending HCV transmission and ending deaths from hepa-
titis C are both possible with treatment, but meeting those goals requires
attention to different populations (NASEM, 2016a). This model makes the
same point. As Table 2-6 shows, more deaths would be averted by 2030
under the scenario where only patients with advanced fibrosis were treated,
but unrestricted treatment reduces incident infections by 90 percent. Given
that this committee was charged with identifying a strategy for the elimina-
tion of viral hepatitis, it favors the scenario that would elicit a sharp reduc-
tion in incidence. This incidence reduction, in turn, results in 85 percent
fewer viremic cases in the population by 2030.

Replicating the success of this scenario, however, depends on aggres-
sive diagnosis of new infections. As shown in Table 2-5, this scenario
depends on diagnosing 110,000 cases a year until 2020, dropping to al-
most 89,000 from 2020 to 2024 and nearly 72,000 from 2025 to 2030.
Diagnosis of 110,000 new infections a year was possible in the past partly
because transmission was still so high. Over time, undiagnosed cases will
be harder to find. People in contact with the health system will be cured
of their HCV infection, and meeting the ambitious elimination target will
depend on finding and curing individuals who have so far remained largely
hidden.

People who inject drugs account for most HCV transmission in the
United States; depending on the setting, hepatitis C prevalence in this
group ranges from a third to over 80 percent, and these estimates, for the
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most part, predate the opioid epidemic (Alter, 1997; Hagan et al., 2008).
Prisoners account for a (somewhat overlapping) third of national hepatitis
C cases (Varan et al., 2014). One way to ensure sufficient case finding and
treatment to allow for a 90 percent reduction in incidence and 65 percent
reduction in mortality is to actively test and treat in these populations.
The comprehensive harm reduction and prison health services described in
Chapters 4 and 5 will be crucial to meeting these targets.

The main limitations of this model stem from its structure; it considers
the number of patients treated every year as a model input. As Appendix B
explains, the estimate of the number of patients treated every year comes
from published data combined with expert consultation. This number is a
bottleneck in the model, and it stands to reason that increasing the capac-
ity of the health system to treat hepatitis C patients would allow a greater
reduction in deaths, without compromising the reduction in total viremic
cases or incident infections.

The model is also not designed to account for the effects of enhanced
harm reduction on disease incidence, or how efforts to diagnose and treat
in high-risk populations might have varying effects on morbidity and mor-
tality. (That is, efforts to diagnose and treat clusters of people who inject
drugs may elicit a sharper decrease in incidence than the same work spread
among the general population.)

As with the hepatitis B models, underestimating the prevalence of hepa-
titis C in the population may also affect the results. The sensitivity analysis
presented in Appendix B cites disease incidence as the variable with the
largest effect on the results. It also explains that incidence of HCV infection
is mostly driven by injection drug use, and that the opiate epidemic is not
distributed evenly across the country. If the HCV incidence rates reported in
Massachusetts were applied to the national model there would be consider-
ably more incident infections and a greater prevalence of hepatitis C. At
the same time, a greater prevalence of hepatitis C in the population would
make it easier to diagnose a sufficient number of new cases every year to
provide candidates for treatment.
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The Committee’s Conclusions Regarding
Targets for Hepatitis C Elimination

* A 90 percent reduction in incidence of hepatitis C (relative to the 2015 inci
dence carried forward) is possible in the United States by 2030. Meeting this
goal will require treatment without restrictions on severity of disease and a
consistent ability to diagnose new cases, even as prevalence decreases.

* The same levels of diagnosis and treatment would reduce mortality from hepa
titis C in 2030 to 65 percent relative to 2015, and avert 28,800 deaths by 2030.

* Meeting these targets depends on diagnosing at least 110,000 cases a year
until 2020, almost 89,000 a year between 2020 and 2024, and over 70,000
each year between 2025 and 2030.

A CENTRAL COORDINATING OFFICE

The targets suggested in this report are appropriately ambitious for the
United States. The committee chose them in consideration of the country’s
resources and its responsibility to the global hepatitis elimination program.
These targets have motivational value, but caution should be taken to pre-
vent them from becoming purely aspirational. Overly ambitious targets, af-
ter all, can have discouraging consequences, as did the WHO’s 2003 pledge
to enroll 3 million HIV patients in poor countries on antiretrovirals in 2
years (Rice, 2016). When the goal was not met, Jim Kim, then head of the
WHO’s HIV and AIDS program, apologized for the failure, acknowledg-
ing the chosen timeline had not been realistic (Morris, 2005). Nevertheless,
Kim ventured that the ambition of the pledge drove its eventual realization
in 2007 (Rice, 2016).

The indicators and timelines given in this chapter represent the commit-
tee’s best effort to balance a compelling public health target against practi-
cal constraints. The previous sections make clear, however, that meeting the
targets will depend on aggressive testing, diagnosis, and treatment, as well
as considerably increased attention to primary prevention methods such
as needle exchange. In short, eliminating hepatitis B and C will require a
significant departure from the status quo.

The next four chapters of this report discuss the committee’s proposed
strategy for viral hepatitis elimination. Recommendations are directed to
various federal and state government agencies, as well as to legislators and
different private sector organizations. With work spread among so many
players, the opportunity for distraction is high. The leadership of a single
office would help avoid diffusion of responsibility and ensure efficient and
harmonious work.

President Clinton established the Office of National AIDS policy to
make AIDS programming more cohesive (ONAP, n.d.). The office coordi-
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nates national and global HIV and AIDS programming to ensure that the
national program is smoothly integrated at different levels of government
and with foreign programs (ONAP, n.d.). Similar leadership would be a
boon to the viral hepatitis strategy described in this report.

Recommendation 2-1: The highest level of the federal govern-
ment should oversee a coordinated effort to manage viral hepatitis
elimination.

Successful public health programs are characterized by high politi-
cal commitment, financial support, and coordination. During the polio
epidemics of the mid-20th century, for example, leaders understood that
advances in science were necessary to stop children from becoming para-
lyzed. Pressure from the White House hastened the development of the Salk
vaccine necessary for the eventual elimination of polio from the western
hemisphere (Juskewitch et al., 2010). Similar cooperation at the highest
levels of government has been characteristic of the guinea worm eradica-
tion campaign, one of the most successful disease eradication programs to
date, and measles elimination (Orenstein, 2006; The Carter Center, n.d.).

History also provides examples of times when failure of high-level co-
ordination prevented success. In the early years of the smallpox eradication
campaign, the vaccine, though effective, was not reaching the public in the
quantities necessary to stop the spread of infection. Immunizing vulnerable
people became the responsibility of a relatively small team at the WHO that
managed fieldwork (WHO, 1980).

The importance of central leadership, particularly at the White House
level, would be invaluable to the fight against viral hepatitis. Leadership
from the White House conveys a certain authority and indicates commit-
ment to the effort across the executive branch; no department would be
likely to command the same convening power. If HHS or one of its agencies
were to lead the initiative, its ability to direct the Department of Justice
or the Department of Veterans Affairs would be hard to establish. Such
coordination is of particular concern for viral hepatitis response. The most
recent nation action plan for viral hepatitis involved 23 different agencies
and offices from 4 departments (HHS, 2017a).

If the president prefers not to create a new office, the coordinating role
might also be filled by White House Office of National AIDS Policy men-
tioned above. This office has experience working across federal and state
government agencies to implement the national strategy on HIV and AIDS
(ONAP, 2015). Its staff hosted regional HIV forums around the country to
encourage open discussion about how to reduce new infections and dispari-
ties and increase access to care (Brooks, 2015). Something similar may be
appropriate as part of the viral hepatitis elimination strategy.
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At the same time, the new administration might prefer that an office in
HHS manage viral hepatitis elimination. In this case, the best choice would
be the Office of HIV/AIDS and Infectious Disease Policy under the Office
of the Assistant Secretary for Health. As the convener for the national
viral hepatitis action plan this office already has experience working with
the relevant federal agencies on viral hepatitis. Its staff also have technical
depth on the topic (HHS, 2015, 2017b). Another viable candidate within
HHS would be the Office of the Surgeon General, charged with managing
public health practice (HHS, n.d.).

There is also room for active state support of viral hepatitis program-
ming. Ideally, the states would be fully supported by a national office, but
motivated state health commissioners may be able to adjust their state’s
priorities to make viral hepatitis programming more prominent.

The Problem of Stigma

As this committee’s earlier report made clear, there are aspects of the
viral hepatitis epidemic that resist easy remedy (NASEM, 2016a). Stigma
is one such problem. Viral hepatitis patients often feel deeply ashamed of
their condition, partly because HBV and HCV are commonly acquired
through sexual contact or drug use and because liver disease in general is
associated with substance use (Butt, 2008; Cotler et al., 2012; Golden et al.,
2006; Moore et al., 2008; Wu et al., 2009; Yoo et al., 2012). Both HBV and
HCV are infectious, so patients may fear social rejection if their diagnosis
is widely known (Marinho and Barreira, 2013). In the face of such stigma,
people may avoid testing, preferring not to know if they are infected, and
people with chronic infection may avoid situations that force them to think
about their condition (namely, medical care) (Vaughn-Sandler et al., 2014).
In short, stigma encourages silence and inaction. It could undo the best viral
hepatitis elimination campaign.

Stigma alleviation, while challenging, is possible. A recent National
Academies of Sciences, Engineering, and Medicine report found mixed evi-
dence on the effectiveness of education programs to change public attitudes
toward mental illness, for example (NASEM, 2016b). In reviewing large
campaigns, the report promoted legislative and policy change as valuable
goals for anti-stigma efforts. These so-called hard goal campaigns may have
particular promise for improving quality of life for people with substance
use disorders and other mental health problems (NASEM, 2016b). A large
central office at the level of the White House might be in the best position
to manage such efforts to reduce stigma.

Other aspects of elimination described later in this report will also
require a central coordinating office. The models presented in this chapter
make it clear that elimination will depend on considerable improvements
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to diagnosis and treatment of infected patients. Many such patients were
born abroad, and others may have a history of substance use disorders or
incarceration. Outreach to such groups can be sensitive and could benefit
from a unified plan for communication and service provision with an em-
phasis on bringing services to the target populations.

Finally, this report discusses key gaps in the research on viral hepatitis
and suggests research priorities for different federal agencies. The over-
sight of a single office could help ensure that various research agendas are
balanced efficiently among funding agencies and devoid of unnecessary
redundancy.
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titis to account for almost 1.5 million deaths (1.45 million, 95 per-

cent confidence interval [CI]: 1.38 to 1.54 million) and 41.6 million
years of life lost to society every year (95 percent CI: 39.1 to 44.7 years)
(Stanaway et al., 2016). An editorial in the same issue of Lancet pointed
out that despite causing more deaths than HIV, tuberculosis, and malaria,
viral hepatitis gets relatively little funding or attention from policy makers
(Wiktor and Hutin, 2016). “One reason for this,” the authors propose, “is
the difficulty in accurately quantifying and explaining the morbidity and
mortality related to viral hepatitis” (Wiktor and Hutin, 2016, p. 1). Hepa-
titis B virus (HBV) and hepatitis C virus (HCV) infections are clinically
silent in most patients for decades, and when symptoms do emerge they are
often non-specific or mild. Serious clinical consequences of infection may
occur decades later, with the root infection often not recorded on death
certificates (Mahajan et al., 2014; Wiktor and Hutin, 2016).

In forming a national hepatitis strategy, the World Health Organiza-
tion (WHO) advises each country to “know your epidemic,” and respond
accordingly (WHO, 2016). Reliable data on new infections, morbidity, and
mortality from hepatitis B and C are a fundamental part of tailoring an ef-
fective response strategy. This is not to say that collecting such data is an
end in itself. The WHO guidance emphasizes the importance of a system
that “translates up-to-date data on viral hepatitis into usable information”
to drive political commitment (WHO, 2016, p. 26). Such data also have im-
mediate practical value. When, for example, surveillance identifies a spike

The recent Lancet Global Burden of Disease analysis found viral hepa-
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in HBV infections associated with a medical or dental practice, the health
department can respond with suitable counter-measures.

In the United States, measuring the burden of disease is the primary
responsibility of state and local health departments that collect data and
send the de-identified information to the Centers for Disease Control and
Prevention (CDC). The CDC defines public health surveillance as “the
ongoing, systematic collection, analysis, interpretation, and dissemination
of data regarding a health-related event for use in public health action to
reduce morbidity and mortality and to improve health” (German et al.,
2001; Rutherford, 2001; Thacker and Berkelman, 1988). A 2010 Institute
of Medicine committee further discussed the role of surveillance for HBV
and HCV (IOM, 2010). In its report, the committee cited a role for the
health department in identifying and responding to outbreaks, developing
well-targeted estimates of disease burden, and evaluating ongoing preven-
tion programs (IOM, 2010).

State and local health departments are legally required to conduct sur-
veillance on reportable conditions, including hepatitis B and C, though pri-
vacy laws prevent them from sharing identifiable information outside their
jurisdictions. In order to keep the data consistent across states, the CDC has
developed a standardized case reporting format, though states often collect
additional data that are not shared with the CDC. Increased surveillance
for viral hepatitis would surely bring more cases to light. Case finding with
proper follow-up could ensure patients access to medical care. Using such
data, state and local health authorities can describe the HBV- and HCV-
infected populations, calculate what proportion of them receive care, and
set targets for improved use of services. Understanding the incidence and
prevalence of viral hepatitis is complementary to surveillance activities.
Such research, combined with surveillance, will provide needed informa-
tion about viral hepatitis in the United States. This chapter describes ways
through which both could be improved.

As discussed in this committee’s phase one report, not all state or local
health departments are in a position to measure morbidity and mortality
attributable to viral hepatitis (NASEM, 2016). Meeting the goals set in
the previous chapter will require this and more: well-placed preventive
services, efficient screening and testing, and care that reaches all patients,
especially the poor and people who inject drugs. The full range of services
for viral hepatitis elimination is sometimes presented as a cascade, as shown
in the next chapter, with the preventive measures intended for the whole
population at one end and progressively more specific services reaching
the patients who need them. Information about every step on this cascade
will be essential in elimination. This chapter discusses improvements to the
national viral hepatitis information system that would advance this goal.
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DESCRIBING THE VIRAL HEPATITIS EPIDEMIC

Routine surveillance at the state and local levels will be essential to
meet the goals discussed in the previous chapter. The same was true for
smallpox eradication and for all disease elimination programs (Broekmans
et al., 2002; Cattand et al., 2001; de Quadros et al., 1996; Nesheim et al.,
2012; WHO, 1980; Zhou et al., 2013). In the United States, the same state
and local health authorities that coordinate control efforts also conduct
surveillance. Every week, health departments around the country send the
CDC electronic data on nationally notifiable diseases, usually communi-
cable diseases of public health significance (Smith et al., 2013). Both acute
and chronic hepatitis B and C are notifiable conditions, but because of the
chronic and frequently asymptomatic nature of the infections, surveillance
for viral hepatitis is different from that for many other infectious diseases.
Viral hepatitis surveillance requires tracking individual patients over time
and processing a large amount of information for every case. In some ways,
the best transferable examples for hepatitis surveillance systems come from
HIV, also a communicable, chronic infection. HIV surveillance data are
increasingly used to measure patients’ progress from diagnosis to care to
suppression of viral load (Medland et al., 2015).

Data gleaned from routine surveillance can give insight into patterns
of access to care; help estimate disease burden in a particular region; and
tailor prevention and response activities (Barton et al., 2014; Cocoros et
al., 2014; HHS, 2015; Kinnard et al., 2014; Klevens et al., 2009; Viner et
al., 2015). But in 2014, the most recent year for which data are available,
11 states did not report any newly detected cases of chronic HBV infection;
another 11 states did not report any cases of acute HCV infection; and 17
states did not report any past or present cases of HCV infection (CDC,
2016b). These limitations raise concerns about the fitness of the hepatitis
surveillance system. Elimination will depend on a more accurate picture of
disease burden, as described in Box 3-1.

Integrated, highly automated, electronic surveillance systems could go
far toward improving our understanding of the national disease burden
(Troppy et al., 2014). To be effective, informatics tools need to be paired
with human expertise, ongoing maintenance and technological support.
CDC investment in both would advance viral hepatitis elimination in the
United States.

Recommendation 3-1: The Centers for Disease Control and Prevention
(CDC), in partnership with state and local health departments, should
support standard hepatitis case finding measures, and the follow-up,
monitoring, and linkage to care of all viral hepatitis cases reported
through public health surveillance. The CDC should work with the
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National Cancer Institute to attach viral etiology to reports of liver
cancer in its periodic national reports on cancer.

The widespread use of electronic medical records holds promise for
better understanding of the viral hepatitis epidemic, but this promise has
not yet been realized. Traditionally, health departments rely on providers

BOX 3-1
Australia’s Hepatitis B Mapping Project

In Australia, as in the United States, liver cancer is the fastest growing cause
of cancer death. In response to this problem, the government has a hepatitis B
strategy that aims to reduce hepatitis B virus transmission, morbidity, and mortal
ity. Increasing the diagnosis of hepatitis B is a major part of the strategy, as is the
appropriate management and care for chronic hepatitis B.

In order to better understand the geographic distribution of hepatitis B, the
Australasian Society for HIV Medicine and the Victorian Infectious Diseases Ref
erence Laboratory at the Peter Doherty Institute for Infection and Immunity began
the Hepatitis B Mapping Project in 2012. Starting with census data, researchers
mapped the burden of hepatitis B across Australia. Their first report, published
in 2013, presents estimates of infection prevalence as well as information on the
proportion of patients who speak little or no English or who are of Aboriginal or
Torres Strait Islander descent. Estimates are presented at the national, state or
territorial, and local levels. The second and third project reports, published in 2015
and 2016, estimate hepatitis B diagnosis, monitoring, treatment, and immunization
coverage across the country, as well as rates of liver cancer. These data are used
to measure progress toward the government’s national elimination targets. For
example, about 239,000 Australians, or 1 percent of the population, had chronic
hepatitis B in 2015, and about 38 percent of these cases were not diagnosed.
The national goal is to diagnose 80 percent of chronic hepatitis B patients, so the
mapping project gave a helpful benchmark. Similarly, the government’s national
strategy is to treat about 15 percent of chronically infected patients with antivirals,
but in 2015 only about 6 percent were prescribed treatment.

The mapping exercise identified 22 areas and populations disproportionately
affected by hepatitis B, many of whom are already marginalized, such as people
born overseas, Australians of Aboriginal or Torres Strait Islander descent, people
who inject drugs, and men who have sex with men. Immigrants from east and
southeast Asia account for most chronic hepatitis B infections in Australia, sug
gesting that the pediatric vaccination program needs to be supplemented with
secondary prevention measures. The project also provides useful data about
the areas and groups most affected by hepatitis B, allowing for a better tailored
prevention program, possibly one that presents important health messages in
Asian languages.

SOURCES: ASHM, n.d.; Australia Government Department of Health, 2014; MacLachlan and
Cowie, 2012, 2013, 2015, 2016; MacLachlan et al., 2013.
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and laboratories to report cases of viral hepatitis and other notifiable con-
ditions (CDC, 2015). Such reporting obligations compete for providers’
limited time and attention and are often late or incomplete (CDC, 2013,
2014; Dixon et al., 2013; Jajosky and Groseclose, 2004; Lazarus et al.,
2009). Automated, electronic reporting from diagnostic laboratories has
improved the speed and efficiency of reporting, but the reports typically
lack important clinical details (Birkhead et al., 2015; Heisey-Grove et al.,
2011; Klompas et al., 2012; Lazarus et al., 2009; Overhage et al., 2008).
Electronic health records contain comprehensive information and may help
improve viral hepatitis surveillance. Box 3-2 describes how such a system
has been used in Massachusetts.

The informatics tools developed in Massachusetts and described in
Box 3-2 can improve health departments’ ability to find viral hepatitis
patients, but such improvement depends on the ability of staff epidemi-
ologists to evaluate the electronic reports and integrate them into daily
work. Massachusetts is one of seven jurisdictions that the CDC chose for
enhanced viral hepatitis surveillance (CDC, 2016b). These seven sites pro-
vide insight into the changing nature of viral hepatitis in the United States,
such as the increase in HCV infection among young people who inject drugs
(Altarum Institute, 2013; CDC, 2011). Data from the enhanced sites also
help illuminate the true burden of disease. Research in Europe suggests
that health departments’ notification of viral hepatitis infection is more a
function of local testing practices than full burden of disease (Duffell et al.,
2015). As the enhanced surveillance sites tend to find more cases of viral
hepatitis, their data can be used to model the difference between reported
and unreported infections (Klevens et al., 2014).

The use of electronic medical records in surveillance would provide
health departments with a wealth of information about viral hepatitis.
A patient’s history of prior negative antibody tests before a positive test
could allow for precise identification of a new infection, for example.
Analysis of claims data could also supplement hepatitis surveillance, as
it has with zoonotic diseases (Jones et al., 2013; Tseng et al., 2015). The
Robert Wood Johnson Foundation’s Digital Bridge Project aims to develop
systems to make such information available to public health authorities
(Digital Bridge, n.d.). With input from the CDC, various state and local
health departments, and industry, the goal is creating a computing platform
capable of using clinical data for public health (Digital Bridge, n.d.). It is
possible that such a system might eventually be able to run algorithms for
viral hepatitis outcomes of public health interest.

Automated, electronic systems cannot replace traditional public health
surveillance, however. The work of tracking cases through the care cascade,
identifying pregnant women with HBV infection and counseling them on
neonatal prophylaxis, and describing the demographic characteristics of
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BOX 3-2
Using Electronic Health Record Data
in Public Health Surveillance

In 2007, the Harvard Center of Excellence in Public Health Informatics and
the Massachusetts Department of Health launched an automatic disease detec
tion and reporting system that draws on the information in electronic patient
records. The program aims to automate disease reporting, thereby reducing hu
man errors and burden on providers. The program extracts data from patients’
electronic records and applies case detection algorithms to find events of public
health interest. It then electronically sends these data to health departments for
further assessment and investigation. Code for the program is publicly available
and compatible with different electronic medical record packages. The program
server can also be kept in the same place as a practice’s electronic medical re
cords server, making it easier to secure patient data.

The use of algorithms based on multiple criteria increases the likelihood
of detecting cases of notifiable diseases. The algorithm can also help avoid
problems with incomplete data or an inaccurate diagnosis. In identifying acute
hepatitis C, for example, the system looks for one of three different patterns of
clinical or laboratory test results, integrating the two data streams. This method
gives a more complete picture than either the laboratory or clinical data alone.
New tests, clinical codes, and revised epidemiological case definitions can be
easily incorporated.

The system has been shown to have good sensitivity and positive predictive
value; it is faster and more accurate than other surveillance methods. The acute

and risk factors for viral hepatitis in a community will continue to fall on
health department staff working in partnership with providers.

The CDC’s Epidemiology and Laboratory Capacity for Infectious Dis-
ease funds, through cooperative agreements to support basic surveillance,
epidemiology, laboratory, and information systems, health departments in
all 50 states, as well as 8 territories and 6 cities (CDC, 2016a). This co-
operative agreement might be a valuable way to continue funding enhanced
viral hepatitis surveillance as part of an elimination program. As the coop-
eratives already fund capacity building for other infectious diseases, using
this funding tool might allow for better integration of viral hepatitis surveil-
lance with other infectious diseases on a national scale. Funding could be
used to improve informatics, giving other jurisdictions access to tools like
those used in Massachusetts to mine electronic records, to improve elec-
tronic laboratory reporting for all viral hepatitis laboratory results, and to
support increased staff capacity. Each health department should have suf-
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hepatitis B algorithm is 97 percent sensitive, has a 97 percent positive predictive
value, and was found to be superior to the alternative surveillance methods of
hepatitis B core antigen and immunoglobulin M testing and diagnosis coding.
When applied to electronic patient data from Massachusetts, the acute hepatitis B
algorithm missed no cases, identified four additional cases not previously reported
to the health department, and was even able to distinguish between acute and
chronic infections.

To take advantage of the software, health care providers must use an elec
tronic medical record system in their routine practice. Clearly, people who are
not in care or not tested for viral hepatitis will never be identified. Health depart
ment staff need to assess reported cases and maintain the proper technology to
integrate the program’s reports into their existing workflow. Some data require
follow-up investigation, especially determination of a case’s risk history, which is
not always consistently documented. But the adoption of the system is growing.
It is now used at five sites in Massachusetts and one site each in Ohio and Texas
for surveillance of tuberculosis, influenza-like illness, Lyme disease, sexually
transmitted infections, and diabetes mellitus as well as viral hepatitis. Health de
partments around the country could, in theory, make use of this software, though
such changes require technical and informatics support on both the providers’ and
health departments’ sides, as well as epidemiological support for additional case
investigation. While electronic health records are used around the country, the
systems are different, and code would have to be customized for each one.

SOURCES: Allen-Dicker and Klompas, 2012; Birkhead et al., 2015; Klompas, 2016; Klompas
et al., 2008, 2012; Lazarus et al., 2009.

ficient staff to manage the electronic system, follow reported cases, confirm
their enrollment in care, and conduct outbreak investigations.
Enhancement of viral hepatitis surveillance will require changes to
regulations in some states. As it is now, states have different regulations
for the reporting of hepatitis B and C cases (CDC, 2015). Understanding
the hepatitis care continuum in a given jurisdiction means having data on
care and treatment, as well as a series of test results over time. For example,
a negative HCV RNA test on a hepatitis C case after treatment provides
health departments with valuable evidence of sustained virologic response.
In New York, reporting of negative HCV RNA has been required since
2014, allowing the New York City health department staff to determine
that about 40 percent of HCV infections reported in 2015 were cleared,
either spontaneously or through treatment (Flanigan, 2017; New York City
Department of Health and Mental Hygiene, 2016). Similarly, improvement
in how chronic hepatitis B cases are captured would not only inform a bet-
ter estimate of local prevalence, it would also help ensure that all HBsAg+
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pregnant women are provided case management to prevent mother-to-child
transmission of HBV.

In its guidance to member states, the WHO advises that “the hepatitis
information system should be fully integrated into the broader national
health information system to ensure standardized and coordinated report-
ing and to maximize efficiencies” (WHO, 2016, p. 27). In the United States,
one important area where the information system might be improved is can-
cer registries. These registries are usually run by state health departments
and can be used to calculate cancer incidence and monitor disease burden
over time (American Cancer Society, 2014; Parkin et al., 2001). The Na-
tional Cancer Institute’s SEER! program is another major cancer resource
that draws data from some of the best cancer registries around the country
to calculate national statistics on cancer incidence and mortality (American
Cancer Society, 2014).

Cancer registries generally report information on primary liver cancer
(cancer that begins in the liver) by combining data on the two main types:
hepatocellular carcinoma and intrahepatic bile duct cancer. These two types
of disease have different etiologies, however. Intrahepatic bile duct cancer
is rarer in the United States and occurs more frequently in patients with
ulcerative colitis and primary sclerosing cholangitis (NCI, 2016b). Hepato-
cellular carcinoma, on the other hand, accounts for 90 percent of primary
liver cancers in the United States; hepatitis B and C are its most common
causes (Altekruse et al., 2009; London and McGlynn, 2006; NCI, 2016a).

Hepatitis B and C cause hepatocellular carcinoma through different
mechanisms (Barazani et al., 2007). HBV acts by disrupting the host’s
genomic stability when inserting its genetic material into the host’s DNA
and through the expression of certain proteins that may affect normal cell
function and cause cancer in non-cirrhotic patients (Chisari et al., 2010;
Xu et al., 2014). Chronic HBV infection can cause cirrhosis, leading to
multiple cycles of cellular injury and regeneration, also a pathway to can-
cer (El-Serag, 2012; Fernandez-Rodriguez and Gutierrez-Garcia, 2014).
The process of chronic inflammation and cirrhosis is also the mechanism
through which HCV causes cancer (Hoshida et al., 2014). The different eti-
ologies can affect clinical presentation and tumor burden, which influence
patients’ treatment options, outcomes, and long-term survival (Barazani et
al., 2007). It is therefore important to be able to estimate the burden of
hepatocellular carcinoma by cause across different demographic groups in
the United States (Altekruse et al., 2009; Barazani et al., 2007; Yu et al.,
2006). But the classification system used in cancer registries does not allow
for reporting of etiology. Collecting this information could help measure
the cancer burden attributable to chronic HBV and HCV infection, as well

1 Officially, the Surveillance, Epidemiology, and End Results program.
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as identify disparities and study trends in cancer burden over time. Cross-
referencing cases of liver cancer with state viral hepatitis registries would
be one way to determine a viral hepatitis etiology of liver cancer. It would
also help to have the cancer registry request and include viral serology in
patient charts and electronic records when they collect information about
new cases.

In the same way, surveillance for viral hepatitis would be improved
by linking health department data to other vital records. Linking to death
registries would allow for better understanding of mortality among HBV-
and HCV-infected people, and matching with birth registries could help
women at risk of mother-to-child transmission of HBV (Kuncio et al., 2016;
Moore et al., 2016; Pinchoff et al., 2014). The sharing of data among states
could also be helpful, but it would require an automated system to identify
duplicate cases in multiple state registries. Tracking cases across states is a
complicated and time-consuming process, currently done only for HIV and
AIDS cases, a smaller number than for HBV and HCV infections (Glynn
et al., 2008).

A Better Understanding of Incidence and Prevalence

Public health surveillance can be an invaluable tool in disease elimina-
tion and one that is crucial if local estimates of disease burden are to be
compared to national data. While surveillance can support improved local
estimates of incidence and prevalence, data are typically derived from cases
that are already in care. A more complete understanding of the epidemiol-
ogy of viral hepatitis and associated complications comes from epidemio-
logical research, especially in select populations with known risk factors.
Such research is challenging, as much of the burden of disease is borne by
people on society’s margins: the imprisoned, people who inject drugs, and
people born in endemic countries.

The seven jurisdictions that are doing enhanced viral hepatitis surveil-
lance are finding higher burden and more cases among young people than
CDC estimates would suggest (CDC, 2016b; Flanigan, 2017; Hart-Malloy
et al., 2013; Massachusetts Department of Public Health, 2016; Michigan
DHHS, 2015). Their findings point to a higher true incidence and preva-
lence of HBV and HCV infections than previously thought, a hypothesis
that could be best explored with a population sero-survey of people thought
to be most at risk for viral hepatitis.
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The National Health and Nutrition Examination Survey

In some ways, the most efficient strategy for conducting sero-surveys
would be to work through an existing national study, such as NHANES?.
For over 50 years, NHANES has provided invaluable data on the health
and nutritional status of Americans. The surveys are population-based
and combine interviews, clinical examination, and collection of biological
specimens. NHANES is repeated every year in adults and children; its re-
sults form the evidence base for numerous health policy decisions (NCHS,
n.d.-b).

The relevance of the NHANES model to understanding viral hepatitis
is questionable, however (Edlin et al., 2015). Though the survey has been
used to estimate the prevalence of chronic HBV and HCV infections in
the United States, the study design excludes or undersamples some groups
known to be at high risk of viral hepatitis (Denniston et al., 2014; Edlin
et al., 2015; Roberts et al., 2016). NHANES participants are chosen from
households; they cannot be institutionalized or homeless (Edlin et al.,
2015; NCHS, n.d.-a). For these reasons, NHANES likely underestimates
the prevalence of chronic hepatitis C infection by about 30 percent (Edlin
et al., 2015).

Furthermore, participation in population-based studies like NHANES
is declining, and even when the overall refusal rate is low, there is a risk
of systematic differences between the participants and those who decline
or ignore the invitation (Galea and Tracy, 2007). In the past, the National
Center for Health Statistics has responded to concerns about NHANES
participants by oversampling key populations (NCHS, 2015). The over-
sampling of Asian Americans in the 2011-2012 survey indicated a preva-
lence of hepatitis B 10 times higher than the rest of the population (Roberts
et al., 2016).

The Chronic Hepatitis Cobort Study

Another ongoing epidemiological study of viral hepatitis in the United
States, the Chronic Hepatitis Cohort Study (CHeCS), has improved our
understanding of the characteristics of and prognosis of chronic hepatitis
B and C patients (Moorman et al., 2013; Niederau et al., 1998). CHeCS
works through health systems in Hawaii, Michigan, Oregon, and Pennsyl-
vania (Moorman et al., 2013). Patients’ electronic and billing records are
analyzed for evidence of chronic HBV and HCV infection (Moorman et al.,
2013). Research in this cohort has helped determine that chronic hepatitis C
infection is incorrectly omitted from tens of thousands of death certificates

2 Officially, the National Health and Nutrition Examination Survey.
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a year and that fewer than half of patients with liver enzyme elevation were
tested for HBV or HCV (Mahajan et al., 2014; Spradling et al., 2012).

CHeCS is not a sero-study, however, and, because data are drawn from
patient records, about 97 percent of participants have some form of health
insurance (Moorman et al., 2013). Key populations for viral hepatitis, in-
cluding prisoners and people who inject drugs, are not captured in claims
studies, limiting generalizability. CHeCS is, therefore, not the most prom-
ising framework in which to ask broader questions about viral hepatitis
in the at-risk population. This is not to say that CHeCS and other claims
databases could not be used to create a more accurate picture of the bur-
den of viral hepatitis. The Agency for Healthcare Research and Quality’s
Healthcare Cost and Utilization Project databases contain information on
cost, medical practice, and quality of services that could also be used for
hepatitis research (AHRQ, 2016).

There is no ongoing cross-sectional or cohort study of sufficient reach,
especially in high-risk populations, from which to form reliable estimates
of the prevalence and incidence of viral hepatitis and liver-related outcomes
such as cirrhosis. A cohort study that tracked high-risk patients in multiple,
representative settings would inform a better understanding of disease
incidence. Periodic cross-sectional surveys that include similar popula-
tions would form the basis for an accurate estimate of disease prevalence.
These studies would complement data about viral hepatitis coming from
NHANES.

Recommendation 3-2: The Centers for Disease Control and Prevention
should support cross-sectional and cohort studies to measure HBV and
HCYV infection incidence and prevalence in high-risk populations.

The Bureau of Justice Statistics’ Survey of Inmates in Federal Cor-
rectional Facilities, Survey of Inmates in State Correctional Facilities, and
Survey of Immates in Local Jails are promising vehicles for reaching a
key population. The survey in federal facilities has been conducted three
times since 1991, the survey in state facilities seven times since 1974, and
the survey in jails six times since 1972 (BJS, 2002, 2004a,b). Participants
are chosen in a two-stage process, with the facility selected first, then the
inmate (BJS, 2002, 2004a,b). The questions have changed slightly in differ-
ent survey iterations; questions about health, medical problems, and drug
use are already part of the process (BJS, 2002, 2004a,b). At the same time,
epidemiological research is not within the purview of the Department of
Justice; such questions and expertise would have to come from partners at
the CDC. It is also possible that imprisoned people would be reluctant to
participate in a physical exam that includes a blood draw. Employing public
health nurses for the medical portion of the exam may help overcome these
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concerns and has been an effective strategy in other correctional settings
(Ruiz et al., 1999).

The blood draw component of the proposed viral hepatitis cohort and
cross-sectional studies is crucial. In its efforts to develop these studies,
the CDC should promote a basic panel of hepatitis B serum biomark-
ers, including HBsAg (to check for chronic infection), total hepatitis B
core antibody (anti-HBc¢) (to check for prior infection), and hepatitis B
surface antibody (anti-HBs) (to check for immunity). This would not be
a departure from standard practice. As for hepatitis C tests, HCV RNA
should be reported in addition to HCV antibody. About 25 percent of
people infected with HCV clear the infection spontaneously (Micallef et
al., 2006). These patients will continue to test positive for HCV antibody,
as will people who have been cured medically. As the CDC tracks progress
toward the elimination targets proposed in Chapter 2, accurate informa-
tion about current, viremic infections, as indicated by HCV RNA, will be
essential (since chronic hepatitis B infection is not curable currently, there
is no parallel requirement for hepatitis B reporting).

Traditionally, the relatively crude measure of hepatitis C disease bur-
den afforded by HCV antibody was accepted because there was no good
biomarker to estimate incidence. The recent development of an HCV im-
munoglobulin antibody avidity assay could change this (Patel et al., 2016).
By measuring biomarkers that change with the duration of infection, the
assay can identify recent infections in a cross-section of the population
(Patel et al., 2016). The test is still being validated and has been shown to
precisely estimate incidence of HCV infection if it is considered along with
a measure of HCV RNA (Patel et al., 2016). The test is most accurate in
populations with a high incidence of HCV infection, such as for use among
people who inject drugs, but it can be used in any population, provided the
sample size is large enough.

There is a need for better information about disease burden and the
care cascade of viral hepatitis in the United States, including likelihood
of linkage to care, sustained virologic response, and risk of reinfection.
Research on key populations could provide such information, especially if
conducted as a complement to comprehensive public health surveillance.
Such studies should be repeated periodically to monitor the situation. Viral
hepatitis elimination will depend on an accurate understanding of the epi-
demic, including who is most affected and where. Identifying these people
will become more difficult over time, as there will be fewer cases left to
find. It is therefore essential to set up a sensitive surveillance system and to
invest in a better understanding of viral hepatitis incidence and prevalence
now, allowing for better targeted public health programs and an accurate
baseline measure. Investments in measuring disease burden will pay off
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more over time, when the success of the elimination program depends on
finding an ever smaller group of patients.
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Essential Interventions

iral hepatitis elimination is an international effort, but the scope

of the problem varies by country. This committee’s previous re-

port discussed the epidemiology of hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection in the United States (NASEM, 2016). It
discussed opportunities for ending transmission of both viruses, as well as
steps to prevent the progression of HBV and HCV infection to cirrhosis
and liver cancer (NASEM, 2016). With this epidemiological perspective in
mind, this chapter discusses some crucial actions that would help reduce
the national burden of both infections. In identifying interventions with the
greatest potential effect, the committee considered the care cascade across
the continuum of services shown in Figure 4-1. As much as possible, this
chapter distinguishes between specific interventions against viral hepatitis
and the manner in which such interventions are delivered, a topic covered
in the next chapter.

