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hronic infection with hepatitis C virus (HCV) is

estimated to affect at least 3.5 million individuals

in the United States,! and the incidence is increas-
ing.? Chronic HCV infection can lead to hepatic damage,
including cirrhosis and hepatocellular carcinoma, and is
the most common' cause of liver transplantation in the
United States.>*

Because symptoms of HCV infection are usually absent or
nonspecific until late stages of the disease, an estimated 50% to
75% of infected individuals'are unaware of their HCV status
and get tested only after significant symptoms develop.>” Prior
research suggests that earlier identification and treatment of
patients infected with HCV generates benefits for patients and
society, but the potential social value of increased screening,
whether alone or in combination with early treatment, is not
well understood.>*"? Novel HCV regimens, including direct-
acting antivirals (DAAs), have increased cure rates dramati-
cally, which may affect the value of expanded screening.!>'
For example, rates of sustained virologic response (SVR) ob-
served in clinical trials of DAA treatments generally exceed
98% for patients infected with genotype 1 HCV without cir-
rhosis or prior treatment failure.">"

Despite rapid innovation in HCV treatment, however,
unmet need remains significant. Only 13% to 36% of patients
diagnosed with chronic HCV infection have received treat-
ment,’ and even fewer patients completed the treatment regi-
men and achieved SVR.? Failures to screen, diagnose, and
treat all contribute to this current state of affairs.

Broad consensus exists on the need for inclusive screen-
ing. In 2012, the CDC updated its guidelines and recom-
mended expanding screening to include all individuals born
between 1945 and 1965 (baby boomers)—a cohort compris-
ing an estimated 75% of existing HCV infections.?! Similarly,
the American Association for the Study of Liver Diseases
(AASLD) and the Infectious Diseases Society of America
(IDSA) updated their guidelines in 2015 to recommend one-

ABSTRACT

Objectives: To investigate the value of expanding screening
and treatment for hepatitis C virus (HCV) infection in the United
States.

Study Design: Discrete-time Markov model.

Methods: We modeled HCV progression and transmission to
analyze the costs and benefits of investment in screening and
treatment over a 20-year time horizon. Population-level pa-
rameters were estimated using National Health and Nutrition
Examination Survey data and published literature. We considered
3 screening scenarios that vary in terms of clinical guidelines and
physician awareness of guidelines. For each screening scenario,
we modeled 3 approaches to treatment, varying the fibrosis
stage of treatment initiation. Net social value was the key model
outcome, calculated as the value of benefits from improved
quality-adjusted survival and reduced transmission minus screen-
ing, treatment, and medical costs.

Results: Expanded screening policies generated the largest value
to society. However, this value is constrained by the availability
of treatment to diagnosed patients. Screening all individuals in
the population generates $0.68 billion in social value if diagnosed
patients are treated in fibrosis stages F3-F4 compared with $824
billion if all diagnosed patients in stages FO-F4 are treated. More-
over, increased screening generates cumulative net social value
by year 8 to 9 under expanded treatment policies compared with
20 years if only patients in stages F3-F4 are treated.
Conclusions: Although increasing screening for HCV may gener-
ate some value to society, only when paired with expanded
access to treatment at earlier disease stages will it produce con-
siderable value. Such a “test and treat” strategy is likely to entail
higher short-term costs but also yield the greatest social benefits.
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time screening for asymptomatic baby
boomers.> Unfortunately, more than 40%
of physicians are unaware of current guide-

222 and many individuals infected

lines,
with HCV may have limited contact with
the healthcare system. For these and other
reasons, HCV screening rates remain be- =
low recommended levels.

It remains unclear whether and to what
extent expanded screening benefits society.
All-oral DAA regimens present consider-
able up-front costs?; yet recent research suggests the value
of their long-term health benefits is likely to be even high-
er.!? Screening can identify potentially treatable patients,
with implications for both healthcare costs and health
benefits. In this article, we explore whether and to what
extent expanded screening policies provide net value to
society and assess the net social value of varying levels of

access to treatment after diagnosis.

Overview of the Markov Model of HCV Transmission
and Progression

In this article, we present results of a discrete-time Mar-
kov simulation model (Microsoft Excel 2010/ VBA, Micro-
soft Corporation, Redmond, Washington) that simulates the
detection, treatment, and progression of populations suscep-
tible to HCV infection, as well as associated costs and health
benefits, under different screening and treatment policies.
The model builds on previous work that simulates the effects
of treatment policies (without screening) on population-level
costs, health benefits, and disease dynamics.!?

The model tracks infected and uninfected individuals in
3 groups, stratified by risk of HCV exposure: a) people who
inject drugs (PWID), b) HIV-positive men who have sex
with men (MSM-HIV), and c) all other adults born before
1992, when systematic testing of the blood supply for HCV
began (Other Adults). Of the last group, approximately
39% were baby boomers.” The model further stratifies the
infected population in each risk group by HCV genotypes
1, 2, and 3, which account for 70%, 16%, and 12% of the US
population infected with HCV, respectively.?

Once infected, individuals progress through disease
states according to transition probabilities drawn from
the literature (see eAppendix, available at www.ajmc.com).
Undiagnosed patients face some probability of screening,
which varies across the 3 scenarios described below. Diag-
nosed patients face a probability of treatment that varies

according to 3 treatment policy scenarios. If successfully

Take-Away Points

We developed a discrete-time Markov model to simulate the effects of expanding
screening for hepatitis C virus (HCV) infection and initiating treatment at different
fibrosis stages. We compare screening and treatment policies in terms of net social
value over a 20-year horizon.

B Increased screening generates positive social value in 20 years, but this benefit is
reduced without concurrent expansion of treatment.

Investments in HCV screening and treatment are expected to “break even” from
a social perspective after 20 to 22 years when treatment is limited to fibrosis stages
F3-F4 and after only 8 to 9 years when treatment is expanded to include stages FO-F2.

treated, cured patients return to the pool of susceptible,
uninfected individuals and experience the same probabil-
ity of reinfection as those without a previous infection.

The 3 HCV risk groups were modeled independently,
such that individuals do not switch among risk groups
and cannot infect individuals in a different risk group.
Although patients are infected with only 1 genotype at
a time, once cured they can be re-infected with any geno-
type. HCV transmission in the MSM-HIV and PWID
risk groups is based on the number of infected individuals
in each risk group and genotype, and is described in detail
in the eAppendix.?” Outside of the PWID and MSM-HIV
groups, the risk of HCV transmission is low.%*?" There-
fore, we made the simplifying assumption of no further
transmission of HCV in the Other Adults group.

Key model inputs included starting population size,
transmission probabilities, and progression rates in each
risk group; genotype and disease state at diagnosis; HCV
treatment costs; nontreatment medical expenditures;
screening costs; quality-adjusted life-year (QALY) util-
ity weights; and mortality rates. Model parameters were
obtained from the published literature or computed from
National Health and Nutrition Examination Survey
(NHANES) data for the years 2003 through 20125 All
cost estimates were adjusted to 2015 US dollars, and all
future costs and QALY's were discounted at 3% per year.

Base drug costs reflect wholesale acquisition costs as of
December 2014. However, since treatment duration varies
by genotype, this results in different treatment costs by geno-
type. All treatments considered are currently patent-protect-
ed and face price competition from other branded products.
To account for branded competition, the model reduced
treatment costs by 46% in years 2 to 20 of the simulation.?%
Screening costs included the cost of an HCV antibody test
(enzyme-linked immunoassay) and a level-1 outpatient visit.*
Medical expenditures for diagnosed patients were computed
by disease state and diagnosis status.>!%*°

QALY weights were assigned based on disease state and
diagnosis status. We assumed that individuals diagnosed
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B Table 1. Description of HCV Screening Scenarios*b<

2::2:;22 Description
Offer screening to the baby boomer subpopulation in Other Adults
Current group each year; after they accept once, do not offer again.
Screening  Offer screening to PWID and MSM-HIV annually; screen if accept.
58% of primary care physician/clinicians offer screening.
Offer screening to the baby boomer subpopulation in Other Adults
Physician group each year; after they accept once, do not offer again.
Education  Offer screening to PWID and MSM-HIV annually; screen if accept.
100% of primary care physician/clinicians offer screening.
Offer screening to everyone in the Other Adults group annually until
they accept; after they accept once, do not offer again.
Screen All

Offer screening to PWID and MSM-HIV annually, and screen if accept.

100% of primary care physician/clinicians offer screening.

HCV indicates hepatitis C virus; MSM-HIV, HIV-positive men who have sex with men;
PWID, people who inject drugs.

aScreening scenarios are consistent across treatment policies in our analysis.

bIndividuals in the PWID and MSM-HIV groups who reject the offer of screening or test
negative for HCV will be offered screening in all subsequent years. Adjusting for the
probability of visiting a doctor, the proportion of physicians offering screening, and the
screening acceptance rate, individuals in the MSM-HIV and PWID groups are, on average,
offered screening every 1.9 years and screened every 2 years in Current Screening. On
average, they are offered screening every 1.1 years in Physician Education and Screen All
and are screened every 1.2 years.

°Other Adults, individuals born before 1992 who are not in the PWID and MSM-HIV groups.