PREVENTION AND TESTING

Prevention is the first step to making HBV and HCV infections rare.
Hepatitis B is preventable with immunization, so prevention is a matter of
ensuring widespread vaccination and taking steps to prevent transmission
from mother to child. There is no prophylactic vaccine for HCV, so services
to prevent hepatitis C involve controlling the practices known to spread
the virus and curing chronic infections. Since both viruses are transmitted
primarily through blood contact, risk reduction measures most associated
with hepatitis C and HIV are also useful to prevent HBV infection.
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FIGURE 4-1 The continuum of viral hepatitis services and the retention cascade.
SOURCE: WHO, 2016a.

Prevention of HBV Infection

Hepatitis B is preventable. The vaccines licensed in the 1980s confer
durable immunity to 95 percent of people who receive three doses (CDC,
2016d,f; Mast et al., 2005; Walayat et al., 2015). When the three-dose
vaccine series is started at birth, children are protected against acquisition
during the vulnerable preschool years; the birth dose also helps prevent
vertical transmission of HBV. Among a subset of HBsAg+ pregnant women
with high viremia, risk of prophylaxis failure is higher (Chen et al., 2012).
About 900 neonates a year contract HBV at birth in the United States (Ko
et al., 2014). This number too could be reduced.

Perfect vaccination of children would end HBV transmission in two
generations, but the elimination goals set out in Chapter 2 require faster ac-
tion than that (Forcione et al., 2002). In the United States, better attention
to adult vaccination and changes to the management of HBsAg+ pregnant
women may be all that stands in the way of ending the transmission of
HBV.

Vaccination of Adults

The prevalence of HBV in children decreased markedly after the in-
troduction of hepatitis B vaccine (Wasley et al., 2010). As of 2013, about
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90 percent of children under 3 were fully immunized against HBV (Elam-
Evans et al., 2014). Vaccine-induced immunity is far less common in adults,
however (Wasley et al., 2010). Only about a quarter of adults older than 19
participating in the 2014 National Health Interview Survey reported having
had three doses of hepatitis B vaccine (24.5 percent, 95 percent confidence
interval [CI]: 23.8 to 25.3), roughly the same percentage as the previous
year (Williams et al., 2016). Likelihood of full vaccination is only slightly
better among people who travel internationally (30.5 percent, 95 percent
CI: 29.2 to 31.8) (Williams et al., 2016).

In 2006, the Centers for Disease Control and Prevention’s (CDC’s)
Advisory Committee on Immunization Practices (ACIP) recommended uni-
versal adult hepatitis B vaccination in places where a high proportion of
people are likely at risk for HBV infection, such as clinics targeting people
who inject drugs or men who have sex with men; it also recommended a
standing order to identify adults for whom hepatitis B immunization is
recommended in primary care and specialty clinics; it recommended that all
diabetes patients be immunized against HBV in 2011 (CDC, 2011b; Mast
et al., 2006). Yet adult hepatitis B vaccination coverage remains low, even
in high-risk groups (CDC, 2011b; Mast et al., 2005). Only 29.8 percent of
patients with chronic liver disease (95 percent CI: 23.9 to 36.5 percent),
and 23.5 percent of diabetics aged 19 to 59 (95 percent CI: 20.7 to 26.7
percent) have been immunized (Williams et al., 2016). Studies have found
low immunization coverage among people who inject drugs, men who have
sex with men at HIV clinics, and clients at sexually transmitted disease clin-
ics (Bowman et al., 2014; Collier et al., 2015; Henkle et al., 2015; Hoover
et al., 2012). Hepatitis B infection is also an occupational hazard for health
care workers, who can be exposed to infected blood or tissue through
needle stick and other sharp injuries, yet many health care workers remain
unvaccinated. Only about two-thirds of providers in direct patient care
have been immunized—well below the Healthy People 2020 target of 90
percent (Byrd et al., 2013; HHS, n.d.; Talas, 2009; Williams et al., 2016).

Unvaccinated adults remain vulnerable to HBV infection through un-
protected sex, unsafe injections and transfusions, and contact with infected
blood. Thirty to 50 percent of adults who contract HBV will develop
symptoms of acute hepatitis, a condition with a mortality rate of 0.5 to
1 percent (CDC, 2016f; Immunization Action Coalition, n.d.; Mast et al.,
2006). About 5 percent will develop chronic hepatitis B (Mast et al., 2006;
WHO, 2016Db).

From 2009 to 2013, three Appalachian states reported a 114 percent
increase in the incidence of acute hepatitis B infection associated with in-
creased injection drug use among white men in their thirties (Harris et al.,
2016a). In 2014, adults accounted for about 95 percent of the estimated
19,200 cases of acute hepatitis B in the United States (CDC, 2016i). Rates
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of acute infection were highest in those aged 30 to 39 years in 2014 (2.23
cases per 100,000 people) and have increased slightly in ages 40 to 59 years
from 2010 to 2014 (CDC, 2016i). Non-Hispanic blacks had the highest
rate of acute hepatitis B infection in 2014 (CDC, 2016i).

There are many reasons for low adult hepatitis B vaccine coverage.
There is not good public awareness about hepatitis B; even health work-
ers can be uninformed of its risk (Ferrante et al., 2008; Patil et al., 2013;
Williams et al., 2016). Clinics often fail to stock the hepatitis B vaccine,
partly because there is no funding to deliver it to uninsured and underin-
sured people, and partly because they fear losing clients over the lengthy
three-dose schedule (Daley et al., 2009; Williams et al., 2016). Some states
require a prescription even for vaccination at a pharmacy (ASTHO, 2014).

Adult immunization does not have to be so complicated. Every year
since 2009 about 40 percent of adults in the United States have received
seasonal flu vaccine; coverage among those over 635 years is even better,
around two-thirds (CDC, 2016b,c). If states supported hepatitis B vaccina-
tion to the same level as seasonal influenza vaccine, great improvements
could be made in hepatitis B immunization.

Recommendation 4-1: States should expand access to adult hepatitis B
vaccination, removing barriers to free immunization in pharmacies and
other easily accessible settings.

The relative success of seasonal influenza immunization is partly a mat-
ter of making vaccination convenient, especially for hard-to-reach patients,
including homeless people and substance users (Vlahov et al., 2007). Offer-
ing vaccination in pharmacies is one way to reach a broader cross-section of
the population. Many pharmacies are open evenings and weekends, making
them convenient to people whose jobs do not allow paid leave. Data from
Walgreens pharmacies in 49 states showed that about 30 percent of vac-
cinations were given during off-clinic hours (meaning weekends, evenings,
and holidays) (Goad et al., 2013). The same data showed 40 percent of
18- to 49-year-olds seeking immunizations at Walgreens came during off-
hours; 37 percent were uninsured (Goad et al., 2013).

All states now authorize pharmacists to vaccinate, but many restrict
the types of vaccines and circumstances under which pharmacists can ad-
minister them (American Pharmacists Association, 2015; Bach and Goad,
2015; Immunization Action Coalition, 2016). Pharmacists can administer
hepatitis B vaccine in all states except New Hampshire and New York, al-
though Georgia, Hawaii, Indiana, North Carolina, and Puerto Rico require
a prescription for the vaccine, and 34 states have age restrictions on hepati-
tis B vaccination in pharmacies (American Pharmacists Association, 2016).

State laws on the reimbursement of vaccination delivered in pharmacies
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also vary widely (Bach and Goad, 2015). Payment for vaccination can come
from private insurance, Medicare, Medicaid, or out-of-pocket (ASTHO,
2014). Provisions to simplify reimbursement, such as the Medicare mass
immunizer program, reduce the administrative barriers to vaccination,
but hepatitis B vaccine is not included in the mass immunizer program
(ASTHO, 2014; CMS, 2016a,b).

The CDC can fund state and local health departments to buy vaccines
through section 317 of the Public Health Service Act, but the vast majority
of these funds go to childhood immunizations (Orenstein et al., 2007). Sec-
tion 317 funding is meant “to fill critical public health needs,” and as such
would be appropriately spent on viral hepatitis elimination (CDC, 2016h).

The specific actions needed to make hepatitis B vaccine more widely
available will vary by state. In Hawaii, which has a large population of
Asian Americans and Native Hawaiians, pharmacies can provide the hepa-
titis B vaccine series; the state’s MinuteClinics can also screen for HCV
(CVS Health, 2016). Prisons and jails are also an ideal venue for hepatitis
B vaccination, a topic discussed in the next chapter.

Reluctance to vaccinate against HBV in nontraditional settings may
stem from some confusion over the importance of adherence to the stan-
dard dose schedule. Protective immunity to HBV is found in 30 to 55
percent of healthy adults after one dose of the vaccine (Mast et al., 2004,
2006). A two-dose vaccine schedule has been shown to confer immunity in
82.9 percent of healthy adults (95 percent CI 76.1 to 89.7 percent) (Wong
et al., 2014). Patients may fear, erroneously, that receiving extra doses of the
vaccine is harmful, a point that should be clarified for all vaccine providers.
Similarly, when the interval between doses is lengthened there is no need
to restart the series (CDC, 2016¢€). Some research has shown that delaying
the last dose for years may even improve antibody response (Jackson et al.,
2007; Junewicz et al., 2014).

Prevention of Mother-to-Child Transmission

HBV is far more efficiently transmitted from mother to child than HIV
or HCV (Benova et al., 2014; Connor et al., 1994; Dienstag, 2015). With-
out intervention, about 90 percent of infants born to HBeAg+ women will
contract the virus at birth (CDC, 2016d; Ko et al., 2014). Infants infected at
birth are prone to chronic hepatitis B infection, which carries a 25 percent
risk of premature death from liver cancer or cirrhosis later in life (Beasley
and Hwang, 1991; CDC, 2016e; Mast et al., 2005). Timely hepatitis B vac-
cination and hepatitis B immune globulin after birth are highly effective in
preventing most infants born to HBsAg+ mothers from developing chronic
hepatitis B infection (Mast et al., 2005). In 1988, ACIP recommended uni-
versal screening of all pregnant women for HBsAg and that babies born
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to HBsAg+ mothers receive hepatitis B immune globulin and the first dose
of hepatitis B vaccine within 12 hours of birth (CDC, 1988). In 1990, the
CDC established a national perinatal hepatitis B prevention program (CDC,
2011a). The program aims to identify HBsAg+ pregnant women and enroll
them in case management to ensure their infants receive timely immunopro-
phylaxis and serologic testing after completion of the vaccine series (CDC,
2011a). By 2000, 50 percent of the more than 20,000 births to HBsAg+
mothers were enrolled in the program, and new cases of chronic hepatitis
B in infants declined from almost 6,000 cases in 1990 to about 1,000 in
2000 (Smith et al., 2012b; Ward, 2015).

Despite the initial good progress, further reduction in perinatal HBV
transmission has lagged. Ideally all HBsAg+ pregnant women should be
referred to a specialist for perinatal and long-term care, as ACIP recom-
mended in 2005 (Mast et al., 20035). But of the estimated 25,000 to 26,000
HBsAg+ women who give birth in the United States each year, only about
half are identified for case management, a proportion unchanged since 2000
(Smith et al., 2012b). In 2015 the CDC and American College of Obstetri-
cians and Gynecologists (ACOG) developed an algorithm showing the tests
necessary for HBsAg+ pregnant women and the results which should trigger
referral to a specialist (see Figure 4-2). Still, every year an estimated 800
to 1,000 infants (or about 3.8 percent of babies born to HBsAg+ mothers)
become chronically infected from vertical transmission (Ko et al., 2014).

By some estimates as many as 96.7 percent of HBsAg+ pregnant women
are tested in their first trimester (Ko et al., 2014). It is crucial that their new-
borns receive a dose of hepatitis B vaccine within 12 to 24 hours of birth
to prevent transmission of the virus, but hepatitis B birth dose coverage!
in the United States was only 63.9 percent in 2015 (CDC, 2016a). ACIP
aimed to correct this in 2016 by recommending that all infants receive the
initial dose of the hepatitis B vaccine within 24 hours of birth (Chitnis,
20165 Jenco, 2016).

Infants born to highly viremic HBsAg+ mothers have increased risk of
immunoprophylaxis failure. A prospective observational study in Australia
found that 9 percent of infants born to mothers with HBV DNA greater
than 20 million TU/mL (7.3 log,, IU/mL or 100 million copies/mL) devel-
oped chronic hepatitis B infection (despite post-exposure prophylaxis with
hepatitis B vaccine and immune globulin), but none of the babies born to
women with lower HBV DNA did (Wiseman et al., 2009). A recent analysis
of cases of hepatitis B immunoprophylaxis failure in California between
2005 and 2011 found 92 percent of cases had HBV DNA greater than 20
million IU/mL (Burgis et al., 2014).

Prophylactic antiviral therapy in the third trimester of pregnancy will

I Within 24 hours of birth.
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FIGURE 4-2 Screening and referral algorithm for HBV infection among pregnant
women.

SOURCE: CDC, 2015.

further reduce perinatal HBV transmission among highly viremic women.
A recent randomized trial of prophylactic tenofovir treatment in such
patients (median HBV DNA 8.19 log,, IU/mL) prevented transmission of
HBV without serious consequences to the newborn or complications to
the delivery (Pan et al., 2016). At the same time, women may experience
hepatitis flare after stopping treatment postpartum and require long-term
antiviral therapy, which carries a risk of unclear potential for drug resis-
tance in subsequent pregnancies (ter Borg et al., 2008).

Current practice guidelines in Australia recommend that pregnant
women with HBV DNA greater than 10 million IU/mL (7 log,, IU/mL)
be referred to a specialist for consideration for prophylactic tenofovir
therapy (ASHM, 2014). The 2015, AASLD? guidelines set a lower thresh-
old, recommending pregnant women with an HBV DNA level greater than
200,000 IU/mL be considered for prophylactic antiviral therapy, while
acknowledging the need for research to establish a more precise treatment
threshold (Terrault et al., 2016).

Hepatitis B flare is common during pregnancy and after delivery and
can lead to liver failure (Elefsiniotis et al., 2015; Giles et al., 2015; Nguyen
et al., 2009; ter Borg et al., 2008). It is therefore important to monitor

2 Officially, the American Association for the Study of Liver Diseases.
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liver enzymes in HBsAg+ pregnant women. A retrospective study of 29
pregnant women with chronic hepatitis B found three women developed
severe hepatitis flare or liver failure and required antiviral therapy, and one
woman required a liver transplant (Nguyen et al., 2009).

Recommendation 4-2: The Centers for Disease Control and Preven-
tion, the American Association for the Study of Liver Diseases, the
Infectious Diseases Society of America, and the American College of
Obstetricians and Gynecologists should recommend that all HBsAg+
pregnant women have early prenatal HBV DNA and liver enzyme
tests to evaluate whether antiviral therapy is indicated for prophylaxis
to eliminate mother-to-child transmission or for treatment of chronic
active hepatitis.

Prevention of mother-to-child transmission of HBV is clearly a prior-
ity for the CDC, one referenced in the national viral hepatitis action plan
(HHS, 2015). Affirmation of the importance of early viremia testing from
CDC leadership would help enforce this point. The Infectious Diseases Soci-
ety of America (IDSA), AASLD, and ACOG also command the attention of
important stakeholders on this question: the doctors who manage hepatitis
B in pregnant women. Leadership from these societies would help draw
attention to this essential service and end the vertical transmission of HBV.

Prevention of HBV and HCV Infections

Until there is a vaccine for HCV, prevention will be mainly a matter
of limiting exposure to the virus. One component of prevention (discussed
later in this chapter) is curing all infected persons of their chronic infection.
Another is preventing the blood contact that spreads HCV, as well as HBV
and HIV infections. In some countries this means better screening of donor
blood, ending use of reusable syringes, or reducing demand for unnecessary
medical injections (WHO, 2016a). In the United States about 75 percent
of the roughly 30,500 new HCV infections a year are caused by injection
drug use (Klevens et al., 2014; University of Washington, n.d.-a). A key step
to ending transmission of HCV in the United States is reducing the risk of
infection among people who inject drugs.

Injection Drug Use and HCV Infection

The United States has a drug injection problem of epidemic proportions
(Dart et al., 2015; Kolodny et al., 2015). The nonmedical use of prescrip-
tion opioids has risen sharply since 2000 (Keyes et al., 2014). National
survey data suggest that 435,000 Americans use heroin, and another 4.3
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million report illicit use of prescription pain medicines (SAMHSA, 2015a).
These proportions could shift over time; heroin is often easier to buy and
cheaper than prescription opioids, causing people addicted to painkillers
to switch (Cicero et al., 2014; Dart et al., 2015). The CDC estimates that
death from opioid overdose has increased 200 percent since 2000, a situa-
tion described as “an unprecedented epidemic” (HHS, 2013; Rudd et al.,
2016).

The opioid problem is not simply a matter of more people using ad-
dictive drugs; a different cross-section of society is involved than was a
generation ago. In the 1960s, heroin use was mostly confined to cities; users
were predominantly young, male, and disproportionately racial and ethnic
minorities (Cicero et al., 2014). In contrast, people who have become ad-
dicted to opioids in the last decade are male and female, overwhelmingly
white, and living in rural areas, suburbs, and small towns (Akyar et al.,
2016; Cicero et al., 2014). Nowadays about half of people who inject drugs
live outside of cities, often in relative isolation, in areas not well equipped
to access medical care or addiction treatment services (Havens et al., 2013;
Oster et al., 2015). In rural counties deaths from drug overdose have in-
creased three times faster than in urban ones (Keyes et al., 2014).

HCV infection is a serious health consequence of injection drug use.
Studies from the early 2000s suggest an HCV antibody prevalence among
people who inject drugs of 70 to 77 percent (Nelson et al., 2011). About a
third of people who inject drugs acquire HCV infection in their first year
of injecting (Hagan et al., 2008). Controlling HCV among drug injectors
is challenging. The syringe exchange programs® that have reduced HIV
incidence are less effective against hepatitis C (Des Jarlais et al., 20135;
Holtzman et al., 2009). HCV transmission by needle stick is 10 times more
efficient than for HIV (Bruggmann and Grebely, 2015; Siddharta et al.,
2016). HCV is also a relatively hardy virus, able to survive on fomites for
hours or even days (Krawczynski et al., 2003; Valdiserri et al., 2014). For
these reasons, needle or syringe sharing accounts for only about 63 percent
of the risk of HCV infection among people who inject drugs, because the
virus can survive on other equipment including cotton filters and rinse
water (Hagan et al., 2010).

Opioid Agonist Therapy

The most effective way to prevent hepatitis C among people who inject
drugs is to combine strategies that improve the safety of injection with those
that treat the underlying addiction (Cox and Thomas, 2013; Hagan et al.,

3 Also called syringe services.
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2010). Opioid agonist therapy* refers to the use of prescription medicines
to bind opiate receptors in the brain, thereby relieving the symptoms of
withdrawal (IOM, 1995). Such therapy is part of the tertiary prevention
of substance use disorders, meaning that it prevents the worst complica-
tions of the disorder, including overdose and transmission of blood-borne
infections (Kolodny et al., 2015). Before 2000, opioid agonists could only
be prescribed in drug treatment clinics, but now the Substance Abuse and
Mental Health Services Administration (SAMHSA) issues waivers to doc-
tors who, after registering with the Drug Enforcement Agency (DEA), can
prescribe buprenorphine-based formulations in routine practice (FDA, n.d.;
SAMHSA, 2017).5 Still, the opioid epidemic created more demand for ser-
vices, and by 2012 demand exceeded capacity by between 1.3 and 1.4 mil-
lion (Jones et al., 2015). In response to this shortage, SAMHSA increased
the maximum patient load per waived provider to 275, and expanded the
role of nurse practitioners and physician assistants in managing buprenor-
phine therapy (HHS, 2016¢c; SAMHSA, 2015b).

Nevertheless, most of the waivers have been issued to doctors on the
coasts (HHS, 2016¢c; Rosenblatt et al., 2015; SAMHSA, 2015b). A 2012
analysis found that 30 million Americans live in places where not a single
provider can prescribe opioid agonists (Rosenblatt et al., 2015). There is
a need for wider access to treatment for opioid dependence, especially in
rural areas (Rosenblatt et al., 2015; Stein et al., 2015). Recent studies in
rural Colorado, North Carolina, Oklahoma, and Pennsylvania are explor-
ing strategies, such as tele-psychiatry, to bring opioid use treatment to rural
areas (AHRQ, 2016). Regarding medications, long-acting buprenorphine
and naltrexone formulations may be more suitable in such areas (Kjome
and Moeller, 2011; Laffont et al., 2016). When naltrexone is administered
via a sustained-release implant, for example, it can be active in blood, con-
trolling drug cravings, for up to 6 months (Hulse et al., 2009; Kjome and
Moeller, 2011).

Syringe Exchange

Syringe exchange programs in the United States do not have sufficient
coverage even in cities; availability is worse in rural areas (Des Jarlais et al.,

4 Including full agonist therapy with methadone and partial agonist therapy with buprenor-
phine, sometimes complemented with the antagonist treatment naloxone (SAMHSA, 2015c,
2016).

5 The waiver program only authorized the prescription of buprenorphine, alone or in
combination with naloxone. Other opioid agonists are still restricted. For example, the DEA
categorizes methadone as Schedule IT drug, meaning that it has a high potential for abuse and
dependence (DEA, n.d.). Therefore, methadone can only be prescribed in conjunction with
drug treatment programs certified by SAMHSA (SAMHSA, 2015c¢).
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2015). Despite serving, in theory, half the people who inject drugs, rural
and suburban areas have only 30 percent of the nation’s syringe services
and distribute almost 29 million fewer syringes (only about 8 percent of the
total) (Des Jarlais et al., 2015; Oster et al., 2015). Of every dollar spent on
syringe services in the United States, about 17 cents goes to rural or subur-
ban areas (Des Jarlais et al., 2015). With fewer staff and smaller budgets,
rural programs have to reach people injecting drugs in remote parts of the
country, such as Appalachia, and vast ones, such as the Central Valley.
When syringe services are far away, people are less likely to use them (Allen
et al., 2015; Cooper et al., 2011). Transportation challenges can pale in
comparison to the problem of protecting clients’ privacy, something often
taken for granted in the relative anonymity of big cities (Benyo, 2012).

Part of the value of both opioid agonist therapy and syringe exchange
programs is that they provide clients with an entry point to the health sys-
tem (MacNeil and Pauly, 2011). Staff at exchanges, especially case manag-
ers, can also help interested clients enroll in drug counseling or cessation
programs. A randomized, controlled trial in Baltimore syringe exchange
programs found that clients working with case managers were 87 percent
more likely to enter drug treatment within a week of their referral than
clients without such support (Strathdee et al., 2006). Staff can also counsel
clients on the use of naloxone to treat overdose and offer testing for viral
hepatitis and HIV. Three-quarters of syringe exchange programs respond-
ing to a 2013 survey reported offering HCV testing, though the proportion
was lower in rural areas (Des Jarlais et al., 2015). Ensuring linkage to care
is more challenging; fewer than half of survey respondents (a third in rural
areas) reported tracking the referral process for clients who tested positive
(Des Jarlais et al., 2015).

Although legally prohibited in the United States, supervised injection
facilities, clinics where people can inject under clinical supervision, may be
another means of harm reduction (Drug Policy Alliance, 2016). Supervised
injection has been shown to reduce death from overdose; in Vancouver, the
introduction of such a facility was associated with a 35 percent reduction in
the rate of fatal overdose, compared to only a 9 percent reduction in other
parts of the city (Marshall et al., 2011). A 2006 review (predating curative
treatment for hepatitis C) concluded that “it is plausible that these rooms
can contribute to a reduced incidence of HCV” through reducing the shar-
ing of injecting equipment (Wright and Tompkins, 2006). The possibility
of curing HCV infection in a crucial population may warrant revisiting
the strategy. A supervised injection facility in Vancouver reported an 87.6
percent prevalence of HCV antibody among its clients (Wood et al., 2005).
A systematic review of research (mainly from Canada and Australia) found
supervised sites to be effective at reaching people with unstable housing and
a recent history of incarceration (Potier et al., 2014).
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Syringe exchange and opioid agonist treatment are cornerstones of viral
hepatitis elimination. But these services are least available in the places that
most need them, rural areas with an injection opioid problem (see Box 4-1).
It is no coincidence that the same four states (Kentucky, Tennessee, Virginia,
and West Virginia) that saw a 364 percent increase in acute HCV infection
between 2006 and 2012 have documented unmet needs for syringe services
(Des Jarlais et al., 2015; Zibbell et al., 2015). Expanding harm reduction
services (both exchanges and opioid agonist therapy) to rural and subur-
ban areas is complicated, as these parts of the country are characterized
by fewer resources for health and principled opposition to anything seen
to facilitate illicit drug use (Havens et al., 2013; Valdiserri et al., 2014).
Such obstacles can be overcome, but only with commitment from states
and federal agencies.

Recommendation 4-3: States and federal agencies should expand access
to syringe exchange and opioid agonist therapy in accessible venues.

The epidemic of nonmedical opioid use has captured the attention of
policy makers and providers, with new emphasis on diagnosing substance
use disorder and using opioid agonist therapy to treat it when possible
(Tetrault and Butner, 2015). Syringe services and treatment for substance
use disorder, essential parts of the response to the opioid epidemic, can also
prevent transmission of HCV (HHS, 2013; Volkow et al., 2014). Action
against the opioid epidemic complements work on viral hepatitis elimina-
tion, with attention to the two goals benefiting both.

UNAIDS® reckons that every person who injects drugs needs about 200
syringes a year, something few exchange programs can provide (UNAIDS,
2014). In some states, drug paraphernalia laws and rules regulating the
prescription and sale of syringes can present an obstacle to full coverage
(Burris et al., 2002) (see Box 4-1). In states without such restrictions, and
with public funding available to syringe exchange programs, more equip-
ment is distributed and the programs can offer complementary services,
including HCV testing (Bramson et al., 2015). Tracking the number of sy-
ringes distributed and the number of people who inject drugs in a program’s
coverage area could, in theory, afford a measure of progress against the
UNAIDS target, though in practice it is difficult to estimate the latter with
any precision (Abdul-Quader et al., 2013). Evidence regarding unmet need
for syringe services may help persuade legislators to remove restrictions on
them, including the restrictions on the number of syringes exchanged per
visit or per client.

The North American Syringe Exchange Network periodically surveys

¢ Officially, the Joint United Nations Programme on HIV/AIDS.



ESSENTIAL INTERVENTIONS 87

exchanges regarding services provided, budget, and annual number of
syringes exchanged (CDC, 2010; North American Syringe Exchange Net-
work, n.d.). Such surveys will be valuable in charting progress on this
recommendation and determining if the reach of the exchanges is expand-
ing. Other valuable indicators will be the number of providers authorized
to provide buprenorphine, and the number of people in opioid treatment
programs.

Expansion of syringe exchange to rural and suburban areas may require
modifications to models developed in cities. Pharmacies are an accessible
venue for people who inject drugs across a range of settings (Hammett et
al., 2014). Pharmacies in some jurisdictions can sell or distribute syringes,
dispose of used ones, dispense naloxone for overdose, and test for HIV
(Hammett et al., 2014). When it is legal to buy syringes at pharmacies,
more people who inject drugs do so (Siddiqui et al., 2015). Pharmacies
are often reasonably equipped to provide confidential space for patient
counseling. Research in Rhode Island suggests that pharmacists and other
pharmacy staff are willing to counsel clients who inject drugs on prevention
and referrals for treatment when appropriate (Zaller et al., 2010). Where
pharmacists are not willing to participate, education may help persuade
them (Chiarello, 2016; Crawford et al., 2013). It is also essential to have
clear laws and an unambiguous store or franchise policy supporting syringe
exchange, so that no pharmacist fears retribution from management for
dispensing syringes (Chiarello, 2016; Crawford et al., 2013). Some reluc-
tant pharmacists may be reassured by data showing that syringe sales at
pharmacies are not associated with any increase in crime in the surrounding
area (Stopka et al., 2014).

Mobile syringe exchange has the potential to reach a wide cross-section
of people who inject drugs. Mobile exchanges typically operate from a van
or bus, allowing them to bring services to their clients and to cover a wide
area, conveying advantages in rural areas (WHO, 2007). In cities, mobile
programs are often meant to supplement fixed sites (Ivsins et al., 2010).
When the only fixed-site syringe exchange in Victoria, British Columbia,
closed, syringe distribution in the city fell by a third (Ivsins et al., 2010).
Clients familiar with the fixed site complained that the switch to mobile
clinics made it more difficult to safely dispose of syringes and to obtain
clean ones (Ivsins et al., 2010). On the other hand, mobile programs often
face less community opposition than fixed sites (Ivsins et al., 2010; WHO,
2007). Some observational studies suggest that mobile sites may be more
acceptable to younger clients and to people engaging in higher risk behavior
(Jones et al., 2010). Mobile programs may also be more desirable in places
where clients may fear harassment or public shaming (WHO, 2007).

Widening the reach of syringe exchange is ideologically complicated
(Rich and Adashi, 2015). Introducing such programs to new places requires
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BOX 4-1
The Indiana Syringe Exchange Program

Indiana’s syringe exchange program was created in 2015 in response to
what became the largest HIV outbreak in state history (Harper, 2015). In early
2015 there were 11 confirmed cases of HIV in Scott County, a rural county of
about 24,000 people with high unemployment and poverty (Peters et al., 2016;
Sun, 2016). After the local Planned Parenthood clinic closed in 2013, no free HIV
testing was available in the county (Peters et al., 2016).

All 11 persons identified at the beginning of the epidemic had injected oxy
morphone, a prescription opioid (Peters et al., 2016). The Centers for Disease
Control and Prevention was notified in February, and on March 26, 2015, the
state declared a public health emergency in Scott County (Janowicz, 2016). The
ensuing investigation identified 181 HIV cases infected between November 2014
and November 2015, mostly young white men, about 92 percent of whom also
had hepatitis C virus infection (Peters et al., 2016). Through contact tracing, the
team identified 536 people with whom the infected people had reported having
unprotected sex, sharing syringes, or both (Peters et al., 2016). The outbreak
was driven by a network of people of different ages who reported injecting mainly
oxymorphone but also heroin, methamphetamine, cocaine, and oxycodone (Con
rad et al., 2015; Peters et al., 2016). In response to the public health emergency
declaration, the county set up a mobile syringe exchange and community outreach
center (Harper, 2015). The center offered HIV and hepatitis C testing and treat
ment, information about substance use disorder, referral to social services, and
help with health insurance enrollment (Janowicz, 2016).

Syringe exchange programs were previously illegal in Indiana; they are
seen to be inconsistent with laws against drug use (McCarthy, 2015; Sun, 2016).

sensitivity to local norms. Although the evidence indicates that exchange
programs do not recruit new users or increase drug use among clients,
people whose communities are being devastated by drug use may under-
standably object to actions seen to enable it (Bramson et al., 2015; Vlahov
and Junge, 1998). When such programs were starting in response to HIV,
cultural opposition to them was particularly strong among police officers
and African American and Hispanic community leaders (Anderson, 1991;
Barreras and Torruella, 2013; Bramson et al., 2015; Singer et al., 1991).
Such attitudes can change, especially if community members are convinced
of the exchange programs’ effectiveness to reduce disease and keep used
needles off the streets (Barreras and Torruella, 2013; Keyl et al., 1998).
Police officers in some areas have come to favor exchange programs, citing
reduced risk of needle stick injury on the job and benefit to the community
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Therefore, the syringe exchange program was originally limited to Scott County
(McCarthy, 2015; Sun, 2016). Critics opposed limiting the program to one county,
however. The spike in HCV infection and the large number of people in treatment
for heroin use suggested a wider problem (McCarthy, 2015). State officials then
extended the law allowing syringe exchange programs statewide, provided the
county had declared a public health emergency, a declaration valid for 1 year
(State of Indiana, n.d.; Sun, 2016). However, the state does not provide funding for
the syringe exchange programs currently approved in eight counties, and federal
funds cannot be used to purchase sterile syringes (Callahan, 2016; Rural Center
for AIDS/STD Prevention, 2016; Sun, 2016). Since the affected counties are rural
and poor, many of the syringe exchange programs rely on donations, non-profit
organizations, and foundations to support their services (Callahan, 2016).

Scott County’s syringe exchange program distributed more than 97,000 ster
ile syringes in 2015 (Peters et al., 2016). Participants were given sterile syringes
to last 1 week, as well as wound kits and information about harm reduction and
substance abuse services (Harper, 2015; Patel et al., 2015). Syringe sharing
declined by 85 percent (95 percent Cl: 82 to 87 percent) and syringe returns
increased within its first 2 months (Patel et al., 2015). Scott County’s program
recently received permission to remain open through May 2017 (Rudavsky, 2016).

The outbreak provides a warning to 220 counties across 26 states with
similar risk factors for an HIV or hepatitis C outbreak (Van Handel et al., 2016).
Implementing HIV and hepatitis C testing and syringe exchange programs in rural
areas experiencing intensifying opioid epidemics could help prevent similar public
health emergencies.

(Davis et al., 2014). Project sponsors would do well to encourage local
consultation in new exchange programs.

Expansion of opioid agonist therapy will also be essential to preventing
viral hepatitis infections. The Surgeon General’s 2016 report Facing Addic-
tion in America concluded that while medications are effective in treating
serious substance use disorders, too few providers are able to prescribe
them (HHS, 2016a). The increase in the allowable patient limit on provid-
ers managing buprenorphine therapy could help improve the reach of this
essential health service. The Surgeon General’s report also argued for better
integration of opioid agonist therapy into mainstream medical practices
(as opposed to separate substance abuse clinics) as a way to improve ef-
ficiency and lead to better health outcomes (HHS, 2016b). Consistent with
this emerging consensus, the 2016 Comprehensive Addiction and Recovery
Act aimed to make evidence-based treatments for opiate addiction more
available around the country, including to incarcerated people (Community
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Anti-Drug Coalitions of America, n.d.). A better discussion of reaching
people who inject drugs and people in prisons with a range of viral hepatitis
services follows in the next chapter.

Testing and Screening

Identifying people infected with HBV or HCV will be crucial to elimi-
nation, as the models presented in Chapter 2 indicate. The value of screen-
ing is already affirmed in the CDC and U.S. Preventive Services Task Force
(USPSTF) guidelines, which recommend screening people at high risk of
infection for both HBV and HCV (see Table 4-1); Chapter 5 discusses
strategies to improve compliance with these guidelines. At the same time,
chronic viral hepatitis is often clinically silent until its later stages. Early
detection is the first step to preventing the complications of untreated in-
fection. Wider screening for hepatitis C may be warranted in the United
States, as it accounts for a considerably larger share of the national burden
of viral hepatitis.

HCYV Screening

In 1998 the CDC recommended screening for HCV among people
with the known risk factors for infection shown in Box 4-2 (CDC, 1998;
University of Washington, n.d.-b). By 2014, however, it was evident that at
least 20 percent of people with hepatitis C had no discernable risk factor
for the infection, and that almost three-quarters were born between 1945
and 1965 (CDC, 2016i). In 2012 the CDC changed its recommendation
to encourage one-time HCV testing for everyone born between 1945 and
1965 (CDC, 2012). The following year the USPSTF followed suit, revising
its 2004 statement cautioning against widespread screening of asymptom-
atic adults, but that was a year before direct-acting antivirals came on the
market (Moyer, 2013).

Screening for HCV has increased since 2013, with increasing attention
given to the best strategies to implement the USPSTF recommendation
(Sidlow and Msaouel, 2015; Turner et al., 2015). Recent estimates suggest
that about 15 to 20 percent of the 1945 to 1965 birth cohort is screened in
primary care (Bourgi et al., 2016; Linas et al., 2014). Insufficient staff time
and competing demands on providers’ attention, a problem discussed in
the next chapter, has been cited as a reason for the uneven implementation
of the recommendation, as has providers’ unwillingness to inquire about
risk factors (Jewett et al., 2015; Southern et al., 2014). It is not clear that
provider education can improve this. One 15-week intervention to improve
adherence to national guidelines saw adherence to screening decrease from
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TABLE 4-1 USPSTF Recommendations and Important Risk Groups for
HBV and HCV Screening

HBV HCV
USPSTF The USPSTF recommends The USPSTF recommends
Recommendation screening for HBV infection screening for HCV infection in
in persons at high risk for persons at high risk for infection.
infection. The USPSTF also recommends

offering one-time screening for
HCYV infection to adults born
between 1945 and 1965.

Important Risk Important risk groups (in Important risk groups for HCV
Groups for non-pregnant adolescents and infection that should be screened
Screening adults) for HBV infection that  include

should be screened include
e Past or current injection drug

* Persons born in countries users
and regions with a high * Persons who received a blood
prevalence of HBV transfusion, organ or tissue
infection (=2 percent) transplant before 1992

* U.S.-born persons not * Long-term hemodialysis
vaccinated as infants patients
whose parents were born e Persons born to an HCV-
in regions with a very infected mother
high prevalence of HBV e Incarcerated persons
infection (=8 percent), such ¢ Intranasal drug users
as sub-Saharan Africa and e Persons with an unregulated
central and Southeast Asia tattoo

e HIV-positive persons e Persons with other

e Injection drug users percutaneous exposures

*  Men who have sex with * Adults born between 1945
men and 1965

* Household contacts or * Recipients of clotting factor
sexual partners of persons concentrates made before
with HBV infection 1987

e Persons with HIV infection

NOTE: HBV = hepatitis B virus; HCV = hepatitis C virus; USPSTF = U.S. Preventive Services
Task Force.
SOURCES: CDC, 2016g; LeFevre, 2014; Moyer, 2013.

almost 60 percent at the start to about 13 percent in the last week (Southern
et al., 2014).

Some settings have actively pursued wider HCV screening, includ-
ing urban emergency departments, safety net providers for the uninsured.
Screening in an Oakland emergency room found an HCV antibody preva-
lence of almost 14 percent among those in the 1945 to 1965 birth cohort,
38 percent among people who inject drugs, and about 3 percent among
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BOX 4-2
CDC 1998 Risk-Based HCV Screening Recommendations

Persons who should be tested routinely for HCV infection based on their
risk for infection:

* Persons who ever injected illegal drugs, including those who injected
once or a few times many years ago and do not consider themselves as
drug users.

* Persons with selected medical conditions, including
o Persons who received clotting factor concentrates produced before

1987;
o Persons who were ever on chronic (long-term) hemodialysis; and
o Persons with persistently abnormal alanine aminotransferase levels.

» Prior recipients of transfusions or organ transplants, including

o Persons who were notified that they received blood from a donor who
later tested positive for HCV infection;

o Persons who received a transfusion of blood or blood components
before July 1992; and

o Persons who received an organ transplant before July 1992.