Value of Expanding HCV Screening

to increasing physician awareness of guide-
lines to 100%, guidelines are expanded to
provide one-time HCV screening to all
individuals born before 1992. Because data
for guideline adherence were not available,
we made the simplifying assumption in
all scenarios that all physicians aware of
screening guidelines also adhere to them.
In practice, physician adherence to clini-
cal guidelines is likely to be imperfect’!;
however, assuming full adherence yields
the maximum possible value that could be
generated by screening. We examined the
sensitivity of screening rates to physician
adherence in the eAppendix.

Treatment practices. The effect of HCV
screening on patient health depends on
whether a diagnosed patient is subsequently
treated. To better understand the relation-
ship between screening and treatment ac-
cess, we varied the fibrosis stages at which

treatment would be available to diagnosed

with HCV incur associated psychological costs; therefore,
patients who are HCV-infected, but undiagnosed, have
QALY weights 2% higher than their diagnosed and un-
treated counterparts.”> For details on model parameters,
dynamics, and assumptions, see the eAppendix.

Scenarios Analyzed

HCV screening. The model explores 3 scenarios for
the frequency and inclusiveness of screening in clinical
practice (see Table 1). We used AASLD /IDSA screening
guidelines to define screening practice,® adjusting for 2
important realities. First, screening can occur only if a pa-
tient interacts with a healthcare provider. NHANES data
were used to determine the annual rate at which patients
received healthcare services. Second, patients might de-
cline offered screening. In all scenarios, we assumed that
91% of those offered screening would accept it.’

Real-world screening rates also depend on physician
awareness of, and adherence to, screening guidelines. The
baseline scenario (Current Screening) assumes that 58% of
clinicians are aware of HCV screening guidelines based
on data reported in the literature.”? To assess the effects
of expanded screening on costs and patient outcomes, we
considered 2 alternative scenarios: Physician Education
explores the effect of increasing physician awareness of
screening guidelines to 100%, with no change in the guide-

lines themselves, and Screen All assumes that, in addition

individuals in each screening scenario. Us-
ing the METAVIR scoring system to categorize liver fibrosis
stages from FO (no fibrosis) to F4 (most severe), we considered
3 levels of treatment access: a) treatment at fibrosis stages
F3-F4, which reflects current practice’*** and serves as the
baseline; b) treatment at F2-F4; and c) treatment at FO-F4. We
assumed that all screened and diagnosed individuals receive
all-oral DA As if they are insured (see eAppendix).

Key Model Outputs

The key model output was net social value, defined as
the difference between: a) the economic value of clinical
benefits from improved quality-adjusted survival and re-
duced transmission, which is calculated as total QALY
multiplied by $150,000%%; and b) total healthcare costs,
measured as the sum of treatment costs, screening costs,
and other medical expenditures. We reported results
as changes relative to the baseline scenario (ie, Current
Screening with treatment at F3-F4). Therefore, net social
value is reported as the difference between a given alter-
native scenario and the baseline. We also examined the
value of expanding screening while treatment remained
constant. In this case, Current Screening serves as the
baseline for comparing expanded screening scenarios.

In addition to net social value, we reported incremental
cost-effectiveness ratios relative to the baseline. Also, since
HCYV treatment incurs short-term costs but generates long-
term benefits, we calculated the break-even point (ie, the
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B Figure 1. Annual Net Value of Expanded Screening Policies Relative to Current Screening, by Treatment Access Policy?
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$B indicates US dollars in billions; FO-F4 indicate fibrosis stages, F4 being most severe.
aAnnual net value is the difference between the value of benefits and costs in a given year. Results are presented as the net value of each screening
scenario relative to the Current Screening scenario, holding treatment constant.

years required to switch from negative to positive cumula-
tive net social value) for each screening and treatment com-
bination. Cumulative social value and cost-effectiveness
results are presented for a 20-year time horizon. For results

at the 10-year time horizon, see the eAppendix.

Sensitivity Analyses

Each parameter in our model is characterized by some
degree of uncertainty. For example, estimates for disease
and transmission dynamics vary in the literature. Addi-
tionally, our model includes a number of important as-
sumptions that affect our results.

To test the sensitivity of our model to disease progression
and transmission parameters, we conducted sensitivity tests
of key model parameters within each scenario. For each key
parameter, we varied the parameter across a range and re-
port how the scenario’s value changes in percentage terms
when using the upper and lower bounds of the range. We
also examined several key assumptions, including physician
adherence to screening guidelines, future reductions in treat-

ment costs, and others. For details, see the eAppendix.

Annual Net Value

Figure 1 reports the annual net value of screening sce-
narios stratified by treatment scenario. More inclusive
screening policies involve net costs in the short term, but

generate positive net value after 5 to 7 years. More com-

prehensive treatment policies cause inclusive screening
policies to rise in value more quickly, but also make them
more costly in the short run. Relative to Current Screen-
ing, annual net values in Screen All are approximately
double those in Physician Education.

Cumulative Net Value

Costs and QALY gains used to calculate cumulative net
social value over the 20-year time horizon are presented in
Table 2. Total cost is driven primarily by medical expen-
ditures and treatment costs. In both expanded screening
scenarios, medical expenditures increase under treatment
at F3-F4. By contrast, savings from reduced medical expen-
ditures exceed the costs of treatment in all scenarios under
treatment at FO-F4.

Over a 20-year time horizon, Screen All generates the
greatest cumulative net social value at all levels of treat-
ment access compared with the baseline (see Table 3). In
general, however, screening expansion has a relatively
small effect on cumulative net social value, unless treat-
ment is similarly expanded. Relative to Current Screen-
ing, Screen All generates a net gain of $0.68 billion under
the most restrictive access to treatment (F3-F4) and Phy-
sician Education generates a net loss in social value of
$1.76 billion. The relative gain from increased screening
rises with more comprehensive access to treatment. Un-
der treatment at F2-F4, Physician Education generates
net social value of $421 billion and Screen All generates
net social value of $464 billion over 20 years, relative to
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Value of Expanding HCV Screening

B Table 2. Incremental Changes in Cost and QALYs Relative to Baseline Over 20-YearTime Horizon®
Incremental Cost (2015 US$, millions)

Components of Cost Calculation

Screening Total Change Incremental

Scenarios in Cost Medical Expenditures  Screening Costs HCV Treatment Costs QALYs
Treat F3-F4 - - - - -

Current

Screening Treat F2-F4  -$12,008.70 -$64,462.69 $46.94 $52,407.05 2,426,958
Treat FO-F4  -$34,896.72 -$158,889.00 $104.27 $123,888.00 4,223,819

. Treat F3-F4 $20,688.93 $13,833.73 $950.67 $5904.54 126,204

Egﬁi‘;’t'i)”n Treat F2-F4 $5644.79 ~$56,679.79 $1022.25 $61,302.32 2,844,402
Treat FO-F4  -$22,905.26 -$160,313.61 $1109.93 $136,298.42 4,861,810
Treat F3-F4 $39,405.21 $27167.71 $1541.78 $10,695.73 267230

Screen All Treat F2-F4 $21,860.64 -$48,152.48 $1613.36 $68,399.75 3,240,048
Treat FO-F4 -$11,816.73 -$159,943.80 $1701.04 $146,426.02 5,411,407

FO-F4 indicate fibrosis stages, F4 being most severe; HCV, hepatitis C virus; QALY, quality-adjusted life-year.
2All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4.

bAll future values are discounted at a rate of 3%.

baseline. These gains increase to $752 billion (Physician
Education) and $824 billion (Screen All) under more com-
prehensive treatment (FO-F4).

Under any given treatment strategy, Screen All is the
highest-value screening strategy (see Figure 2). With treat-
ment at F2-F4, Screen All generates nearly twice the val-
ue generated by Physician Education over 20 years. The
value of screening approximately doubles when treatment
is expanded to FO-F4, under which Physician Education

Break-Even Analysis

Varying screening policy has little impact on the num-
ber of years required to break even (see Table 3). The ac-
companying treatment scenario has a much larger effect.
For example, with treatment restricted to F3-F4, Screen
All breaks even in 20 years—just slightly earlier than Phy-
sician Education (22 years). With expansion of treatment
to either F2-F4 or FO-F4, all screening scenarios break

even in 8 or 9 years.

and Screen All generate $83.7 billion and
$155.1 billion, respectively, in cumulative
discounted social value. Broader treat-
ment increases the costs and benefits by
roughly the same proportion. Therefore,
even though net social value doubles with
wider treatment, incremental cost-effec-
tiveness ratios (ICERs) for screening do
not vary ($42,000/ QALY for treatment at
F2-F4 and $19,000/ QALY for FO-F4).

Incremental Cost-Effectiveness

All screening strategies are highly cost-
effective after 20 years when combined
with treatment at F2 or earlier (Table 3).
In these expanded treatment scenarios,
Screen All exhibits the highest ICER un-
der treatment at F2-F4, at $6747/QALY
gained, and 4 of the 6 scenarios are cost-
saving. Expanded screening is less cost-
effective when treatment is restricted to
F3-F4, however, with ICERs reaching
$163,933 /QALY for Physician Education.