Persons who should be tested routinely for HCV infection based on a rec
ognized exposure:

* Health care, emergency medical, and public safety workers after needle
sticks, sharps, or mucosal exposures to HCV-positive blood.
e Children born to HCV-positive women.

NOTE: CDC = Centers for Disease Control and Prevention; HCV = hepatitis C virus.
SOURCES: CDC, 1998; University of Washington, n.d.-b.

people with neither risk factor (White et al., 2016). A similar program at
an urban tertiary care hospital in Alabama found that one in every nine
emergency department patients born between 1945 and 1965 had HCV
antibody, nearly four times higher than the previously reported prevalence
for that group (Galbraith et al., 2015; Smith et al., 2012a). Moreover, cases
found in urban emergency rooms could be missed under current risk-based
and birth cohort screening guidelines. Twenty-five percent of cases found in
Baltimore and 28 percent in Cincinnati emergency departments were among
people with no reported risk factor for the virus; an ambulatory care center
in the Bronx, also a safety net provider, found 3 percent prevalence of HCV
antibody in people with no obvious risk factors (Hsieh et al., 2016; Lyons
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et al., 2016; Southern et al., 2011). For these reasons, some researchers
have suggested universal testing at clinics and hospitals that serve high-risk
populations (Southern et al., 2011).

Mathematical models indicate that one-time universal adult screening
for HCV would identify 446,700 patients who would be missed with birth
cohort screening (Kabiri et al., 2014). As the elimination effort continues,
expanding testing, especially in settings likely to see high-risk patients, may
be the key to continued progress (Edlin, 2011).

Recommendation 4-4: The Centers for Disease Control and Prevention
should work with states to identify settings appropriate for enhanced
viral hepatitis testing based on expected prevalence.

The decision to make a policy of widespread testing for any disease
cannot be taken lightly. The procedure comes at an expense to the health
system and puts a burden on providers. It also has the potential to cause
distress in patients, especially when the disease screened for carries a social
stigma, as viral hepatitis does. On the other hand, society stands to benefit
from any measure that sheds light on the subclinical burden of HBV and
HCV infections. The ability of direct-acting antivirals to cure infection can
also change the risk to benefit calculation over time. The CDC, in coopera-
tion with its state and local partners, has the ability to identify populations
that would benefit from heightened screening, especially if state and local
health offices make the surveillance improvements described in Chapter 3.

There are core antigen tests for HCV with sensitivity of 90 percent and
specificity of 98 percent (Freiman et al., 2016). There are, at present, no
Food and Drug Administration-approved point-of-care hepatitis B tests in
the United States, partly because the relatively low prevalence of hepatitis
B translates into less incentive to manufacturers to seek market authoriza-
tion. The next chapter of this report discusses measures that could improve
adherence to established screening guidelines. Taken together, adherence to
existing guidelines and enhanced screening in certain settings might contrib-
ute to a greater demand for screening assays, and prompt manufacturers to
seek U.S. licensure for these products.

CARE AND TREATMENT

The direct-acting antivirals that cure chronic HCV infection are what
make elimination of hepatitis C as a public health problem a feasible goal in
the United States; their importance cannot be understated (Palese, 2016). At
this time there are no comparable curative therapies for chronic hepatitis B,
a problem discussed in Chapter 7. Identification of chronic HBV infections
and their appropriate treatment will be crucial to ending transmission of the
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virus and to preventing death from chronic infection (NASEM, 2016). En-
tecavir and tenofovir are highly effective at suppressing the virus and cost-
effective even over decades (Eckman et al., 2011; Hutton et al., 2007). The
management of chronic HBV infection requires wide access to integrated,
comprehensive care, a topic discussed in Chapter 5.

Curing Chronic HCV Infection

Hepatitis C treatments are costly, a topic discussed in detail in
Chapter 6. The combination of cost and demand for these medicines has
strained the budgets of many payers (Brennan and Shrank, 2014; Saag,
2014; Steinbrook and Redberg, 2014; Trooskin et al., 2015). In response,
insurers have established criteria for prescription approval, such as evidence
of advanced liver fibrosis or consultation with a specialist (Barua et al.,
2015; Simon et al., 2015). Many insurers require a period of abstinence
from drugs and alcohol; some confirm this with drug testing (Grebely et
al., 2015). Restrictions in state Medicaid programs have drawn particular
scrutiny; criteria for approval vary widely among states (Barua et al., 20135;
Canary et al., 2015). As of 2015, 74 percent of Medicaid programs required
evidence of advanced fibrosis or cirrhosis; 69 percent required prescription
by or consultation with a specialist, and half required a period of abstinence
from drugs and alcohol (Barua et al., 2015). Another six states required
patients to undergo liver biopsy prior to treatment (Barua et al., 2015).

Because of the varying restrictions imposed by insurers, the process to
obtain approval for direct-acting antiviral prescriptions has become labori-
ous. These drugs are often listed as specialty products, a classification that
requires a higher out-of-pocket payment from the patient, so when coverage
is approved, the charge to the patient is often unaffordable (Rodriguez and
Reynolds, 2016). Among callers to a hepatitis C hotline, about 40 percent
were commercial insurance clients asking for help paying for treatment,
and a quarter were Medicare beneficiaries in the same position (Rodriguez
and Reynolds, 2016).

Another strategy to control costs is to require these prescriptions un-
dergo a pre-approval process (sometimes called prior authorization) to
determine if the patient meets the insurer’s criteria for treatment, a process
that can require considerable effort on the part of providers (Barua et al.,
2015; Edlin, 2011; Trooskin et al., 2015). The insurer reviews the prior
authorization request and either approves the filling of the prescription
or issues a denial. If the prescription is denied, the prescriber can appeal
the decision, but the appeals process requires further documentation and
review. Prescriptions that ultimately are not filled because of a lack of ap-
proval by the insurer are considered absolutely denied. Absolute denial of
direct-acting antivirals is not uncommon. The Yale Liver Center reported
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that a quarter of its patients were denied ledipasvir-sofosbuvir upon first
request (Do et al., 2015).

There is evidence of disparities in access to direct-acting antivirals. A
cohort study of hepatitis C patients in the mid-Atlantic region analyzed the
rate of absolute denial of treatment among Medicare, Medicaid, and com-
mercial insurers (Lo Re et al., 2016). 16.2 percent (95 percent CI: 14.8 to
17.8 percent) of the 2,321 patients were denied the drugs, most commonly
on the grounds that the documentation provided was not sufficient infor-
mation to assess medical need or lack of medical necessity (Lo Re et al.,
2016). Absolute denial was significantly more common among Medicaid
patients, whose treatment was refused at a rate of 46.3 percent (adjusted
risk relative to commercial insurance patients: 4.14; 95 percent CI: 3.38
to 5.08), compared to Medicare (5.0 percent refusal; adjusted risk relative
to commercial insurance patients: 0.61; 95 percent CI: 0.43 to 0.86) or
commercial insurance patients (10.2 percent refusal) (Lo Re et al., 2016).
Among cirrhotics, a quarter of Medicaid beneficiaries were denied treat-
ment, compared to almost none of those with other types of insurance (Lo
Re et al., 2016).

Another cohort study evaluated reasons why hepatitis C patients pre-
scribed a sofosbuvir-based regimen never start it (Younossi et al., 2016).
Out of 3,841 patients, 315 (8 percent) did not start the prescribed therapy;
financial reasons and the insurance companies’ process accounted for 81
percent of such cases. As in the Lo Re study, non-start (among patients
who did not start therapy for financial or insurance reasons) was highest
among Medicaid beneficiaries (35 percent, 95 percent CI: 30 to 40 percent)
compared to patients covered with either Medicare (2 percent, 95 percent
CI: 1 to 3 percent) or commercial insurance (6 percent, 95 percent CI: 5 to
7 percent) (Younossi et al., 2016).

The disparity in access to direct-acting antivirals has caught public at-
tention, obliging the Centers for Medicare & Medicaid Services to formally
remind state Medicaid directors that restricting access as a way to control
costs is disallowed (CMS, 2015). In 2016 a class action lawsuit against
the Washington state Medicaid agency ended in the ruling that restricting
therapy to patients with advanced fibrosis was a violation of the Social
Security Act (Aleccia, 2016). The threat of similar legal action caused the
Delaware Medicaid program to rescind its access restrictions in June 2016
(Rini, 2016). State programs in Florida, Massachusetts, New York, and
Pennsylvania have recently followed the Department of Veterans Affairs
(VA) in removing all disease severity restrictions on hepatitis C treatment
(Hughes, 2016; Kennedy, 2016; Lynch and McCarthy, 2016; Massachusetts
EOHHS, 2016; Sapatkin, 2016). Since 2014, 16 state Medicaid programs
have reduced their restrictions on treatment, although some states are not
clear about the details of their policies (Hughes, 2016; Kennedy, 2016;
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Lynch and McCarthy, 2016; Massachusetts EOHHS, 2016; NVHR and
CHLPI, 2016; Sapatkin, 2016).

The committee commends Medicaid programs that have removed fi-
brosis restrictions on treatment. Patients denied access to hepatitis C treat-
ment can have continued progression of hepatic fibrosis and remain at
risk for cirrhosis, end-stage liver disease, and hepatocellular carcinoma.
Delaying treatment until hepatic fibrosis is more advanced has been shown
to increase the risk of cirrhosis, liver cancer, and death, and the tests used
to stage fibrosis cannot do so with great accuracy (Degos et al., 2010;
Tsochatzis et al., 2011). Research in the VA system suggests that defer-
ring anti-HCV therapy until the development of advanced hepatic fibrosis
or cirrhosis reduces the value of the treatment and increases the risk of
liver-related complications and death (McCombs et al., 2015). Denial of
direct-acting antiviral treatment allows for ongoing liver inflammation,
which can increase the risk of extra-hepatic complications. There are also
consequences to society. As Appendix B makes clear, universal treatment of
all hepatitis C patients would reduce infections 90 percent by 2030 (relative
to 2015 levels). By the same token, failure to treat chronic HCV infection
enlarges the reservoir for transmission, while denying treatment can cause
anxiety and may provoke distrust of the health system.

Recommendation 4-5: Public and private health plans should remove
restrictions that are not medically indicated and offer direct-acting
antivirals to all chronic hepatitis C patients.

Curing chronic hepatitis C has immense clinical benefit (Pearlman and
Traub, 2011). Cured patients, even cirrhotics, may experience a reversal
of hepatic fibrosis over time (Everson et al., 2008; Mallet et al., 2008;
Maylin et al., 2008; Shiratori et al., 2000). Reduction in fibrosis and re-
turn to normal liver function is associated with a decreased risk of hepatic
decompensation, hepatocellular carcinoma, and all-cause mortality (van
der Meer et al., 2012). Cure of chronic hepatitis C can also help eliminate
HCV transmission (Harris et al., 2016b; Martin et al., 2016). It is plausible
that curing chronic hepatitis C will also improve the many complications
of infection, including bone, kidney, cardiovascular, and neuropsychiatric
problems (Adinolfi et al., 2015; Butt et al., 2011; Freiberg et al., 2011;
Lo Re et al., 2012, 2015; Tsui et al., 2007). It also improves overall qual-
ity of life for the hepatitis C patient (Smith-Palmer et al., 2015; Younossi
and Henry, 2015).

Treating HCV infection is also cost-effective. In a review of both the
clinical and financial value of direct-acting antiviral therapy, the California
Technology Assessment Forum found that although treating all patients is
costly, the benefits are sufficient to make it cost-effective (Tice et al., 2015).
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Delaying treatment increases costs; it costs less to cure people who have
never been through a course of treatment before and to cure people before
they progress to cirrhosis, further evidence for the effectiveness of early
action (Chhatwal et al., 2015; Rein et al., 2015; Younossi et al., 2015).
Additionally, patients who are cured of chronic HCV infection have sig-
nificantly lower medical expenses than those who are not (Smith-Palmer et
al., 2015; Younossi and Henry, 2014).

Treating everyone with chronic HCV infection, regardless of disease
stage, would avert considerable suffering and anxiety. It is also a financially
sensible course of action in the long run. IDSA and AASLD issued a joint
statement in collaboration with the International Antiviral Society-USA
supporting treatment for everyone with chronic HCV infection (AASLD
and IDSA, 2015). The ability of these drugs to eradicate HCV infection in
nearly all infected people has made the prospect of eliminating viral hepati-
tis in the United States plausible. Public and private health plans should not
interfere with this goal. They should remove restrictions on direct-acting
antiviral treatment for hepatitis C patients. The committee recognizes that
the cost of the drugs presents an obstacle to implementing this recommen-
dation. A strategy to better manage these costs is discussed in Chapter 6.
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Service Delivery

States is that the people suffering from or at risk for the infections

are often not engaged in care and can be difficult to reach. Many
hepatitis B patients are born abroad; they may not be comfortable with the
U.S. health system or with English-speaking providers (Derose et al., 2009;
Hacker et al., 2015). Hepatitis C is common among people who inject
drugs, for whom hepatitis treatment is often not a high priority and who
feel discriminated against in medical settings (Grebely et al., 2015; Mehta et
al., 2011; Treloar et al., 2010). Both conditions are associated with feelings
of shame and anxiety, which can be antithetical to pursuing treatment. For
these reasons, the national hepatitis elimination strategy must give as much
attention to the delivery of essential services as the services themselves.
This piece of the strategy, what the World Health Organization (WHO)
describes as “the how,” considers steps that can be taken to make viral
hepatitis a priority, support efficient care, and reach patients who might
otherwise slip through the cracks (WHO, 2016). Overseeing such efforts
should be the responsibility of the central coordinating office described in
Chapter 2. This chapter discusses steps that could help improve the reach
of essential hepatitis services, thereby hastening the end of hepatitis B and
C in the United States.

Part of the challenge of eliminating hepatitis B and C in the United

ENCOURAGING COMPLIANCE AMONG PROVIDERS

The previous chapter discusses essential interventions for elimination
of viral hepatitis in the United States. As crucial as these interventions are,
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they can easily be neglected in the routine practice of medicine. National
survey data suggest that fewer than half of Asian Americans are tested for
hepatitis B virus (HBV), for example (Hu et al., 2013). The Advisory Com-
mittee on Immunization Practices (ACIP) recommends that all infants be
vaccinated against HBV before leaving the hospital, but only 72.4 percent
are immunized within 3 days of birth (95 percent confidence interval [CI]
70.9 to 73.9), with state and local coverage varying from fewer than half
in Vermont to nearly 90 percent in North Dakota (Hill et al., 2015; Mast
et al., 2005).

There is often a gap between the practice of medicine as recommended
by experts and what actually happens. Closing this gap is of concern to the
National Committee for Quality Assurance (NCQA), which in the 1990s,
devised a set of indicators meant to hold health plans accountable for re-
sults (Marwick, 1997; NCQA, n.d.-b). These indicators, called HEDIS,! are
now instrumental for monitoring performance in 90 percent of American
health plans (NCQA, n.d.-a). HEDIS indicators are standardized, as is the
method for collecting and verifying the HEDIS data that pertain to “the
most pressing clinical areas” (NCQA, 2016a). Viral hepatitis is surely one
of these areas, and the addition of a few relevant HEDIS indicators would
greatly aid the national elimination effort.

Recommendation 5-1: The National Committee for Quality Assurance
should establish measures to monitor compliance with viral hepatitis
screening guidelines and hepatitis B vaccine birth dose coverage and
include the new measures in the Healthcare Effectiveness Data and
Information Set.

HEDIS measures compel a certain attention from providers and health
plan managers because they are used to evaluate performance (NCQA,
2012). Their role in changing clinical practice can be pronounced, especially
for common conditions for which there is an effective treatment but wide
variability in care (Eddy et al., 2008). HEDIS measures have improved the
management of hypertension (Jaffe et al., 2013). Mathematical models
indicate that compliance with HEDIS for diabetes mellitus and cardiovas-
cular disease would have prevented almost 2 million myocardial infarctions,
800,000 strokes, and 100,000 cases of end-stage renal disease between
1995 and 2005 alone (Eddy et al., 2008).

At the same time, HEDIS indicators put a burden on the health sys-
tem. Emphasizing a short list of clinical actions risks creating a hierarchy
wherein some services matter more than other equally meaningful ones.
There are also logistical constraints. Some health plans do not have enough

! Officially, the Healthcare Effectiveness Data and Information Set.
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members eligible for a given service to allow for a valid comparison of com-
pliance (McGlynn, 1997). In selecting HEDIS indicators, NCQA considers
feasibility, or the trade-off between comprehensiveness and practicality
required to track an indicator (McGlynn, 1997). The indicator’s scientific
soundness is also taken into account, as is its relevance, with preference
“given to those areas where better performance will enhance the health of
the population” (McGlynn, 1997, p. 15). With these criteria in mind, the
committee suggests screening and prevention measures that would benefit
from NCQA’s attention.

Adherence to Screening Guidelines

HBV and hepatitis C virus (HCV) are, for the most part, clinically
silent infections. Fewer than a third of chronic hepatitis B patients in the
United States are aware of their condition (Lin et al., 2007); about half of
those with chronic hepatitis C are (Denniston et al., 2012). Diagnosis is an
obvious prerequisite to any kind of service delivery. To this end, the U.S.
Preventive Services Task Force recommends HBV screening for everyone
at high risk of chronic infection, including people born in HBV-endemic
countries, and all pregnant women during the first trimester of pregnancy
(USPSTF, 2014, 2015). Similarly, the task force recommends that people at
high risk of HCV infection be screened, as should anyone born between
1945 and 1965 (USPSTE, 2013). NCQA has HEDIS measures on screening
for breast, cervical, and colorectal cancers, as well as chlamydia screening
in young women and lead screening in children (NCQA, 2016Db). Inclusion
in HEDIS makes screening more of a priority for health plan managers.
In order to improve chlamydia screening in adolescent girls, Kaiser of
Northern California devised a system of team meetings and clinical tools
to improve their screening rates (Shafer et al., 2002). About 46 percent of a
sample of 37 Pennsylvania health plans implemented reminder and tracking
systems in response to the introduction of HEDIS measures for colorectal
screening, eliciting a 54 percentage point increase in the screening rate
(Sarfaty and Myers, 2008).

A point-of-care test could facilitate wider screening. A recent systematic
review and meta-analysis concluded that reliable, affordable point-of-care
tests for HCV core antigen have a sensitivity and specificity greater than 90
and 98 percent respectively (Freiman et al., 2016). Core antigen tests are
likely to be cheaper than traditional nucleic acid tests and may, therefore,
facilitate wider use (Freiman et al., 2016). The Food and Drug Administra-
tion has not approved any point of care HBsAg tests for use in the United
States, although some of the tests that are used in other countries have been
found to be highly accurate (Gish et al., 2014; Njai et al., 2015; Shivkumar
et al., 2012). Simple to use, point of care assays for HBsAg are used in
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HBV-endemic countries, but manufacturers have little incentive to seek
market authorization for such a product in the United States (Lin et al.,
2008; WHO, 2001). It is possible that the addition of a HEDIS indicator
on hepatitis screening would encourage manufacturers to reconsider this
position. Regardless of what assay is used, an increase in screening would
translate into vastly fewer undiagnosed viral hepatitis patients.

The Hepatitis B Vaccine Birth Dose

NCQA includes various measures of child and adolescent immuniza-
tion as HEDIS indicators, including full immunization against HBV during
the first 2 years of life (NCQA, 2009). HEDIS and Centers for Disease
Control and Prevention (CDC) evaluations indicate that over 90 percent of
children meet this goal, though misclassification is not uncommon (Bundy
et al., 2012). This indicator does not take into account the relative impor-
tance of the timing of the first dose, however. In 2016, ACIP recommended
all infants receive the first dose of the hepatitis B vaccine within 24 hours
of birth (Chitnis, 2016; Jenco, 2016). Children born to HBsAg+ women or
to women who have never been tested for HBV require vaccination within
12 hours of birth, and others within 24 hours (CDC, 2016b,d; Chitnis,
2016; Mast et al., 2005). The proportion of children receiving the vaccine
in the first 3 days of life has improved steadily, from 53.2 percent in 2007
(95 percent CI: 51.9 to 54.5) to 72.4 percent in 2014 (95 percent CI: 70.9
to 73.9) (CDC, 2012a; Hill et al., 2015).

Starting the hepatitis B vaccine series at birth is associated with better
odds of completing the three-dose series on time (Yusuf et al., 2000). Full
immunization, in turn, conveys lifelong immunity to 95 percent of those
vaccinated (CDC, 2016¢). Emphasizing early vaccination would show a
commitment to ending the vertical transmission of HBV. The risk of chronic
hepatitis B is highest among those infected in early life. Up to 90 percent
of people exposed to HBV in infancy and 30 percent of those exposed in
early childhood develop chronic hepatitis B (Zhao and Murphy, 2013).
Birth dose immunization is the first step in preventing these infections. By
emphasizing the hepatitis B birth dose, as well as the completion of the
three-dose series, NCQA would direct the attention of hospital and health
plan administrators to this essential intervention.

REACHING PATIENTS

The viral hepatitis patient is at the center of any elimination cam-
paign. As time passes, meeting the goals set out in Chapter 2 will depend
on diagnosing and treating progressively more challenging patients. A
system to manage viral hepatitis patients must include the uninsured and
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underinsured, people born abroad, those with mental and behavioral health
problems, as well as people in prison and in unstable housing. Integrated,
comprehensive primary and specialty care will be essential to the elimina-
tion effort (HHS, 2017). Making better use of primary care is one way to
support this goal.

Building Capacity in Primary Care

One of the limitations of the hepatitis C models discussed in Chapter 2
is the assumption, based on published estimates, that only 260,000 hepatitis
C patients could be treated every year between now and 2030. The model
draws attention to this bottleneck, and the trade-off between reducing
incidence of new infections or a greater reduction in liver-related deaths.
Both would be possible if more patients could be treated every year. To this
end, primary care providers need to be in a position to take on hepatitis
C patients.

Primary care providers often build trusting relationships with their pa-
tients over the course of years (Baron, 2010). Some evidence suggests that
certain kinds of patients, those with a substance use disorder for example,
have better success in primary care than in specialist clinics (Bruggmann
and Grebely, 2015; Bruggmann and Litwin, 2013). Primary care is also
an efficient way to provide services, one the American Academy of Family
Physicians describes as “the first point of entry and continuing focal point
for all needed health services” (AAFP, n.d.). Viral hepatitis services should
be no exception. But traditional models of primary care do not, for the most
part, leave providers with much room to take on more work. Over 80 per-
cent of primary care physicians responding to the 2016 Survey of America’s
Physicians described their practice as overextended or at full capacity (The
Physicians Foundation, 2016).

Treating viral hepatitis in primary care also poses risks that providers
in small practices may be reluctant to accept. Hepatitis patients are usually
healthy; only about 20 to 25 percent of chronic hepatitis C patients will de-
velop cirrhosis after two or three decades of infection (Hepatitis C Online,
2016). Similarly, more than half of all chronic hepatitis B patients will never
develop any life-threatening complications (McMahon, 2009). But in a
subset of patients with either infection, progression to cirrhosis and cancer
can be quick. There is no good way to distinguish one kind of patient from
the other early on (Hepatitis C Online, 2016; McMahon, 2009). If fibrosis
progresses quickly, or if a patient develops cirrhosis, management becomes
much more complicated. Cirrhotics need frequent hospitalization—about
three times per person per year—usually for hepatic encephalopathy, fluid
overload, and gastrointestinal hemorrhage (Ge and Runyon, 2016; Volk et
al., 2012). Although such events are rare, their management may exceed
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BOX 5-1
Project ECHO

For years New Mexico had the country’s highest rate of chronic liver dis
ease and death from cirrhosis (Arora et al., 2007; CDC, 2016a). The mostly rural
state was home to an estimated 32,000 hepatitis C patients, few of whom could
see specialists in any predictable way (Arora et al., 2007). Starting in 2003, the
Extension for Community Healthcare Outcomes (ECHO) program facilitated col
laboration between primary care providers and the specialists trained to manage
hepatitis C (AHRQ, n.d.; Project ECHO, n.d.-d). The project combines medical
education and patient management. lts goal is to provide primary care doctors in
rural and underserved areas the skills and support to manage complex chronic
conditions, such as hepatitis C (Project ECHO, n.d.-a).

In the ECHO model, specialists at academic medical centers become training
mentors to primary care providers in rural and other underserved areas (Project
ECHO, n.d.-a). During weekly video conferences, primary care providers from
several sites present cases for discussion with specialists at the University of New
Mexico and other primary care providers in different parts of the state. The use
of the internet allows a primary care provider in a rural area to include experts
in hepatology, pharmacology, and substance abuse in his or her daily practice.

Project ECHO now operates in 110 medical centers, for 55 conditions in 21
countries (Project ECHO, n.d.-d). The model has been adapted for behavioral
health problems, diabetes and endocrinology, and pain management (Project
ECHO, n.d.-c). The Centers for Disease Control and Prevention also funded an
initiative to replicate the ECHO project in Utah and Arizona (Mitruka et al., 2014;
Project ECHO, n.d.-b). The University of Utah and St. Joseph’s Hospital in Arizona
are now regional hubs for training primary care providers in hepatitis C treatment.
These hubs have emphasized hepatitis testing and successful connection to
care, especially among high-risk populations and in rural areas, including Navajo

the resources of solo practitioners in small towns or rural areas. As a result,
viral hepatitis care remains out of reach for millions of patients in rural and
underserved communities (Mellinger and Volk, 2013).

The University of New Mexico’s ECHO? program aimed to reduce this
disparity and make treatment for complex diseases more accessible in rural
and underserved areas (Project ECHO, n.d.-d) (see Box 5-1). The program
started in 2003, when hepatitis C was treated with pegylated interferon, a
drug with serious side effects that required complicated medical manage-
ment (Arora et al., 2011). Even so, primary care providers in the ECHO

2 Officially, Extension for Community Healthcare Outcomes.
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and Hopi reservations (Mitruka et al., 2014; Project ECHO, n.d.-b; St. Joseph’s
Hospital and Medical Center, n.d.).

Part of ECHO’s success is that it is not aimed solely at patient treatment, as
some other telemedicine systems are (Arora et al., 2007). Participants learn from
sharing cases, serving as mentors, and participating in presentations (Arora et
al., 2014). Primary care providers develop some specialty skills and are thereby
able to offer their patients more complete care. Because ECHO patients stay
under the purview of their primary care doctor, there are minimal opportunities for
loss to follow-up and other lapses in care (Arora et al., 2014). ECHO also gives
providers in rural and underserved areas a chance to continue their education,
reducing feelings of professional isolation (Arora et al., 2007).

SOURCE: John Arnold, University of New Mexico Health Sciences Center.

program saw no higher rates of serious adverse events than specialists at
the University of New Mexico did (Arora et al., 2011).

There are also transferable lessons from the management of other
chronic conditions in primary care. Like hepatitis B and C, depression is a
serious, chronic health problem, especially for older adults, many of whom
have problems with adherence to treatment (Uniitzer et al., 2002b). Since
1999, the University of Washington’s IMPACT? program has worked with
primary care providers to improve outcomes among elderly people with de-
pression and other complex health needs (Uniitzer et al., 2002b). IMPACT
teams can include family doctors, nurses, pharmacists, social workers, be-

3 Officially, Improving Mood-Promoting Access to Collaborative Treatment.
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havioral health specialists, and various occupational and physical therapists
(Hern et al., 2013; Tracy et al., 2013). The program makes good use of the
internet for data management and monitoring treatment response over time
(Uniutzer et al., 2002a,b). Patient records are kept on a secure, encrypted
website in a database that is programmed to remind clinicians about follow-
up or possible lapses in treatment. This feature is thought to account for the
program’s high rate of keeping patient assessments on schedule (Untitzer et
al., 2002a). The data management system encourages ongoing monitoring
of both process and outcome measures, something that would be equally
useful in viral hepatitis care.

Recommendation 5-2: The American Association for the Study of
Liver Diseases and the Infectious Diseases Society of America should
partner with primary care providers and their professional organiza-
tions to build capacity to treat hepatitis B and C in primary care. The
program should set up referral systems for medically complex patients.

There can be no elimination of viral hepatitis without trained providers
who can manage the infections from the acute phase to cure (with HCV)
or lifelong suppression (with HBV). Large-scale replication of the ECHO
program’s success is possible, especially with support from IDSA* and
AASLD’. The program should give attention to both training and techno-
logical tools to ease collaboration. There is precedent for this level of col-
laboration in the management of other chronic diseases, and it is something
that the Health Resources and Services Administration (HRSA) has shown
support for, as with its AIDS Education and Training Centers, a feature of
the Ryan White program, discussed later in this chapter. In an effort to en-
sure standard training across the country, IDSA and AASLD might consider
developing a joint guideline, with a training curriculum, for primary care
providers to use. It is generally easier for both patients and primary care
providers to treat hepatitis C without a time-consuming referral process.
Primary care providers have an incentive to learn new skills, especially
when these are skills they can use to help patients who have problems ac-
cessing specialty care. Specialists, for their part, may find participation in
a collaborative program not only an interesting educational project, but
rewarding, as it allows them to reach more patients then they would in their
regular practice. The rapid expansion of ECHO programs to 110 medical
centers in 21 countries is evidence of the demand for such collaboration.

For the most part, the medicines used to treat viral hepatitis today have
mild side effects (CDC, 2016e; VA, 2016); primary care doctors routinely

4 Officially, the Infectious Diseases Society of America.
3 Officially, the American Association for the Study of Liver Diseases.
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write prescriptions for far more toxic treatments. Perhaps for this reason,
specialists are often not clear how much involvement is sought or appro-
priate in collaboration with primary care providers (Mellinger and Volk,
2013). In the ECHO program, primary providers have predictable, weekly
teleconferences with teams of specialists at an academic medical center to
confer on problems such as management of cirrhosis (Arora et al., 2007).
Such consults, made possible with Skype and other videoconferencing pro-
grams, help avoid ambiguity and keep lines of communication open among
the involved providers.

Using phone and video conferencing (called telehealth or telemedicine)
can facilitate the management of hepatitis in primary care, but telehealth
laws and reimbursement practices vary widely by state (Klink et al., 2015).
Of 1,557 family doctors responding to a Robert Graham Center survey, 89
percent agreed that telehealth can improve their patients’ access to care,
but reimbursement, liability, and training were seen as barriers to its use
(Klink et al., 2015). Collaborations for viral hepatitis treatment would need
to take this into account, setting up consultation networks within single
states, for example. In addition to providing a system for teaching and
communication, technology allows primary care and specialty providers a
way to share information, similar to the internet-based clinical information
system that IMPACT provides (Patel et al., 2014; Uniitzer et al., 2002a).

The primary goal of conferencing with specialists should be training
primary care providers to manage most of the patients themselves. To this
end, telehealth, as modeled in the ECHO program (that is, more a teaching
tool then a patient management one) should be encouraged. As mentioned
earlier, cirrhotic patients are complicated. Adherence to practice guidelines
for treatment of cirrhotics is generally better among specialists (Kanwal
et al., 2012; Mellinger and Volk, 2013). Provider training would need to
clarify the signs and symptoms of cirrhosis and ensure that primary care
providers have a way to confirm diagnosis and refer appropriately.

An information system accessible to both specialists and primary pro-
viders (similar to the one used in the IMPACT example) helps track patients
over time and facilitates shared decision making (Kvamme et al., 2001).
Compatible electronic systems also encourage communication between
providers, who may be separated by considerable distance (Kvamme et
al., 2001; Patel et al., 2014). Electronic records alone will not necessarily
improve communication, however. Even in the Department of Veterans
Affairs, which uses a unified patient record system, analysis of patients’
records suggests unexplained breaks in communication about 10 percent
of the time (Singh et al., 2011). AASLD and IDSA should ensure that their
training gives clear guidelines on everyone’s role in the collaboration, in-
cluding expectations for responsiveness (Mellinger and Volk, 2013).

Clarifying roles will apply not just to the specialists and the primary
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care provider. Success in managing complex conditions in primary care
depends on the cooperation of teams of health workers (Thornton et al.,
2016). Educating patients on treatment adherence has long been the role
of pharmacists, one that became better and more deliberately integrated
into hepatitis C treatment when pegylated interferon was the standard
treatment (Spooner, 2011). Nurses are also well positioned for patient
counseling, and are often better at it than doctors, especially as it pertains
to chronic diseases, such as hepatitis B, and behavioral change, which can
be part of hepatitis C care (Bodenheimer and Bauer, 2016). Team-based
care also requires support from new types of health professionals, such as
care coordinators, who can have more of the routine responsibility for the
logistics of clinic visits and for check-ins to help avoid hospitalization (Ge
and Runyon, 2016). With more staff working to manage any patient’s case,
it becomes important to organize patient information and have it accessible
to the care team, as in the IMPACT program.

Inclusion of Special Populations

Viral hepatitis often affects people who are hard to reach: people who
were born abroad, who are underinsured, who have substance use disor-
ders and may have other mental health problems, and who are or have
been imprisoned (NASEM, 2016). Hepatitis B and C cannot be eliminated
without reaching these populations, something that requires extra effort.
This effort is often unrewarded. The time and resources needed to coordi-
nate care for such patients is not accurately captured in the Medicare and
Medicaid reimbursement system, which has a bias toward in-patient care
and paying for clinical services (Martyn and Davis, 2014). This imbalance
could undermine the viral hepatitis elimination program.

The people with the most serious need for health care, including those
who are poor or have behavioral health problems, rarely have a single of-
fice to coordinate their services (Blumenthal and Abrams, 2016; Druss and
Walker, 2011). Without a single entity responsible for managing care, the
process can disintegrate. Case management may be the key to avoiding such
problems (Johnson et al., 2016). More holistic care keeps high-risk patients
engaged with the health system over time (Martyn and Davis, 2014). The
right strategy to achieve such care may vary by setting and by the particular
group. In any case, bringing hepatitis services to challenging populations
will be an integral part of hepatitis elimination, and as such it warrants
more explicit attention from the federal and state agencies involved, as well
as from various local and community organizations.

The Ryan White Comprehensive AIDS Resources Emergency Act of
1990 (hereafter, the Ryan White Act) was passed in response to a similar
problem with HIV services in uninsured and underinsured people (HRSA,
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2016a). HRSA works with state and local health departments to adminis-
ter the program, tailoring services to meet local needs (HRSA, 2015). The
Ryan White Act provides a key safety net for vulnerable groups (Sood et
al., 2014). It also provides states with grants to improve the organization
of HIV care and support services (HRSA, 2016a). The specific services
supported are chosen by state or territorial authorities in consideration of
local needs, but can include case management, transportation, and language
interpretation (HRSA, 2016c¢). A system of the same flexibility and breadth
would be needed to reach the marginalized populations suffering from viral
hepatitis.

Recommendation 5-3: The Department of Health and Human Services
should work with states to build a comprehensive system of care and
support for special populations with hepatitis B and C on the scale of
the Ryan White system.

The Ryan White program gives states incentives to reach vulnerable
patient groups, something that would greatly benefit viral hepatitis elimina-
tion efforts. The committee recognizes that building a parallel program with
the reach of the Ryan White Act for viral hepatitis might not be feasible; at
best it is not within the control of any health department. It may, therefore,
be most efficient to try to build outreach activities for viral hepatitis onto
existing Ryan White programs, albeit using separate funding for services
for HIV-negative people.

The Ryan White Act already reaches viral hepatitis patients who also
have HIV, the vast majority of whom have a history of injection drug use
(Grebely et al., 2013; Thomas et al., 2011). In Rhode Island, for example,
an HIV clinic used Ryan White funds to improve adherence to hepatitis C
treatment among people who inject drugs (Taylor, 2005). Some states use
their Ryan White program to treat substance use disorder (Arkansas De-
partment of Health, n.d.; Baltimore City Health Department, n.d.; Fischer,
2012; Honeck and Dolansky, 2011; Kansas Department of Health and
Environment, n.d.; West Virginia Department of Health and Human Re-
sources, n.d.). Between 2011 and 2014, HRSA sponsored 29 programs to
treat hepatitis C in Ryan White clients (Doshi and Tinsley, 20135). In all of
these instances, however, the beneficiaries have both HIV and viral hepa-
titis. Currently the terms of the Ryan White Act and HRSA’s AIDS Drug
Assistance program are clear that funding may not be used for broader pre-
vention activities or for services for people not infected with HIV (HRSA,
n.d.-a).

It would take time for the Department of Health and Human Services
(HHS) to implement a Ryan White like program for hepatitis B and C. In
the meantime, the CDC and HRSA would do well to build more flexibility
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into their grant structure to allow state and local jurisdictions to support
viral hepatitis prevention and linkage to care. Especially when it comes to
testing and counseling, states should be allowed to build on existing infra-
structure developed for HIV.

There are also viral hepatitis patient groups who do not overlap with
the Ryan White population. Federally qualified health centers (FQHCs)
may be an efficient way to reach these groups. The Bureau of Primary
Health Care awards FQHC designation to organizations that offer compre-
hensive health services to underserved populations with a sliding fee scale
(HRSA, n.d.-b). The HHS report The Community Response to Viral Hepa-
titis highlighted the work of FQHCs in educating and screening high-risk
groups, as well as in developing strategies to ensure patients are retained
in care (HHS, 2016). The centers also have good reach into rural areas,
as shown in Figure 5-1. Box 5-2 describes the hepatitis and substance use
programming of an FQHC that works with homeless people in Boston.

Between 2008 and 2016 the CDC supported state viral hepatitis pre-
vention coordinators in five cities (Chicago, Houston, Los Angeles, New
York, and Philadelphia) and all states except South Dakota (CDC, 2012b).

FIGURE 5-1 Federally qualified health centers in rural and suburban areas.
NOTE: Alaska and Hawaii not to scale.
SOURCES: HRSA, 2016b; Rural Health Information Hub, 2016.
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BOX 5-2
Boston Health Care for the Homeless Program

Boston Health Care for the Homeless Program is a federally qualified health
center that provides a variety of primary care and behavioral health services
through an integrated care model to Boston’s homeless population in several
practice sites across the city (Boston Health Care for the Homeless Program,
n.d.-b). The organization also offers special treatment and management services
for hepatitis C patients (Boston Health Care for the Homeless Program, n.d.-a).