B Table 3. Cumulative Social Value and Incremental Cost-Effective-
ness Relative to Baseline Over 20-Year Time Horizon®t

Treatment Access

Screening Treat Treat Treat
Scenario F3-F4 F2-F4 FO-F4

Cumulative social value ($B) - $376.05 $668.47
Current_ ICER® ($/QALY) - Cost-saving? Cost-saving
Screening

Break-even pointe (years) - 8 8

. Cumulative social value ($B) -$1.76 $421.02 $752.18

P ICER® ($/QALY) $163,933  $1985  Cost-savinge
Education

Break-even pointe (years) 22 9 8

Cumulative social value ($B) $0.68 $464.15 $823.53
Screen All ICER® ($/QALY) $147458 $6747 Cost-saving?

Break-even pointe (years) 20 9 8

$B indicates US dollars in billions; FO-F4 indicate fibrosis stages, F4 being most severe;
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

aAll results are relative to baseline, which is Current Screening with treatment of fibrosis
stages F3-F4.

YValues are in 2015 US dollars. All future values are discounted at a rate of 3%.

°|CER values represent change in overall cost divided by change in cumulative QALYs.
dCost-saving indicates a reduction in cumulative costs relative to baseline.

eBreak-even points indicate the time required for a scenario to break even (ie, switch from
negative to positive cumulative net social value) relative to the baseline scenario. If the
break-even point occurred beyond the 20-year time horizon, the model was run for 50 years
to determine the break-even point.
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Sensitivity Analyses
Sensitivity tests within screening / treat-
ment combinations highlight 4 key driv-

ers of uncertainty in our results: starting E %0
size of the total Other Adult population, E 160
QALY utility weights, discount rate, and § 140
economic value of QALYs. Combining & 120
the maximum and minimum values from <§ 100
these parameters’ ranges generates 16 per- @
mutations that allow us to approximate E 80
the upper and lower bounds on our results, E 60
given uncertainty in model parameters. g 40
For scenarios with expanded treatment, 4;3 20
net social value always remains positive §
after 20 years and all scenarios remain g
cost-effective or cost saving. For screen- -20

ing expansion under treatment at F3-F4,
however, cumulative social value ranges
from —$27 billion, at the minimum, to

-1.8bn 0.7bn
($164K/QALY) ($147K/QALY)

Treat at F3-F4

B Physician Education screening scenario

B Figure 2. Cumulative Net Social Value and ICER of Expanding
Screening Only Over 20Years, Holding Treatment Constant?

155.1 bn
($19K/QALY)

88.1 bn
($42K/QALY)

83.7 bn
($19K/QALY)

45.0 bn
($42K/QALY)

Treat at F2-F4 Treat at FO-F4

Treatment Scenario for Comparative Baseline

® Screen All screening scenario

$69 billion at the maximum (both under
the Screen All scenario); cost-effectiveness
under treatment at F3-F4 ranges from
$114,819 to $206,992 / QALY gained. This
result highlights the interdependence between screening
and treatment policies. For detailed results and additional
sensitivity analyses, see the eAppendix.

DISCUSSION

Both expanded screening and expanded treatment are
valuable. However, they are each more valuable when
used together. Screening is more effective when diagnosed
patients are treated earlier, and treatment expansions gen-
erate greater benefits when more patients are diagnosed.
Conversely, increasing screening without expanding
treatment leads to minimal gains or net losses to society.
Newly diagnosed patients derive less benefit and some
may even be harmed by the knowledge of their HCV in-
fection if they remain untreated.

For example, the strategy of expanding both screening
and treatment breaks even after 8 to 9 years, but expand-
ing screening alone takes 20 to 22 years to break even. The
strong complementarity between screening and treatment
policies remains over a wide range of cost estimates. Even
under the most optimistic screening scenario sensitivities,
expanding screening alone takes a minimum of 16 years
to break even. One might see greater returns from screen-
ing alone, if diagnosed and untreated patients reduce
risky transmission behaviors. We do not investigate this
possibility, which should be considered in future research.

$B indicates billions of 2015 US dollars; bn, billion; FO-F4, fibrosis stages, F4 being most
severe; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
aWithin each treatment scenario, results are relative to the “Current Screening” screening
scenario under the given level of treatment.

Our findings suggest that screening expansions are ro-
bustly cost-effective and socially valuable, but only when
paired with expanded treatment. This is consistent with
previous research suggesting that screening for HCV is
cost-effective when paired with treatment, even when
treating with more expensive DAAs; Rein et al (2012),
for example, reported an ICER of $35,700/ QALY saved
by birth-cohort screening policies focused on the baby
boomer population.” A more recent study of novel DAAs
suggest ICERs ranging from $24,921 to $72,169/QALY
saved.’” At the 10-year time horizon, our results suggest
similar levels of cost-effectiveness (see eAppendix).

The pursuit of both expanded screening and treatment
for HCV is consistent with current trends in HIV man-
agement, where public health agencies and experts have
increasingly supported a “test and treat” strategy, as the
value of aggressive screening and early treatment for pa-
tients with HIV has become clear.’®* Existing research,
including this study, suggests that such a policy may be
beneficial in HCV management as well.!''?

Policy makers and payers in a fiscally constrained en-
vironment face a conundrum highlighted by our results.
Expanding screening and treatment pays off in as few as 8
years, but the up-front costs are high in the scenarios exam-
ined. Because of patient turnover, private payers and state
Medicaid systems may not retain patients long enough to
directly benefit from their investments in HCV treatment.
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Furthermore, whereas the costs of screening and treatment
are borne by insurers and other payers, only a small por-
tion of the benefits accrue directly to them (in the form of
reduced future medical costs).® The vast majority of the
benefits from treatment accrue to patients and society in
longer lives and higher quality of life,'** potentially result-
ing in a “race to the bottom” in which public and private

payers make decisions based on short-term costs alone.

Limitations

Although Markov modeling as a tool for understand-
ing chronic disease management policies is well estab-
lished in the literature,* the approach has limitations.
First, as with any simulation, Markov models are not de-
signed to generate predictions or forecasts. Similarly, as
with all population-level studies, results from a Markov
simulation cannot inform individual-level understanding
of disease processes and outcomes.** The results of our
model should be approached as a guide for decision mak-
ing rather than being predictive of real-world outcomes.

Second, each parameter carries a degree of uncertain-
ty. We present sensitivity analyses and alternative model
scenarios in the eAppendix in order to characterize this
uncertainty. The model also assumes that parameter es-
timates are stable for the duration of the simulation and
that this is a reasonable representation of HCV disease
progression in the modeled risk groups.

Third, the model does not capture some important dy-
namics of the HCV epidemic. For example, the model does
not account for the recent outbreak of HCV due to the in-
crease in intravenous drug use among rural youth.#* In ad-
dition, the model does not capture the “treatment cascade”
that occurs as patients are lost to follow-up between screen-
ing, treatment, and, ultimately, the achievement of SVR.%
We also lack concrete data on the extent to which physicians
adhere to treatment guidelines.’'* QOur results are therefore
an upper bound on the value of increased screening.

Fourth, while NHANES provides reliable population-
level estimates, it is subject to several limitations. Small
sample sizes make subpopulation estimates less reliable.
NHANES also excludes the incarcerated and home-
less populations, each of which is thought to have high
rates of HCV.»*4 In addition, because NHANES relies
on self-reported behavioral data, such as sexual behavior
and injection drug use, there is a risk of underreporting.
Nonetheless, use of NHANES is preferable to parameters
from the literature because its sample is representative of
the housed, civilian population of the United States.

Finally, more than half of new HCV infections occur in
the PWID population, and evidence suggests that combin-

Value of Expanding HCV Screening

ing increased outreach efforts with prevention, testing, and
antiviral treatment may have considerable effects on inci-
dence and prevalence in this group.*® Effective prevention
includes outreach, education, testing, needle and syringe
access, and access to opioid substitution therapy.** Our
model does not incorporate the effect of outreach or pre-
vention efforts, however, and assumes that effects on trans-
mission are due to treatment effects alone. Future research
should explicitly model the additional effects of programs
that offer targeted outreach, screening, prevention, treat-
ment, and wraparound services for high-risk populations.

Increasing screening for HCV infection may generate
considerable value for society, but only when paired with
access to treatment at earlier stages of the disease. This
result highlights the importance of implementing policies
to ensure patients who receive an HCV-positive diag-
nosis remain in the healthcare system until they receive
treatment and achieve SVR. Resource constraints in the
healthcare system require difficult allocation decisions,
and HCV has been at the center of many recent debates.
Our findings suggest that expansions in screening coupled
with treatment of all infected patients could break even
within 8 years and accrue an additional $823.53 billion
in discounted net social benefits over a 20-year horizon.
Thus, expanded screening and treatment may pay sub-
stantial dividends, but only when effective mechanisms
are in place to ensure that patients are retained in care

and able to access treatment.
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eAppendix. Value of Expanding HCV Screening and Treatment Policies in the United States

1. Conceptual Model

Hepatitis C (HCV) is a transmissible viral infection that is often asymptomatic in the early stages
of the disease, but can progress to serious liver complications, including cirrhosis and
hepatocellular carcinoma, over years or decades and lead to a significant healthcare and cost
burden. ' Approximately half of HCV-infected patients are unaware they have the disease,
which complicates treatment of the virus.*® Recently published guidelines from American
Association for the Study of Liver Diseases (AASLD) recommend one-time screening of baby
boomers® and annual screening of individuals with other high exposure risks, specifically persons
who inject drugs (PWID) and HIV-infected men who have sex with men (MSM-HIV).”

1.1. Model States
We developed a discrete time Markov model in Excel to simulate HCV detection through
screening, progression and treatment as depicted in the schematic in Figure A1.® The schematic
in Figure A1l represents a single one-year cycle in the simulation. The model is simulated
repeatedly (eg, 20 years), and population outcomes, such as the number of people in each disease
and screening state, are collected at the end of each cycle. In each cycle over which the model is
simulated, the population transitions through each disease state at assumed probabilities.

The states modeled include states in which the population is not infected (ie, “susceptible”) or
cured, states in which the population is infected, and disease detection (ie, “screen”) states. The
model defines the infection disease states as acute or chronic, where chronic consists of seven
stages of liver damage: fibrosis stages FO0-F4 using the METAVIR scoring system,
decompensated cirrhosis (DC) and hepatocellular carcinoma (HCC). Table A1 summarizes the
METAVIR scoring system, which quantifies the degree of liver fibrosis in patients with liver
diseases such as HCV.

?About three-fourths of patients in the United States living with the HCV infection were born between 1945
and 1965, “baby boomers.”[7,8]



Figure Al. Hepatitis C Screening and Transmission Simulation Model Schematic
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Table A1. METAVIR Stage Descriptions’

Stage | Description

No fibrosis

Periportal fibrotic expansion
Periportal septae (septum)
Porto-central septae
Compensated cirrhosis

AW — O

1.2. Populations Modeled

We model three distinct subpopulations, defined by the risk of disease exposure. These 3
subpopulations are: (1) people who inject drugs (“PWID”), (2) HIV-infected men who have sex
with men (“MSM-HIV”), and (3) all other US adults born prior to 1992 (“Other Adults™). In the
paper we refer to these three cohorts as “risk groups.” Of the three groups, PWID is at most risk
of HCV infection (a reported 60% of new HCV infections occur in individuals who report recent
injection drug use).'™"" Studies have demonstrated that MSM-HIV are at increased risk of HCV
infection through sexual transmission.'*"*

Of the Other Adults group, approximately 39% are “baby boomers” born between 1945-1965, a
population at high risk of prior infection, but low risk of new infection.'>'>'® The remainder of
the Other Adults group is also at low risk of new infection and consists of adults who were born
prior to 1992 (when the blood supply started to be systematically tested for HCV) but are not
baby boomers."> We do not differentiate between baby boomers and non-baby boomers in the
Other Adults group, but the proportion of the Other Adults risk group who are baby boomers
impacts the derivation of screening scenario parameters (discussed in more detail in section 2.1).

The three risk groups are modeled independently—an individual belongs to one risk group for
the duration of the simulation, and risk groups do not interact. Since the risk of transmission is
low for the Other Adults group,'”?® we make a simplifying assumption of no ongoing
transmission in the Other Adults risk group. Because it is a closed cohort, the Other Adults
population shrinks over time, and is assumed to have increasing mortality rates over the course
of a simulation.”’ We assume that the PWID and MSM-HIV risk groups have constant mortality
rates and experience ongoing entry and exit such that their size and age distribution remains
constant over the simulation. Mortality rates are discussed in more detail in section 3.2.

Within each risk group, we model the three HCV genotypes most common in the US (genotypes
1, 2 and 3).** This permits us to model HCV prevalence and transmission with greater nuance,
and to account for the fact that different genotypes respond differently to treatment >, may
progress at different rates >**°, and involve different mortality risks.?



1.3. Model Transitions
In each disease state, there are a number of possible transitions, which are represented by arrows
in the schematic.” The probability of transition along these arrows is assumed, based on the
literature, or calculated.

Upon initial infection, patients enter an “acute” phase, which they must leave after one model
cycle. They may die, spontaneously clear the disease without treatment, or progress to “chronic”
disease. The model assumes that 13% of acute infections for MSM-HIV and 18% of acute
infections for PWID and Other Adults clear spontaneously.”’”® Patients may stay in any disease
state, except acute, for more than one cycle.

In the model, patients may be screened at any stage, from susceptible through all chronic stages.
Patients in stage FO or higher may receive HCV treatment during the simulation, depending on
the treatment scenario; if not cured, treated patients may progress or die at the same rates as
infected and untreated patients. If HCV is cured in stages FO-F2, patients are no longer
infectious, and the model assumes that liver damage is reversed.”>° These patients return to the
susceptible population with healthy livers; if re-infected, they re-commence disease progression
at the acute stage.

Patients cured of HCV in stages F3 and higher are no longer infectious, but they may progress to
additional liver damage more slowly than patients with uncured HCV.?' They are susceptible for
re-infection at the same rate as patients without liver damage, but if re-infected, re-enter the
infected population with their existing level of liver damage. Patients with DC or HCC who are
cured of HCV are no longer infectious and become eligible for liver transplants. The transplant
stage lasts exactly one cycle, after which patients move to a post-transplant state. If these patients
are re-infected, they re-enter the infected population with healthy livers at the acute stage.
Consistent with current clinical practice, patients who are co-infected with HIV (all patients in
the MSM-HIV risk group, see below) are not eligible for liver transplants.**>

1.4. Transmission Function
In the PWID and MSM-HIV risk groups, for each genotype, the rate at which individuals are
infected is modeled dynamically as a function of the number in the risk group who are currently
infected with the given genotype. Individuals who are uninfected (susceptible) at the beginning
of a year ¢ are at risk of becoming HCV infected, and the probability of becoming infected during
year ¢ (ie, the annual incidence rate) is given by:

infected
. . t
Pr(infected,,,|susceptible,) = KX yinfected susceptible (1)
t + N,

where ¢ is the year, Ntinf ected is the number of people infected at the beginning of year ¢, and

NSUSeePHPLe s the number of people susceptible at the beginning of year z. The transmission

2 The model assumes that transition to death is possible from all states, but to simplify the schematic, Figure 1
suppresses arrows representing the transition to death.



model specified by equation (1) assumes that the incidence rate is proportional to the fraction of
individuals in a risk group who are infected. The proportionality constant K is calibrated to
ensure that the incidence rate (the left side of equation (1) matches the empirical estimate of
disease incidence rate at model start (+=0):

infected susceptible
Nto + Nt0 )

Ninfected (2)

to

K = (incidence rate; )(

The incidence rates and proportionality constants K for each risk group by genotype are reported
in Table A2. We assume K only varies across risk groups and is the same for each genotype
within a risk group. Patients may only be infected with one genotype at a time, but once cured, a
patient can be re-infected with any of the three genotypes. This model assumes a constant ratio
between incidence (left-hand side of equation (1)) and prevalence (the ratio on the right-hand
side of equation (1)), that is, the risk of infection is proportional to prevalence. This implicitly
assumes that within a risk group, newly infected people are equally likely to transmit the disease
as previously infected people.

Table A2. Starting Annual Incidence Rates and Values of K

Annual Incidence Rate Calculated K
Other Adults

Genotype 1 0 0

Genotype 2 0 0

Genotype 3 0 0
PWID

Genotype 1 0.0065 0.025

Genotype 2 0.0014 0.025

Genotype 3 0.0011 0.025
MSM-HIV

Genotype 1 0.0034 0.021

Genotype 2 0.0007 0.021

Genotype 3 0.0006 0.021

SOURCE: Williams et al. (2011) *° and authors’ calculations.

2. Analysis of Policy Scenarios

We model 3 screening and 3 treatment scenarios, for a total of 9 combined scenarios. The
manuscript focuses on the impacts of expanding screening and treatment policies relative to the
status quo screening and treatment policies.

Our model assumes individuals must be screened and diagnosed as HCV positive before
receiving treatment. However, we assume 41.5% of all infected individuals in the starting
population are aware of their diagnosis in the initial model cycle and therefore do not receive
screening. These individuals receive treatment in the second cycle. Our diagnosis awareness
percentage is derived from the NHANES follow-up survey, which includes a question for all
HCV-positive individuals regarding whether they have previously been told that they have HCV.




The NHANES HCV follow-up survey is limited by a low response rate, but we find that the
NHANES diagnosis rates are similar to findings in the literature.**

2.1. Screening Scenario Parameter Estimates

All screening scenarios rely on the patient interacting with the healthcare system in order to
receive screening. We estimate the annual rate at which patients utilize healthcare services using
NHANES data (NHANES variable name HUQO050). For the infected population, the rate of
heath care services utilization is 76.9.% for baby boomers in the Other Adults group, 83.5% for
non-baby boomers in the Other Adults group, 89.7% for the PWID group, and 95.1% for MSM-
HIV group.” All screening scenarios assume a constant screening rate across acute and all
chronic states. For the susceptible population, the rate of healthcare services utilization is 85.5%
for baby boomers in the Other Adults group, 84.1% for non-baby boomers in the Other Adults
group, 85.6% for the PWID group, and 95.1% for MSM-HIV group.

In all scenarios, we adjust screening rates to account for some patients’ preferences against

screening, and adopt the assumption from Rein et al (2012) that 91% of people offered screening
. 35

accept it.