Fatal opioid overdoses increased 50 percent from 2014 to 2015 in Boston,
and opioid abuse causes 80 percent of all deaths among the city’s homeless
(Gaeta et al., 2016; Pfeiffer, 2016). Clinic staff were called to opioid overdoses in
their waiting room and bathrooms and in the nearby alley several times a week
(Gaeta et al., 2016). In response, they opened a drop-in room for supervision of
overly sedated people (Gaeta et al., 2016). The room (which is not a supervised
injection site) has space for eight people to be monitored by a nurse who can
provide naloxone and supplemental oxygen if needed (Gaeta et al., 2016). Clients
of the room often mix a combination of opioids, such heroin and fentanyl, with
various anti-anxiety and anti-convulsant medications. The resulting syndrome is
more complex than a typical opioid overdose and requires several hours of close
monitoring and additional medical care (Gaeta et al., 2016). People who use the
supervision room are connected to the organization’s services such as hepatitis
C testing and care, substance use disorder treatment, harm reduction informa
tion, and peer support. The organization recorded 983 visits from 218 clients
within the program’s first 15 weeks, with fewer than 15 necessary transfers to the
emergency room (Gaeta et al., 2016).

Boston Health Care for the Homeless Program consulted people who inject
drugs, neighborhood organizations, and city and state officials before opening the
drop-in room with grant funding from The Blue Cross Blue Shield of Massachu
setts Foundation and other private sources (Gaeta et al., 2016). The Massachu
setts Society of Addiction Medicine and the Boston Public Health Commission,
which operates a syringe exchange program nearby, also support the program
(Gaeta et al., 2016; Pfeiffer, 2016).

The coordinators would be an invaluable part of any effort to bring viral
hepatitis services to a wider population. In Hawaii, for example, the coor-
dinator’s office developed hepatitis B education materials in the Chuukese,
Ilocano, Marshallese, Samoan, and Tongan languages (CDC, 2012b). In
Maine, they supported free immunization sites at sexually transmitted dis-
ease clinics, prisons, a clinic for homeless people, and five FQHCs (CDC,
2012b). However, in 2016, the CDC redirected the program that supported
the viral hepatitis prevention coordinators toward improving testing and
linkage at federally qualified health centers and safety-net hospitals and
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their affiliated clinics, and away from specific support of a hepatitis coor-
dinator position.

Behavioral health problems often contribute to the challenge of reach-
ing people with hepatitis, making it important to support them with a
range of services, such as appointment reminders, help with insurance
forms, transportation to clinics, and addiction counseling. Barriers to
accessing and continuing in care fall into four main categories: logistical
and child care; coordination, meaning the overall difficulty of navigating
the health system; individual, referring to the patient’s own mental and
physical health problems that can impede functioning; and systemic, such
as poverty and stigma (Broeckaert and Challacombe, 2015).

Defining the Special Populations for Viral Hepatitis Elimination

Some patients are less accessible than others. While it is not always easy
to predict who will need more attention or supportive services, there are
certain populations whose relative isolation and high burden of viral hepa-
titis make them essential targets for any hepatitis elimination campaign.
Some situations worthy of concentrated outreach are described below (in
no particular order).

Cultural and language barriers People born in HBV-endemic countries ac-
count for about 95 percent of new cases of chronic hepatitis B in the United
States (Hu, 2008; Mitchell et al., 2011). Among the 929 Asian Americans in
the NHANES® study, the prevalence of chronic hepatitis B is around 3 per-
cent, 10 times higher than in the general population (Roberts et al., 2016).
Among women of childbearing age, the prevalence of chronic hepatitis B
was 8.9 percent among people born in Asia, compared to 0.14 percent
among Asian Americans born in the United States (Smith et al., 2012). For
comparison, an estimated 0.71 percent of African Americans, 0.08 percent
of whites, and 0.03 percent of Hispanics have chronic hepatitis B (Smith et
al., 2012). By some estimates, Asian Americans comprise more than half
of the country’s chronic hepatitis B cases (CDC, 2013). Nevertheless, only
35 to 60 percent of Asian Americans have been screened for HBV (CDC,
2013; Cohen et al., 2008; Hutton et al., 2007; Roberts et al., 2016; Sarpel
et al., 2016).

Screening for HBV at Asian American cultural events is a strategy to
identify more infected people, but one that has yielded mixed results (Hyun
et al., 2016; Woo et al., 2013). Some evidence suggests that connecting the
HBsAg+ patient to care is the bigger challenge (Hyun et al., 2016; Tran,
2009). Hepatitis B carries a pronounced stigma in some Asian communities

¢ Officially, the National Health and Nutrition Examination Survey.



SERVICE DELIVERY 127

(Tran, 2009; Yoo et al., 2012). In a discussion of barriers to hepatitis B
treatment, Tram Tran described a Taoist preference for the natural course
of things and a complementary Hmong belief in predestination and “indif-
ference toward suffering” (Tran, 2009). She also cited the isolation of not
having an English speaking family member older than 14 in a household
(Tran, 2009). By this measure, almost half of Vietnamese immigrant house-
holds and more than one-third of Chinese, Hmong, Korean, and Taiwanese
ones are isolated (Tran, 2009).

Health workers from the same ethnic and language groups as the target
patients can help expand the reach of hepatitis B services. Such health work-
ers have been shown to improve knowledge of hepatitis B among Chinese
and Cambodian Americans, but with less effect on testing behavior (Taylor
et al., 2009, 2013). Other research among Asian Americans has shown that
reminders from lay health workers can motivate vaccination and linkage to
care (Hyun et al., 2016; Juon et al., 2016). An ongoing randomized trial is
exploring the use of patient navigators and mobile messaging to improve
care for Asian Americans with chronic hepatitis B (Chak et al., 2016).

Homeless or unstable housing People who live on the street or in shelters,
single room occupancy facilities, or transitional housing even occasionally
are at elevated risk of death, about a three to nine times higher risk after
controlling for age (Baggett et al., 2013; Hibbs et al., 1994; Zivanovic et
al., 2015). At any given time, there are over half a million such people in
the United States, though the biannual survey used to count them is biased
in ways that invariably underestimate the true population (The Economist,
2016; The National Alliance to End Homelessness, 2016). Homeless people
have twice the odds (as compared to housed people) of having their medical
needs go untreated (Lebrun-Harris et al., 2013).

A meta-analysis of data from seven countries on the burden of infec-
tious disease in homeless people found hepatitis C to be more common than
HIV or tuberculosis (Beijer et al., 2012). In the United States, almost a third
of homeless people are thought to have HCV antibody, though published
estimates range from 7.5 to 52.5 percent (Edlin et al., 2015). A study in
Los Angeles found that only about 30 percent of homeless, HCV-infected
persons had been diagnosed and informed of their infection, though other
research from the same group suggested the same proportion diagnosed as
in the general population (Gelberg et al., 2012; Stein et al., 2012).

Managing hepatitis care for people in unstable housing is challenging,
but recent promising examples in Boston suggest it is possible. Boston
Health Care for the Homeless, the FQHC described in Box 5-2 recently
developed a protocol for treating hepatitis C in its clients (Barocas et
al., 2017). After 12 weeks, 97 percent had sustained virologic response
(Barocas et al., 2017). The program made use of care coordinators and
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nurses to manage the patients’ paperwork, appointments, and adherence
to treatment (Beiser, 2016). Outreach workers can also be helpful in build-
ing connections with this population and encouraging the use of services
(Zlotnick et al., 2013). Provider teams may also find mobile phones useful
for staying in contact with transient patients (Asgary et al., 2016; Mclnnes
et al., 2014).

Lack of stable housing can be both a cause and an effect of substance
use, itself a risk factor for HBV and HCV infection (Aidala et al., 2005;
Tompsett et al., 2013; Zivanovic et al., 2015). Outreach to people in un-
stable housing may, therefore, overlap with harm reduction and substance
use treatment programs.

Ongoing substance use disorders and mental health problems The Sub-
stance Abuse and Mental Health Services Administration estimates that
43.6 million American adults have a mental illness that interferes with
life activities; for about 4 percent of them the illness is considered severe,
meaning it substantially limits life activities (SAMHSA, 2015). Substance
use is also common, affecting 21.5 million Americans older than 12, about
8 percent of the population (SAMHSA, 2015). People diagnosed with a
drug disorder often have comorbid mental health problems; compared to
someone without a drug problem, they are about twice as likely to have
mood (e.g, bipolar, major depressive disorder) or anxiety disorders (e.g,
phobias, panic disorder) (Conway et al., 2006; NIDA, 2010).

Injection drug use is the behavioral health problem most closely as-
sociated with hepatitis B and C (CDC, 2016f). In the United States, almost
three-quarters of people who inject drugs have HCV antibody; older esti-
mates put the prevalence of HBsAg in the same group around 12 percent,
roughly consistent with worldwide estimates (Grebely et al., 2015; Nelson
et al., 2011). People who inject drugs can be challenging patients. They
often have logistical problems making appointments, and some distrust the
health system (Taylor, 2005). There is evidence that these patients do better
in primary care than specialty clinics, especially if the providers treat them
with compassion and respect and make an effort to build trust (Reimer and
Haasen, 2009). Patient management may also require the collaboration of
social workers and different kinds of providers (Bruggmann and Grebely,
2015; Bruggmann and Litwin, 2013; Hill et al., 2008).

One promising strategy for reaching this group is to treat hepatitis C
in addiction clinics, involving a hepatologist or infectious disease specialist
when necessary (Bruggmann and Grebely, 2015; Bruggmann and Litwin,
2013; Reimer and Haasen, 2009). Even in the days of pegylated interferon
therapy, a far worse-tolerated course of treatment than direct-acting an-
tivirals, methadone maintenance and addiction clinics had good success
at treating HCV infection (Harris et al., 2010; Wilkinson et al., 2009).
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Though a recent WHO review found the quality of the evidence regarding
the effectiveness of most strategies to prevent viral hepatitis in people who
inject drugs to be low, it encouraged syringe exchange and HBV immuni-
zation, especially with a high-dose, accelerated vaccine regimen (Walsh et
al., 2014).

As discussed in Chapter 4, the opioid epidemic is drawing attention
to substance use problems, including those in rural areas and small towns,
and among people younger than 35, who are difficult to engage in care
(Altarum Institute, 2013). Reaching these patients, and all people with
substance use and mental health problems, requires sensitivity and effort;
organizations working closely with the target patients may be in the best
position to facilitate this.

Recently incarcerated Prisoners are often poor, and many have a history of
substance use disorder. Data from the Bureau of Justice Statistics suggest a
median annual income for recently incarcerated men of less than $20,000
in 2014 dollars, for recently incarcerated women of less than $14,000
(Rabuy and Kopf, 2015). During incarceration, inmates are dropped from
Medicaid. A 2014 survey of medical directors found that fewer than 20
percent follow CDC recommendations for discharge planning of inmates
(Solomon et al., 2014). It can take months after release to re-enroll even for
the most motivated beneficiary (Solomon et al., 2014). Easing the ability
of prisoners to re-enroll in Medicaid or private insurance can smooth the
transition from prison life.

More than 90 percent of prisoners re-enter civilian society (Bushway,
2006; Neate, 2016; Rich et al., 2014). Release is a time of heightened risk
for the inmate. In the first 2 weeks after release, the former prisoner’s risk of
death is almost 13 times higher than that of controls of the same age, sex,
and race (Binswanger et al., 2007). Among people with a history of injec-
tion drug use (the same patients at highest risk of hepatitis B and C), death
from overdose is about 12 times more likely (Binswanger et al., 2007). Viral
hepatitis and accompanying substance use problems should be addressed as
much as possible in the highly structured prison environment, for reasons
discussed later in this chapter. Nevertheless, most prisoners, especially those
with hepatitis B, will need help to ensure continued medical care.

Underinsured The Commonwealth Fund estimates that 31 million
Americans are underinsured, meaning that their out-of-pocket health costs
are more than 10 percent of their household income (or 5 percent of
household income for people under 200 percent of the federal poverty line)
(Collins et al., 2015). This includes a fifth of people with insurance from
their employers, and slightly more than a fifth of Medicaid beneficiaries
(Collins et al., 2015). But by far the most represented group among the
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underinsured is Medicare beneficiaries (people over 65 or disabled), who
account for more than 40 percent of the total (Collins et al., 2015). This
group has considerable burden of hepatitis B and C; the CDC estimates
that people 55 and older account for over a quarter of chronic hepatitis B
infections and almost 40 percent of those with hepatitis C (CDC, 2016f).

Underinsured people are more likely to forgo medical care when they
need it (Collins et al., 2015; McCarthy, 2015). Forgoing hepatitis care may
be particularly tempting, as HBV and HCV infections are both clinically si-
lent until their late stages (Chen and Morgan, 2006; Post et al., 2011). The
underinsured are also a less easily distinguishable group then some other
high-risk patients. It is not usually obvious which patients in a practice
are near poverty, on a fixed income, or have a high deductible health plan.
On the other hand, outreach to underinsured patients is at least possible.
By definition, all of them have some contact with the health system. With
this in mind, a medical social worker or patient navigator might determine
which patients in a practice were vulnerable to forgoing care and act to
prevent it.

The Opportunity to Treat Incarcerated Patients

CDC estimates from the early 2000s put the prevalence of hepatitis C in
jails and prisons between 12 and 35 percent, and the prevalence of chronic
HBYV infection between 1 and 3.7 percent (Weinbaum et al., 2003). A 2015
survey by the American Correctional Association concluded that relatively
few prison systems collect the information necessary to measure prevalence,
but among those that do, estimates of hepatitis C prevalence range from 8
to 10 percent on the low end and 17 percent at the high end (Maurer and
Gondles, 2015). A recent, small survey in Wisconsin is representative of
the lower end of this distribution, finding about 8 percent of inmates had
chronic hepatitis C, and 6 percent had chronic HBV infection (Stockman
et al., 2016). The northeast may have a higher disease burden. Research
among Pennsylvania inmates between 2004 and 2012 found about 18
percent had HCV antibody (Larney et al., 2014). The authors did not re-
port prevalence of chronic hepatitis C, but given spontaneous cure rates of
one-fifth to one-third, a Pennsylvania prison prevalence of about 12 to 15
percent is plausible. Similarly, a 2014 study of New York City jail records
found a 20 percent prevalence of HCV antibody, suggesting a similar 14
to 16 percent prevalence of chronic hepatitis C (Akiyama et al., 2016).
All this is broadly consistent with Lancet estimates putting the prevalence
of chronic hepatitis B in North American prisoners between 0.3 and 3.1
percent, and HCV antibody between 13.1 and 17.7 percent (Dolan et al.,
2016).

Even at the low end of the prevalence distribution, prisoners bear a
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disproportionate burden of viral hepatitis. Unprotected sex and needle shar-
ing, both risk factors for viral hepatitis, are common in correctional facili-
ties (Macalino et al., 2004; Rubin, 2016). Therefore, prisons are sometimes
seen as an amplifying reservoir for viral hepatitis (Macalino et al., 2004).
The irony of this problem is that correctional facilities are, at the same time,
ideal venues in which to test and vaccinate against hepatitis B and to test
for and treat hepatitis C. Directly observed therapy is the norm and risk
of drug diversion is low. Prisoners are disproportionately poor and male, a
group often out of contact with the health system (Fox et al., 2005; Rabuy
and Kopf, 2015; Weinbaum et al., 2005).

A 6-week course of ledipasvir-sofosbuvir has been shown effective at
treating acute hepatitis C and well-tolerated by even the sickest patients
(Deterding et al., 2016). Treating hepatitis C in its earliest stages reduces
the duration of the disease and its associated morbidities, and could help
limit the spread of hepatitis C in high-risk populations such as prisoners
(Deterding et al., 2016). Still, only half of prison systems responding to an
American Correctional Association survey reported having a clinical guide-
line regarding treatment of hepatitis C (Maurer and Gondles, 2015). The
success of the elimination effort may well depend on reaching imprisoned
patients, more than 90 percent of whom re-enter the general population
(Bushway, 2006; Neate, 2016; Rich et al., 2014). Returning these inmates
to their communities vaccinated against HBV and cured of hepatitis C
would be an invaluable step toward elimination.

The expense of testing, vaccination, and treatment may be a limiting
facor for state correctional officers (Maurer and Gondles, 2015; Weinbaum
et al., 2005). Strategies to defray the costs of treatment in prisons, especially
at the state and local levels, are discussed in Chapter 6.

Recommendation 5-4: The criminal justice system should screen, vac-
cinate, and treat hepatitis B and C in correctional facilities according
to national clinical practice guidelines.

Having sufficient staff to test prisoners for viral hepatitis and, depend-
ing on the result, manage prevention or treatment programs can be a prob-
lem for the correctional system. Less competitive salaries and the challenges
of the work environment make it difficult to recruit health professionals to
prison jobs; 90 percent of respondents to a 2016 survey of state and federal
prisons and large jails reported such problems (Gondles et al., 2017). The
Department of Justice review found adequate medical staffing in only about
25 percent of federal prisons (DQOJ, 2016). Correctional facilities usually fill
gaps by contracting with local providers (Ellis, 2009). Most state prisons
also use a combination of on- and off-site providers (Chari et al., 2016).
There are no comprehensive data on providers in local prisons and jails, but
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the use of local providers and correctional medical corporations appears
to be common in jails (Shalev et al., 2011). For-profit companies may also
provide about half of medical care for state and local correctional facilities
(Von Zielbauer, 2005).

It is not realistic to expect any jail or prison to employ the full range of
health providers their inmates may need. Off-site provider visits are neces-
sary, but add expense and logistical complications; a guard must accom-
pany an inmate traveling to a clinic, for example. Telehealth for specialist
visits to inmates is a particularly useful strategy in correctional facilities
(Schiff, 2014). Only 30 of the 45 states responding to the 2016 National
Survey of Prison Health Care reported using telemedicine, however (Chari
et al., 2016). Concerns about malpractice and the legality of using providers
licensed in other states may be preventing some correctional health officers
from using telemedicine (NCCHC, 2016). The National Commission on
Correctional Health Care position supports telemedicine in correctional fa-
cilities, allowing that all providers must be properly licensed in the inmate’s
state, and that alternative arrangements be made for urgent and emergency
care and for in-person exams when necessary (NCCHC, 2016).

The previous section discussed the efficient use of telemedicine to sup-
port primary care providers in managing hepatitis patients. The same can be
done to support primary care providers who manage viral hepatitis patients
in correctional facilities. The use of telemedicine is consistent with recom-
mendations from the national commission, and a modest majority of state
prisons are already moving toward phone and video health consultations
(NCCHC, 1998; Schaenman et al., 2013). Viral hepatitis elimination may
provide an impetus to make better use of these services for incarcerated
patients.

Hepatitis B in Correctional Facilities

Prisons and jails have a constant rotation of inmates, sometimes in
close quarters. The mixing of people and opportunities for disease transmis-
sion make immunization a priority for correctional health officers (Sequera
et al., 2013). Hepatitis B can be a particular risk, motivating the British
government’s target of 80 percent of inmates being vaccinated against HBV
in the first month of incarceration (Sequera et al., 2013; U.K. Department
of Health, 2009). Fewer than half of British prisons reported meeting this
target in a recent survey, however (U.K. Government, 2011).

Immunization in jails and prisons has proven challenging in the United
States as well. A 2000 survey of 35 states and the Federal Bureau of Prisons
found only Texas and Michigan routinely offered hepatitis B immunization
to prisoners (Charuvastra et al., 2001). Twenty-six prison systems said
they would vaccinate more widely if the vaccine were free, though nine
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states indicated that free hepatitis B vaccine would not be enough because
of staffing and infrastructure problems (Charuvastra et al., 2001). More
recent survey data suggest that about two-thirds of state prisons (covering
about 84 percent of state inmates) have a hepatitis B vaccination policy; in
most the policy is to vaccinate at the inmate’s request or because of a risk
factor for HBV acquisition (BJS, 2004). Even these policies may be observed
mostly in the breach. Of the 190 prisons reporting a universal hepatitis B
immunization policy, 80 percent had not vaccinated anyone in the year
before the survey (BJS, 2004; Weinbaum et al., 2005).

The 2016 National Survey of Prison Care found that 32 of 45 par-
ticipating states offered hepatitis B testing to incoming inmates, but 21 of
those tested only if the inmate had had a clinical indication for it (Chari et
al., 2016). Wider attention to testing could draw attention to the related
question of immunization. If many inmates are shown to be vulnerable to
infection, prison health officers might be able to make a stronger case to
their state authorities for support of hepatitis B immunization.

Hepatitis C in Correctional Facilities

In 2003, the CDC recommended screening all inmates with a history
of injection drug use for hepatitis C (Macalino et al., 2005; Weinbaum et
al., 2003). In prisons with a relatively lower prevalence of HCV, screening
only inmates who report certain risk factors may be adequate. Research in
Wisconsin found that screening inmates with a history of injection drug use
and those born between 1945 and 1965 would correctly identify about 92
percent of patients with a history of HCV infection (Stockman et al., 2016).
In higher prevalence settings, opt-out screening may be necessary. In Rhode
Island, over 65 percent of male and 44 percent of female inmates with a his-
tory of HCV infection did 7ot report any prior injection drug use (Macalino
et al., 2005). In California, where 43 percent of inmates reported a history
of injection drug use, other notable risks for HCV infection were having a
sexual relationship with a man who injects drugs and age, with older people
and those imprisoned longer having elevated risk of infection (Fox et al.,
2005). Pennsylvania researchers also found that screening inmates based
only on risk factors for infection would have missed about three-quarters
of people with HCV infection (Kuncio et al., 2015).

Concerns about adequacy of follow-up may have prevented correc-
tional officials from pursuing wider screening in the past (Kuncio et al.,
2015). Such concerns remain challenging, but the drug purchasing ar-
rangements discussed in Chapter 6 should give prison systems access to an
affordable, steady drug supply. The use of telemedicine to link inmates to
specialists will also be helpful when necessary, and evidence suggests that
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primary care providers have no higher rate of adverse events in treating
hepatitis C than specialists do (Baker et al., 2014; Ho et al., 2015, 2016).
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Financing Elimination

cessful disease elimination programs around the world. The goals

set out in Chapter 2 are feasible but ambitious, set in recognition of
the United States’ resources and its responsibility to the global viral hepa-
titis elimination effort. This report describes the committee’s assessment
of the best strategy for meeting these targets. The previous chapters have
described ways to expand preventive services and treatment, strategies for
reaching new patients, and ensuring successful treatment for those already
in care. Eliminating the public health problem of hepatitis B and C is still
a bold goal, and reaching it will require more money for prevention and
treatment. This chapter discusses strategies to increase funding for viral
hepatitis elimination and ways to reduce the cost of treatment.

l l1inamcial backing from government has been a characteristic of suc-

AN INCREASED PATIENT BURDEN

Eliminating viral hepatitis will require increasing the preventive and
therapeutic services currently available. The models presented in Chapter 2
depend on improvement to the diagnosis, treatment, and care of viral hepa-
titis patients. There will be an expense to finding these patients, as well as
to the improved harm reduction, vaccination, and prevention of mother-
to-child transmission programs described in Chapter 4 and the changes in
service delivery recommended in Chapter 5.

But failure to act against viral hepatitis will also come at a high cost.
The burden of hepatitis C, for example, is greatest among people born be-
tween 1945 and 1965 (Smith et al., 2012; USPSTE, 2013). As these patients

147



148 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C

age, more of them will develop liver cancer and cirrhosis. Increasing cost
and greater demand for treatment will put a particular strain on govern-
ment payers (Pyenson et al., 2009). By a 2009 reckoning, Medicare alone
stood to absorb a fivefold increase in hepatitis C expenses (from $5 to $30
billion per year) between 2009 and 2030 (Pyenson et al., 2009). The intro-
duction of direct-acting antiviral therapies has only increased this estimate.
A recent analysis estimated $136 billion in hepatitis C drug costs between
2015 and 2020 in the United States, of which government payers would
fund $61 billion (Chhatwal et al., 2015).

Such estimates do not begin to account for later consequences of
chronic viral hepatitis. Hepatitis C virus (HCV) infection has been a cause
of about 2,000 liver transplantations a year over the last 15 years (HRSA,
2016b; Luu, 2015; Razavi, 2016). Chronic hepatitis B virus (HBV) infec-
tion, though considerably less common in the United States, accounts for
another 6 percent of transplantations, over 400 annually (HRSA, 2016b;
Luu, 2015). Transplantation poses complicated ethical questions to society,
driven in part by the scarcity of donor organs relative to the number of
transplant candidates. Action to prevent the downstream consequences of
HBV and HCV infection would reduce this scarcity for the nearly 15,000
patients a year on the liver transplant list (HRSA, 2016c¢). Such action
would clearly benefit these patients, almost 30 percent of whom die on the
waiting list (Gheorghe et al., 2005; Kim et al., 2016).

A more direct estimate of the cost of inaction against viral hepatitis
is shown in Chapter 2. Improving the diagnosis, treatment, and care for
hepatitis B patients could result in a 50 percent cumulative reduction in
HBV-related deaths by 2030. Similar measures, combined with unrestricted
treatment of all hepatitis C patients, could result in a 65 percent reduction
in the annual number of HCV-related deaths in 2030 compared to 2015. It
is difficult to measure the cost to society of averting 90,000 deaths over the
next 15 years. For the purposes of economic analysis, the Environmental
Protection Agency assigns a statistical value of $7.4 million! to a life saved
(EPA, n.d.). At this rate, the cost of neglecting hepatitis elimination is over
$666 billion before 2030.

The World Health Organization (WHO) reckons that viral hepatitis
elimination could cost up to $11 billion a year by 2025 (Alcorn, 2015).
In theory, the United States’ share of this sum should be considerably less,
almost modest in the face of the human and financial costs of inaction.
But the WHO estimate does not account for the high cost of health care in
the United States, especially the high price of innovator pharmaceuticals.
Between 2014 and the first quarter of 2016, the United States spent over
$25 billion on hepatitis C direct-acting antivirals alone (Altarum Institute,

1 In 2006 dollars.



FINANCING ELIMINATION 149

2016; Roy et al., 2016). The cost of viral hepatitis elimination could easily
spiral without government supervision.

While elimination of hepatitis B and C as public health problems is
possible in the United States, the goal cannot be met without increased ap-
propriations. Congress is in the best position to marshal funds to implement
the strategy outline in this report. In 2016, it allocated over a billion dollars
to treat hepatitis C in veterans (Leston and Finkbonner, 2016; VA, 2016b).
The committee commends this decision and sees complementary spending
on testing and treatment among a wider patient group as the best strategy
to protect the taxpayers’ investment. One way to increase spending on viral
hepatitis would be a discretionary program either modeled on or adapted
from the Ryan White Comprehensive AIDS Resources Emergency Act of
1990 (hereafter, the Ryan White Act).

A Discretionary Program

A discretionary program allows legislators a straightforward way to
track the effects of their spending. Programs targeted to a specific disease
are relatively easy to monitor over time. For viral hepatitis, the time in ques-
tion is short—only 15 years. It might, therefore, be most efficient to use an
existing framework to reach these patients. As discussed in Chapter 5, the
Ryan White Act provides for HIV patients who cannot otherwise afford
treatment, including full HCV treatment for beneficiaries who also have
hepatitis C. Because there is significant overlap in risk factors for HIV and
HCYV, outreach and social services for people with HIV could be used for
HCV patients.

About a third of HIV patients in the United States have viral hepatitis
infections (CDC, 2014b). HBV and HCV are particularly dangerous to
someone with HIV: the infections progress more quickly, and the risk of
liver failure and liver-related death can be triple that of someone without
HIV (CDC, 2014b; Grebely et al., 2013; Lo Re et al., 2014; Price and Thio,
2010; Thomas et al., 2011). With this in mind, the Health Resources and
Services Administration (HRSA) recently reminded Ryan White program
managers of their responsibility to screen HIV patients for HCV, and of
guidelines for treating viral hepatitis with HIV coinfection (HRSA, 2015).
Ryan White beneficiaries disproportionately represent groups at high risk
of viral hepatitis. HRSA estimates that about 45 percent of its ~500,000
Ryan White clients are men who have sex with men; another 8.3 percent
use injection drugs; roughly half fall in the 1945 to 1965 birth cohort
(HRSA, 2016d). The program also reaches patients whom other assistance
programs may not. As of 2013, before the Affordable Care Act was fully in
effect, more than a quarter of Ryan White clients were uninsured (HRSA,

2016d).
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One of the most meaningful features of the Ryan White Act is the AIDS
Drug Assistance Programs it established in every state. Even states with a
low disease burden received $500,000 infrastructure awards (IOM, 2004;
Martin et al., 2006). Setting eligibility for assistance and enrollment in the
program is a state responsibility; states purchase the drugs at discounts of
25 to 50 percent through the 340B program discussed later in this chapter.
Patients enrolled in the program can seek treatment from any provider,
but the state covers their medicines, an exception to the general rules of
the 340B program. States have also negotiated directly with manufacturers
for discounts beyond what 340B offers (Kaiser Health News, 2003). With
help from the National Alliance of State and Territorial AIDS Directors,
the states were able to reduce the cost of HIV drugs for Ryan White clients
by $300 million below the 340B discount price in 2014 (ADAP Crisis Task
Force, 2016). Cumulative savings between 2003 and 2014 for these patients
were more than $2.3 billion (ADAP Crisis Task Force, 2016).

The drugs that cure hepatitis C infection are expensive, a problem
discussed in the next section. The antivirals used to treat chronic hepatitis
B are also costly. The Red Book lists a wholesale price for a year’s supply
of entecavir and its generic version at $16,467 and $8,252.16, respectively
(Truven Health Analytics, 2017). The average annual cost for tenofovir,
for which no generic version exists, is listed at $11,973 (Truven Health
Analytics, 2017). For Medicare Part D beneficiaries, out-of-pocket costs
for both drugs range from about $10,000 to $18,000 (Q1Medicare, 2016).
Both are listed on Medicare’s formulary as tier 5 specialty drugs, for which
patients can expect to pay 25 to 33 percent, though some drug companies
offer discounts to offset the out-of-pocket costs (Bristol-Meyers Squibb,
n.d.; Gilead, n.d.; Q1Medicare, n.d.).

Since 2003, states have also been able to assist Ryan White beneficiaries
with health insurance costs, such as premiums, coinsurance, co-pays, and
deductibles, as long as the private insurer provides prescription drug cover-
age equivalent to what the state’s AIDS Drug Assistance Program would
offer (HRSA, 2007, n.d.-d). The goal of this adjustment is to improve ef-
ficiency and save money, and HRSA is clear that in order for a health plan
to be subsidized by the state, the cost sharing strategy needs to be cheaper,
at least in aggregate, than purchasing the HIV drugs directly (HRSA, 2014).
More importantly, this combination of access to the 340B prices and the
ability to share the cost of private insurance allows states to stretch their
drug assistance funding (HRSA, 2007, 2016a).

Nevertheless, as of June 2016, the National Alliance of State and Ter-
ritorial AIDS Directors found that only 20 states covered direct-acting
antivirals to treat hepatitis C in their AIDS Drug Assistance Program for-
mularies (NASTAD, 2016). Treatment of people infected only with HBV
or HCV (and not HIV) is disallowed under the Ryan White Act, the last
reauthorization of which expired in 2013 (Kaiser Family Foundation, 2017;
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Schmid, 2016; Stand, 2015). Permission to use Ryan White funds for this
purpose would have to come from a statutory change.

As Chapter 5 discussed, Ryan White is the ideal infrastructure for
reaching at least those hepatitis C patients who inject drugs. State Ryan
White coordinators have, for the most part, already given extensive thought
to questions of outreach among these patients and strategies to improve
their adherence to treatment (CDPH, n.d.; Taylor, 2005). On the other
hand, direct-acting antiviral therapy takes only 2 or 3 months. The strategy
of buying insurance on behalf of a patient is less necessary for someone
whose treatment will last only a short time. There is no reason states could
not use their savings from cost sharing with private insurance companies
to treat hepatitis C, however. By the same token, hepatitis B patients, who
have a chronic viral infection, might be suitable candidates for assistance
with health insurance.

Any modifications to the Ryan White Act should make it clear that any
services for viral hepatitis patients would be in addition to the program’s
goal of supporting treatment for poor and uninsured HIV patients. It is also
important to remember that the Ryan White Act was passed out of concern
for poor and uninsured people facing a lifetime of expensive HIV treatment.
Loosening restrictions on its funding to cover expensive direct-acting agents
would be entirely consistent with the spirit of the law. It would also hasten
the elimination of two chronic viral infections that pose particular risk to
people with HIV.

A PURCHASING STRATEGY FOR MEDICINES

Government appropriations can go a long way to meeting the increased
demand for services, vaccination, and treatment that viral hepatitis elimina-
tion will pose. At the same time, the political climate can sometimes prevent
congressional action on public health problems. A federal appropriation of
$1.1 billion for the response to Zika, a mosquito-borne virus that causes
serious birth defects, was blocked for weeks during peak mosquito season
in 2016 (Herszenhorn, 2016; McCarthy, 2016). If legislators cannot al-
locate funding for a disease with devastating consequences for newborns,
it is realistic to consider the possibility that they will not come to quick
agreement on spending for a disease widely associated with illicit drug use.

The price of the direct-acting antivirals that cure HCV infection is
a major obstacle to wider treatment. Introduced at a list price of about
$84,000 for a course of treatment, Gilead’s Sovaldi®? (and later Harvoni®3
introduced at $94,500 a course) put a strain on the budgets of public and

2 The U.S. proprietary name of 90 mg of the viral NSSA inhibitor ledipasvir and 400 mg of
sofosbuvir, a nucleotide inhibitor of the viral RNA polymerase.
3 The U.S. proprietary name for sofosbuvir.
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private payers alike (Fegraus and Ross, 2014). By some estimates, intro-
duction of these medicines accounted for a third of the sharp increase in
prescription drug expenditures in 2014 (Martin et al., 2016). Such prices
are not affordable for most payers. Faced with the unenviable task of al-
locating scarce treatment, payers gave first priority to the sickest patients,
those with advanced fibrosis or at immediate risk of cirrhosis or end-stage
liver disease (Barua et al., 2015; Brennan and Shrank, 2014; Canary et al.,
2015; Graham, 2016b). Many also imposed sobriety requirements, fearing
that the risk of reinfection in active injection drug users was too great to
justify the expense of treating them (Barua et al., 2015; Canary et al., 2015;
Ellwood, 2014; UnitedHealthcare, 2015). Such restrictions met with wide-
spread criticism (Abram, 2015; Freyer, 2016; Harper, 2015; Ramey, 2016;
Salzman, 2015). Overt drug rationing offends the American public, but it
is difficult to know how else to solve the problem a recent Washington Post
editorial described as “the de facto rationing” of “excessive drug prices”
(Rizvi et al., 2016).

Repeated lawsuits, especially against Medicaid, have resulted in loosen-
ing restrictions on treatment (Graham, 2016a; NVHR and CHLPI, 2016).
In November 2015, the Centers for Medicare & Medicaid Services (CMS)
responded to the restrictions in Medicaid. In an open letter, CMS reminded
its state contacts that they were not free to deny coverage for “medically
accepted indications” of an approved drug, and that neither the state nor its
managed care organizations could use a standard more restrictive than the
label indication for treatment (DeBoy, 2015). In its letter, CMS acknowl-
edged the strain direct-acting antivirals put on state budgets but pointed to
increasing market competition as a force for lowering prices (DeBoy, 2015).

It is unlikely that market forces alone will lower the prices on these
drugs sharply or quickly enough to meet the targets set in Chapter 2. The
goals described depend on prompt, large-scale treatment of hepatitis C,
and the price of these drugs is a major obstacle to unrestricted treatment,
especially for institutions of limited means such as the prison system and
state Medicaid offices. No direct-acting antiviral will come off patent before
2029, 1 year before the target elimination date (DrugPatentWatch, n.d.).
As Chapter 2 makes clear, delaying mass treatment would result in tens of
thousands of needless deaths and billions of dollars in medical costs. It is
the government’s role to avoid such suffering, while still respecting the in-
novator drug companies’ rights to financial compensation for the risk they
took to bring a valuable product to market (Conti et al., 2016). Bulk pur-
chasing for volume discounts can help state Medicaid programs and other
buyers manage the drug cost, though a licensing strategy loosely inspired
by the Vaccines for Children program may be more effective.
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Public Purchase and the Vaccines for Children Program

Vaccines were not always a universal entitlement in the United States.
For decades, spotty immunization left society vulnerable to outbreaks. In
1988 a measles epidemic starting in California caused 123 deaths and more
than 11,000 hospitalizations (Atkinson et al., 1992a,b; CDC, 1992; Dales
et al., 1993; Orenstein, 2006). The epidemic lasted for several years; most
of its §5,000 victims were preschool children living in poor, densely popu-
lated, urban neighborhoods (Hinman et al., 2004; Orenstein, 2006). The
National Vaccine Advisory Committee determined that failure to immunize
children aged 12 to 15 months had caused the epidemic, and recommended
a federal grant program fund the purchase and delivery of vaccines for
children who were not insured for them (National Vaccine Advisory Com-
mittee, 1991; Orenstein, 2006). By the mid-1990s a goal of 90 percent
immunization coverage in preschool children and a measles elimination
effort brought increased attention to gaps in vaccination (Orenstein, 2006).

Charging parents for immunizations put uninsured and underinsured
children at risk for missing them (Orenstein, 2006). But the government was
reluctant to purchase childhood vaccines outright, as many children were
covered by private insurance; it seemed wasteful to spend taxpayer money
to relieve insurance companies of their obligations (Orenstein, 2006). There
was also concern that a single payer could force vaccine prices too low,
disrupting the pharmaceutical companies’ risk calculation and discourag-
ing future innovation (Orenstein, 2006). Created in 1993, Vaccines for
Children was seen as a compromise between a single payer and the status
quo (Hinman et al., 2004; Orenstein, 2006). Children under 19 who are
eligible for Medicaid, uninsured, or whose insurance does not cover immu-
nization, as well as any American Indian or Alaska Native child* can receive
free vaccination through the program (CDC, 2014¢; Hinman et al., 2004).