Screening costs are equal to $41.37 per person. Our cost is taken from Eckman (2013) and
inflated to 2015 dollars; it includes a hepatitis C antibody EIA test and a level 1 office outpatient
visit.*

2.1.1. Baseline Screening Scenario

In characterizing the baseline screening scenario (“Current Screening’), we attempt to capture
the key features of current HCV screening policy. AASLD screening guidelines recommend
one-time screening of baby boomers and annual screening of PWIDs and MSM-HIV.?” We
assume that individuals will only be screened if they utilize the healthcare system and their
physician adheres to the AASLD guidelines. Therefore, in Current Screening, all individuals in
the PWID and MSM-HIV groups and baby boomers in the Other Adults group who visit a doctor
or clinic and whose physician adheres to screening guidelines are offered screening. The
undiagnosed Other Adults population receives screening only once and the undiagnosed PWID
and MSM-HIV populations are offered screening every cycle, with acceptance occurring about
once every 15-18 months.

Based on estimates in Kallman (2009), we assume that 58% of physicians are aware of
guidelines.”® Since data for adherence is not available, we assume 100% of physicians who are
aware of guidelines adhere to them.

3 This estimate is based on 5 waves of NHANES data from 2004-2012.



2.1.2. Alternative Screening Scenarios
We consider two alternative screening scenarios in the manuscript:

(1) “Physician Education” assumes 100% physician awareness of screening guidelines
compared with 58% in Current Screening; this increase in awareness could result from
physician education outreach efforts.

(2) “Screen All” assumes all patients unaware of their HCV status are offered screening
when they visit a doctor or clinic. Relative to Current Screening, this scenario relaxes
the condition that only baby boomers in the Other Adults group are offered screening,
and offers one-time screening to all members of the Other Adults group, and
additionally assumes 100% physician awareness of screening guidelines

2.2. Treatment Scenario Parameter Estimates
Treatment early in the course of HCV infection decreases the risk of fibrosis progression and
long-term hepatic complications, and AASLD 2015 treatment guidelines recommend that all
patients with chronic HCV infection (excluding those with limited life expectancy due to non-
hepatic causes) receive antiviral treatment. However, the guidelines additionally note that if
resources are limited, prioritization should be given to those with more advanced disease and the
highest risk of liver-related complications. ’

Regimens by fibrosis stage and genotype are selected based on the AASLD’s most recent
treatment guidelines. Therefore, all scenarios assume that HCV treatment consists of the most
effective direct-acting antiviral regimens available. When multiple regimens are recommended
for a genotype or fibrosis stage, the average efficacy is calculated and used. Regimen drugs,
duration, efficacy and costs differ by infection genotype, as detailed in Table A3. All costs are
inflated to 2015 dollars.

The treatments used in all scenarios include drugs that are currently protected under patent, but
have seen price competition from recent market entrants. To account for these pricing dynamics,
the model reduces treatment costs by 46% > in years 2-20 to account for branded competition.*’

The model assumes that treatment is only available to patients with insurance, and insurance
status does not depend on fibrosis stage. We rely on NHANES to estimate the proportion of each
risk group with insurance, and we adjust the estimates to incorporate the impact of the ACA on
insurance rates, which results in an 8.5 percentage point increase in the percentage of individuals
who have insurance.* The final percentage of each risk group with insurance for individuals
infected with genotype 1 is 80.3% for Other Adults, 66.5% for PWID, and 94.2% for MSM-HIV;
the percentage of each risk group with insurance for genotypes 2 and 3 is 70.4% for Other
Adults, 71.7% for PWID, and 94.2% for MSM-HIV.



Table A3. Treatment Regimens, Duration and Efficacy

Drugs used
Genotype 1 | LED/SOF for 12 weeks
OMB/PTV/r plus DSV with or without RBV for 12 weeks (FO-F3) or 24 weeks (F4)
SOF/SIM with or without RBV for 12 weeks (FO-F3) or 24 weeks (F4)
Genotype 2 | No cirrhosis: SOF and RBV for 12 weeks
Cirrhosis: SOF and RBV for 16 weeks
Genotype 3 | SOF and RBV for 24 weeks
Treatment costs
Yr 1% Yrs 2+%
Genotype 1 $103,799 $56,051
Genotype 2 F0-F2: $103,799 FO-F2: $56,051
F3-F4: $138,398 F3-F4: §74,735
Genotype 3 $207,598 $112,103
Efficacy
F0-F2 F3 F4
Other Adults Other Other
PWID MSM-HIV | Adults PWID | MSM-HIV | Adults PWID MSM-HIV
Genotype 1 F0: 0.98 0.96 0.97 0.96 0.93 0.91
F1-F2:0.97
Genotype 2 0.97 0.88 0.97 0.88 0.97 0.88
Genotype 3 0.91 0.67 0.91 0.67 0.68 0.67

LDV, ledipasvir; SOF, sofosbuvir, OMB, ombitasvir; PTV, paritaprevir; r, ritonavir, DSV, dasabuvir; RBV, ribavirin; SMV,
simeprevir; PWID, people who inject drugs; MSM-HIV, HIV-infected men who have sex with men.

2.2.1. Treatment Scenarios

The baseline treatment scenario “Treat F3-F4” was selected according to the AASLD’s
guidelines’ “highest priority” population for treatment, and also aligns with coverage policies
observed today.’” Therefore, the status quo scenario treats patients with fibrosis stages F3 and F4.
The alternative treatment scenarios are as follows:

(1) “Treat F2-F4” expands the baseline to include fibrosis stages F2-F4
(2) “Treat FO-F4” further expands treatment to include fibrosis stages FO-F4

2.3. Model Outputs
Each year, the model produces the number of people in every disease, screening, and treatment
state. These disease-state populations are then multiplied by published estimates of annual per-
person values for quality-adjusted life years (QALYs) in each disease state; each QALY is
valued at $150,000 to generate the total value of QALYs produced by a screening-treatment
scenario combination.” Other annual per-person estimates of economic measures, including
treatment costs and non-treatment medical expenditures, are similarly applied to disease-state
populations to generate population-wide estimates. These estimates are assumed to be constant
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over the duration of the simulation. Dollar values are discounted at 3% per year to produce
present discounted values of future value streams.**

Patients who die within a cycle are assumed to transition out of the simulation following a
uniform probability distribution with a mean of six months. Model outputs for such patients are
calculated as half the values as for those who do not die during the cycle.

3. Model Parameter Estimates

Model parameters are taken from the published literature, with efforts made to find risk group-
and genotype-specific values wherever possible. The Other Adults risk group contains the
largest number of HCV-infected patients, and is defined as US residents born prior to 1992 who
are not in the PWID or MSM-HIV risk groups. It is modeled with a mortality rate that increases
8% per year as the closed cohort ages over time.* Model parameters for the Other Adults cohort
and their sources are provided in Table A4.

The PWID risk group has the highest incidence rate, reflecting the greater transmission among
the three risk groups. The PWID cohort also has the highest starting mortality rates for both the
infected and uninfected populations.*® Model parameters for the PWID cohort and their sources
are provided in Table AS.

The MSM-HIV risk group is characterized by co-infection with HIV, which affects the
progression of HCV ¥, and in our analysis is composed of men who have sex with men. Model
parameters for the MSM-HIV group and their sources are provided in Table A6.



Table A4. Model Parameters for the Other Adults Risk Group, Genotypes 1-3

Disease State Genotype 1 Genotype 2 Genotype 3
Annual Mortality Rate
Susceptible (Background) 0.0083 *
Acute, FO-F2 0.0197 ¥ 0.0167 **¥ 0.0183 %
F3, F4 0.0742 %% 0.0631 % 0.0690 %
DC 0135031m§1 011482Q%5Qﬂ 012562Q%5Qﬂ
HCC 0.4270 50,52,53 0.3630 26,50,52,53 0.3971 26,50,52,53
Transplant® 0.1650 **
Post-Transplantb 0.0313 ***
Annual Background Mortality Growth Rate 0.08
Annual Transition Probability
Acute — Spontaneous Clearance 0.18 %
FO — F1 0.076 >
Fl1— F2 0.095 >’
F2 - F3 0.108 >’
F3 — F4 0.134 >
F3 — HCC 0.008 *** 0.008 *** 0.0144 *+-%%
F4 — DC 0.039 #20 0.0265 ***° 0.0507 ***°
F4 — HCC 0.025 *° 0.0138 *0 0.045 2>
DC — HCC 0.025 *° 0.0138 *0 0.045 2>
DC — Transplant 0.031 ¢!
HCC — Transplant 0.103 >
F3 Cure — F4 Cure 0.0375°"!
F3 Cure — HCC Cure 0.0029 °!
F4 Cure — DC Cure 0.0109 °!
F4 Cure — HCC Cure 0.009 '
DC Cure — HCC Cure 0.007 !
QALY Weights®
Susceptible 0.86 °62
Acute, FO-F1 0.79 o6
F2, F3, F3 Cure 0.79 o6
F4, F4 Cure 0.76 0%
DC, DC Cure 0.69 0%
DC Transplant® 0.50 °%%
DC Post-Transplant” 0.71 **
HCC, HCC Cure 0.67 0
HCC Transplant® 0.50 °0¢
HCC Post-Transplant” 0.71 >
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Disease State Genotype 1 Genotype 2 Genotype 3
Annual Medical Expenditures®
Susceptible $6,984 ©
Acute, FO, F1, F2, F3 $16,904
FO Fail, F1 Fail, F2 Fail, F3 Fail, F3 Cure $10,988 °*¢7
F4 $20,052
F4 Fail, F4 Cure $15,239 ¢/
DC $56,020
DC Fail, DC Cure $39,214 7
DC Transplant® $161,108 *°
DC Post-Transplant” $ 161,108 ©
HCC $124,229
HCC Fail, HCC Cure $86,961 °*¢’
HCC Transplant® $161,108 *°
HCC Post-Transplant” $161,108 *°

*Year of liver transplant; PAll subsequent years after liver transplant; ‘All Medical Expenditures inflated to 2015 dollars; dQALY
weights for individuals who are HCV positive but undiagnosed are 2% higher than those shown in the table.

Table AS. Model Parameters for the PWID Risk Group, Genotypes 1-3

Disease State Genotype 1 Genotype 2 Genotype 3
Annual Mortality Rate

Susceptible 0.0139 %
Acute, FO-F2 0.0330 4% 0.0281 2046% 0.0307 2046%
F3, F4 0.1246 %% 0.1059 26569 01159 550
DC 0.1350 53031 01148 20353031 01256 20353031
HCC 04270 53031 03630 20333031 03971 26353031
Transplant® 0.1650 **
Post-Transplant® 0.0526 2%

Annual Transition Probability

Acute — Spontaneous Clearance

0.18

F0 — F1

0.116 55,69-74

F1 — F2 0.085 50074
F2 - F3 0.085 5074
F3 — F4 0.13 5697
F3 — HCC 0.008 **** 0.008 >* 0.0144 25505
F4 — DC 0.039 > 0.0265 2*30% 0.0507 255059
F4 — HCC 0.025 >0 0.0138 230 0.045 253530
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Disease State Genotype 1 Genotype 2 Genotype 3
DC — HCC 0.025 *>°0% 0.0138 *35% 0.045 43>
DC — Transplant 0.031 %

HCC — Transplant 0.103 >
F3 Cure — F4 Cure 0.0364 °!
F3 Cure — HCC Cure 0.0029 °!
F4 Cure — DC Cure 0.0109 °!
F4 Cure — HCC Cure 0.009 !
DC Cure — HCC Cure 0.007 !

QALY Weights

Same as for Other Adults risk group. See Table A4 for values.

Annual Medical Expenditures®

Same across risk groups and genotype. See Table A4 for values.

Year of liver transplant; "All subsequent years after liver transplant; ‘All medical expenditures inflated to 2015 dollars.

Table A6. Model Parameters for the MSM-HIV Risk Group, Genotypes 1-3

Disease State Genotype 1 Genotype 2 Genotype 3
Annual Mortality Rate

Susceptible 0.0071 "
Acute, FO-F2 0.0168 7 0.0156 27 0.0156 50T
F3, F4 0.0632 2047 0.0538 208075 0.0588 507
DC 0.1350 301 0.1148 20353031 013236 T
HCC 0.4270 01 03630 20353031 03971 505
Transplant® 0.1650 77
Post Transplant” 0.0267 %"

Annual Transition Probability

Acute — Spontaneous Clearance 0.130

FO — F1 0.122 %

F1 — F2 0.115%

F2 — F3 0.124 %

F3 — F4 0.115%

F3 _ HCC 0016 33,50,58,78 0016 33,50,58,78 00288 24,50,58,78
F4 N DC 0078 33,35,50,59,79 0053 24,35,50,59,79 01014 35,50,59,79
F4 N HCC 0050 33,35,50,78 00275 24,35,50,78 00900 35,50,78
DC — HCC 0.050 3333078 0.0275 24350 0.0900 *>-°
DC — Transplant 0+

HCC — Transplant 0+
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Disease State Genotype 1 Genotype 2 Genotype 3
F3 Cure — F4 Cure 0.0322°
F3 Cure — HCC Cure 0.0058 °!
F4 Cure — DC Cure 0.0218 °
F4 Cure — HCC Cure 0.018 !
DC Cure — HCC Cure 0.014 "
QALY Weights?
Susceptible 0.87 *27°
Acute, FO-F1 0.81 *>°176
F2, F3, F3 Cure 0.81 **0176
F4, F4 Cure 0.68 >
DC, DC Cure 0.48 *>"°
DC Transplant® 0.81 *27°
DC Post-Transplant” 0.81 *27°
HCC, HCC Cure 0.23 *>7°
HCC Transplant® 0.81 *27°
HCC Post-Transplant” 0.81 *27°
Medical Expenditures® Same across risk groups and genotype. See Table A4 for values.

*Year of liver transplant; "All subsequent years after liver transplant; “All Medical Expenditures
inflated to 2015 dollars; “QALY weights for individuals who are HCV positive but undiagnosed
are 2% higher than those shown in the table

3.1. Starting Populations

At model start, the size of the total infected population across all disease stages is 3,618,543
people.®® This includes 22,304 incident patients,®’ who are distributed across the three risk
groups according to estimates from Williams et al. (2011),%° and within each risk group across
three genotypes according to the prevalence of each genotype in the overall population, as
estimated by Manos et al. (2012).> These incident patients make up the populations in the acute
phases at the start of the simulation. The remaining 3,596,239 non-incident infected population
at model start are then distributed across risk groups and genotypes following the same logic.
These patients are then further distributed across chronic disease stages as in Hagan (2014).'*>%
The distribution of the infected population by risk group, genotype, and disease stage is given in
Table A7.

Table A7. Size and distribution of model populations at start of simulation

Other Adults PWID MSM-HIV
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Uninfected/Susceptible 197,404,132 # 2,242,594 % 461,600 ™
Acute 0 14,514 1,545
FO 271,199 155,186 16,524
Fl 558,352 319,501 34,020
F2 350,064 200,829 21,384
Genotype 1 F3 223,341 127,801 13,608
F4 95,717 54,772 5,832
DC 47,859 27,386 2,916
HCC 47,859 27,386 2,916
Acute 0 3,225 343
FO 60,267 34,486 3,672
Fl 124,078 71,000 7,560
F2 77,992 44,629 4,752
Genotype 2 F3 49,631 28,400 3,024
F4 21,271 12,171 1,296
DC 10,635 6,086 648
HCC 10,635 6,086 648
Acute 0 2,419 258
FO 45,200 25,864 2,754
Fl 93,059 53,250 5,670
F2 58,494 33,471 3,564
Genotype 3 F3 37,223 21,300 2,268
F4 15,953 9,129 972
DC 7,976 4,564 486
HCC 7,976 4,564 486

SOURCE: Authors’ analysis and CDC (2014);* Manos (2012);** Williams (2011);*° and Hagan

(2014)*

3.2. Annual Mortality Rates

To appropriately account for mortality risk by risk group, age, genotype and disease state, we

estimate mortality rates that account for differential risks using the multiplicative model,

M(a,r,g,s)=M,(@)R.R,R, (3)

where My(a) is the US base annual mortality rates”', for a person at age a and R, Rg, R, are
proportionality constants that account for a person’s risk group, HCV genotype, and stage of
liver disease, respectively.® We derive the proportionality constants R, Rg, R, based on estimates
from the literature and given in Table A8, below.

4Age is computed as the population-weighted average age, based on Census population estimates [21].
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Table A8. Mortality Adjustment Factors by Disease State and Genotype

) Mortality Factor ) Mortality Factor
Disease State R Viral Genotype R
g g
Uninfected 1.000 Genotype 1 1.000
Acute, FO-F2 2.370 Genotype 2 0.850
F3,F4 8.935 Genotype 3 0.930
Post-Trans, 3.770

cured states

F3-F4 is a multiple of the F2 factor, so the total is 2.370 x 3.770 = 8.935. F3, F4, DC, HCC cured are 3.770 times
base mortality.

We assume the proportionality constant for the Other Adults risk group, R,, is 1.0. For the
PWID group we rely on Mathers et al. (2013), which provides a systematic review of the
mortality of intravenous drug users.*® The paper provides a mortality rate ratio (standardized
mortality ratio, SMR) of 11.19 in North America (see page 109, figure 3). This means that the
death rates of PWIDs are approximately 11.9 times that of the US base annual mortality rate
after adjusting for age; however, directly using the 11.9 estimate overcounts mortality in this
group because some of the excess mortality among PWID is attributable to HCV infection and
thus is already accounted for by our other proportionality constants in the model in equation (3),
namely R, and R,. Thus, we need to parse out the effect of risk group that is independent from
the effects of HCV infection. Specifically, R, represents the age adjusted mortality rate ratio for
HCV uninfected PWIDs compared to the general population. To estimate R,, express the
mortality rate for the PWIDs at age a (called M(a,r) in the equation below) as a weighted
average of the mortality rates for HCV-infected PWIDs (stratified by genotype and disease
stage) and uninfected PWIDS:

M(a,r) = P(I)EM(a,r, 2,5)P(g,s)+ P(N[)M(a,r,NI) (4)

where P(]) is the initial proportion infected in the PWID risk group, P(NI)= 1-P(I) is the
proportion uninfected, and P(g,s) is the proportion of the infected person who are infected with
genotype g and are in stage s. Dividing the above equation by the baseline mortality rate for a
person in the United States at age a we obtain,

M(a,r)
M (a)

r g A

=11.19= P(I)ER R_R _P(g,s)+ P(NI)R,
& (5)

Van Nuys et al. (2015) gives estimates of P( g, s) , P(I) and P(NI=)=1-P(I), and using the values
of Ry and R, given above we solved equation (2) for R,. to get R,= 4.15.*% This implies that the
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mortality rate for HCV uninfected PWIDs is approximately 4.15 times that of the baseline rates
in the US (accounting for age).