Vaccines for Children is an entitlement, meaning it does not undergo
the annual congressional appropriations process (Hinman et al., 2004). The
Centers for Disease Control and Prevention’s (CDC’s) Advisory Council on
Immunization Practices (ACIP) recommends vaccines for inclusion in the
program, the CDC then negotiates prices with manufacturers and awards
funding (allocated through CMS) to organizations such as state health
departments that order the discounted vaccines (CDC, 2014a; Shen et al.,
2009). The government contracts with a distributor to deliver vaccines to
the over 44,000 private providers and public clinics registered with the
program (CDC, 2014a; Shen et al., 2009). These vaccines are given free
of charge, although providers can bill a standard office visit or administra-
tion fee, keeping in mind that no child can be denied a vaccine because

4 As defined by the Indian Health Care Improvement Act (25 USC 1603).
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his or her family cannot afford the administration fee (Shen et al., 2009).
The program makes publicly purchased vaccines available in the private
sector, a feature that discourages referrals from private practice to public
clinics, thereby relieving strain on health departments (Lindley et al., 2009;
Zimmerman et al., 2001). Eliminating referrals also makes for more ef-
ficient practice with less chance to lose patients and information in transit
(Hinman et al., 2004; Lindley et al., 2009).

State Medicaid programs and health departments save money because
of Vaccines for Children, as do participating private clinics. Bulk purchase
guarantees lower costs, and no clinic is obliged to front money to stock
vaccines. Despite early worries, the program has not harmed manufactur-
ers. ACIP regularly recommends new (often expensive) vaccines; schools
and daycare centers often require immunization, sometimes with multiple
doses (Lindley et al., 2009; Rosenthal, 2014). Vaccine manufacturers sup-
port the program, which reduces volume uncertainty and ensures access for
uninsured and underinsured patients, a market they could otherwise miss
(Coleman et al., 2005). And Vaccines for Children does not interfere with
the strong private market, profits from which allow the companies to offer
lower prices to the CDC (Shen et al., 2009).

A Similar Strategy for Hepatitis C

Much as the cost of vaccination contributed to the measles outbreak of
the 1980s and 1990s, so can the high price of hepatitis treatment encourage
future HCV outbreaks. This committee’s previous report concluded that
cost is the main reason that only 7 to 14 percent of hepatitis C patients
had initiated treatment with direct-acting agents by 2015 (NASEM, 2016).
Access is particularly bad among patients for whom the government buys
treatment. A study of 2,321 prescriptions for direct-acting antivirals writ-
ten between November 1, 2014, and April 20, 2015, found 16 percent of
patients received an absolute denial (Lo Re et al., 2016). The rate of denial
varied by insurance type, however; 46 percent of Medicaid patients were
denied treatment, compared to 5 percent of Medicare and 10 percent of
private insurance patients (Lo Re et al., 2016). Similarly, a recent survey
drawing on data from 41 states indicated that less than 1 percent of prison
inmates known to have hepatitis C were being treated (Beckman et al.,
2016).

Hepatitis C is an infectious disease. Because of the ongoing opioid
epidemic, more people, many of them younger than 30, are at risk for
HCV infection (CDC, 2016; Zibbell et al., 2015). As Chapter 2 made clear,
without large-scale treatment, infection will continue to be a public health
problem. There are, of course, differences between childhood immuniza-
tion and hepatitis C treatment. Obviously, there are far more children than
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hepatitis C patients, although the childhood vaccines are much cheaper
than direct-acting antivirals, so the overall costs may be comparable. The
means by which the government should buy the product is also different. As
the direct-acting agents are still on patent, licensing rights to a patent would
be an excellent way to increase access to treatment without significantly
increasing costs for public payers.

Recommendation 6-1: The federal government, on behalf of the De-
partment of Health and Human Services, should purchase the rights to
a direct-acting antiviral for use in neglected market segments, such as
Medicaid, the Indian Health Service, and prisons. This could be done
through the licensing or assigning of a patent in a voluntary transaction
with an innovator pharmaceutical company.

The idea of the government acquiring a patent is not new. A recent
policy piece in Health Affairs argues that the federal government should
invoke its power for “government patent use” to improve access to expen-
sive but effective patent-protected medicines such as direct-acting antivirals
(Kapczynski and Kesselheim, 2016). The authors cite 28 USC section 1498,
which allows the government to use a patented product without permission
in exchange for a payment of “reasonable and entire compensation” for the
product (Kapczynski and Kesselheim, 2016). The Departments of Defense’
and the Treasury® have invoked this provision in the manufacture of night
vision goggles and fraud detection software (Kapczynski and Kesselheim,
2016).

Much the same way a single payer system for vaccines would have
ended uneven immunization among children, so would government patent
acquisition solve the problem of poor access to direct-acting antivirals. It
could also have a chilling effect on innovation (Grabowski, 2016). Invok-
ing section 1498 forces the patent holder to surrender market exclusivity
rights at a price determined by the federal government. Patent holders have
reason to doubt that they will get fair compensation when they have no
ability to refuse the transaction. The innovator company could always sue
the government, but the legal costs and the odds of losing the challenge
may dissuade them. At the very least, legal fees could add to their expenses
and detract from their overall return on investment. Fear that patent rights
could be confiscated might also discourage pharmaceutical companies from
investing in breakthrough research. Government takeover of a drug patent

5 Gargoyles, Inc., and Pro-Tec, Inc., v. United States, 113 F.3d 1572 (Fed. Cir. 1997).
¢ Advanced Software Design Corp. v. Federal Reserve Bank of St. Louis, 583 E3d 1371
(Fed. Cir. 2009).
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would thereby increase access to direct-acting agents, but the cost to society
may be too high.

There are times when the government is obliged to act in correction of
market failures. With this in mind, the committee recommends a voluntary
transaction between the federal government and a patent holder, wherein
the companies producing direct-acting antivirals compete to license their
patent to the federal government for use in neglected patients. The exact
legal mechanism that would best serve this goal is debatable. The innovator
companies and the government would need to determine if the situation
is better suited to licensing, wherein the company issues revocable rights
to a patent, or to assignment, wherein the company would permanently
transfer ownership of its patent (Mendes, n.d.). One of the main differ-
ences between license and assignment is in how the rights are paid for: a
licensee usually pays royalties for its rights, an assignee makes a lump sum
payment (Mendes, n.d.). In practice the line between the two is not always
clear, nor is it obvious how much of the “bundle of rights” guaranteed by
a patent the innovator company has to transfer before an exclusive license
becomes an assignment (Chapman and Fraser, 2010). In either case, the
government would only have authority to use the drug in a narrow and
clearly defined market.

The voluntary nature of the process guarantees the drug company rea-
sonable compensation—the patent holder always has the option to walk
away from the transaction if the price is not right. The innovator company
would authorize its rights only in those market segments for which the
taxpayer pays for treatment and access is limited, such as the uninsured,
prisoners, and Medicaid beneficiaries. These are the least lucrative market
segments in the United States; the buyers have serious budget constraints
and access restrictions, making these markets ones the companies are not
reaching otherwise. Limiting market would also control the cost to the
government; it would not have to pay as much for the rights as it would if
compromising the lucrative private market. Once the government acquires
adequate rights, it would contract with manufacturers to produce the drugs
and with distributors.

Projected Cost of the Buyout

About 700,000 people in state Medicaid programs and prisons are
eligible for treatment with direct-acting agents.” The exact prices state Med-

7 Combining the roughly 100,000 eligible prisoners (Beckman et al., 2016) and approxi-
mately 650,000 Medicaid recipients (Senate Committee on Finance, 2015), and assuming
50,000 of those were treated in 2015 and 2016, results in approximately 700,000 prisoners
and state Medicaid participants eligible for treatment. Included in this estimate are the nearly
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icaid programs and prisons pay for treatment are not public information,
but the manufacturers’ financial reports and information on Medicaid’s
mandatory discounts suggest costs of about $40,000 per treated patient.®
In 2014, about 17,000 patients in prisons and Medicaid programs received
treatment with direct-acting antivirals.” The models presented in Chapter 2
assume treatment for 260,000 patients a year (see Appendix B). Even if
the United States continues treatment at the current rate, an unlikely sce-
nario given the pressure to improve access to these drugs, there would be
about 20,000 Medicaid patients and prisoners a year receiving direct-acting
agents. So under the status quo, about 240,000 such patients will receive
treatment in the next 12 years, generating about $10 billion in revenues
for manufacturers.

Around 2028 the innovator companies’ period of market exclusivity
will be ending, at which time their revenue would drop precipitously. As-
suming a cost of capital of about 8 percent for pharmaceutical firms,'? the
present value of this revenue stream (which takes into account that the
revenues are accrued over a 12-year period) is about $6.5 billion. Currently
there are five firms competing to provide direct-acting agents with varying
market shares (FDA, 2016). Any of these firms should therefore be willing
to license the patent for their direct-acting agent for underserved markets
for less than $6.5 billion.

In practice, the expected costs would be much less than $6.5 billion as
there are several firms competing in this market. Consider a firm anticipat-
ing control of one-third of the market over the next 12 years. Under the
status quo, this firm expects to have a revenue stream with a present value
of about $2 billion. This firm should be indifferent between the status quo
and licensing its rights for $2 billion. However, if a competing firm licenses
its drug to the government, then the revenue stream of the first firm would
decline as it would have to compete with a cheaper generic in the same
market segments. The government could, therefore, negotiate a price much
lower than the present value of the revenue stream. The actual transaction
amount will depend on the degree to which firms compete with each other

100,000 potential patients in the Indian Health Service dependent on state Medicaid programs
as there are no HCV drugs on the service’s formulary (CMS, n.d.; Edlin et al., 2015; Indian
Health Service, 2016; Leston and Finkbonner, 2016).

8 The estimated revenue per patient initiating therapy is $52,000 (NASEM, 2016). Applying
the 23.1 percent Medicaid rebate to this revenue results in costs of about $40,000 (AASLD
and IDSA, 2016).

 An estimated 949 prisoners (Beckman et al., 2016) and 16,200 Medicaid recipients (Senate
Committee on Finance, 2015) were treated, resulting in about 17,000 patients who received
treatment with direct-acting antivirals.

10 The cost of capital is the weighted average of the cost of equity and after-tax cost of debt,
weighted by the market values of equity and debt (Damodaran, 2016). Cumulative market
values for the entire sector are used for the weights.
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to sell to the government. Both the government and the winning firm would
benefit from the outcome of the negotiation.

After the government purchases rights to the patent, it would contract
manufacturer to produce the drug for supply to neglected markets, such
as Medicaid, the Indian Health Service, and prisons. Prices of other direct-
acting agents would be expected to fall in those markets as they would be
competing with a generic. Estimates of the production costs of direct-acting
agents and gross profit margins of generic suppliers suggest that the price
of generic direct-acting agents will be roughly $200 per patient (Hill et al.,
2014). Assuming all 700,000 hepatitis C patients in those systems receive
the licensed product, the total cost of the drug itself for Medicaid programs
and prisons would be only $140 million over the license cost.

This solution solves the dual problem of high costs and poor access to
direct-acting antivirals in the Medicaid and prison market segments. It does
so by preserving the incentives for innovation as it involves a voluntary
transaction between a patent holder and the federal government at a price
agreeable to both parties. Under the status quo (where the government does
not have rights to patent), we expect that the federal and state governments
will spend about $10 billion over the next 12 years, providing direct-acting
agents to about 240,000 Medicaid beneficiaries and prisoners. These costs
will be split roughly evenly between the federal and state governments, as
the federal government provides matching funds to state Medicaid pro-
grams. Under the scenario where the federal government follows this rec-
ommendation and buys rights to a patent for about $2 billion, the cost to
the federal government is the $2 billion for the rights and $70 million for
generic drug purchases. The costs to state governments are about $70 mil-
lion for generic drug purchases. Thus, overall costs are significantly lower
for state governments. Costs are also lower for the federal government in
the long run, but the license requires higher upfront investment. Although
this investment is large, it is a small fraction of total federal spending on
health. Most importantly, the patent license results in an estimated 460,000
more patients receiving treatment, essentially solving the problem of poor
access to direct-acting antivirals.

Implementation Challenges

It is not clear which federal agency would be best suited to manage the
licensing negotiations. HRSA is a natural choice, given its experience with
the 340B program, as is the CDC, which negotiates Vaccines for Children.
The Treasury may also be suitable, and the Department of Defense may
have transferable expertise from other private sector negotiations. The
committee does not presume to identify the best agency for the job; such a
determination should be made at higher levels.
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A more serious challenge lies in the potential of this recommendation to
create parallel markets in one country: a market where a generic is available
at lower cost and one where the same product is sold at the branded price.
Innovator companies may fear that products intended for Medicaid patients
would be sold illegally, undercutting their share of the private market.!!
Such concerns may be exaggerated. There have been no reports of black
market diversion from developing countries where the price of direct-acting
agents is orders of magnitude lower than the U.S. market (McNeil, 2015).
Furthermore, there are already parallel markets in the United States. The
Department of Veterans Affairs (VA), for example, pays considerably less
for medicines than other federal agencies, about 42 percent of the average
wholesale price, because similar products compete for listing on its closed
formulary (CBO, 2005; Kesselheim et al., 2016). There has been no wide-
spread diversion from the VA system in its almost 20 years with a closed
formulary, except for a few products with street value, opioid pain killers
and drugs for erectile dysfunction, for example (VA, 2015, 2016a).

Unlike Viagra® or Percocet®, there is no underground market or off-
label indication for direct-acting antivirals. If a Medicaid beneficiary were
to sell one, he or she would have to first find another hepatitis C patient
interested in buying. Far fewer private insurance patients are denied the
treatment in the first place (Lo Re et al., 2016). It is not impossible that
some would want to buy on the black market, but the risks of such ac-
tion are real. Selling prescription drugs is a federal crime,'? and as long as
treatment expansion proceeds as recommended in Chapter 4, the benefit is
minimal. If such diversion became more than an anecdotal problem, some
variant of directly observed treatment would be necessary. In Egypt, for
example, where Gilead provided free sofosbuvir to 125,000 people in 20135,
patients have to bring an empty pill bottle to the pharmacy to get a refill
and break the seal on the new bottle in front of the pharmacist, essentially
negating the product’s resale value (McNeil, 2015).

Critics of this strategy may maintain that it sets a dangerous precedent.
If the government can buy a patent for hepatitis C drugs, they would reason,
then why should it not do the same for other medicines? This is a harder
criticism to answer except to say that the U.S. government is disinclined
to such action. It has not invoked its rights under section 1498 since the
1960s (Brennan et al., 2016). The U.S. government is generally extremely
supportive of the pharmaceutical industry, investing heavily in the science
infrastructure that supports the industry and paying considerably more for
medicines than other rich countries (Conti et al., 2016).

11 Arguments about product diversion are not relevant in prisons where all medicine ad-
ministration is directly observed.
12 Controlled Substances Act. 21 USC § 841(a).
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Direct-acting agents may also be a special case. These products have
a remarkable success rate, curing an infectious disease of public health
consequence. The government has reason to improve access to these drugs,
thereby reducing or eliminating the future burden of hepatitis C, something
that few products can offer. There may also be a unique combination of
circumstances: several innovator companies all offering patent-protected
products at the same time for high prices, increasing the chances that the
government can negotiate a favorable price.

Encouraging Cooperation

Negotiating a good license price depends, however, on the cooperation
of the pharmaceutical industry. The companies could refuse to negotiate,
though refusal would not be to their obvious financial advantage. As the
previous section explained, this license would be used in an otherwise
tightly restricted market, one the companies are not currently reaching.
The chance to reach a relatively untapped market should be compelling.
There is always a chance, however, that the firms would rather decline a
new revenue stream, albeit a modest one, than license their patent rights.

Such refusal would have risks. First, it could be considered implicit col-
lusion; the fewer companies competing to sell rights, the better the returns
for the winner, after all. Such action could have serious consequences for
the firms’ public image. In the current political climate, high drug prices
are under scrutiny (Johnson, 2017a,b; Morgenson, 2016). Were these im-
mensely profitable companies to refuse to cooperate with the government,
especially a government acting against a public health threat and in the
interest of some of the poorest and least powerful people in society, this
scrutiny would be likely to increase.

Furthermore, the government has the authority to exercise its rights
to patent use under section 1498 at any time. The last time the govern-
ment even hinted at taking such action against drug company was in 2001,
when, during the anthrax scare, the manufacturer of ciprofloxacin initially
refused to lower its prices to support national stockpiling (Brennan and
Shrank, 2014; Kapczynski and Kesselheim, 2016). The threat alone was
enough to cause the manufacturer guarantee supply at a 50 percent dis-
count (Kapczynski and Kesselheim, 2016). The same action could be con-
sidered for a direct-acting agent, as could the pooled purchasing strategies
discussed later in this chapter.

It is possible that a government’s very reluctance to interfere in the
pharmaceutical market emboldened Gilead to set the introductory price for
sofosbuvir so high. An 18-month Senate Finance Committee investigation
ended in the embarrassing publication of the company’s internal pricing
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strategy, summarized in The Price of Sovaldi and Its Impact on the U.S.
Health Care System (Senate Committee on Finance, 2015). The biparti-
san report concluded that Gilead executives priced sofosbuvir as high as
they thought the market would bear before triggering access restrictions
(Senate Committee on Finance, 2015). They miscalculated that point, but
did not respond to the restrictions by lowering prices (Senate Committee
on Finance, 2015). Gilead offered Medicaid programs a 10 percent rebate
only on the condition that they drop access restrictions, thereby increasing
states’ total spending on the drug (Senate Committee on Finance, 2015).
“By elevating the price for the new standard of care set by Sovaldi,” the re-
port explained, “Gilead intended to raise the price floor for all future HCV
treatments, including its follow-on drugs and those of its competitors”
(Senate Committee on Finance, 2015, p. 118).

The government has to balance the pharmaceutical firms’ right to
compensation against its duty to the millions of Americans who suffer from
hepatitis C, to say nothing of the taxpayers who subsidize their treatment.
Voluntary licensing or assignment of patent rights could help restore equi-
librium to this equation. It might also discourage future introductory drug
prices similar to those for sofosbuvir. In 20135, the Senate Finance Commit-
tee openly fretted about “the budgetary effects of a future single source in-
novator that might not face competition as quickly [as sofosbuvir]” (Carey
et al., 2015). Action now could help avoid that problem.

Pooled Purchase and Other Cost Saving Strategies

It could take time to negotiate the transaction described in Recommen-
dation 6-1. State Medicaid and prison health officers will need a strategy
to make hepatitis C treatment more affordable in the meantime. There is
also room for incremental change: public and private payers can take mea-
sures immediately to improve access to medicines. Bulk purchasing brings
greater bargaining power with the drug companies and is a simple strategy
frequently suggested to control the cost of medicines in the United States
(Kesselheim et al., 2016; Shih et al., 2016). Box 6-1 describes how such a
strategy worked in Massachusetts.

Outpatient prescriptions are a major and growing financial burden,
second only to long-term care as Medicaid’s biggest expense (Peters, 2010).
The 2003 Medicare Prescription Drug, Improvement, and Modernization
Act created a drug benefit, usually referred to as Part D, which shifted some
of the drug cost (those for people eligible for both Medicare and Medicaid)
to Medicare (Kevles, 2014; Millar et al., 2011; Peters, 2010). Part D was
created to make essential medicines more affordable for older people, but
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BOX 6-1
HCV Drug Rebate Program in Massachusetts

Between late 2013 and early 2016, MassHealth, the Massachusetts Med
icaid program, and its managed care organizations paid about $318 million for
hepatitis C drugs for 4,430 of its almost 1.8 million members. In early 2016, the
state attorney general threatened to sue Gilead for unfair trade practices, ex
plaining that even after competitor drugs came on the market, the Gilead’s prices
remained too high, even with rebates. Her letter also pointed out the company’s
generosity in Egypt while, “Massachusetts taxpayers bear the full burden of
Gilead’s exceptionally high pricing.”

In 2016, MassHealth negotiated discounts of an undisclosed amount with
Gilead and Bristol-Meyers Squibb, enabling the end of restrictions on hepatitis C
treatments for MassHealth and its managed care organizations. The discounts,
given as rebates, will keep state spending on direct-acting antivirals around $200
million a year. The Boston Globe reported that, because of the discounts, another
3,400 hepatitis C patients in Massachusetts would be treated by June 2017.

The problem of treating people in the state prison system remains, however,
as inmates are not eligible for Medicare or Medicaid. In 2015, state prisoners
brought a class-action lawsuit against the Massachusetts Department of Correc
tions for restricting access to hepatitis C treatment. Their lawyers claimed that
while over 1,500 inmates have hepatitis C, only three are being treated for it.
State prison systems in other states are facing similar action, and all respond that
treating all of the inmates with hepatitis C would quickly surpass the state’s total
prisoner health care budget. By some estimates treating every imprisoned person
with hepatitis C in the United States would cost $33 billion, more than four times
the total spending on prison health care. In Massachusetts, the attorney general is
now working to extend the lower prices to the Office of Pharmacy Services which
procures medicines for the state prison system.

SOURCES: Healey, 2016; Massachusetts EOHHS, 2016; Rich et al., 2014; Schoenberg,
2015; The Pew Charitable Trusts and MacArthur Foundation, 2014.

CMS is explicitly disallowed from negotiating bulk discounts for the pro-
gram (Kevles, 2014).13

The state Medicaid programs have other ways to control drug costs.
Medicaid rebates are at least 23.1 percent of the manufacturer’s average
wholesale price for most drugs (CMS, 2016a; Kesselheim et al., 2016). State
Medicaid programs also use preferred drug lists and prior authorization to
control costs (Soumerai, 2004). Drugs on the state’s preferred list are fully
reimbursed without review or conditions (Millar et al., 2011). Access to a

13 Medicare Prescription Drug, Improvement, and Modernization Act, Public Law 108-173,
108th Cong. (2003).
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medicine not on the preferred list depends on prior authorization, the pro-
cess described in Chapter 4 that a prescriber or pharmacist must go through
to gain approval to use a drug for which there is a cheaper alternative
(Smalley et al., 1995). Prior authorization is meant to deter the careless use
of an expensive medicine in cases where a cheaper one would do.

Starting in 2003, states have also used bulk buying pools to purchase
Medicaid drugs (National Conference of State Legislatures, 2015) (see
Box 6-2). Pooled procurement allows the states to benefit from economies
of scale and can help reduce transaction costs and the administrative burden
of the negotiation. Large procurements are less subject to price fluctua-
tion over time (Andrus et al., 2009; DeRoeck et al., 2006; Huff-Rousselle,
2012). Producers also benefit from bulk purchasing arrangements, as the
increased access means more people using their products.

But not all states access rebates and bulk purchasing arrangements to
the same extent. Four states (Hawaii, New Jersey, New Mexico, and South
Dakota) do not have Medicaid supplemental rebate programs; the rest
negotiate either on their own, in pools, or some combination of single and
pooled purchasing (i.e., negotiating the base rebate in a multi-state pool,
and negotiating alone for an additional rebate) (CMS, 2016b; Dickson and
Horn, 2016). The variation in practice among states accounts for widely
different access within them (Dickson and Horn, 2016). For this reason,
the Medicaid budget overview for fiscal year 2017 proposed that CMS
and state Medicaid programs hire a private sector contractor to negotiate
rebates for expensive medicines, a policy they estimate would save tax-
payers $5.8 billion over 10 years (HHS, n.d.). The process would have to
work through the private sector, as CMS is prohibited from managing such
negotiations.

The 340B Program

Furthermore, not all uninsured or underinsured patients access Medi-
care or Medicaid. The 340B Drug Discount Program provides medicines at
greatly reduced prices to safety net providers: the hospitals and clinics that
serve the uninsured, Medicaid beneficiaries, and other vulnerable groups
(HRSA, n.d.-c). Created in 1992, 340B aims to stretch limited federal funds
for medicines. Unlike the drug rebates available to Medicaid programs,
340B discounts are generally provided up front to eligible providers, 26,907
organizations in 2014 (Fein, 2016).!* Participating hospitals and clinics

14 In some states the AIDS Drug Assistance Program may choose to receive rebates rather
than front-end discounts. As of late 2016, 22 states get rebates and no discount; the others use
some combination of direct purchase and rebate (Kaiser Family Foundation, 2014).
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BOX 6-2
Multi-State Plans for Bulk Drug Purchase

As of January 2016, there were five different multi-state, bulk purchasing
pools for medicines in the United States, as well as one separate pool specifically
for hepatitis C drugs; their reach is shown in the map below (National Conference
of State Legislatures, 2015).

Il National Medicaid Pooling Initiative
I Top$
Sovereign States Drug Consorium
Hepatitis C Medication Purchasing Pool
*  Northwest Prescription Drug Consortium

NOTE: Map does not include the states in the Minnesota Multistate Contracting Alliance for
Pharmacy.
SOURCE: National Conference of State Legislatures, 2015.
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Hepatitis C Medication Purchasing Pool: Missouri and 24 other state Medicaid
programs formed a buying pool in early 2015 to negotiate lower costs for a hepa
titis C medication, Viekira Pak®, with the manufacturer. These programs receive a
20 to 30 percent supplemental rebate when they purchase Viekira Pak® for their
Medicaid beneficiaries. Missouri estimates it will save $4.2 million in 2016 after
switching to Viekira Pak® from the more expensive Sovaldi® (National Conference
of State Legislatures, 2015; Young, 2015).

National Medicaid Pooling Initiative: The first multi-state Medicaid purchasing
pool, approved in 2004, has supplemental rebate agreements with more than 90
pharmaceutical manufacturers. As of late 2015, 10 states and the District of Co
lumbia were participants (AK, DC, KY, MI, MN, MT, NC, NH, NY, Rl, and SC) (Na
tional Conference of State Legislatures, 2015; Provider Synergies LLC, n.d.-a).

The Optimal PDL Solution (commonly abbreviated TOPS$): Formed in 2005,
seven state Medicaid programs participate (CT, ID, LA, MD, NE, PA, and WI) and
receive supplemental rebates on a variety of medications (National Conference
of State Legislatures, 2015; Provider Synergies LLC, n.d.-b).

Sovereign States Drug Consortium: A supplemental rebate program formed
in 2006; rebates are based on usage data from the 10 member states (DE, IA,
ME, MS, ND, OR, UT, VT, WV, and WY), with Ohio and Oklahoma scheduled to
join the consortium in 2017. Unlike other multi-state pooling programs, member
states own and run the consortium (National Conference of State Legislatures,
2015; SSDC, 2016).

Northwest Prescription Drug Consortium: Oregon’s and Washington’s non-
Medicaid prescription drug programs, formed in 2007. The program offers an
average discount of 42 percent of the retail price for prescriptions to Oregon and
Washington residents through a large network of participating pharmacies (Na
tional Conference of State Legislatures, 2015).

Minnesota Multistate Contracting Alliance for Pharmacy: A group purchasing
organization founded in 1985 and administered by the state of Minnesota. The
alliance is open to states, cities, or other government health facilities, but not to
Medicaid programs. There are participating organizations in almost every state
(MMCAP, n.d.; National Conference of State Legislatures, 2015).
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are meant to use the money they save on medicines for other services that
would benefit their patients (HRSA, n.d.-a).

340B discounts are between 20 and 50 percent off average wholesale
prices on prescription medicines and biologics, as well as over-the-counter
drugs written as prescriptions (340B Health, n.d.; GAO, 2011). The exact
340B price for any given product is confidential, but HRSA calculates a
maximum price through a formula determined by law (Apexus, n.d.).!> Ad-
ditional discounts are available to clinics participating in the prime vendor
program, in which one company negotiates a bulk discount for a group
of 340B facilities, but care must be taken to avoid duplicate discounts for
Medicaid patients (340B Health, n.d.; HRSA, n.d.-b). Therefore, clinics
serving vulnerable populations need to decide before enrolling in the pro-
gram if their Medicaid patients’ drugs will be purchased through 340B or
through the state Medicaid program (HRSA, n.d.-b). Random audits and
penalties help prevent duplicate discounts and ensure that manufacturers
are honoring 340B prices. Facilities can be disqualified from 340B for mis-
management; manufacturers can be excluded from Medicaid and Medicare
Part B (340B Health, n.d.).

340B is meant to stretch federal funds, so jails and prisons, usually a
state responsibility, were excluded from the start. Nor are inmates Med-
icaid eligible, except for services provided while “a patient in a medi-
cal institution”'® (CMS, 2016c). There is nothing to prevent correctional
health officers from arranging treatment for HCV-infected inmates at 340B
clinics, however. Sixteen states do this; these states tend to have some of the
best priced treatments for hepatitis C drugs (Beckman et al., 2016).

340B pricing and Medicaid rebates are regulated by law (Dickson and
Horn, 2016). The formulas used to calculate prices for the VA and the
Department of Defense vary somewhat from those used for Medicaid, but
all involve the manufacturers’ reported prices to wholesalers and pharma-
cies (Dickson and Horn, 2016). The formulas by which these prices are
calculated have been unchanged since the 1990s, despite dramatic changes
in the market (Dickson and Horn, 2016). Pharmacy benefit managers and
consolidated insurance companies now have influence on the market price
of medicines, but the manufacturers have an incentive to hide these dis-
counts in rebates, coupons, and other payments to insurers, not as reduc-
tions on the sticker price, because front-end discounts affect the calculation
on which the government bases its pricing (Dickson and Horn, 2016). The
Government Accountability Office estimates that if the formula used to
calculate prices for Medicare Part B drugs (usually expensive medicines ad-

1542 USC § 256(b).
16 Title 1905 of the Social Security Act. 42 USC § 1396d(a)(29)(A); 42 CFR §§ 435.1009,
435.1010.
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ministered by a doctor) had included rebates, coupons, and other discounts,
Medicare spending on these drugs would have been $69 million lower in
2013 (Dickson and Horn, 2016; GAO, 2016).

The laws regulating the sale of medicines to the government are meant
to protect the taxpayer from overpaying for an essential product. The Fair
Pricing Coalition has suggested modifications to formulas through which
various government agencies finance prescription drugs, most of which
require legislative action (Dickson and Horn, 2016). To the extent such
changes are possible, they should be supported as part of the solution to a
wider problem of unaffordable prescription drugs.
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Research

his committee’s first report was clear that eliminating viral hepatitis

as a public health problem is a bold goal, and not one that can be

realized without significant improvements in prevention, screening,
and treatment (NASEM, 2016a). There are still gaps in our understand-
ing of the viruses that can hold back progress on meeting the targets set
in Chapter 2. For this reason, the World Health Organization (WHO)
identified research as one of the essential pieces of any country’s national
viral hepatitis elimination program. For the United States, a comparative
advantage in science and technology compels special attention to such ques-
tions. Advancing understanding of the hepatitis B and C viruses and their
treatment and prevention in a range of settings is a crucial contribution to
the elimination effort in this country and the world.

The National Institutes of Health (NIH) has been criticized for fail-
ing to align its funding priorities with measures of disease burden in the
United States or the world (Gillum et al., 2011). Viral hepatitis research is
no exception. Chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection affects 3 to 5 times more Americans than HIV, for example;'
worldwide, it is about 10 times more.> But NIH funding for viral hepatitis
between 2012 and 2017 has been between $195 and $273 million a year,

! The Centers for Disease Control and Prevention (CDC) estimates 1.2 million cases of HIV
in the United States, 2.7 to 3.9 million chronic hepatitis C, and 850,000 to 2.2 million chronic
hepatitis B (CDC, 2016a,b).

2 The WHO estimates 36.7 million cases of HIV, 240 million chronic hepatitis B, and 130
to 150 million chronic hepatitis C (WHO, 2016a,b,c).
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compared to nearly $3 billion a year (roughly 12 times more) for HIV
(NIH, 2016b).? Despite being the seventh leading cause of death in the
world, viral hepatitis research accounts for less than 1 percent of NIH’s
$31 billion research budget (IHME, 2015; NIH, 2016b,c; Stanaway et al.,
2016).

Viral hepatitis elimination would do well to copy the success of the
fight against HIV, starting with its success in research. Many of the break-
throughs that stopped transmission of HIV, from the development of AIDS
therapies to the use of treatment to prevent sexual transmission, came from
NIH-funded studies (Cohen et al., 2011b; NCI, n.d.; NIH, 2011). In the
early 1980s, most HIV research was within the purview of the National
Institute of Allergy and Infectious Diseases and the National Cancer Insti-
tute, but as the virus emerged as an international epidemic, NTH leaders
realized that no one institute’s mission was sufficient to encompass the
necessary research agenda (NIH, n.d.). The Office of AIDS Research was
established in response to this problem. The office works across the NIH
to ensure that a range of biomedical and behavioral research questions get
sufficient attention, coordinating the budget and setting priorities for HIV
research (NIH, n.d.).

This report has already argued that eliminating viral hepatitis as a
public health threat is a complicated proposition and one that will require
attention from various federal, state, and local government offices, as well
as coordination with various private sector organizations. Coordinating
these organizations will be challenging, and may do well to try to replicate
the success of the HIV research program.

The creation of the Office of AIDS Research in 1993 was accompanied
by a full review of NIH’s investment in HIV and AIDS research (Cohen,
1996). It could be helpful to conduct a similar review of viral hepati-
tis activities, considering them against the care continuum introduced in
Chapter 4. The diagram shown in Chapter 4 represents an ideal continuum
with very few drop-offs. In the real world, patients are frequently lost to
follow-up and fail to respond to treatment. Attrition at any step is a barrier
to elimination, so each drop along the continuum should be considered for
possible research opportunities.

The NIH Division of Program Coordination, Planning, and Strate-
gic Initiatives manages research on topics that naturally straddle more
than one institute, including behavioral science, women’s health, and AIDS
(NIH, 2016a). The office also handles the Trans-NIH Committee on Viral
Hepatitis, a group formed to implement the goals articulated in the De-
partment of Health and Human Services viral hepatitis action plan (HHS,

3 As indicated by a search for the terms “hepatitis” and “HIV” in 2016 on the NIH’s Re-
search Portfolio Online Reporting Tools.
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2015; NIH, 2013). The committee involves members from nine centers
and institutes and the Office of AIDS Research (NIH, 2013; Viral Hepatitis
Implementation Group, 2011). It is possible that the committee, or some
other coordinating entity, might be able to lead an expanded viral hepatitis
research program across agencies that fund viral hepatitis research. Special
priorities for NIH and other research funding organizations are discussed
in the next section.

RESEARCH ACROSS THE CARE CONTINUUM

A diagram of the hepatitis C care continuum shows multiple opportu-
nities for improvement (see Figure 7-1). A recent study in New York City
found that only 20 percent of people tested for HCV antibody have a con-
firmatory HCV RNA test, and among those who received a confirmatory
HCV RNA test, the median wait time for testing was 13 days (IQR, 2 to
52 days) (Norton et al., 2016). Figure 7-2 suggests similar gaps in hepatitis
B care.

There are new opportunities to better understand where and why
people drop off the care continuum. The Department of Veterans Affairs
(VA) program to treat all HCV-infected patients in its health system is one
such opportunity. The VA has a good clinical records system that is the
same across the country (Kane and Chesanow, 2014). VA beneficiaries
have relatively reliable access to care, something that one would expect to
be maintained after HCV treatment is over. The cohort is also large; over
174,000 veterans have chronic HCV infection (VA, 2014). Therefore, this
population is an ideal one in which to study the long-term risk of liver dis-
ease in people cured of hepatitis C. It would also be possible to investigate
results from different models of care or subpopulations of infected veterans.

Meeting people at every step of the care continuum will get more chal-
lenging over time; the patients who are easiest to manage will have already
been found. The challenges of the later stages of elimination could be
headed off now by developing new tools and clarifying the most efficient
strategies for reaching different patient groups. To this end, the committee
has identified a set of pressing research questions key to the elimination
effort. These topics are divided broadly into mechanistic questions deal-
ing with the basic science of the viruses and ways to diagnose and cure
them, and operations and implementation research questions concerned
with identifying the best strategies to prevent and treat viral hepatitis. The
research questions identified below are not necessarily new, in many cases
the body of knowledge described builds off other recent studies. This is,
rather, the committee’s best summary of important questions in the field.
Attention to these topics would serve the large goal of elimination of hepa-
titis B and C.
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FIGURE 7-1 The treatment cascade for chronic hepatitis C virus infection in the
United States.
NOTES: Only non-VA studies are included in the above HCV treatment cascade.
HCV = hepatitis C virus; RNA = ribonucleic acid; SVR = sustained virologic re-
sponse; VA = Department of Veterans Affairs.

4 Chronic HCV infected; n = 3,500,000.

b Calculated as estimated number chronic HCV-infected (3,500,000) x estimated
percentage diagnosed and aware of their infection (49.8%); n = 1,743,000.

¢ Calculated as estimated number diagnosed and aware (1,743,000) x estimated
percentage with access to outpatient care (86.9%); n = 1,514,667.

4 Calculated as estimated number with access to outpatient care (1,514,667) x
estimated percentage HCV RNA confirmed (62.9%); n = 952,726.

¢ Calculated as estimated number with access to outpatient care (1,514,667) x
estimated percentage who underwent liver biopsy (38.4%); n = 581,632.

f Calculated as estimated number with access to outpatient care (1,514,667) x
estimated percentage prescribed HCV treatment (36.7%); n = 555,883.

8¢ Calculated as estimated number prescribed HCV treatment (555,883) x esti-
mated percentage who achieved SVR (58.8%); n = 326,859.
SOURCE: Yehia et al., 2014.

Mechanistic Research

There can be no elimination of HBV and HCV infections without
enhanced understanding of the fundamental biology of these viruses and
novel therapeutic targets (Palese, 2016). To this end, there should more
research on viral life cycle, including the entry of the virus into host cells,
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FIGURE 7-2 Gradient of the number of chronic hepatitis B infections to the num-
ber of individuals receiving treatment in the United States with ranges based on low
and high estimates of hepatitis B prevalence.

NOTE: HBV = hepatitis B virus.

SOURCE: Cohen et al., 2011a.

host protein interactions, viral replication, persistence, release, and virion
maturation. Virology research has always been intertwined with discovery
of host biology, particularly immunology, providing dividends that extend
well beyond the particular virus studied (Tortorella et al., 2000). Between
1901 and 2014, 14 Nobel Prizes in medicine were awarded for virology
research; Table 7-1 gives examples of breakthroughs with broader applica-
tions that have come from studying viral hepatitis (Nobelprize.org, n.d.).