We used a similar approach for the MSM-HIV risk group using the mortality rate ratios for HIV-
infected men (Karch et al, (2015), which says HIV infected men have about 3.4 times the
mortality rate of the baseline mortality in the US.*” The 3.4 figure accounts for excess mortality
from HCV infection, and thus (as explained above) it also needs to be adjusted downward so as
not to double count the effects of HCV on mortality. We used the above equation (5) replacing
11.19 with 3.4 and using the input values for P(g,s) and P(I) for the MSM-HIV risk group from
Van Nuys et al. (2015) and obtained R,= 2.04 for the MSM-HIV risk group.*

Since the Other Adults risk group is a closed cohort whose average age increases over the
simulation, we assume that the background mortality rate grows at 8% per year in this group.*
For the other two risk groups, we assume a stable age distribution, or that the exiting of older
individuals is offset by ongoing entry of younger individuals into these risk groups, and assume a
constant background mortality computed by average age, risk group and genotype. While it is
possible that improved treatments might lead to the slight aging of these two risk groups, these
effects could be offset by younger ages at entry into the groups (eg, younger age at initiation of
drug use or sexual activity). Accordingly, in the absence of clear trends on the ages of initiation
for these risk behaviors, we have opted for the simplest plausible assumption of a stable
(stationary) age distribution in the PWID and MSM-HIV groups over the time span of our
simulation.

4. Additional Results
4.1. Results of main analysis: 10-year time horizon

In this section, we report results for our primary analysis, relative to baseline (Current Screening
and treatment at F3-F4), at the 10-year time horizon.
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Table A9: Results for components of social value (incremental costs and QALYj5) relative to baseline, 10 year time

horizon
Scenario Incremental Costs ($)
Incremental QALY
Screening Treatment Total Med. Expend Screening Cost Treatment Cost
F3-F4 - - - --
Current F2-F4 20,563,786,061 (30,546,777,372) 18,838,220 51,091,725,214 499,079
FO-F4 48,853,220,537 (85,933,986,218) 50,646,003 134,736,560,752 1,103,804
F3-F4 18,006,899,946 10,926,690,247 1,272,328,012 5,807,881,687 (7,574)
Ph)l’s:icmn F2-F4 38,465,017,869 (24,035,257,780) 1,303,221,108 61,197,054,541 571,129
FO-F4 64,787,996,453 (87,393,189,004) 1,355,247,576 150,825,937,882 1,277,068
F3-F4 34,748,759,839 21,747,794,370 1,986,977,550 11,013,987,920 21,925
Screen All F2-F4 54,105,329,184 (17,554,909,383) 2,017,870,645 69,642,367,922 680,326
FO-F4 76,888,570,742 (88,785,234,915) 2,069,897,114 163,603,908,544 1,467,665
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Table A10. Cumulative Social Value and Incremental Cost-Effectiveness Relative to
Baseline, 10-year Time Horizon
Treatment Access

Screening
Scenarios Treat F3-F4 Treat F2-F4 Treat FO-F4
Cumulative Social — $54 bn $117 bn
Current Value (2015 USD)
Screening
ICER ($/QALY) - $41,203 $44,259
. Cumulative Social -$19 bn $47 bn $127 bn
Physician Value (2015 USD)
Education Strongly
ICER ($/QALY) Dominated $67,349 $50,732
Cumulative Social -$31 bn $48 bn $143 bn
Screen All Value (2015 USD)
ICER ($/QALY) $1,584,885 $79,529 $52,388

All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4. ICER values represent
change in overall cost divided by change in cumulative QALYSs. “Cost-saving” indicates a reduction in cumulative costs relative
to baseline. Dollar values in $US 2015. All future values are discounted at a rate of 3%. ICER = incremental cost-effectiveness
ratio.
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4.2. Cost Effectiveness
Using our results, we generate a cost effectiveness frontier to facilitate comparison of alternative
approaches. Figures A2 and A3 present the cost-effectiveness frontiers at 10 years and 20 years,
respectively.

Figure A2: Cost efficiency frontier at 10-year horizon
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Figure A3: Cost efficiency frontier at 20-year horizon
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5. Sensitivity Analyses

We conducted several sensitivity analyses to better characterize uncertainty inherent in the
model. We explore the individual impact of a number of changes in key variables within
screening/treatment combinations. We then examine the effects of varying the most sensitive
parameters on results for cumulative net social value and ICERs. The results of these sensitivities
are presented below.

5.1. Sensitivity Analyses
We conducted sensitivity tests of 21 key variables, identified as bearing a high level of
uncertainty due to uncertainty in the parameter itself, a range of values offered in differing
sources, or subjective assessment of the uncertainty of a given assumption. For each variable, the
model was run with the parameter value set at maximum and minimum values, holding all other
variables constant (at levels used in primary analyses).
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5.1.1.

One-way Sensitivities: Ranges

We ran sensitivities around the model inputs presented in Table A12.

Table A12. Sensitivity Analysis Parameters of Interest

Parameter

Definition/Notes

Range

-21-

Starting Infected
Population PWID

Starting Infected
Population MSM-
HIV

Starting Infected
Population Other
Adult

Total Starting
Population PWID

Total Starting
Population MSM-
HIV

Total Starting
Population Other
Adult

Medical
Expenditures PWID

Medical
Expenditures MSM-
HIV

Medical
Expenditures Other
Adult

QALY Weights

Fibrosis distribution:

F0

Fibrosis distribution:

F1

Number of individuals from the PWID group who
are chronically infected with HCV at the start of the
model

Number of individuals from the MSM-HIV group
who are chronically infected with HCV at the start of
the model

Number of individuals from the Other Adult group
who are chronically infected with HCV at the start of
the model

Total number of individuals in the PWID group at
the start of the model, where total = susceptible +
infected

Total number of individuals in the MSM-HIV group
at the start of the model, where total = susceptible +
infected

Total number of individuals in the Other Adult group
at the start of the model, where total = susceptible +
infected

Total (annual) non-treatment medical expenditures
for the PWID group. This value varies by disease
state.

Total (annual) non-treatment medical expenditures
for the MSM-HIV group. This value varies by
disease state.

Total (annual) non-treatment medical expenditures
for the Other Adult group. This value varies by
disease state.

Quality of life (utility) values associated with each
disease state. For this sensitivity check, values for
PWID, MSM-HIV, and Other Adult were adjusted
simultaneously.

Proportion of chronically infected individuals with
fibrosis stage F0O. For this sensitivity check, values
for PWID, MSM-HIV, and Other Adult were
adjusted simultaneously.

Proportion of chronically infected individuals with
fibrosis stage F1. For this sensitivity check, values
for PWID, MSM-HIV, and Other Adult were
adjusted simultaneously.

1,077,683 — 1,458,041

114,750 — 155,250

1,883,329 — 2,548,033

2,983,888 — 4,037,024

507,110 — 686,090

169,676,841 — 229,562,785

See Table A14

See Table A14

See Table A14

See Table A14

0.15-0.19 %

0.32-0.39 %



Parameter Definition/Notes Range
Proportion of chronically infected individuals with

Fibrosis distribution: fibrosis stage F2. For this sensitivity check, values 0.20- 0.24 &2

F2 for PWID, MSM-HIV, and Other Adult were e
adjusted simultaneously.
Proportion of chronically infected individuals with

Fibrosis distribution: fibrosis stage F3. For this sensitivity check, values 0.13-0.15 %

F3

Fibrosis distribution:

F4

Physician Awareness

Healthcare
Interaction

Treat/Screen Cost

QALY Decrement

Discount Rate

QALY Value ($)

for PWID, MSM-HIV, and Other Adult were
adjusted simultaneously.

Proportion of chronically infected individuals with
fibrosis stage F4. For this sensitivity check, values
for PWID, MSM-HIV, and Other Adult were
adjusted simultaneously.

Probability that physicians are aware of screening
guidelines. For this sensitivity check, values for
PWID, MSM-HIV, and Other Adult were adjusted
simultaneous.

Probability that individuals interact with the
healthcare system. Specifically, the probability of
being insured impacts the treatment probability, and
the probability of seeing a doctor in the past year
impacts screening probabilities. For this sensitivity
check, values for PWID, MSM-HIV, and Other
Adult were adjusted simultaneously.

Cost of screening and treatment. For this sensitivity
check, values for PWID, MSM-HIV, and Other
Adult were adjusted simultaneously.

QALY decrement for individuals who are diagnosed
with HCV but untreated. For this sensitivity check,
values for PWID, MSM-HIV, and Other Adult were
adjusted simultaneously.

Discount rate for costs and QALY's

Dollar value assigned to a quality adjusted life year
(QALY)

0.055- 0.065 %

0.496-0.67

See Table A13

Treatment costs: +£50%
Screening costs: $21.24-
$528.63

0-4%

1-5%

$50,000-$300,000
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When varying the proportion of the fibrosis distribution for a given fibrosis stage, changes are uniformly distributed across
the adjacent fibrosis stages. For example, if the proportion in F1 increases by 2%, the proportion in FO decreases by 1% and

the proportion in F3 decreases by 1%. DC and HCC ranges were not included in the sensitivity analyses.