Molecular Epidemiology and Phylodynamic Methods

As elimination efforts proceed and viral hepatitis prevalence decreases,
case finding will become more difficult and the study of ongoing transmis-
sion networks more important. Modern molecular epidemiology, including
the use of phylodynamics to describe transmission dynamics and recon-
struct transmission histories, would complement classical epidemiological
research (Pybus and Rambaut, 2009). Sequencing of HBV and HCV ge-
nomes would advance this goal, as would investing in epidemiological and
clinical data to link the genomic analysis (Pillay et al., 2015). Understand-
ing the risk of transmission requires linking sequences in the viral genome
to clinical and epidemiological data (Pillay et al., 2015). To be successful,
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TABLE 7-1 Virology Breakthroughs from Viral Hepatitis Research

Virus Discovery REEEIS

HBV First vaccine to prevent human cancer (the Chang et al., 2009; NAS,
hepatitis B vaccine) 2000

HBV First radioimmunoassay (RIA) Ling and Overby, 1972

HBV First model to elucidate the causative role of  Nakamoto et al., 1998

inflammation in carcinogenesis

HCV Discovery of human polymorphism (initially ~ O’Brien et al., 2014
IL28B, ultimately interferon A4) governing
outcome of acute HCV infection and
response to interferon

HCV Discovery of MAVS, a key adaptor protein Meylan et al., 2005
in RIG-I signaling

HCV First microRNA dependent virus, first Lindow and Kauppinen, 2012
microRNA targeted drug

HCV First cure of an infectious disease using an Gardiner et al., 2013
immune checkpoint inhibitor (anti-D-1)

NOTE: HBV = hepatitis B virus; HCV = hepatitis C virus; MAVS = mitochondrial antiviral-
signaling protein.

elimination efforts will have to adapt to address remaining transmission,
which is likely to vary by location, population, and behavior—variables
that can be informed by phylodynamics.

Rapid Diagnostic Testing for HBV DNA and HCV RNA

Rapid or point-of-care tests can help avoid attrition on the viral hepa-
titis care continuum from the start. With rapid tests, people receive coun-
seling and test results all in one interaction, limiting opportunity for loss
to follow-up. In some settings, rapid point-of-care tests also enhance the
ability to screen family members and other contacts of infected cases.

Hepatitis C antibody testing alone is not sufficient to diagnose hepatitis
C. As discussed earlier in this report, rapid tests for HCV RNA in addition
to existing antibody tests would improve patient management, especially
in places catering to patients at elevated risk for hepatitis C such as syringe
exchange centers (Smith et al., 2011).

In addition to individual testing for screening and disease manage-
ment, there is a need for population-level assessment of progress toward
elimination goals. Understanding incidence is crucial to this goal, but the
cohort studies needed to document incidence are expensive and logistically
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complicated. Recently, serological testing research has demonstrated the
accuracy of cross-sectional incidence testing for HIV, and similar work with
HCV is promising (Brookmeyer et al., 2013; Patel et al., 2016). Further
work with HBV and HCV could result in tests that detect recent infection
in a single blood sample, which would greatly enhance efforts to identify
new infections.

Immune Response to HBV

More complete understanding of the human immune response to HBV
would have broad benefits. Immune responses can protect against transmis-
sion of HBV and play a key role in successful antiviral therapy (Bertoletti
and Ferrari, 2012). Immune response also contributes to fibrosis progression
(Bertoletti and Ferrari, 2012; Bertoletti et al., 2010). Deeper understanding
of anti-HBV immune responses could open new avenues for additional vac-
cine development, informing antigen and adjuvant selection. Of particular
interest would be research to simplify the hepatitis B vaccine schedule and
reduce vaccine failure, and ways to shorten or enhance success of antiviral
therapy, and further reduce mother-to-child transmission of HBV.

Hepatitis B in Pregnancy

Recent evidence suggests that it is possible to prevent chronic hepatitis
B in newborns born to highly viremic, HBeAg+ women with prophylactic
antiviral therapy in addition to standard newborn prophylaxis with hepa-
titis B immune globulin and vaccine (Pan et al., 2016). There is consider-
able uncertainty as to what the HBV DNA threshold should be to start
antiviral therapy in pregnant women who would not otherwise require
treatment. Suggested cut points range from 200,000 to 10 million TU/ml
(ASHM, 2014; Terrault et al., 2016). It is also unclear when in pregnancy
the therapy should be started or stopped, or even if the goal of such therapy
should be preventing newborn viremia or preventing chronic infection in
the newborn. All of these questions warrant wider attention.

Vaccine Against HCV

The well-tolerated direct-acting antiviral treatments for chronic HCV
infection make it possible to even consider eliminating viral hepatitis in
the United States, but curative tools alone seem limited in service to a goal
as ambitious as elimination. Control of other infectious diseases such as
tuberculosis and syphilis is still extremely challenging, and cures for these
infections have been available for decades. Vaccines are almost invariably
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essential for eliminating infectious diseases, and an HCV vaccine has been
elusive (Palese, 2016).

It is not surprising that HCV vaccine development has been challeng-
ing. HCV is extensively diverse genetically, the virus cannot be cultured
(with a few genetically restricted exceptions), and there is no immunocom-
petent small animal model that supports HCV replication (Bukh, 2016).

In spite of early setbacks, there is growing evidence that it may be
possible to make an effective vaccine for HCV, especially if the goal is to
enhance spontaneous clearance rather than prevent infection (Man John
Law et al., 2013). It is well known that about 25 percent of people acutely
infected with HCV clear the infection spontaneously (Grebely et al., 2012;
Micallef et al., 2006). People who have cleared HCV infection once are far
more likely to do so again, with progressively lower levels and duration
of viremia (Grebely et al., 2006; Osburn et al., 2010). People who clear
infection spontaneously develop cell-mediated and neutralizing antibody
responses (Dowd et al., 2009; Keoshkerian et al., 2016; Pestka et al., 2007).
Chimpanzee studies have shown that depletion of CD4+ and CD8+ T cells
resulted in HCV persistence (Grakoui et al., 2003; Shoukry et al., 2003).
Both findings indicate immune response is an essential element in clearance
(Dowd et al., 2009; Grakoui et al., 2003; Keoshkerian et al., 2016; Pestka
et al., 2007; Shoukry et al., 2003). Studies are now emerging in humans,
but additional vaccine candidates and correlates of protection are likely to
be necessary to prevent HCV infection (Swadling et al., 2014).

Studies of humoral and cellular immunity have advanced understanding
of HCV and suggest that a vaccine to prevent chronic infection is feasible
(Bukh, 2016; Liang, 2013). Though the HCV envelope is highly variable,
broadly neutralizing antibody responses have been identified during early
infection (Osburn et al., 2014), and some epitopes of broadly neutralizing
antibodies are evolutionarily constrained (Rodrigo et al., 2017). Though
the crystal structure of the HCV envelope proteins remains elusive, struc-
tural studies of core domains are advancing (McCaffrey et al., 2017). Such
studies can inform the design of rational humoral vaccine. Recent molecular
dynamic studies have also illuminated a mechanistic basis for prior failures
to elicit broadly neutralizing antibody responses, opening new avenues for
rational design (Kong et al., 2016). As with antibody response, broadly
directed T cell responses appear early in natural infection, but are rapidly
lost in chronic infection (Schulze Zur Wiesch et al., 2012). A candidate pro-
phylactic vaccine currently in clinical trials elicited strong T cell responses
in phase I and II testing, but lacks an envelope protein component (NIAID,
2017; Swadling et al., 2014).

Taken together, the current status of HCV vaccine development is in-
termediate but promising; given the importance of vaccine prophylaxis in
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other elimination campaigns, this area of research should receive additional
attention.

Curative Therapy for HBV

The lack of a cure for HBV infection is an obstacle to elimination. Fun-
damental study of the virus would identify therapeutic targets that might
facilitate development of curative rather than suppressive therapy. Such
research should aim to clarify the mechanisms of viral persistence, host and
viral determinants of the stability of cccDNA, and the role of integrated
portions of the HBV genome in the host genome.

The treatment of HBV infection might be improved by novel antiviral
combinations and sequential therapy. Clinical trials of such treatments
are necessary to determine the best treatment strategy, as well as the best
format for answering questions regarding the discontinuation of therapy,
treatment of low-level viremia in persons with cirrhosis, and treatment in
patients at particular risk of complications, such as HIV patients. Clinical
trials would also help determine the best frequency and way to monitor
treatment outcomes. Clinical outcomes such as cirrhosis and liver cancer
are the gold standard in trials, but it takes a large study size and years of
follow-up to track such outcomes. Some key clinical outcomes have been
shown to correlate strongly with intermediate outcomes, such as HBV DNA
suppression, normalization of liver enzymes, HBeAg to anti-HBe conver-
sion, and regression of cirrhosis (Lok et al., 2016). Therapeutic trials may
make faster progress by giving attention to some of these intermediate
outcomes, though some authorities have indicated a need for studies on
long-term health outcomes, which would require a large prospective cohort
study (USPSTE, 2014).

HBYV Reactivation During Immunosuppressant Therapy

The mechanisms contributing to reactivation of HBV are poorly un-
derstood. Both reactivation of HBV during therapy for autoimmune dis-
ease or cancer and reactivation of HBV during or after treatment of HCV
infection may occur (Balagopal and Thio, 2015; Collins et al., 2015; Paul
et al., 2016; Perez-Alvarez et al., 2011). It will be difficult to eliminate
chronic hepatitis B in the face of potential reactivation of HBV infection.
Widespread treatment for hepatitis C could trigger complications in people
with both infections. Greater understanding of what predicts reactivation
at the host, and viral levels, as well as ways to prevent and treat HBV re-
activation 1Is necessary.
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Detection and Management of Fibrosis, Cirrhosis, Hepatocellular
Carcinoma

The complications of chronic HBV and HCV infection arise mainly
from progressive liver fibrosis. Even after cure or sustained suppression of
the virus, liver fibrosis and cirrhosis continue to be associated with end-
stage liver disease and hepatocellular carcinoma (Lok et al., 2016; Tholey
and Ahn, 2015). Basic research on the pathogenesis of fibrosis has led to
some candidate anti-fibrotic therapies (Lee et al., 2015). Such treatment has
the potential to benefit everyone with liver disease, not only viral hepatitis
patients, but no treatment for reversal of liver fibrosis has been approved.

As Chapter 1 made clear, everyone with chronic viral hepatitis is at in-
creased risk of hepatocellular carcinoma, which is the second most common
cause of cancer death worldwide (Ferlay et al., 2015; Makarova-Rusher et
al., 2016; Welzel et al., 2013). The incidence of liver cancer in the United
States increased 38 percent between 2003 and 2012; liver cancer deaths
increased 56 percent in the same time (Ryerson et al., 2016).

The environmental, host, and viral determinants that predict the transi-
tion from chronic viral hepatitis to liver cancer are not completely under-
stood (El-Serag, 2012; Westbrook and Dusheiko, 2014). Guidelines for
detection of hepatocellular carcinoma in persons at risk, including those
with HBV or HCV infection, are well-established despite limited data, but
adherence to the guidelines is poor, even among specialists (Bruix and Sher-
man, 2011; Hearn et al., 2015; Sharma et al., 2011; Wu et al., 2014). Part
of the challenge lies in the available screening tools.

Current screening methods call for liver imaging every 6 months.
However, liver ultrasound without bubble contrast has limited sensitivity,
particularly in obese patients (Chou et al., 2015; Giannini et al., 2013;
Hennedige and Venkatesh, 2013). There are logistical challenges with the
more accurate abdominal computed tomography (CT), magnetic resonance
imaging (MRI), and ultrasound with contrast imaging (Chou et al., 2015).
(CT scan exposes the patient to radiation; both MRI and CT scans are
expensive, require special equipment, and, when being used to diagnose he-
patocellular carcinoma, both scans require contrast.) In any case, repeated
imaging appointments are a burden to patients and providers. In the 2010
update to the AASLD#* guidelines, alpha-fetoprotein testing was abandoned
due to poor sensitivity and specificity, and no serum biomarker has replaced
it (Bruix and Sherman, 2011).

The effectiveness of current screening methods for hepatocellular car-
cinoma, in terms of reducing mortality, is disputed (El-Serag and Davila,
2011; Marrero and El-Serag, 2011). A recent meta-analysis in cirrhotic

4 Officially, the American Association for the Study of Liver Diseases.
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patients showed hepatocellular carcinoma surveillance is associated with
significant improvements in early tumor detection, curative treatment rates
and overall survival (Singal et al., 2014). Additional study of pathogenesis,
correlates, and biomarkers of hepatocellular carcinoma could significantly
improve the accuracy and availability of screening tests and the ability to
diagnose liver cancer at a treatable stage. Longitudinal study of these cor-
relates should help identify people at minimal risk of liver cancer for whom
frequent screening may not be necessary.

Hepatocellular carcinoma remains a risk among hepatitis B patients
whose HBV DNA is suppressed and in hepatitis C patients with cirrho-
sis who have not been cured (de Oliveria Andrade et al., 2009; El-Serag,
2012; Fernandez-Rodriguez and Gutierrez-Garcia, 2014). It is not clear if
such patients need to be monitored for cancer for the rest of their lives. A
prospective cohort study to determine their residual risk over time would
be valuable.

New treatments for liver cancer are also needed. Without early detec-
tion, most hepatocellular carcinoma patients have poor outcomes. Surgical
treatment is associated with 5-year survival rates of up to 70 percent, but
only 10 to 20 percent of patients are diagnosed with resectable tumors
(Dhir et al., 2012; NCI, 2016; Shah et al., 2011; Sonnenday et al., 2007,
Tiong and Maddern, 2011). In patients with unresectable disease, systemic
or targeted chemotherapy or embolization with or without radiofrequency
ablation yield a median survival of about 1 to 2 years (Tiong and Maddern,
2011). Genetically targeted cancer therapy and immunotherapy should of-
fer more effective avenues for treating hepatocellular carcinoma (Bernicker,
2016; Roychowdhury and Chinnaiyan, 2016; Yang, 2015).

The cure of hepatitis C poses a valuable opportunity to study the long-
term risk of complications after the agent causing damage to the liver is
removed. Follow-up studies of people cured of chronic hepatitis C, with
and without HIV, have revealed reduced, but non-zero, rates of hepatic de-
compensation, hepatocellular carcinoma, and death (Labarga et al., 2015;
Moon et al., 2015; Morgan et al., 2010, 2013; Papastergiou et al., 2013).
Cohort studies on cured patients could give insight into the management of
liver fibrosis and identify genetic and environmental risks that may guide
education, monitoring, and treatment after successful antiviral therapy.

Implementation Research

A better understanding of how and under what circumstances inter-
ventions work in the real world is the purview of implementation research
(Peters et al., 2013). Much of the challenge of viral hepatitis elimination
will lie in ensuring that preventative services and care reach the widest
possible audience. This section identifies some implementation science ques-
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tions that would serve the viral hepatitis elimination effort, both by adding
to the tools available to prevent infection and by clarifying the best manner
in which to implement programs that work.

Health in Jails and Prisons

As discussed in Chapter 5, prisons bear a disproportionate burden of
viral hepatitis (Dolan et al., 2016; Maurer and Gondles, 2015; Weinbaum
et al., 2003). They also have a serious burden of other infectious diseases,
as well as mental and behavioral health problems (Freudenberg, 2001).
In order for society to reap the full benefit of treating chronic hepatitis C
in correctional facilities, better effort must be made to treat substance use
disorder among prisoners, as this is the root cause of most viral hepatitis
(CDC, 2016¢; Grebely et al., 2015; Nelson et al., 2011). Failing to treat
substance use risks exposing the cured inmate to reinfection, undermining
the investment in his or her treatment. Drug relapse is more common during
the transition from prison to civilian life (Vestal, 2016).

Estimates of the prevalence of drug dependence in jails and prisons
range from 10 to 60 percent, partly because of varying definitions of drug
dependence in this setting (Fazel et al., 2006). The National Institute on
Drug Abuse encourages treatment of substance use disorder in prison,
with provisions for outpatient treatment made after the inmate’s release,
but this is not common practice (NIH, 2014) (see Figure 7-3). Fewer than
0.1 percent of inmates in the United States receive opioid agonist therapy,
the modern treatment standard for opioid addiction (Larney et al., 2011;
WHO, 2009). Reasons for this inconsistency range from the philosophical
(the belief that substance use is a weakness rather than a medical disorder
or that the appropriate role of the criminal justice system is to punish of-
fenders, not medicate them) to the practical (a lack of funds or concern that
the medicines could not be securely stored in the prison infirmary) (NIDA,
2011; Nunn et al., 2009; Pecoraro and Woody, 2011).

Inconsistency in treatment of drug use in prisons has consequences for
society, which routine treatment of hepatitis C in prisons will underscore.
Treating substance use disorder in prisons would minimize the threat of
reinfection after cure. It is not clear what the best strategies to manage such
treatment may be. An evidence base on the value of treating substance use
(including opioid dependence), considering outcomes such as blood-borne
disease, and also violence and recidivism, would be of value to policy mak-
ers, as would information about the comparative effectiveness of modern
opioid agonist methods compared to the current standard of care in most
states.

Research in incarcerated people poses special challenges. The impris-
oned participant is, by definition, being held against his or her will, so ques-
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Offers neither OAT nor OAT referrals
Offers only OAT

Il Offers only OAT referrals

Il Offers both OAT and OAT referrals
No response

FIGURE 7-3 Opioid agonist therapy and referrals to community programs upon
release from state prisons.

NOTE: OAT = opioid agonist therapy.

SOURCE: Nunn et al., 2009.

tions of coercion and informed consent become paramount (Chandler et al.,
2009; Gostin, 2007). Prison research must be designed to ensure benefit to
the participant, either individually or to prisoners as a group (IOM, 2007).
Research on how best to implement substance use treatment programs in
prisons meets both criteria. Prisoners would benefit from having research
done on their behalf, as would society benefit from better understanding the
safest and most efficient strategies to return inmates to their communities
in the best health possible.

The transition from prison to civilian life, particularly the health risks
of this transition, would also benefit from research attention. As Chapter 5
discussed, fewer than 20 percent of prison medical directors follow CDC
recommendations for discharge planning with inmates (Solomon et al.,
2014). Operations research would also be useful to determine the best
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ways to ensure a smooth transition from correctional health to Medicaid
or another insurance program.

Strategies to Reach Key Populations

Chapter 5 discussed various populations that viral hepatitis services
must reach in order for elimination to work. This includes people with
substance use problems, mental illness, in unstable housing or living on
the streets, and people facing cultural, language, or financial barriers to
accessing care, including undocumented immigrants. These groups can
be described as sensitive or hard to reach, terms used in the literature
for populations that meet three criteria: the exact size of the group is not
known, preventing articulation of a clear sampling frame; recognition as
a member of the group risks prosecution or stigma; and members in the
groups may be distrustful or uncooperative with outsiders (Benoit et al.,
20035; Heckathorn, 1997). It is not clear how to best overcome these bar-
riers and ensure that viral hepatitis prevention and care services reach the
people who need them most.

Complex adaptive systems research, a field that aims to understand
how different parts of a systems work together and influence each other, is
a promising way to clarify what strategies work best to reach these popula-
tions (Paina and Peters, 2012). The complex adaptive systems strategy has
been successful in studying health programs, especially at determining why
some strategies work and others do not, as well as modeling the likely out-
comes of different strategies (Jordon et al., 2010; Paina and Peters, 2012).
On a practical note, connecting with community organizations that have
existing, trusting relationships with the groups in question often eases the
research logistics (Benoit et al., 2005).

Strategies to Alleviate Stigma

As this committee’s first report discussed, stigma is a barrier to elimina-
tion of viral hepatitis (NASEM, 2016a). Stigma is also a difficult problem
to tackle, partly because it can occur at many levels ranging from the laws
and policies in place in a society, to negative attitudes toward certain groups
or behaviors, to a person’s internalized sense of shame or guilt (NASEM,
2016b). The best strategy to reduce stigma depends on the type of stigma
targeted.

Part of the challenge relating to viral hepatitis is that it is difficult to
disentangle the stigma of the infection from that of substance use often as-
sociated with liver disease in general, viral hepatitis in particular. Qualita-
tive research could clarify the relative contributions of each among different
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communities and HBV- and HCV-infected people. This information would
be a first step to understanding the problem.

Evidence regarding what strategies work best to fight stigma is murkier.
There is an emerging consensus in mental health that media campaigns
are not effective (Livingston et al., 2014; NASEM, 2016Db). It is not clear
if the same would be true for infectious disease, or what might work bet-
ter. Research into this topic is sorely needed, and should consider, as the
recent National Academies report concluded, “captur|ing] both direct and
indirect effects, [. . .] intended and unintended consequences” (NASEM,
2016b, p. 10).

Harm Reduction in Emerging Settings and Populations

The 2010 Institute of Medicine report on viral hepatitis recommended
the expansion of access to sterile injecting equipment for people who inject
drugs (IOM, 2010). In the years since that report was published, injection
drug use has exploded in rural and suburban areas (Des Jarlais et al., 2015).
Less is known about the best strategies for harm reduction outside of cit-
ies, as Chapter 5 discussed. The relative merits of mobile syringe services,
unstaffed exchange methods (i.e., vending machines), and over-the-counter
sale of injecting equipment should all be examined (Duplessy and Reynaud,
2014; Strathdee and Beyrer, 2015). A recent meta-analysis found plausible
evidence that combining harm reduction and substance use treatment was
effective at preventing transmission of HCV, but the authors acknowledged
that very few studies used HCV seroconversion as an outcome measure
(Hagan et al., 2011). Future researchers should be encouraged to measure
HCV seroconversion among people who inject drugs.

Another feature of the epidemic of injection drug use described in
Chapter 5 that warrants particular research attention is injection drug use
in people younger than 30. Young adults and adolescents who inject drugs
are thought to be fueling spikes in HCV infection in the United States,
but less is known about how to reach this group with harm reduction and
other health services (Page et al., 2013; Stockings et al., 2016). Research
on networks of drug users may be an efficient strategy to understand this
population (Bryant, 2014).

Understanding Networks of Drug Users

As this report has made clear, people who inject drugs are a difficult but
important population to engage in a viral hepatitis elimination program.
Chapter 4 described how opioid drug use is reaching more and different
populations than it did a generation ago (Des Jarlais et al., 2015; Havens et
al., 2013). Our understanding, albeit limited, of social relationships among
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people who inject drugs and how these relationships influence disease trans-
mission may not be relevant to rural or suburban settings.

Social network research aims to understand the influence of a person’s
social group on his or her behavior and risk (De et al., 2007; Weeks et al.,
2009). The quality and types of relationships members have with other drug
users and with the wider community are all thought to affect such behavior
(De et al., 2007; Young et al., 2013). Research among drug users has shown
that people in large, dense networks are more likely to share injecting
equipment (De et al., 2007). It is not clear if or how social dynamics would
differ in rural areas. On one hand, there is little in-migration to rural areas,
so social ties tend to be long-lasting and strong. At the same time, distance
and reliance on cars could contribute to isolation, especially among people
already feeling isolated by substance use. A better understanding of how
these dynamics unfold could help behavioral scientists tailor interventions
to stop transmission of viral hepatitis and bring infected people who inject
drugs into care.

Prevention of the Transition to Injecting Drugs

It is not clear what factors influence people who may have an addic-
tion to drugs that are smoked or ingested to switch to injection. The user’s
social milieu is thought to play a role: relatives, friends, and sexual partners
may encourage the switch, as does living in a neighborhood where injection
drug use is common (Neaigus et al., 2006; Sherman et al., 2002). The user’s
physiological addiction can also drive him or her to more potent injectable
drugs, as does the drug’s cost, and the user’s relative wealth (Mars et al.,
2014; Neaigus et al., 2006; Sherman et al., 2002). Homelessness is also a
risk factor (Neaigus et al., 2006).

A better understanding of why people start injecting drugs would in-
form efforts to prevent it. Self-administered questionnaires for people who
inject drugs have been used in the past to measure risk of HIV (University
of Pennsylvania, n.d.; Ward et al., 1990). A more recent tool, the Behavioral
Risk Assessment for Infectious Diseases, looks specifically at drug use other
than injection (Dunn et al., 2016). Research using these tools, alone or in
combination, may help identify common threads driving the switch to the
higher risk injection behavior.
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ABSTRACT
To study the population health impact and cost-effectiveness of in-

creasing chronic hepatitis B (CHB) diagnosis, care, and antiviral

treatment on risks of hepatocellular carcinoma, cirrhosis, and hepati-
tis B virus (HBV)-related deaths, a Markov model was constructed with dis-
ease progression estimates, liver transplantation, and background mortality
rates. Age-specific HBsAg prevalence was estimated by race, ethnicity, and
nativity, and a 2015 study cohort was constructed from age-group preva-
lence of HBsAg, HBeAg, chronic active hepatitis, and cirrhosis. Among the
estimated 1.29 million people (confidence interval [CI]: 855,000 to 2.02
million) or 0.4 percent of the population living with CHB in the United
States in 2015, an estimated 25.8 percent or 333,978 would be eligible
for antiviral treatment because they either have chronic active hepatitis
or cirrhosis. The scenarios analyzed included Base 2015 current practice
with diagnosis, care, and treatment rates at 34.6, 33.3, and 45 percent;
Department of Health and Human Services (HHS) 2020 target increasing
diagnosis to 66 percent; HHS 2020 target with increased care and treatment
at 80 percent; hypothetical 80/80/80 scenario; World Health Organization
(WHO) 2030 target at 90/90/80; and idealistic 100/100/100 scenario. If the
current diagnosis, care, and treatment cascade remains unchanged, as many
as 6 percent of the cohort would develop hepatocellular carcinoma, 10.3
percent cirrhosis, and 9.4 percent would die from HBV-related death by
2030. Compared to current practice, the HHS 2020 diagnosis target would
only reduce death by 4.5 percent if care and treatment are not increased.

203



204 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C

The hypothetical 80/80/80 scenario and WHO 2030 target will prevent new
cases of hepatocellular carcinoma and cirrhosis, and HBV-related deaths in
15 years by 26, 34, and 36 percent and 35, 45, and 50 percent, respectively.
Increasing CHB diagnosis, care, and antiviral treatment is cost-effective.
The incremental cost-effectiveness ratio (ICER) of the hypothetical and
WHO 2030 target are $17,748 to $43,745 and $26,242 to $60,147, re-
spectively, compared to current practice.

INTRODUCTION

Viral hepatitis is increasingly recognized as a leading cause of death
and disability worldwide. In 2013 viral hepatitis took the lives of about
1.45 million people and was the seventh leading cause of death in the
world (Stanaway et al., 2016). Chronic infection with HBV and hepatitis
C virus (HCV) accounts for 95 percent of the deaths and causes 80 percent
of hepatocellular carcinoma, the most common type of liver cancer world-
wide. Among the estimated 400 million people living with chronic viral
hepatitis, 250 million have CHB, which carries a 15 to 25 percent risk of
premature death from liver cirrhosis and liver cancer without care and an-
tiviral treatment. In 2016, in response to the 2030 Agenda for Sustainable
Development to combat viral hepatitis, the WHO issued the first ever global
health sector strategy on viral hepatitis (WHO, 2016). Apart from setting
important prevention and vaccination targets, the strategy’s global targets
for CHB aimed to have a 30 percent diagnosis rate, 5 million people on
treatment, and a 10 percent reduction in liver-related deaths by 2020, with
the ultimate goal of a 90 percent diagnosis rate, 80 percent treatment rate
of eligible persons for treatment, and 65 percent reduction in liver-related
deaths by 2030.

In the United States, there are an estimated 850,000 to 2.2 million
people living with CHB according to the Centers for Disease Control and
Prevention (CDC) (CDC, 2015). After the successful adoption of the hepa-
titis B vaccine into the routine infant immunization schedule, CHB infec-
tion acquired from domestic infection is uncommon. By CDC estimates,
as many as 53,800 CHB cases were imported to the United States yearly
between 2004 and 2008 through immigration and about 95 percent of
new cases of CHB infection in the United States are imported (Mitchell et
al., 2011). Persons born in high endemic regions such as Asia and Africa
and countries with a prevalence of CHB infection of 2 percent or greater
are at the highest risk for chronic infection (Din et al., 2011; Kowdley et
al., 2012). Asian Americans alone account for over half of the CHB cases
(Roberts et al., 2016). At present, there are no CHB curative therapies.
However, diagnosis, monitoring, and viral suppression with recommended
antiviral therapy when indicated can reduce the risk of cirrhosis, hepatocel-
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lular carcinoma, and liver-related death (Lok et al., 2016; Terrault et al.,
2016). Hutton et al. found it is cost effective to screen adult Asian Ameri-
cans for CHB, treat those who are chronically infected and ring vaccinate
their unprotected household contacts or sex partners (Hutton et al., 2007).
Since 2014, USPSTF! recommended routine hepatitis B screening beyond
pregnant women to include persons born in countries with CHB prevalence
of 2 percent or greater (USPSTF, 2016). Routine hepatitis B screening in the
primary care setting in accordance to USPSTF recommendation also became
officially covered by the Centers for Medicare & Medicaid Services in 2016
(CMS, n.d.). In the United States, only an estimated one-third of those liv-
ing with CHB are diagnosed (Lin et al., 2007), and among them, a third
are receiving care (Hu et al., 2013) and 45 percent of those who are eligible
for treatment based on treatment guidelines are receiving treatment (Kim
et al., 2014). One of the four overarching goals of the HHS Action Plan
for the Prevention, Care, and Treatment of Viral Hepatitis is to double the
proportion of persons aware of their CHB infection from 33 to 66 percent
by 2020 (HHS, 2015).

The National Academies of Sciences, Engineering, and Medicine con-
vened a consensus committee to analyze the question of hepatitis B and C
elimination in the United States. The committee concluded in its phase one
report (NASEM, 2016) published in 2016 that hepatitis B and C could both
be eliminated as public health problems, but that would take considerable
will and resources; disease control might be more manageable in the short
term. The aim of this study is to model the potential population health
impact of increasing CHB diagnosis, care, and treatment in reducing the
risks of hepatocellular carcinoma, cirrhosis, and HBV-related deaths in
the United States and the cost-effectiveness of the various target scenarios
compared with current practice.

MATERIALS AND METHODS

Overview

We developed a Markov model to simulate long-term outcomes, such
as cirrhosis, hepatocellular carcinoma, and CHB-related death, under each
scenario. Patients begin the simulation in one of the starting states (see
Figure A-1): inactive CHB, active CHB HBeAg+, active CHB HBeAg—, and
cirrhosis. The proportion of patients in each state depends on the rates for
each scenario tested and whether there is a larger proportion of patients
who remain undiagnosed and will follow the natural history of disease.

! Officially, the U.S. Preventive Services Task Force.



206 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C

Seroconversion
/ Y (G B)
Active CHB Active CHB
Seroclearance HBeAg-negative, € HBeAg-negative,
Untreated Treated
N J / >< & J
(G \‘/< I ( N
: Active CHB Active CHB
;;:;nve C’:B € HBeAg-positive, € HBeAg-positive, Viral Suppression
Uposiiee Untreated Treated
- e & J & J
/ I N
Cirrhosis, Cirrhosis,
Untreated Treated
\ 7 - / 4
~
Liver Decompensated Decompensated
Transplantation Cirrhosis, Untreated Cirrhosis, Treated
J

|

FIGURE A-1 Markov schematic.

NOTES: Starting health states in the Markov model are Inactive HBsAg+, Active
chronic hepatitis B HBeAg+ and HBeAg—, and Cirrhosis. The model assumes that
individuals in the decompensated health state are being treated with antivirals
depending on the scenario they are in. All health states are subject to background
mortality and death due to hepatocellular carcinoma. CHB = chronic hepatitis B;
HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen.

Following the recent AASLD? guidelines (Terrault et al., 2016), disease
activity is defined by an elevation of ALT >2 ULN or evidence of signifi-
cant histological disease plus elevated HBV DNA above 2,000 IU/mL for
HBeAg- and above 20,000 TU/mL for HBeAg+. In the model once people
with inactive CHB develop active hepatitis, depending on the level of care
and treatment they receive, they would be less likely to develop liver-related
complications such as hepatocellular carcinoma and cirrhosis.

2 Officially, the American Association for the Study of Liver Diseases.
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Study Cohort

The population in the United States in 2015 by age, race, ethnicity, and
nativity was obtained from the Census Bureau (Census Bureau, n.d.). The
2015 CHB study cohort was estimated based on race, ethnicity and nativity,
and age-specific HBsAg prevalence studies for the various racial and ethnic
groups in the United States (Din et al., 2011; Hyun et al., 2016; Jung et
al., 2016; Lin et al., 2007; Roberts et al., 2016; Shuler et al., 2009; Tanaka
et al., 2011; Ugwu et al., 2008). CHB disease activity was categorized by
HBeAg+ rate of 26.3 percent and chronic active hepatitis in 14 percent who
are HBeAg+ and in 26 percent who are HBeAg—, based on data from the
Hepatitis B Research Network study (Ghany et al., 2015) that collected
data on clinical characteristics of adult CHB infections who were enrolled
in a multisite North America cohort study. The proportion of the CHB
cohort with cirrhosis was based on studies by Iloeje et al. (2006) and Kim
et al. (2014). Estimated new cases of CHB due to migration of Asian and
Pacific Islander and black people into the United States from year 2015 to
2060 was calculated from the U.S. census migration projection estimates
(Census Bureau, n.d.) by nativity and race/ethnicity.

Model

The Markov model was developed using TreeAge Pro 2014 (TreeAge
Software, Williamstown, Massachusetts). The model was adapted from
our previous study on the population health impact and cost-effectiveness
of CHB treatment in Shanghai, China (Toy et al., 2014). Transitions in the
Markov model were calculated in 1-year cycles and were governed by dis-
ease progression estimates (see Table A-1) and treatment-related estimates
(see Table A-2). The natural history disease progression estimates were
derived from recent cohort studies and meta-analysis mainly from North
America (Campsen et al., 2013; Chen et al., 2010; Chu and Liaw, 2007,
2009; Fattovich et al., 2008; Kanwal et al., 2006; Lin et al., 2005; Raffetti
et al., 2016; Thiele et al., 2014). Treatment effectiveness estimates were
expressed as reductions in progression risks and are shown in Table A-2
(Heathcote et al., 2011; Lok et al., 2016; Papatheodoridis et al., 2015; Ten-
ney et al., 2009; Wong et al., 2013). The nucleoside analogue entecavir and
nucleotide analogue tenofovir are both highly potent antivirals and have
high barriers to viral resistance (Lok et al., 2016; Marcellin et al., 2013).
We assumed that the effectiveness for both these drugs were similar and
are equally effective in prevention progression from chronic active hepatitis
to cirrhosis in both HBeAg+ or HBeAg— patients and they are used as first
line treatment in the United States. The model also assumed that the few
patients who developed drug resistance to entecavir will be switched to
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TABLE A-1 Annual Transition Estimates for Natural History of Chronic
Hepatitis B by Initial State

Transition Age Group Estimate (%) Range References
tel te

To seroclearance <30 years 0.8 (0.38-1.15) Chu and Liaw,
2007
30-39 years 1.1 (0.53-1.60)
40-49 years 1.7 (0.82-2.47)
50+ years 1.8 (0.91-2.74)
To active CHB, <30 years 0.9 (0.4-1.3) Chu and Liaw,
HBeAg+ 2007, 2009
30-39 years 1.4 (0.7-2.1)
40-49 years 2.8 (1.4-4.1)
50+ years 2 (1.0-3.0)
To cirrhosis <30 years 0.038 (0.019-0.057)  Chu and Liaw,
2009
30-39 years 0.049 (0.024-0.073)
40-49 years 0.068 (0.034-0.102)
50+ years 0.15 (0.052-0.202)
To HCC All ages 0.17 (0.02-0.62) Raffetti et al.,
2016
From active CHB, HBeAgs
To seroconversion  All ages 7 (2.0-23) Kanwal et al.,
2006
To active CHB, All ages 1.9 (1.0-3.8) Fattovich et al.,
HBeAg- 2008
To cirrhosis All ages 2.4 (2.1-2.6) Lin et al., 2005
To HCC All ages 0.48 (0.22-0.91) Raffetti et al.,
2016
To HBV-related All ages 0.11 (0.09-0.14) Thiele et al.,
death 2014
Fromactive CHB, HBeAg-
To inactive CHB,  All ages 1.6 (0.0-11) Kanwal et al.,
HBsAg+ 2006
To cirrhosis All ages 2.4 (1.3-3.4) Lin et al., 2005
To HCC All ages 0.48 (0.22-0.91) Raffetti et al.,
2016
To HBV-related All ages 0.11 (0.09-0.14) Thiele et al.,
death 2014

To active CHB, <30 years 2.9 (1.4-4.3)
HBeAg- 31-40 years 3.8 (1.9-5.7)
40+ years 8.6 (4.3-12.9)
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TABLE A-1 Continued

Transition Age Group Estimate (%) Range References
To cirrhosis <30 years 0.2 (0.1-0.3)
31-40 years 1 (0.5-1.5)
40+ years 4.2 (2.1-6.3)
To HCC <30 years 0.1 (0.05-0.15)
31-40 years 0.2 (0.1-0.3)
40+ years 0.6 (0.3-0.9)
To seroclearance <30 years 0.8 (0.4-1.2)
31-40 years 0.7 (0.3-1.0)
40+ years 0.3 (0.1-0.4)

To HCC All ages o (0.092-2.61) Liu et al., 2012

To decompensated  All ages 3.9 (3.2-4.6) Lin et al., 2005

cirrhosis

To HCC All ages 3.16 (2.58-3.74) Thiele et al.,
2014

To HBV-related All ages 4.89 (3.16-6.63) Thiele et al.,

death 2014

To liver All ages 1.2 (1.0-3.0) HRSA, n.d.
transplantation
To HCC All ages 7.1 (3.5-10.0) Lin et al., 2005
To HBV-related All ages 15 (9.9-20.0) Lin et al., 2005
death

FomHCC
To liver All ages 7 (5.0-9.0) HRSA, n.d.
transplantation
To HBV-related All ages 35.1 (18.0-45.0) Hutton et al.,
death 2007

To HBV-related All ages 5.7
death year 1

To HBV-related All ages 12.9
death year 3

To HBV-related All ages 14.7

death year 5

(4.5-6.8)
(10.3-15.5)

(11.8-17.6)

NOTE: CHB = chronic hepatitis B; HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface
antigen; HBV = hepatitis B virus; HCC = hepatocellular carcinoma; HCV = hepatitis C virus.
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TABLE A-2 Annual Transition Estimates for Treatment Strategies with
First Line Antiviral Therapy

Annual probability,

Transition % (range) Reference

From active CHB, long-term treatment

To active CHB, drug resistant 0.012 (0.0-0.01) Heathcote et al., 2011;
Lok et al., 2016; Tenney
et al., 2009

To HCC 0.2 (0.1-0.5) Papatheodoridis et al.,

2015; Wong et al., 2013

From cirrhosis, long-term treatment

To cirrhosis, drug resistant 0.012 (0.0-0.01) Heathcote et al., 2011;
Lok et al., 2016; Tenney
et al., 2009

To decompensated cirrhosis 1.8 (0.9-3.8) Wong et al., 2013

To HCC 1.6 (0.8-3.2) Papatheodoridis et al.,
2015; Wong et al., 2013

To HBV-related death 2.4 (1.6-3.3) Papatheodoridis et al.,

2015; Wong et al., 2013

From decompensated cirrhosis,
long-term treatment

To HCC 3.5 (1.7-5.0) Papatheodoridis et al.,
2015; Wong et al., 2013

To HBV-related death 7.5 (4.9-10.0) Papatheodoridis et al.,
2015; Wong et al., 2013

NOTE: CHB = chronic hepatitis B; HBV = hepatitis B virus; HCC = hepatocellular carcinoma.

tenofovir and continue treatment. The primary goal of antiviral treatment is
to suppress replication of HBV, thereby preventing progression to cirrhosis
and reducing the risk of hepatocellular carcinoma. Based on recent find-
ings, we assumed that it was possible to develop hepatocellular carcinoma
while on treatment, but with a 50 percent reduction in the rate decrease
from natural history (Arends et al., 2015; Marcellin et al., 2013). Causes
of death that were not related to CHB were included in the model, based
on age-specific mortality rates from the National Vital Statistics Report,
United States Life Tables (Arias, 2015). Annual probabilities of receiving a
liver transplant for decompensated cirrhosis and hepatocellular carcinoma
if CHB-infected (1.2 and 7 percent, respectively) were calculated based on
data from the Organ Procurement and Transplantation Network (OPTN)
(HRSA, n.d.). If progression rates were reported, these were transformed
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into annual probabilities using a standard formula (P=1-¢7), where P is
the probability, e is the base of the natural logarithm, 7 is the event rate,
and 7 is the time interval.

Cost and Utility Estimates

The annual wholesale prices for entecavir 0.5mg were $8,400 for the
generic drug (range $4,740 to $12,796) and $16,464 for the brand drug,
and tenofovir 300mg (only brand available) was $11,964 (Truven Health
Analytics, 2016). We obtained medical management costs for CHB, cir-
rhosis, decompensated cirrhosis, and hepatocellular carcinoma from Liu
et al. (Liu et al., 2012), liver transplantation cost from OPTN, and annual
monitoring cost from Hutton et al. (Hutton et al., 2007) (see Table A-3).
All costs were adjusted for inflation using the U.S. consumer price index to
reflect 2015 U.S. dollars (Bureau of Labor Statistics, n.d.). An assumption
in the model pertaining to costs was that patients achieving seroconver-
sion from the CHB active state continued to incur annual costs for CHB
management. The utilities were obtained from a health state utility and
quality of life study on CHB (Woo et al., 2012) (see Table A-3). Outcomes
included 15 year and lifetime disease and HBV-related death risk, dis-
counted costs, quality-adjusted life years (QALYs) gained, and incremental
cost-effectiveness ratios (ICERs) for each scenario. Results are presented as
weighted averages over age. All costs and QALYs were discounted at a rate
of 3 percent per year.

Scenarios

The following diagnosis, care, and treatment scenarios were examined
(see Table A-4):

* Base 2015 Current Practice: According to the literature we as-
sumed that 34.6 percent of CHB is diagnosed in the United States
(Lin et al., 2007), 33.3 percent receive care (Hu et al., 2013), and
45 percent receive treatment if eligible according to treatment
guidelines (Kim et al., 2014), where 85 percent adhere to treatment
(Chotiyaputta et al., 2011). We assume here that 35.1 percent of
patients adhere to monitoring recommendations, which has the
observed level of adherence to monitoring at least once every 12
months (Juday et al., 2011).

e HHS 2020 Screening Target: One of the national goals (HHS,
2015) for reducing the burden of viral hepatitis by 2020 was to
increase the proportion of persons who are aware of their hepatitis
B infection from 33 to 66 percent. In this scenario we examined the
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TABLE A-3 Cost and Utility Estimates

Variable Base Case Range

Cost (U.S. dollars) $

Entecavir (0.5mg) (generic) $8,400 $4,740-$12,796
Entecavir (0.5mg) $16,464 $16,464-$19,752
Tenofovir (300mg) $11,964 $11,964-$14,364
Annual monitoring $710 $347-$1,390
Chronic hepatitis B $1,483 $154-$5,956
Cirrhosis $4,414 $154-$5,408
Decompensated cirrhosis $11,690 $3,735-$28,256
Hepatocellular carcinoma $46,538 $22,443-$67,321
Liver transplantation 1st year $159,220 $127,376-$191,064
Liver transplantation 2nd year $22,820 $18,256-$27,384
Health state utilities

Active CHB 0.85 (0.80-0.92)
Cirrhosis 0.87 (0.78-0.88)
Inactive CHB 0.95 (0.90-0.99)
Decompensated cirrhosis 0.82 (0.49-0.82)
Hepatocellular carcinoma 0.84 (0.77-0.85)
Liver transplantation 0.86 (0.72-0.84)
Seroclearance 0.99 (0.90-1.00)
Viral suppression 1 (0.95-1.00)

NOTES: All costs are adjusted for inflation using the U.S. consumer price index to reflect 2015
U.S. dollars. CHB = chronic hepatitis B.

SOURCES: Hutton et al., 2007; Liu et al., 2012; Truven Health Analytics, 2016. Red Book
drug prices accessed January 13, 2017.

impact of only increasing diagnosis to 66 percent, but care, treat-
ment, adherence to monitoring, and treatment remain unchanged.

*  HHS 2020 Target with Improved Care and Treatment: In this hy-
pothetical scenario we increased the rates for care and treatment
by 80 percent along with the 66 percent of diagnosis target. Adher-
ence to monitoring and treatment was kept at 35.1 and 85 percent,
respectively.

*  Hypothetical scenario: In this scenario, we assume that the diagno-
sis, care, treatment, and adherence to monitoring increased to 80
percent and adherence to treatment to 95 percent.

*  WHO 2030 Target: The WHO has made viral hepatitis a priority
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and has set targets to eliminate viral hepatitis as a public health
threat by year 2030 (WHO, 2016). We adopted these targets into
this scenario where diagnosis and care is increased to 90 percent
and treatment to 80 percent and assumed 100 percent adherence
to monitoring and treatment.

* Idealistic scenario: In this scenario we examined the impact if that
all (100 percent) CHB cases are diagnosed, cared for and treated,
and adhere to monitoring and treatment.

Sensitivity Analysis

Sensitivity analyses were performed using the low and high ranges
of the transition estimates (see Tables A-1, A-2, and A-3). The best case
scenario was assessed by applying the low ranges to the estimate of dis-
ease progression and costs and applying the low estimates to the utilities.
The worst case scenario was assessed by applying the high ranges to the
estimates of disease progression and costs and applying the low estimates
to the utilities. We also performed a probabilistic sensitivity analysis to
examine the effect of uncertainty around the cost-effectiveness outcomes
of the various scenarios.

RESULTS

In 2015, an estimated 1.29 million (CI: 855,000 to 2.02 million) or
0.40 percent (CI: 0.27 to 0.63 percent) of the population in the United
States lived with CHB, with the highest prevalence among ages 30 to 59
years (see Table A-5). Among them, 25.8 percent or 333,978 would be eli-
gible for antiviral treatment because they either have chronic active hepati-
tis (295,556 (47,638 HBeAg+ and 247,918 HBeAg-]) or cirrhosis (38,422).
HBsAg prevalence estimates by race and nativity are shown in Table A-6.
An estimated 72.6 percent were foreign born Asian and Pacific Islander
and black. Based on census projected migration data of black and Asian
and Pacific Islander to the United States in the next 15 years, the number
of CHB cases is estimated to increase by 23,370 (CI: 17,800 to 31,660)
annually due to migration alone. By year 2030, the number of people liv-
ing with CHB in the United States is projected to increase to an estimated
1.64 million. Table A-7 shows the baseline population distributions for the
entry of the Markov model.

If the current diagnosis, care, and treatment practices remain un-
changed, as many as 6 percent of the 2015 CHB cohort will have developed
hepatocellular carcinoma, 10.31 percent will have developed cirrhosis, and
9.40 percent will have died from HBV-related deaths by year 2030 (see
Table A-8). Doubling the current diagnosis rate to 66 percent (HHS 2020
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TABLE A-5 Age-Specific Population Level Prevalence Estimate of Chronic

Hepatitis B in the United States in 2015

Age Group (years)

CI (lower bound)

215

CI (upper bound)

0-19 79,016 (0.10%) 52,597 (0.06%) 141,759 (0.17%)
20-29 160,806 (0.36%) 93,926 (0.21%) 270,006 (0.60%)
30-39 240,381 (0.57%) 161,489 (0.38%) 356,986 (0.85%)
40-49 267,593 (0.65%) 187,482 (0.46%) 387,991 (0.94%)
50-59 244,119 (0.55%) 173,398 (0.39%) 348,416 (0.79%)
60-69 182,157 (0.52%) 116,601 (0.33%) 312,350 (0.89%)
70-79 81,263 (0.41%) 50,177 (0.26%) 127,554 (0.65%)
80+ 38,463 (0.32%) 19,492 (0.16%) 73,189 (0.61%)
Total 1,293,798 (0.40%) 855,162 (0.27%) 2,018,251 (0.63%)

NOTE: CHB = chronic hepatitis B; CI = confidence interval; HBeAg = hepatitis B e antigen;
HBsAg = hepatitis B surface antigen.

target) without an associated increase in care and treatment would only
prevent new cases of hepatocellular carcinoma, cirrhosis, and HBV-related
deaths by 2.7, 1.6, and 4.5 percent, respectively, by 2030 (see Table A-9).
However, if the HHS 2020 target is accompanied with an increased care
and treatment rate of 80 percent, then it would prevent hepatocellular car-
cinoma, cirrhosis, and HBV-related death by 12, 12.6, and 19 percent, re-
spectively. Compared to the current practice, the hypothetical scenario and
WHO 2030 target will prevent new cases of hepatocellular carcinoma, cir-
rhosis, and HBV-related deaths by 26, 34, and 36 percent and 35, 45, and
50 percent, respectively. And if everyone with chronic HBV is diagnosed,
receiving care and treatment (the idealistic scenario), it will prevent 48 and
63 percent of new cases of hepatocellular carcinoma and cirrhosis, respec-
tively, and 70 percent of HBV-related deaths by 2030. In the current prac-
tice, the 2015 cohort’s lifetime risk for hepatocellular carcinoma, cirrhosis,
and HBV-related death risk is 14, 22.5, and 26 percent (see Table A-10),
respectively. If diagnosis, care, and treatment rates are increased to 90, 90,
and 80 (WHO 2030 target), lifetime risk can drop from 14 to 9 percent
for hepatocellular carcinoma, 22.5 to 16 percent for cirrhosis, and 26 to
12 percent for HBV-related death.

The lifetime cost of treatment including drug cost for the current prac-
tice is $48,774 and $50,747 with generic and brand entecavir, respectively;



216

(%0°99)
0LS°€TL

€78°0LT
80S‘v+S
6€T8

uiog
uSro10]

(%1°€)
$98°6¢

70€°9

£T€°9¢

9¢TL
SN

ISpUE[S] JYIoBJ PUE UBISY

(%9°91)
991°S1T

186°0S
s1s‘eTr
0L9°0%

uIog
uSro10,]

(%t'7)
88¥°I¢

€L6°L
9.5°0T
6€6°C

(%0°6)
0¥9°911

66%°€T
S08°88
9¢e€y

uroq ugIog
+°90

oruedst

(%6°CT)
890°L91

0ET
£L91°60T
S6S°ST

urog ud1oI0,]
+°5N
MY

€6L°€6T°T [e301,
088°T0€ 09
868°C1L6 65-0C
ST0‘6L 61-0

dnoir) a3y

STOT Ut &yaneN pue

LAruyrg/eoey Aq sa1e1g pairun Ayl ur sase)) g snunedoy d1ruoIyD) UOI[IA 67T JO sarewnsy oyadg-a8y 9-y F19V.L



217

‘uoneziueSiQ YI[edH PlIoA = OH/ $991AT9G UewnH pue yijeay jo 1usuniedo = SHH ‘waSnue o g snneday = Syoqy
-aterrdordde st juswIBOL USYM JUSWIIBI UL 9,0 918D Ul 900 ‘PasouseIp %001 ‘00T.L/001D/001( dretrdordde st juounesany usym juswiean ul

3

%08 218D Ul 9,6 ‘pasoudeIp %06 ‘08.1/06D/06d 3etrdordde st juswieary usym JuowIeasd ul 9,08 9Ied ur 9,08 ‘pasousdeIp 9,08 ‘08.1/08D/08Ad
frerrdordde st jusunIBan) UAYM JUIWIBAI UI 9, ()§ ‘9IBD Ul 9%, ()8 ‘PasouseIp 9,99 ‘081/08D/99( ‘2eridordde st juouwnesn usym JUdUNLIII UT 9, Gl

‘91> Ul 94, €€ ‘pasouBeIP 9,99 ‘S.1/££D/99( retidoidde st IuduNEII UAYM JUSUIIEAN UT %, Gy DTED UT % €€ “PASOUSEIP %% 6€ ‘SHI/EED/SEA *STLON

%0°0 %0°T %1 %L'T %L'T %8°T SISOULIT £101STY [EINIEN]
%0°0 %6°S %1°8 %9°6 %0°ST %8°ST  —8yogH 2A1dE L1031y [EIMIEN]
%0°0 %T'T %9°'T %6'T %6'T %0°¢  +3yaqH 2ande £101STY [eIIEN
%0°0 %L1 %8°LT %9 %T 09 %€°89 aAnoRUL £I038TY [eINIEN
%0°€ %6°1 %S°1 %E°1 %€°0 %T0 JUDUIIEDT] SISOYIIID)
%L 9T %801 %S°8 %0°L %9°'T %6°0 JUBWIERN) —BYOgH QALY
%T€ %1'T %9°T %1 %€°0 %T0 JUBUIEDN +3YIGH 2ANOY
%TLL %S°T9 %Y 6 %L 0 %0°LT %6°8 (1031u0W) 2A1>RU]

001.1/0015/00Td 81/060/06d 80/08d 08.1/085/99d SY1/€€0/99d SPL/ee0/SEAd eI YI[edH 41Uy [9PON
onsIeap] 1981e], OLIBUIOS xy pasoidury 1981e], ERJURIAR |

0£0T OHM [eonayiodiy + SHH 00T SHH JuaLINY)

OLIBUIDG

sa1eIg
paitun) ay3 ur g suneda s1uoIyD) Jo [PPOIN AONIBIA 3 Jo AUy ay3 10J uonnquusiq uonendo surpseq /-y ATGV.L



218

‘uoneziuesiQ YIedH PIox = OHAM S901AI0§ UBWNE] pue yIjesy jo juouniedoq = SHH ‘sniia g snnedoy = AqH ‘ALON

%8L°69 %y 08 %8E9¢ Y%¥l61 %Y ¥ qieap paePI-AGH
%€TE9 % LL Yy %89°€€ %09°C1 %S BERED) BEOURRLD)
%99°Ly %€8°¥E %99°SC %I91°CL %99°C $35EI PWOUIdIE) 1e[n[[2003edoH

00L.1/0015/00Td O/06 08.1/08D/08d 1/080/99A SH1/£€0/99Q 3937e], LRIPERS] ML)
onsI[eaP] ; OLIBUOG xy paaoxdury 0707 SHH

0£0T OHM [eonayrod4p o T

OLIBUIG
STBIX ST Ul (SHI/€ED/SEQ) OMEUIIG dSBY Y3 YIIMm

paredwo)) SOLIBUAIG JUAUNBAI] PUB ‘aIe)) ‘SISOUSeI(] PaA0IdW] SNOLIBA IIM SUOSIdJ PIIIRJUI-AGH dTU0Iy) JO 110Y0D)
ST0T Y3 Ul syaea pAaePY-AgH PUe ‘SISOYLII) ‘ewoundie)) Je[n[@201edoH ur uononpay sanenwn)) -y 419V.L

‘uoneziuesiQ YI[edH PHIoA\ = OHAX\ S991A19¢ urwngy pue ya[eay jo uwdunredsq = SHY ‘snaia g snnedoy = AGH ‘ALON

%¥8'T %99'% %86°S %09, %868 %0¥'6 aeap parepIAgH
%6L'E %0L'S %¥8'9 %106 %ST°0T %1E0T SISOy
%Y1'E %16 %9Y'¥ %LT'S %¥8'S %009 ewouIed ten[[p201edop

060/06d 0/08d 08.1/080/99d SYP1/€€0/99d SY1/€€0/SEA el AP eHas)
o1sIBap] 1981e], OLIBUIDG xy pasroxdury 10818 ERAR AP

0£0T OHM [edonayi0dAH + SHH 0207 SHH JuRLINY

OLIBUIOG

$91B1G PAITUN) AYI UI SUOSIIJ PAIJUI-AGH JTUOIYD) JO 110Y0))
STOT 2Y2 ut 0£0T £q syrea( paie[dyY-AgH PUe ‘SISOYLI)) ‘BwouIdie)) Ie[n[[2001edaf] Jo sysry aanenwn) 8-y FIIV.L



219

‘uoneziuediQ) YedH PHoM= OHM 1140joudl = J( L, “1eak oj1] passnlpe-Ljenb = {7y f01BI SSOUIAIII}FI-1SOD
[e3TaWRIOUL = YFD] {S901AI9G UrWNE] pue YI[eay Jo Jusunredsq = SHH fsnaia g snnedoy = AgH 1aeaIud = A 4 g snneday smwoiyd = gHD *HLON

TESTHS

$09°09$

9Y¥9T$
Y6EVETS
T8EVLLS

€TLTOTS
99°81
1661
10°0¢

%TEL
%TTEL
%9TL

010/001d
susi[eap]

IS

L¥1°099

weT9Ts
799°011%
S9L°6€T$

T19°,8%
Syl
8T81
Sv6l

%LETL
%89°S1
%S$0°6
081/06D/06d

917°67$

SyLEr$

8¥LLTS
9L1°6L$
67676$

66999%
w9l
19°L1
8681

%1891
Yl1ELL
%89°01
81/085/08d

OLIBUIOG

[eanaylodAy

L8€9F$

€15°L9$

67,678
68L°€L$
¥58°68%

€ETYI$
SI'TL
SO°LL
6181

%69°1T
%v T 1T
%68°CL

80/99d XY
pasoxduy

+ SHH

L1L°9V$

769°L9%

c€Er0€$
¥LT°SS$
0.,8°8S$

9THTS$
6L
(45"
60°81

%96'1C
%SETT
Y¥L €1

SY1/€€0/99d
1981R],

020 SHH

899°6+$
L¥L0S$

vLL8Y$
WL
€5°ST
L6'LT

%S$8°ST
%S¥CT
%€0' 1

juarany)

OLIBUIDS

JQ.L (ednoead
Jua1Ind 03 pasedwod)

3110402 Te303 103 YADI

ALA (somoerd
Jua11nd 01 paredwod)

110109 [B103 10 JADI

(orroua8) A 1 (eomoerd
Jua1Ind 03 paredwod)

110409 [B103 10 YIDI
AL 310709 [B101 I0] $IS0D)
ALF 110700 [8101 T0] $1500)

(o110U93)
ALF 110700 [8101 T0] $1500)

dnoi8qns sisoyany
dnoigqns gHD 2a10y
110400 [e30],

SXTVO

YIeSp PIIEPIAGH

MSLI SISOYLITD)

YSIT BwOUIdIed Ienjoiedapy

QWY

OLI1BUADG 13818, YoBY JO SYAD] PUB ‘SATVO
¢$1507) PaIUNOISI(J pue SYIBd(J PAB[Y-AGH PUEB ‘SISOYLITD) ‘BUIOUIdIR)) TB[N][9201edaf] JO SYSTY 2w OT-V ATIV.L



220 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C

Cost-Effectiveness Analysis
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FIGURE A-2 Incremental costs and QALY for each scenario.

NOTES: The graph plots the incremental discounted life-time costs (y-axis) and the
incremental discounted QALY (x-axis) for each scenario. The solid line represents
the cost-effectiveness frontier, those strategies that are potentially cost-effective, and
the dotted line represents the WTP, which is a $100,000/QALY. HHS = Department
of Health and Human Services; QALY = quality-adjusted life year; WHO = World
Health Organization; WTP = willingness to pay.

and $49,668 with tenofovir, and results in 17.97 discounted QALYs per
patient (see Table A-10). The hypothetical scenario and WHO 2030 target
cost $66,699 to $94,929 and $87,612 to $139,765, respectively. Increas-
ing the cascade of diagnosis, care, and treatment is cost-effective across
all the scenarios examined. The ICER for the hypothetical, WHO 2030,
and idealistic scenario are $17,748 to $43,745, $26,242 to $60,147, and
$26,446 to $60,605, respectively. Figure A-2 shows the cost-effectiveness
frontier for all scenarios, those scenarios that are potentially cost-effective
depending on the willing to pay per QALY. The hypothetical scenario was
the lowest cost alternative and dominated HHS 2020 target and HHS im-
proved scenarios. The idealistic scenario was the next best option, which
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Cost-Effectiveness Analysis Entecavir Generic
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FIGURE A-3 Incremental costs and QALYs for each scenario. Cost-effectiveness
frontier with entecavir (generic).

NOTES: The graph plots the incremental discounted life-time costs (y-axis) and the
incremental discounted QALY (x-axis) for each scenario. The solid line represents
the cost-effectiveness frontier, those strategies that are potentially cost-effective, and
the dotted line represents the WTP, which is a $100,000/QALY. HHS = Department
of Health and Human Services; QALY = quality-adjusted life year; WHO = World
Health Organization; WTP = willingness to pay.

adds 1.05 QALYs over the hypothetical scenario and 2.04 QALYs over the
current practice at a cost of $26,446 for entecavir generic (see Figure A-3),
$60,605 for entecavir brand (see Figure A-4), and $41,532 for tenofovir
(see Figure A-5) per QALY.

SENSITIVITY ANALYSIS

We performed one-way sensitivity analysis over estimated data ranges
for all variables. Monte Carlo probabilistic analysis recalculates expected
values in the Markov model numerous times and is used to understand
the uncertainties on the model results. The results were sensitive to several
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Cost-Effectiveness Analysis Entecavir Brand
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FIGURE A-4 Incremental costs and QALYs for each scenario. Cost-effectiveness
frontier with entecavir.

NOTES: The graph plots the incremental discounted life-time costs (y-axis) and the
incremental discounted QALY (x-axis) for each scenario. The solid line represents
the cost-effectiveness frontier, those strategies that are potentially cost-effective, and
the dotted line represents the WTP, which is a $100,000/QALY. HHS = Department
of Health and Human Services; QALY = quality-adjusted life year; WHO = World
Health Organization; WTP = willingness to pay.

variables, including the utility of CHB, cirrhosis, and seroclearance (loss of
HBsAg), and the probability of transitioning from inactive CHB to hepato-
cellular carcinoma, from seroclearance to hepatocellular carcinoma, from
inactive to active CHB, from inactive CHB to seroclearance, from active
hepatitis to hepatocellular carcinoma, and from hepatocellular carcinoma
to HBV-related death (see Figures A-6, A-7, A-8, A-9, A-10, and A-11).
Sensitivity analysis of the health outcome and lifetime costs, QALYs and
ICERs associated with the various increased diagnosis, care, and treatment
scenarios is shown in Table A-11 and Table A-12. The sensitivity analysis
showed the risk of the 2015 cohort for HBV-related death by 2030 can be
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Cost-Effectiveness Analysis Tenofovir
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FIGURE A-5 Incremental costs and QALYs for each scenario. Cost-effectiveness
frontier with tenofovir.

NOTES: The graph plots the incremental discounted life-time costs (y-axis) and the
incremental discounted QALYs (x-axis) for each scenario. The solid line represents
the cost-effectiveness frontier, those strategies that are potentially cost-effective, and
the dotted line represents the WTP, which is a $100,000/QALY. HHS = Department
of Health and Human Services; QALY = quality-adjusted life year; WHO = World
Health Organization; WTP = willingness to pay.

as low as 2.7 percent or as high as 10.6 percent with the WHO 2030 target
compared with 4.9 to 17.6 percent with current practice. At a willingness
to pay threshold of $50,000 per QALY, the hypothetical scenario D80/C80/
T80 was optimal (cost-effective) 65 percent of the time while the idealistic
scenario was optimal 30 percent of the time. At a willingness to pay thresh-
old of $100,000 per QALY, the idealistic scenario was optimal 100 percent
of the time (see Figure A-12). If the idealistic scenario was to be left out of
the competing scenarios, the WHO 2030 target is the most optimal scenario
at a willingness to pay threshold of $100,000.



224 A NATIONAL STRATEGY FOR THE ELIMINATION OF HEPATITIS B AND C
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FIGURE A-6 Tornado analysis for net benefits.
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FIGURE A-7 Tornado analysis (ICER) current practice versus HHS 2020 target.
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FIGURE A-8 Tornado analysis (ICER) current practice versus HHS improved.
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FIGURE A-9 Tornado analysis (ICER) current practice versus hypothetical scenario.
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FIGURE A-10 Tornado analysis (ICER) current practice versus WHO 2030 target.
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FIGURE A-11 Tornado analysis (ICER) current practice versus idealistic scenario.
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FIGURE A-12 Results of probabilistic sensitivity analysis: cost-effectiveness ac-
ceptability curves.

NOTE: HHS = Department of Health and Human Services; WHO = World Health
Organization.

DISCUSSION

This is the first study undertaken to model the population health impact
and cost-effectiveness of increasing CHB diagnosis, care, and treatment
in the United States. The study found implementing programs that would
substantially increase rates of CHB diagnosis, care, and viral suppressive
therapy with the potent and low-resistance medications can prevent 19 to
70 percent of the HBV-related deaths in 15 years depending on the rates
achieved.

In the HHS national action plan for the prevention, care, and treat-
ment of viral hepatitis, among the four overarching goals is to double
the number who are aware of their CHB infection to 66 percent by 2020
(HHS, 2015). This study found that merely doubling the number of people
diagnosed with CHB to 66 percent would only result in a 4 percent drop
in HBV-related death in 15 years if there was no associated increase in care
and treatment rates. Increasing care and treatment combined with increased
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rates of diagnosis could result in a reduction in new cases of hepatocel-
lular carcinoma by 12 to 48 percent, cirrhosis by 13 to 63 percent, and
HBV-related death by 19 to 70 percent in 15 years. The WHO target of 90
percent diagnosis and 80 percent treatment would prevent 50 percent of the
HBV-related liver deaths. If we can reach an idealistic scenario where al-
most everyone is diagnosed, cared for and treated if indicated, and adherent
to monitoring and treatment, the mortality rate can decrease by 70 percent
in 15 years. These estimates would come close to the WHO 2030 target to
reduce CHB-related mortality by 65 percent (WHO, 2016).

Increasing the cascade of CHB diagnosis, care, and treatment would
also provide high value for money and is cost-effective in all the scenarios
examined with an ICER of $17,748 to $30,433 for generic entecavir,
$43,745 to $67,692 for brand entecavir, and $29,216 to $46,717 for te-
nofovir. Increasing the diagnosis and treatment rates to 90 and 80 percent,
respectively (WHO 2030 targets), would be cost-effective with an estimated
ICER ranging from $26,242 to $60,605, depending on the antiviral drug
used. For patients with cirrhosis, great health gain of 7.13 healthy life
years can be gained by increasing diagnosis, care, and treatment rates to
the WHO 2030 targets compared with current practice. Such an increase in
healthy life years is comparable to HIV antiretroviral treatment versus no
treatment with a health gain of 8.5 years (Walensky et al., 2013).

This study had several limitations. The model did not include addi-
tional program costs (e.g., outreach, campaigns, and awareness programs)
for the different scenarios if care, treatment, and adherence to monitoring
and treatment were to be increased. In the cost-effectiveness calculations,
only medical management (diagnosis, monitoring, managing the disease)
and treatment costs were included. Consequently, future research could
look into various elements of which type of programs could be implemented
locally and nationally and calculate their costs. The model also assumes
all the patients who are eligible for treatment received recommended first
line suppressive therapy that are highly effective and have very low rates
of drug resistance. The broad ranges for some variables in the model come
from published cohort studies. These ranges were used for the sensitivity
analysis, and, as a result, some ranges in the best and worst case scenarios
are broad as well.

According to the National Cancer Institute, liver cancer screening in
high-risk patients does not result in reduction in mortality although screen-
ing with twice a year ultrasound for early detection of hepatocellular carci-
noma is recommended by AASLD for HBsAg+ persons who are at increased
risk. The model did not calculate the potential survival benefit of liver
cancer screening among CHB patients that received care and the potential
survival benefit of antiviral therapy in hepatocellular carcinoma patients.

The estimated prevalence of CHB in 2015 in this study is 1.29 million
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and ranged from 855,000 to 2.01 million, which is similar to the CDC
estimates of 850,000 to 2.2 million. Mitchell et al. estimated 95 percent
of new cases of CHB in the United States are imported with an annual in-
crease of 53,800 cases between 2004 and 2008 from immigration (Mitchell
et al., 2011). In this study, an estimated 72.5 percent living in the United
States in 2015 are foreign born black and Asian and Pacific Islander (see
Table A-6). Based on U.S. Census projected migration of blacks and Asian
and Pacific Islanders in the next 15 years, the number of new cases of CHB
is estimated to increase by 23,370 per year to approximately the 1.64 mil-
lion by 2030. These estimates did not include migration from the Middle
East or Eastern Europe.

The proportion of the 2015 CHB cohort who are HBeAg+, HBeAg+
with active hepatitis, HBeAg— with active hepatitis, and CHB with normal
ALT was estimated based on a U.S. multicenter cohort study in adults, but
there was no information on cirrhosis (Ghany et al., 2015). Our study has
a limitation that we had to estimate the proportion with cirrhosis from two
other cohort studies (Iloeje et al., 2006; Kim et al., 2014). By applying the
same chronic active hepatitis and cirrhosis estimates in adults to the age
group 0 to 19 years, the numbers in the 2015 cohort that would require
treatment may be overestimated. However, given that this age group only
represents 6.1 percent of the 2015 cohort, the effect would be small.

Recent findings in a United States CHB cohort study (Spradling et al.,
2016) found CHB patients were insufficiently monitored for disease status
and, among those with cirrhosis, for hepatocellular carcinoma and viremia.
In order to convince their patients of the long-term risks of CHB, providers
need to be first convinced and educated themselves so that they can manage
and increase their patients’ adherence to monitoring and treatment. Nation-
wide programs need to be implemented to increase the rates of diagnosis,
care, and treatment for CHB infection in order to eliminate CHB as a public
health problem in the United States.

Funding source: This study was commissioned by the National Academies
of Sciences, Engineering, and Medicine.
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Appendix B

Modeling the Elimination of
Hepatitis C in the United States

Homie Razavi
Center for Disease Analysis

rhosis, hepatocellular carcinoma (HCC) and liver transplantation in

the United States (NIDDK, 2016; HRSA, 2016; Yang et al., 2012).
The advent of direct-acting antiviral (DAA) therapies in recent years means
that HCV can be treated with sustained viral response (SVR) rates in excess
of 90 percent, and treatment regimens continue to become more efficacious
and easier to tolerate for patients (Martinello and Dore, 2016). Achiev-
ing SVR has positive health, quality of life, and economic implications
for cured patients (Smith-Palmer et al., 2015). This analysis considers the
impact of treatment uptake on disease burden at the national level under
four different scenarios. Understanding future disease burden and potential
strategies to mitigate burden is critical for the elimination of HCV in the
United States (NASEM, 2016).

Chronic hepatitis C virus infection (HCV) is a leading cause of cir-

METHODS

Model

The HCV disease progression model has been described in detail previ-
ously (Blach et al., 2016; Razavi et al., 2014). The model was designed us-
ing Microsoft Excel® (Microsoft Corp., Redmond, Washington) to track the
viremic HCV infected population by disease stage through 2030. The model
estimated the annual number of incident HCV infections, after accounting
for spontaneous cure (Seeff, 2002). Fibrosis progression of all cases was
followed over time through 2030. The number of cases at any stage of liver
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disease was calculated and tracked by age and gender. The population was
aged in 1 year age cohorts through age 84 and cases aged =85 years were
tracked as a single cohort. The population in each age group, except for
the =85 year cohort, was moved to the next age each year to simulate ag-
ing. Background population data for the United States were obtained from
the United Nations’ population database by age, gender, and one year age
cohort (United Nations, 2015).

Disease progression was estimated through fibrosis and liver disease
stages with annual adjustment for background mortality (United Nations,
2015). Cases by disease stage were calculated by multiplying the progres-
sion rate and the total cases at previous stages of the disease in the previous
year. Background mortality was adjusted to account for increased mortality
among the portion of the viremic population who are people who inject
drugs (PWID) and people with a history of blood transfusion. Based on
U.S. data showing that 0.3 percent of individuals aged =13 years were
active PWID and that 43.126 percent were anti-HCV positive (Lansky et
al., 2014), it was estimated that there are 251,900 viremic active PWID,
assuming a 75 percent viremia rate (Edlin et al., 2015; Seeff, 2002). A
standardized mortality ratio (SMR) of 10.0 was estimated (Bjornaas et al.,
2008; Engstrom et al., 1991; Frischer et al., 1997; Hickman et al., 2003;
Oppenheimer et al., 1994; Perucci et al., 1991) and applied to background
mortality rates for the 7.3 percent of viremic cases who are active PWID
aged 15-44 years. In addition, an estimated 6.5 percent of the infected
population reported a history of transfusion (Daniels et al., 2009); an SMR
of 1.5 (Kamper-Jargensen et al., 2008) was applied to background mortal-
ity rates for these cases.

HCYV Prevalence

Based on data from the 2003-2010 National Health and Nutrition
Examination Survey (NHANES), there were an estimated 3.6 million indi-
viduals positive for HCV antibody and approximately 75 percent (Edlin et
al., 2015; Seeff, 2002) were HCV RNA-positive (viremic), equivalent to 2.7
million chronically infected individuals (Denniston et al., 2014). NHANES
potentially undersamples several groups with elevated risk for HCV infec-
tion, including incarcerated people, homeless people, hospitalized patients,
nursing home residents, active-duty military, and Native Americans living
on reservations. Analyses that accounted for these high-risk groups, in ad-
dition to data from NHANES, resulted in updated prevalence estimates of
4.6 million individuals who are HCV antibody positive and 3.5 million
individuals who are HCV-RNA positive (Edlin et al., 2015). The HCV
model tracked only viremic individuals, and assumed a prevalent popula-
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FIGURE B-1 Model input: hepatitis C virus prevalence rates by age and gender,
United States, 2010.

tion of 3.5 million viremic cases in 2010, at the end of the NHANES data
period analysis.

The distribution of cases by age and gender was based on data reported
from NHANES (2003-2010) by age and gender, where the proportion of
viremic cases among males (63.6 percent) exceeded that of females (36.4
percent) by a factor of 1.75 (Denniston et al., 2014). The reported distribu-
tion of viremic cases by age group was extrapolated to the national level
with the assumption of decreasing prevalence among persons aged <20
years not represented in NHANES (see Figure B-1). The age of prevalent
cases was further validated by estimating the projected proportion of cases
by birth cohort in 2010 and comparing that to published estimates, demon-
strating that approximately three-quarters of infected persons in the United
States were born during 1945-1965 (Smith et al., 2012). The genotype dis-
tribution of the prevalent population in the United States was based upon
NHANES laboratory data files (CDC, 2015). Genotype data from survey
cycles during 2003-2014 were summed and the distribution was input as
57.0 percent (Gla), 22.1 percent (G1b), 0.5 percent (G1 other), 10.9 per-
cent (G2), 8.1 percent (G3), 0.8 percent (G4) and 0.5 percent (G6). Preva-
lent cases were described by subpopulation; reported proportions of cases
captured by NHANES, and underrepresented groups were extrapolated to
model outputs in 2015 (Edlin et al., 2015). Similarly, reported proportions
of infected persons by insurance coverage category were applied to preva-
lent cases in 2015 (Fitch et al., 2013).
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HCYV Incidence

Total HCV cases in a given year were assumed to be the sum of existing
and new HCV cases after adjustment for mortality and spontaneous cure.
The number of new infections was back-calculated using a two-step process
that first calculated the annual number of new infections, followed by the
age and gender distribution of these cases. The annual number of new cases
was calibrated to the estimated prevalence of HCV in 2010 (Edlin et al.,
2015). Annual relative incidence values were used to describe changes in
the annual number of new HCV infections, and were based upon published
estimates that were available from 1982 to 2014 (CDC, 2016). Based on
the number of reported acute infections with an underascertainment multi-
plier, the Centers for Disease Control and Prevention (CDC) estimated that
180,000 new infections occurred in 1982 increasing to a peak of 291,000
new infections in 1989. In 2014, there were an estimated 30,500 (24,200-
104,200) new HCV infections (CDC, 2016). Excel® Solver was used to de-
termine a constant that, when multiplied by the relative incidence, resulted
in the sum of all new cases since 1950 achieving the target model prevalence
of HCV in 2010, after adjustment for mortality.

Diagnosed/Treated

The number of diagnosed cases was calculated in the model in order
to better understand potential constraints on treatment uptake. Analyses of
NHANES data have demonstrated that 51 percent of infected cases were
already aware of their infection (Denniston et al., 2014; Volk et al., 2009).
However, this may be an underestimate due to the underrepresentation of
high risk groups in NHANES (Edlin et al., 2015). For modeling purposes,
it was assumed that 45 percent of the viremic population was previously
diagnosed in 2010, equivalent to 1,575,000 diagnosed viremic cases. In
addition, it was assumed that 110,000 new cases would be diagnosed annu-
ally based on reported acute cases in sentinel centers (Klevens et al., 2009),
along with an underascertainment multiplier adjusting for undercounting
based on the proportions of infected persons developing symptoms and
seeking care, as well as the proportion of those diagnosed who were re-
ported to surveillance systems (Klevens et al., 2014).

The annual number of treated patients was based on sales unit data
reported for pegylated interferon during 2004-2012. During this time pe-
riod, annual treated ranged from 124,800 cases (2005) to 59,000 cases
(2012). In later years, expert feedback and published estimates were used
to estimate total treated patients. Assumptions for treatment efficacy varied
by scenario, as described below.

The total number of annual liver transplants by diagnostic category was
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available from the Organ Procurement and Transplantation Network for
the years 1988 to 2015. All transplants in five diagnostic categories (acute
hepatic necrosis [AHN] with HCV, AHN with hepatitis B virus [HBV] and
HCV, alcoholic cirrhosis with HCV, cirrhosis with HBV and HCV, and cir-
rhosis with HCV) were assumed to be HCV-related, and 23.6 percent to
41.6 percent (Yang et al., 2012) of transplants in two additional categories
(HCC, HCC and cirrhosis) were assumed to be HCV-related. These were
summed to estimate total HCV-related transplants in a given year. In 20135,
there were 7,127 liver transplants performed in the United States (HRSA,
2016) and 2010 (28 percent) were attributed to HCV.

Sensitivity Analysis

For key model inputs, low and high ranges were entered based on pub-
lished ranges and expert input (see Table B-1). Model generated uncertainty
intervals (Uls) were calculated using high/low Beta-PERT distributions
around inputs and conducting Monte Carlo analysis using Oracle Crystal
Ball® (Oracle Corp., Redwood City, California). Uncertainty around total
viremic cases and liver deaths during 2015-2030 under the 2015 Base
scenario were calculated. In addition, leading drivers of uncertainty for
viremic prevalence, incident decompensated cirrhosis, incident HCC and
HCV-related mortality in 2030 were identified.

Model Validation

To validate model outputs, the annual number of incident HCC cases
attributable to chronic HCV infection was considered. Total annual inci-
dent cases of liver and intrahepatic bile duct cancer are reported by the Sur-
veillance, Epidemiology, and End Results Program (SEER) (SEER Program,
2015). Based on an analysis of SEER data collected during 2000-2010, it
was assumed that 72 percent of liver and intrahepatic duct cancers would
be classified as HCC (Altekruse et al., 2014). Analysis of incident HCC
cases in Olmsted County, Minnesota, reported HCC attributable to HCV
alone and to HCV and alcohol in combination (Yang et al., 2012), during
1991-2000 and 2001-2008. For the purposes of validating the model, it was
assumed that 100 percent of HCC cases attributed to HCV alone, and 80
percent of cases attributed to HCV and alcohol, would be HCV-related. It
was calculated that 23.6 percent of incident HCC cases would be attributed
to HCV during 1991-2000, increasing to 41.6 percent of incident HCC
during 2001-2008. It was estimated that there were 1869 incident HCV-
related HCC cases at the national level in 1991, increasing to 7,582 cases
by 2008. These data were plotted and compared to model estimated HCC
incident cases during 1991-2008 (see Figure B-2). The annual number of
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TABLE B-1 Sensitivity Analysis Inputs, United States, 2015 Base Scenario

Category Source
Annual new infections 2,760 217,000 Expert input, Massachusetts
(2017-2030) Department of Public Health,

20165 Onofrey et al., 2015
Viremic cases (2010) 2,500,000 4,700,000 Edlin et al., 2015

Annual treated 65,000 260,000 Drug unit sales, expert input
(2017-2030)
Mild to moderate 0.59 1.53 Harris et al., 2014

fibrosis — Transition
probability multiplier

Mod to cirrhosis — 0.57 1.9 Harris et al., 2014

Transition probability

multiplier

Transfusion SMR 1.3 17.6  Kamper-Jorgensen et al., 2008
Injection Drug Use 9.5 29.9  Bjornaas et al., 2008; Engstrom
SMR et al., 1991; Frischer et al.,

1997; Hickman et al., 2003;
Oppenheimer et al., 1994; Perucci

et al., 1991
Cirrhosis to HCC — 0.74 1.32 Harris et al., 2014
Transition probability
multiplier
Cirrhosis to 0.70 1.36 Harris et al., 2014
decompensated
cirrhosis — Transition
probability multiplier
HCC to liver death 58.9% 74.2% Bernfort et al., 2006; Ries et al.,
(year 1) — Transition 2007
probability
HCC to liver death 13.5% 19.5% Ries et al., 2007

(subsequent years) —
Transition probability

Decompensated 0.80 1.20 Harris et al., 2014
cirrhosis to liver

death — Transition

probability multiplier

Annual diagnosed 27,500 110,000 Klevens et al., 2014; Klevens et
(2017-2030) al., 2009

NOTE: HCC = hepatocellular carcinoma; SMR = standardized mortality ratio.
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liver-related deaths was calculated in the model and compared to national
estimates for the number of HCV-related deaths based on death certificates
during 2010-2014 (CDC, 2016) (see Figure B-2).

Scenarios

Four scenarios were developed to estimate the disease burden associ-
ated with varying levels of treatment efficacy, treatment and screening
levels, and new infections. Changes occurred over time waves and were
based on estimates reported in the literature and national reports, as well
as expert input (see Table B-2).

2013 Base

The 2013 Base scenario was based on data from historical treatment
regimens of pegylated interferon and ribavirin. This scenario was con-
sidered in order to show the impact of recent increases in treatment with
more efficacious regimens. Under this scenario, it was assumed that 60
percent of diagnosed patients would be medically eligible for treatment
(see Table B-2). Treated patients experienced SVR rates of 55 percent (G1),
70 percent (G2/G3), 48 percent (G4) and 55 percent (other and mixed
genotypes). The annual number of treated patients was held constant at
32,000, and annual diagnosed patients gradually declined from 110,000
cases during 2013-2015 to 55,000 cases during 2025-2030. The number of
new infections was held relatively constant at approximately 30,000 new
infections annually.

2015 Base

The 2015 Base scenario was based upon the latest treatment data, and
reflects the recent uptake of DAA regimens. In 20135, it was estimated that
the treated population increased to 260,000 treated cases (see Figure B-3).
It was assumed that annual treatment would gradually decline by 50 per-
cent to 130,000 annual treated cases by 2020. The efficacy of treatment
was assumed to increase from 55 percent (2013) to 95 percent (2017),
and treatment eligibility also reached 95 percent. Treatment eligibility was
restricted to people with moderate fibrosis (=F2) beginning in 2014 as new
regimens were introduced. It was assumed that individuals aged 15-64 years
were eligible for treatment until 2020, when treatment was expanded to
individuals aged 15-74 years (see Table B-2). Assumptions for annual di-
agnosed cases and new infections were identical to the 2013 Base scenario.
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HCV-Related HCC Incidence — US, 1991-2008
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FIGURE B-2 Model validation: HCV-related HCC incidence, United States, 1991-
2008, and HCV-related deaths, United States, 2010-2014.

NOTE: HCC = hepatocellular carcinoma; HCV = hepatitis C virus.

SOURCES: Altekruse et al., 2014; CDC, 2016; SEER Program, 2015; Yang et al.,
2012.
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Aggressive =zF0

The Aggressive =F0 scenario was based on a continuation of the high
levels of treatment observed in 2015 continuing into the future. This sce-
nario applied the same assumptions as the 2015 Base scenario for treatment
efficacy and eligibility, but assumed that treatment continued at a high
level (260,000 annually treated) through 2030. In addition, the number
diagnosed was calculated so that 80 percent of all prevalent cases would
be diagnosed by 2030 (see Figure B-4). To achieve this, annual diagnosed
decreased from 110,000 annually to 71,700 annually by 2025. Under this
scenario, new infections were assumed to decline sharply as a result of dra-
matically increased treatment and reduced transmission. A reduction from
30,000 new infections to 2,700 new infections annually by 2025 was mod-
eled. In order to assess the impact of treating less advanced cases, treatment
was expanded to =F1 cases in 2015 and =FO0 cases in 2017.

Aggressive =F2

The Aggressive =F2 scenario applied the same assumptions as the Ag-
gressive =F0 scenario, but assumed that treatment was limited to =F2 pa-
tients for the entirety of the time period. As cases with no/minimal fibrosis
were not treated in this scenario, it was assumed that HCV transmission
would not decline substantially and annual new cases remained constant
at approximately 30,000 cases. Applying an 80 percent limit on total diag-
nosed in 2030, the number of newly diagnosed was estimated to decline to
83,700 cases by 2025. Annual treated was held constant at 260,000, but
fibrosis restrictions resulted in the model running out of diagnosed eligible
patients to treat beginning in 2026. By 2030, there were an estimated
118,600 treated patients due to depletion of the eligible pool of potential
patients.

RESULTS

Scenarios

For each scenario, annual estimates for prevalence and incidence (total
and by disease stage) were plotted through 2030. The relative increase or
decrease in cases by 2030 was compared to the caseload in 2015. Outputs
from the 2015 Base scenario were compared against results from the other
scenarios. Finally, the cumulative number of incident decompensated cir-
rhosis, incident HCC, and liver-related deaths during 2015-2030 were
calculated and compared against values for the 2015 Base scenario to es-
timate percentage reductions in disease burden as compared to the current
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FIGURE B-3 Annual treated patients, 2015 Base scenario, 2005-2030.
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FIGURE B-4 Proportion of viremic cases diagnosed by scenario, United States,
2015-2030.

treatment paradigm. The results for the 2013 Base scenario were included
only for illustration purposes as this scenario was not considered a likely
future option (treatment with the older therapies).

2015 Base

There were an estimated 3,117,000 viremic cases in 20135, declining
over 10 percent from 3,500,000 cases in 2010. Viremic cases decreased
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from 3,117,000 (UI: 2,290,000-3,892,000) in 2015 to 1,495,000 (762,000-
2,116,000) in 2030, a decrease of 50 percent (see Figures B-5 and B-6).
Under this scenario, prevalent compensated and decompensated cirrhotic
cases declined 35 percent during 2015-2030, to 302,800 and 28,900 cases,
respectively. Prevalent HCC decreased 40 percent between 2015 and 2030
to 13,600 cases in 2030. Cumulative incident decompensated cirrhosis
and HCC were estimated at 188,000 and 188,800 cases, respectively. An-
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FIGURE B-5 Viremic cases and liver deaths with uncertainty intervals, 2015 Base
scenario, 2015-2030.
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nual liver deaths were estimated at 13,500 (UIl: 3900-23,600) for 2030, a
decline of 40 percent from 2015 when there were 21,600 (10,300-36,700)
deaths (see Figure B-5), while cumulative deaths over the time period were
estimated at 289,200 deaths. The 2015 treatment and diagnosis rate has
averted 215,100 deaths relative to the treatment and diagnosis rate in 2013
Base scenario (see Table B-3). This represents a 55 percent decrease as com-
pared to the 2013 Base scenario.

Viremic cases were characterized using model outputs under the 2015
Base Scenario. In 2015, there were an estimated 1,290,000 cases in the
50-59 year old age group, over 40 percent of all cases (see Figure B-7).
The burden of advanced fibrosis and cirrhosis was concentrated in older
age groups with 85 percent and 95 percent of F3 and F4 (compensated cir-
rhosis, decompensated cirrhosis, HCC and liver transplant) cases among
persons aged =50 years, respectively. The prevalent number of F4 cases de-
clined 35 percent during 2015-2030 from 565,700 cases to 356,500 cases,
but the proportion of total cases classified as F4 increased from 20 percent
to 25 percent (see Figure B-7).

The distribution of viremic cases by subpopulation in 2015 calcu-
lated how many cases would be represented by the NHANES sample, and
how many additional cases would occur in underrepresented groups. In
2015, subpopulations were estimated at 2,404,800 NHANES (77 percent),
361,000 incarcerated people (12 percent), 158,700 homeless people (5 per-
cent), 88,000 Native Americans living on reservations (2.8 percent), 53,300

TABLE B-3 Key Model Output Summary by Scenario, United States,
2015-2030

Scenario: Base 2015 Aggressive =F0  Aggressive =F2
Relative to: Base 2013 Base 2015 Base 2015
Reduction in viremic infections 910,000 1,105,100 515,500

Liver deaths averted 215,000 28,800 98,500

Total new HCC cases averted 123,000 19,000 57,700
(2015-2030)

Total new decompensated 124,000 19,000 58,200
cirrhosis cases averted

(2015-2030)

Total number of new (200) 279,400 0

infections averted (2015-2030)
NOTE: HCC = hepatocellular carcinoma.




250

"0€0T-STOT ‘s21e3§ pastup “oFess
s1s01qy Aq uonNQLUSIp pue ‘¢107 ‘saeig paun ‘dnoisd oSe pue 98e1s s1501qY £q SISEI ADH OIWAIIA JO UONNALISIT /-g TINODI

p4m cdm Z4m 14w 04
4 & b & 4 & R P P T O
SELEFFELFLESSSESS
%0 -
1 111 : 3 2 & 5 § B 5 WM
TEEEEEEEEEEEERED . 7 000008
%0T
%0e 3 000'000't <
= 3
%lE 8 000008t 3
%08 = .
o © 0000002 9
2
L 0L 8 000005 *
pix 000000
- %06
. = = = =2 3= L . %00} 000008
0£0Z-510Z ‘s N - 9Beyg sisoiq13Aquonnqusia
vim £dm Z4m = 04 tim £dm Zim 4w 04
» N oy
& m?b %..% %\% m«oa %hm» m_._m.. o & [ &
%0 —_—— -
T 0L 000°002
- %02
{ o%0e ¥ -+ 00000y <
L B I e m. o000 §
— -+ %05 S . 2
B H ey 000°008 g
- - - %L @ 000°000°F *
|-| e L 000002 1
- %08
BN B o L 00000t
510z ‘sn —dnoio aby pue aBejg sisoiqi4 Aq uonnguysiq §10Z ‘sn —dnoin by pueabeyg sisoiqi4 Aq uognquisiq



APPENDIX B 251

hospitalized patients (1.7 percent), 46,500 nursing home residents (1.5 per-
cent) and 5000 active-duty military (0.2 percent) (see Figure B-8). Insurance
type in 2015 was extrapolated at 997,900 uninsured (32 percent), 767,400
privately insured (25 percent), 371,400 Medicaid (12 percent), 361,000
incarcerated (12 percent), 307,400 Veterans Affairs or other military (10
percent), 198,000 dual Medicare and Medicaid (6 percent) and 115,300
Medicare (4 percent) (see Figure B-8).

2013 Base

Under the 2013 Base scenario, the number of prevalent cases was pro-
jected to decline 25 percent from 3,302,000 cases in 2015 to 2,406,000
cases in 2030, largely due to aging of the population and mortality (see
Figure B-9). Prevalent compensated cirrhosis cases were projected to in-
crease 45 percent from 520,900 to 764,900 cases during 2015-2030, while
decompensated cirrhosis cases were projected to increase from 45,300
to 86,900 (90 percent increase) as shown in Figure B-9. Prevalent HCC
cases increase from 24,300 to 38,000, a 55 percent increase. Cumulative
incidence of decompensated cirrhosis and HCC during 2015-2030 was
estimated at 311,700 and 312,100 incident cases, respectively. Under this
scenario, annual liver-related deaths were projected to increase 75 percent
from 21,800 in 2015 to 38,000 in 2030, and cumulative deaths during the
time period were estimated at 504,300 deaths.

Aggressive =zF0

Under the Aggressive =F0 scenario, viremic cases decline 85 percent
to 390,000 cases by 2030 (see Figure B-9). Prevalent compensated and de-
compensated cirrhosis decline 70 percent and 65 percent, to 145,000 and
15,200 prevalent cases in 2030, respectively. Prevalent HCC also declines
70 percent to 6,600 cases in 2030, while annual liver deaths decline 65 per-
cent to 7,100 deaths in 2030. As compared to the 2015 Base scenario, there
were 75 percent fewer viremic cases in 2030, 50 percent fewer compensated
cirrhosis, decompensated cirrhosis and HCC cases (see Figure B-10). Liver-
related deaths also declined to 50 percent of level expected in the 2015
Base scenario, and cumulative liver deaths were estimated at 260,400, a 10
percent decrease from the 2015 Base scenario (see Figure B-11). Cumulative
incident decompensated cirrhosis and HCC both declined by 10 percent as
compared to the 2015 Base scenario with a total of 168,900 and 169,900
cases, respectively. By 2030, this scenario had achieved the greatest reduc-
tion in viremic prevalence.
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Distribution of Viremic Cases by Subpopulation
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FIGURE B-8 Distribution of viremic cases by subpopulation and insurance category.
NOTE: NHANES = National Health and Nutrition Examination Survey.



253

SSEE G LT me

R I 8
T P o g

Z3< ANSSAB Y e (0127 DAIS 52 OOY e

T T T T T e A
FEFELFELLFEETEEE

y

sisoyLI) palesuadwossg

74T SNSSAUOOY e ) Z BMISSRUOOY s BEBQ G (T

L L A L AL L L AL AL L LALLL L &L
AP SN IS AN AN PN IS LN AN N N RS S N N
FE L PP LIPS 0 o o

. ——

syleaq pajejal JaAln

SSEE EL0T m—

000°0c
000°0t

00009

sases|ejoL

00008

000004

5B € 0F em—

000°s

0000k
000'sL
0000z
ooo'se
ooo'os
goo'se
000°0F

sase] [eyo |

“ewourdIed re[n[pdoleday = DOH A LON
"0€0T-STOT ‘2383 PAIUN ‘OLTLUIIS 4] $358I [0I0L, 6-d HUNDIA

2T ANS SO DY w047 ANISS2UB6Y BSPY G (7 — OSEE §L(T —

R R R O AR SRR
000's
ooo'al
000'GH
00002
000'62
000'0E
000'se
000°0F

sase) [e30 ]

Q2H

247 oNSSAUD0Y e (JT ONISSRIODY e OSPO GLOT m— DSPE £ 0T —

L 4L L AL AL L AL LLLALA QL
QY A0 40V 407 QY 40V 407 407 O QY QY OV.Q
P PP e gl v o o

g

L
4
&

&b
000005

000'000°L
000'00S°L
0000002
0000082
000'000'€
000005

sase?) [e)0 ]

/

(o1wsp) sesed palosjul |eloL



“ewoundIed renpdoleday = DOH A LON
"0€0C-STOT 2383 PIIU[) ‘OLILUIDS dSBY G WOIJ IUIIJIP 93eIud] 0T-d TANDIA

254

742 M552B0Y ——  (04T3M552UB0Y ——  35PQ GlO7 mm————  3SET £]0T m— Nn_mm..._mmemmql on_mmzmmemmql 2500 GL0Z e 25E0 C10F e
N N N N O T R RS O TR~ S eo a% FOPNFS e%e% So&SL =
FELTPTLEPTLTECETE T o o = e N :
: “ . T _ %0 m : . e %0 3

o, = =

%605 | m 0,051 8
%00Z o " 3

=

%08z = %6002 m
%00€ @ %05 o

&

%0GE B %00E @

sisoydln palesuadwoosag 99H

Z4ZANSSUODY e ) SZ SAISSOIO O e IS GL(OC e ISET € L (T e Z4Z ANSSAUODY e 4T SAISSOIOOY e ISEE GLOT e ISEE £ e
eo@ea%e%efoef%@%/f &= O O O O R TR
s R o FELFTLFEEFTELEE T o gl o
— %0 w L L P S S S S o0 W.._
%05 S %0z 3
/ o m %0b m
%001 = %09 =
%061 § %08 8
s %001 3
%00 \\\\\\\\ %021 2
e %0kl @

%0SZ
e e %00l P
%008 & %081 @
syyeaq pale|allaAl] (o1wenip) sesen paloslu| [elo]



2558

“ewrourdIed renpooleday = HDOH ‘A LON
‘0€0C-S10¢C
‘s9181G pAITUN) ‘()E()7 UT OLTRUIIS Iseq ¢ WOIJ Uondnpar o9e1uadrad yaim o1reuads Aq uapang aseasip aaneumny) 1-g TYNDII

Z129NS52UO0Y e 04T NSSOUOO Y e BSEQ Gl e SSEQ £ e 242 23NS52UO0Y e (dZ 2AISS2UO0Y 5P0 CLO7 mmmm DS £ (7 e
T T N N T PR B PR, F N R PR e T o N R R N RS R R RN
S S F e F S S s FEE CE P E P EE o o oo 2]
ooo'os = 000°08 m,.
000°001 m 000'00L &
F] F]
000°05L 2 000051 &
i a . -y
000'00z § 000002 §
000'0s2 % 000082 o
59+ 000'00€ m 000°00¢E m
000'0%€E 000'08E
sSISoyLlID) pajesuadwoss( Juspiou] aAlzeNWNYD 99H Juapiou| sA3R|NWNYD
ZAZONSSAUO0Y e T ANSSOUOOY e ISEQ G (7 e FSEQ £ ()7 ZIZONSSAUOOY me  )Z ONISSOIOOY e SBQ G| (7 wm  3SE{ ()7 s
LI L 4L L LSS L
QY 40 ) AN Q7 07 BF Q7 Q¥ Q. Q LA L L L L LS G &L
nmc &.ﬁ. .m\-—-., /\\C nmr, n\vf .A. n“_.. A‘,A;._ IA.. nmr o QY /VA o no/, annv omro nwfo A\_FO 9\?0 nMLO A‘__LO nmfo A\»fo /..\_...0 OA..O @..0 DW.O /VO 9/0 no[O
000001 m 000'008
000°00Z W 000°'000° L M
000°00¢E m OQo_oom__. W
) pt 000'000°C g
000'00% g 000005 &
0ooo0s F 000°000°E
000009 000'005'

syleaq palejal JaAIT aARINWND (o1walIp) sesen pajoaju] [elo]



256

‘onel LI[eIIOW PIZIPIBPULIS = YIAS ‘YIBIP PAIe[aI-IoAl] = (Y] ‘ewoumnied re[n[pooleday = DOH ‘ALON
*0€07T ‘S21BIS PAIIU() (OLIBUADS dseg GT()7) A1UTL1I2dUN JO SIALIP Suipea] 7I-g TANDIA

spsumogm  2pisdnm

ozo jero
oz) joso
w20 ff 650
o't il oo
= [l rLo
56 Bl 552
oooziz (M osL'z
ooo'oir (Il oos'iT
ost Il 50
o NI o9t
s [
ooo'ss (N S 000 097
w oy S N s

qoud sues | -1A basans W19} 00K
Jeydupnu suel| - 0w e} dwossg
Qoad suRIL - | JA QM1 9V 20H

IR SUTJL - § WEIIP O LI

SR SUBLL - DOHOI MDY

YIS 250 Bruquoipsiu)

{0802-2102) SUoHOa LI Mau [enuLY
loeoz-2102) pasoubep jenuuy
s2dinw SUEI | - SISDYLIES O} POy
M UOISNJSUEI |

saydiyaw SuBLL - SIS0JqY POU OIPR
{oenz-2102) pateasy EnuUY

(0102} 52522 21WAIA

00002 0OO'BL  0OO9E  OOOWE OOOZL  0000L 000 00O 000F  OOOT []

0£0Z *SN — suieaq JaAr] — Quiepaoun Jo sxeaug Buipea]

apisume] m apisdnm

€10 | ozo
080 | 0z1
650 | #L0

00021z § 0917
0052z ] ooo'oLL
s il 662
veo I 2L
o6t M =0
o't [ oot
o RN 0.0
et R s ¢
oooss N, 000052
wev S N
000'FL 00024 00001 000'2 000’9 000
0£0Z ‘SN — sisouu) Juspu -

oud suei) - 14 basans Q10100
sendunus sues| - 103 duioseg
QX SUELL - | A G103 D0H
(0B02-£107) SUOIDA L Mall [BNULSY
(0c0z-2107) pasoubep [enwy
HiS 25 Bruguogaall
saydnusuel | - 9OH 0} 10
JaGIYNU SUR) L - SISOYI 0] poyy
HWS UoISNSUR) |

JaIEnInW suR) L - WO 03I
JBNchunw suR. | - S150.qY POW OIPIN
(0£02-2102) payea [EUUY

(010Z) saseadWwaNA

00T o

10 s13auQ Buipes

apisumoqm spisdnm

€0 | 0zo
oz0 | ozt
650 W70
00021z  09r'z
oos'zz W coo'oLt
56 il 66z
ost M ss0
wo il s
oc't [l oot
ze. R v o
el o0
00’ I S, 000057
w oy I N 15

00071 00021 000’0l 0008 0008 000'r 0007

o

qosd sues ) - 1AB3SGNS QW01 DIH
JMdnnw suel | - QW01 dwodag
QoI SUBiL - | 1A O 03 00H

{000Z-L107) SUONDS I MU [RALLIY

(0002-£102) pasoubep jenuuy

WS 25N 6nQ o1

saudiinu SUB) L - SISOULID GLPOW
soydnjow sues | - dweasp 6
upSOISnSUEIL

saunjow sues | - GOH 0} 1D
saudnjow sues L - s1sony pow o1pIvE
(060Z-1102) P2 3821} UL

(0102) 59582 1WRNIA

0£0Z ‘SN — DDH Juapioul — Aurepaaun jo siaauq Buipea

pisunoge spisdnm
005'22 | 000'0kL
£10 | 020
080 | 021
650 | ¥20
oo | &
¥Lo | et
g6 || 66z
och [§ 092k
250 ) o84
650 [l s
ocose [N oco'csz
vwor N st
ooo'ziz N o'z

000'000'3 000'000'% 000'000°C 000'000'Z 000'000'L

0

(0802-L102) pasoubep [enuuy
qoxd sues] - A basans Oy 01 OOH
seudyinw sues | - qu ojdwesag
qoxd suRIL -1 JA QYTOID0H

sudiynu sues | - dwossp

seudnjnw sueI) - 5OH 31D

uWS 3sn Briguonsalul
YNSWoISySURIL

JaudRInwW SuRl | -SISOUIR 03P
JaidRinw SURI L - SIS0y POW O3 PIv
(0g02-L102) patwas [enUUY

(0102) sasE0 AWAIA

(0£02-£102) SUOR22UI MaU [ENULY

0£0Z ‘SN - $35E JafeAs1d — AuiEHaoun Jo sisAuq Bupes



APPENDIX B 257

Aggressive =F2

The Aggressive =F2 scenario resulted in a 70 percent reduction in cases
to 980,000 viremic infections in 2030 (see Figures B-9 and B-6). Prevalent
compensated and decompensated cirrhosis cases declined 80 percent over
the time period to 87,300 and 9,300 cases in 2030, while HCC cases de-
clined 85 percent to 3,700 cases. Liver-related deaths declined 80 percent
to 4,100 deaths in 2030 (see Figure B-9). As compared to the 2015 Base
scenario, there were 35 percent fewer viremic cases in 2030, as well as 70
percent fewer compensated cirrhotic, decompensated cirrhotic, and HCC
cases (see Figure B-10). Liver deaths in 2030 declined 70 percent as com-
pared to the 2015 Base scenario, and cumulative liver deaths declined by 35
percent (190,700 deaths) (see Figure B-11). Cumulative incident decompen-
sated cirrhosis and HCC during 2015-2030 were estimated at 129,800 and
131,100 cases, respectively, and were 30 percent less than estimates for the
2015 Base scenario. The Aggressive =F2 scenario had the largest impact in
reducing end stage liver disease and liver-related mortality.

Sensitivity Analysis

For total viremic infections in 2030, inputs for annual new infections,
base prevalence and annual treated were the greatest drivers of uncertainty,
together accounting for >95 percent of uncertainty (see Figure B-12). For
incident decompensated cirrhosis, HCC, and liver deaths in 2030, inputs
for base prevalence, annual treated, and the mild to moderate fibrosis
transition probability multiplier were found to have the largest impact on
uncertainty, with these factors accounting for approximately 95 percent of
uncertainty (see Figure B-12).

DISCUSSION

The analysis presented here provides a range of future outcomes un-
der different scenarios, but does not define a specific future scenario. Key
insights are derived by comparing scenarios and identifying the factors
that are important. Specific measures at different points in time were ex-
amined as a function of all uncertainties—viremic infections, liver-related
deaths, number of individuals with HCV-related HCC and the number of
decompensated cirrhosis cases. Although cirrhotic cases have been used
as a measure of disease burden in the past, this disease stage can contain
individuals with compensated and decompensated cirrhosis. The latter was
selected since it is associated with a high mortality rate and potentially more
accurate reporting.

The uncertainties considered as part of this analysis had a different
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level of impact on the measures we considered. For example, of all the
uncertainties considered, incidence had the largest impact on the forecasted
total number of viremic HCV cases (prevalent cases) in the United States in
2030 (see Figure B-12). In 2011, the CDC estimated 16,500 (7,200-43,400)
new HCV infections. This figure increased to 30,500 (24,200-104,200)
new infections per year by 2014 (CDC, 2016). The increase in new HCV
infections is explained by the rapid rise of PWID in the United States and
this population is not distributed homogeneously across the country (Sury-
aprasad et al., 2014). When HCV incidence rates in Massachusetts were
applied to the United States population, an estimated 217,000 new HCV
infections could be occurring in the United States (Massachusetts Depart-
ment of Public Health, 2016; Onofrey et al., 2015) (see Figure B-12). Thus,
the biggest driver of uncertainty in the future prevalence of HCV is the un-
certainty in the number of new infections. The number of people diagnosed,
treated, or progressing to advanced liver disease had a much smaller impact
on total viremic infections in the United States. As a result, this analysis
indicated that future HCV infection forecasts in the United States would
benefit from important studies to develop more accurate estimates of cur-
rent and future new infections in the United States and developing strategies
to minimize new infections.

As injection drug use is the leading risk factor for new infections (CDC,
2016), it is important to consider requirements to reduce HCV infections
among PWID. New PWID tend to be young (ages 15-35) and are infected
by sharing needles and injection paraphernalia with those already infected
(CDC, 2011). HCV disease progression is a function of age and duration
of infection (Poynard et al., 2001), which would mean that the majority of
this population has no fibrosis (F0O) or early stage fibrosis (F1-F2). Studies
have shown that an increase in harm reduction programs (opioid substitu-
tion therapy and syringe exchange programs) are effective in reducing the
number of new HCV infections (Martin et al., 2013b; Nolan et al., 2014;
Tsui et al., 2014; Turner et al., 2011; White et al., 2014). In the absence
of vaccines, treatment of this population can also reduce the viral pool of
this population resulting in a reduction in total and new infections over
time (Martin et al., 2013a). However, current policies in a number of states
do not provide access to HCV treatment for PWID and/or those in early
stages of fibrosis. A reduction in the number of new HCV infections will
require programs to reduce the number of people starting injection drug
use, expanding harm reduction programs for those already injecting, and
providing HCV treatment to PWID and those in early stages of fibrosis
(FO-F2) (Bruggmann and Grebely, 2015).

Reducing incidence of new infections is among the World Health Or-
ganization (WHO) targets for eliminating HCV as a public health threat
(WHO, 2016) (see Figure B-13). In addition, countries are required to re-
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Service F 1 Three-dose hepatitis B vaccine forinfants (coverage %) 82% 90% 90%

2 f mother-to-chi of HBV: hepatitis B birth-
dose vaccination or other ge %) 38% 50% 90%
Bload satelys el 89% 95% 100%
3 Bloodandinjection safety quallysssurance
(coverage %) N 2
Injection safety: use of engineered
e 5% 50% 90%
4 H ion (sterile syri setdistri person per
vearforpeople whoinject drugs [PWID]) 20 200 00
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FIGURE B-13 WHO: Service coverage targets that would eliminate HBV and HCV
as public health threats, 2015-2030.

NOTE: HBV = hepatitis B virus; HCV = hepatitis C virus; WHO = World Health
Organization.

SOURCE: WHO, 2016.

duce mortality from HCV infections. To meet this requirement, a reduction
in advanced liver disease (HCC and decompensated cirrhosis) is needed.
The sensitivity analysis showed that the number of new infections
has a very small impact on the forecasted number of liver-related deaths
in 2030 (see Figure B-12). Individuals newly infected with HCV will not
progress to advanced liver disease for a long period (Pradat et al., 2007),
and the impact of new HCV infections on mortality is unseen for several
decades. Instead, to meet the reduction in mortality target, we have to
manage those already infected with HCV. The key drivers of uncertainty
in the number of liver-related deaths in 2030 is the number of individuals
already infected with HCV, the number of patients treated per year, and the
progression probability from mild to moderate fibrosis (see Figure B-12).
The HCV prevalence estimates provided by NHANES (Denniston et al.,
2014) may underestimate the total number of infections due to unders-
ampling in some populations (homeless people, incarcerated people, etc.).
However, a number of studies have examined these populations and report
a higher number of infections (Chak et al., 2011; Edlin et al., 2015). The
key driver of uncertainty in our forecast of the number of liver-related
deaths in 2030 is the total number of HCV infections; additional studies to
narrow this range can improve the quality of our forecast. The next driver
of uncertainty is how many people will be treated annually. Achieving SVR
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is effective in halting or slowing progression to advanced liver disease and
it is not surprising that treatment has a substantive impact on liver-related
deaths (Simmons et al., 2015).

The last variable that had a large impact on forecasted liver related
deaths was the rate of progression from mild to moderate fibrosis. This
progression rate is influenced by alcohol consumption and body mass
(Hourigan et al., 1999; Poynard et al., 1997). Additional longitudinal stud-
ies in the U.S. population are needed to reduce this uncertainty, especially
given ongoing high rates of obesity (Ogden et al., 2014) and associated risk
of fibrosis development (Poynard et al., 2010).

The above discussion focused on quantifying the main drivers of uncer-
tainties for total infections and liver-related deaths. As part of this analy-
sis, we also examined what is required to achieve WHO targets. Relative
to the treatment paradigm represented by the 2013 Base scenario, great
advances have already been made. Increased treatment and higher SVR
will result in 215,000 averted deaths and 910,000 fewer HCV infections
(see Table B-3). Here, we assume the total number of treated patients will
decline to 130,000 per year (50 percent of 2015 value) and the number of
newly diagnosed will also decline by 50 percent as it will become more dif-
ficult to find undiagnosed individuals.

However, maintaining the annual number of treated patients at 260,000
and expansion of screening to diagnose 80 percent of HCV infections by
2030 would have even greater impact in averting liver deaths and reduc-
ing total infections. Under this scenario, treatment restrictions will have a
large impact on outcomes. With a continued focus on treating =F2 patients,
98,500 deaths may be averted by 2030 relative to the 2015 base scenario
(see Table B-3). Those with advanced fibrosis are more likely to progress
to advanced liver disease, thus concentrating treatment on these individu-
als will have a large impact on averting HCC and decompensated cirrhosis
cases. Yet most new infections are occurring among younger individuals
infected by those with no or early stages of fibrosis (FO-F2). Therefore,
focusing treatment on =F2 will have minimal impact on new infections (see
Table B-3). To reduce new infections, treatment has to be expanded to all.
Under this scenario (Aggressive =F0), we project 28,000 deaths averted and
>90 percent reduction in the number of new infections in the United States
corresponding to 279,400 total new infections averted (see Table B-3). This
scenario will require expansion of HCV screening as well as expansion of
harm reduction programs for PWID. Although the number of treated pa-
tients in 2015 indicates that the healthcare system in the United States can
already treat 260,000 patients per year, expansion of HCV treatment to
general practitioners will be required to provide access to patients without
access to major treatment centers and specialists.
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In conclusion, the only way to achieve WHO targets is to remove treat-
ment restrictions and provide access to all, expand screening to diagnose 80
percent of infected persons by 2030, and continue to treat 260,000 patients
per year. This strategy will reduce infections by 90 percent and avert nearly
a quarter million deaths in the next 14 years.
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Brian L. Strom, M.D., M.P.H., is the inaugural chancellor of Rutgers Bio-
medical and Health Sciences (RBHS) and the executive vice president for
health affairs at Rutgers University. RBHS is composed of eight schools
and five centers/institutes, and includes academic, patient care, and research
facilities. Dr. Strom was formerly the executive vice dean of institutional
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founding director of the Center for Clinical Epidemiology and Biostatis-
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Pennsylvania (Penn).

Dr. Strom earned a B.S. in Molecular Biophysics and Biochemistry from
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work in using large automated databases for research. He is editor of the
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for Disease Control and Prevention Anthrax Vaccine Safety and Efficacy



APPENDIX D 273

Research Program, and the IOM Committee on Standards for Developing
Trustworthy Clinical Practice Guidelines.

Dr. Strom is also a member of the American Epidemiology Society,
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Physicians. He is an elected member of the National Academy of Medicine
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tion for Medical Research National Award for Career Achievement and
Contribution to Clinical and Translational Science for translation from
clinical use into public benefit and policy. Penn awards that Dr. Strom
received include the Class of 1992 Class Teaching Award and the Samuel
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Prior to coming to the University of Colorado, Dr. Andrus was Execu-
tive Vice President of the Sabin Vaccine Institute. He also served as Deputy
Director at the Pan American Health Organization (PAHO). At PAHO,
among several duties, he oversaw departments of Emergency Preparedness
and Disaster Relief; and Knowledge Management and Communication.
Prior to that, he was the lead technical advisor for PAHO’s immunization
program, providing oversight and guidance for PAHO’s technical coopera-
tion to member countries. He also served as polio focal point for polio
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eradication in Southeast Asia and regional advisor for immunization during
the 1990s.

Dr. Andrus also holds faculty appointments at the University of
California, San Francisco, and the Johns Hopkins Bloomberg School of
Public Health. He began his global health career as a Peace Corps volunteer,
serving as a district medical officer in Malawi and has since held positions
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Andrew Aronsohn, M.D., is a specialist in the diagnosis and treatment of
liver disease, including medical management of liver transplantation. He is
an associate professor at the University of Chicago Center for Liver Dis-
eases, and a faculty member at the MacLean Center for Clinical Medical
Ethics. Dr. Aronsohn’s research interests involve investigation of ethical
issues surrounding hepatitis C therapy which include fair distribution of
resources and linkage to care. He is currently leading the HCV curriculum
of ECHO Chicago, which aims to educate and empower primary care
providers to effectively manage hepatitis C in a local primary care setting.
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Dr. Aronsohn also serves as a co-lead in the AASLD/IDSA guidance for
hepatitis C treatment.

Daniel R. Church, M.P.H,, is a senior epidemiologist in the Bureau of
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M.P.H. in Epidemiology and Biostatistics from the Boston University School
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