Table A13. Screening and Treatment Baseline Parameter and Ranges for Healthcare
Interaction Sensitivity

| Other Adult | PWID | MSM-HIV
Annual Screening Probabilities by Screening Scenario
Current Physician Screen Current Physician Current Physician
Screening Education All Screening Education Screening | Education
& Screen & Screen
All All
Susceptible 0.178 0.305 0.778 0.454 0.779 0.505 0.866
(0.176- (0.301- (0.769- | (0.448- (0.768- (0.470 — (0.805-
0.180) 0.309) 0.787) 0.489) 0.838) 0.531) 0.910)
Infected 0.16 (0.145 | 0.274 0.699 0.476 0.816 0.505 0.866
-0.174) (0.249- (0.635- | (0.420- (0.720- (0.470 — (0.805-
0.299) 0.763) 0.504) 0.865) 0.531) 0.910)

Annual Treatment Probabilities

[ 0.803 (0.635-0.885)

[ 0.665 (0.597-0.773)

[ 0.942 (0.818-1.0)

Parameter ranges are derived from NHANES. Treatment probabilities only apply to patients who are eligible by fibrosis
stage. For example, in Treat F3-F4, diagnosed PWID patients in fibrosis stages FO-F2 have zero probability of treatment,
and stages F3-F4 have 0.665 probability of treatment.
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Table A14. Sensitivity Analyses: Range of Parameter Values

QALY Weights —Other Adult and PWID

Susceptible 0.84- 0.88 '8
Acute, FO-F1 0.77-0.81 '*0
F2, F3, F3 Cure 0.77-0.81 1860
F4, F4 Cure 0.70- 0.79 '
DC, DC Cure 0.44- 0.69 %%
DC Transplant 0.44- 0.69 '*%°
DC Post-Transplant 0.60-0.82 **¢*
HCC, HCC Cure 0.60-0.72 1360
HCC Transplant 0.40- 0.69 '*%°

HCC Post-Transplant

0.60-0.82 >

QALY Weights - MSM-HIV

Susceptible 0.74- 1.07
Acute, FO-F1 0.69-0.937
F2, F3, F3 Cure 0.69-0.93"
F4, F4 Cure 0.58-0.78"°
DC, DC Cure 0.41-0.55"°
DC Transplant 0.69- 0.937
DC Post-Transplant 0.69- 0.937
HCC, HCC Cure 0.2-0.26"

HCC Transplant 0.69- 0.937
HCC Post-Transplant 0.69- 0.937

Annual Medical Expenditures — Other Adult, PWID, MSM-HIV

Susceptible $6753 - 7127 ©
Acute, F0, F1, F2, F3 $16,210 — 17,597 *
F0 Fail, F1 Fail, F2 Fail, F3 Fail, F3 Cure $10,537 — 11,439 *%
F4 $17,866 — 22,238 *
F4 Fail, F4 Cure $13,578 — 16,900 %/
DC $50,362 — 61,678 *
DC Fail, DC Cure $35,253 — 43,175 **%
DC Transplant, DC Post-Transplant $144,836 — 177,380 *°
HCC $116,651 — 131,807 *°

HCC Fail, HCC Cure

$81,656 — 92,265 °*°7

HCC Transplant, HCC Post-Transplant $151,280 — 170,936 *°
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5.1.2. Model Sensitivity Analysis: Results
We present results of sensitivity tests on cumulative social value at the 20-year time horizon
(Tables A15-A23). Results are presented as a percent change relative to the output from using
the parameter input value assumed for our main analysis. Because each combination of screening
and treatment scenarios employs a unique set of baseline assumptions, nine separate sets of
sensitivity results are included, one for each scenario. In general, the social value results across
scenarios are most sensitive to the same model inputs.

Table A15: One-way Sensitivity results: Current Screening with Treatment at F3-F4

% Difference in Cumulative Social Value

Parameter
Low High
QALY Value ($) -68.460% 102.689%
Discount Rate -14.178% 18.307%
Total Starting Population Other Adult -6.791% 6.791%
QALY weights -5.857% 5.850%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.071%
Starting Infected population Other Adult -0.030% 0.030%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.021% 0.021%
Treat/Screen Cost -0.005% 0.005%
QALY Decrement -0.003% 0.003%
Medical Expenditures PWID -0.002% 0.002%
Starting Infected population MSM-HIV -0.002% 0.002%
Fibrosis Distribution: FO -0.001% 0.001%
Healthcare Interaction -0.001% 0.001%
Fibrosis Distribution: F2 -0.001% 0.001%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0004% 0.0004%
Physician Awareness -0.0001% 0.0001%
Fibrosis Distribution: F1 0.000% 0.000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.
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Table A16: One-way Sensitivity results: Current Screening with Treatment at F2-F4

% Difference in Cumulative Social Value

Parameter .
Low High
QALY Value ($) -68.458% 102.686%
Discount Rate -14.183% 18.314%
Total Starting Population Other Adult -6.788% 6.788%
QALY weights -5.854% 5.848%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.071%
Starting Infected population Other Adult -0.025% 0.025%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.018% 0.020%
Healthcare Interaction -0.004% 0.003%
QALY Decrement -0.003% 0.003%
Fibrosis Distribution: F2 -0.002% 0.002%
Medical Expenditures PWID -0.002% 0.002%
Starting Infected population MSM-HIV -0.002% 0.002%
Physician Awareness -0.002% 0.002%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: F0 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0003% 0.0003%
Fibrosis Distribution: F1 -0.0004% 0.0003%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.
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Table A17: One-way Sensitivity results: Current Screen with Treatment at F0-F4

-27-

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.455% 102.682%
Discount Rate -14.187% 18.319%
Total Starting Population Other Adult -6.785% 6.785%
QALY weights -5.852% 5.846%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.070% 0.070%
Starting Infected population Adult -0.023% 0.023%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.015% 0.015%
Healthcare Interaction -0.005% 0.004%
Physician Awareness -0.003% 0.003%
QALY Decrement -0.003% 0.003%
Medical Expenditures PWID -0.002% 0.002%
Fibrosis Distribution: F2 -0.002% 0.002%
Starting Infected population MSM-HIV -0.002% 0.002%
Fibrosis Distribution: FO -0.001% 0.001%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: F1 -0.0004% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0003% 0.0003%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.



Table A18: One-way Sensitivity results: Physician Education with Treatment at F3-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.461% 102.692%
Discount Rate -14.179% 18.307%
Total Starting Population Other Adult -6.791% 6.791%
QALY weights -5.856% 5.850%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.071%
Starting Infected population Other Adult -0.030% 0.030%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.021% 0.021%
Medical Expenditures PWID -0.003% 0.003%
Starting Infected population MSM-HIV -0.002% 0.002%
QALY Decrement -0.002% 0.002%
Fibrosis Distribution: F0 -0.001% 0.001%
Healthcare Interaction -0.002% 0.001%
Fibrosis Distribution: F2 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Fibrosis Distribution: F3 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0004% 0.0004%
Fibrosis Distribution: F1 -0.0001% 0.0001%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.
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Table A19: One-way Sensitivity results: Physician Education with Treatment at F2-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.459% 102.689%
Discount Rate -14.184% 18.315%
Total Starting Population Other Adult -6.787% 6.787%
QALY weights -5.854% 5.848%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Adults -0.071% 0.071%
Starting Infected population Adults -0.025% 0.025%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.018% 0.018%
Healthcare Interaction -0.005% 0.004%
Fibrosis Distribution: F2 -0.003% 0.003%
Medical Expenditures PWID -0.002% 0.002%
QALY Decrement -0.002% 0.002%
Starting Infected population MSM-HIV -0.002% 0.002%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: FO -0.001% 0.001%
Fibrosis Distribution: F1 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0004% 0.0004%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.
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Table A20: One-way Sensitivity results:
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Physician Education with Treatment at F0-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.4556% 102.683%
Discount Rate -14.188% 18.321%
Total Starting Population Other Adult -6.784% 6.784%
QALY weights -5.852% 5.846%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.070% 0.070%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population Other Adult -0.022% 0.022%
Starting Infected population PWID -0.014% 0.014%
Healthcare Interaction -0.006% 0.004%
QALY Decrement -0.002% 0.002%
Medical Expenditures PWID -0.002% 0.002%
Fibrosis Distribution: F2 -0.002% 0.002%
Starting Infected population MSM-HIV -0.001% 0.001%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: FO -0.001% 0.001%
Fibrosis Distribution: F1 -0.0005% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0003% 0.0003%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.



Table A21: One-way Sensitivity results:
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Screen All with Treatment at F3-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.4631% 102.695%
Discount Rate -14.179% 18.308%
Total Starting Population Other Adult -6.791% 6.791%
QALY weights -5.856% 5.850%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.072%
Starting Infected population Other Adult -0.030% 0.030%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.021% 0.021%
Medical Expenditures PWID -0.003% 0.003%
Starting Infected population MSM-HIV -0.002% 0.002%
Fibrosis Distribution: F0 -0.001% 0.001%
QALY Decrement -0.001% 0.001%
Healthcare Interaction -0.001% 0.001%
Fibrosis Distribution: F2 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0004% 0.0004%
Fibrosis Distribution: F3 -0.0003% 0.0003%
Fibrosis Distribution: F1 -0.0002% 0.0001%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.



Table A22: One-way Sensitivity results: Screen All with Treatment at F2-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.4604% 102.691%
Discount Rate -14.185% 18.316%
Total Starting Population Other Adult -6.787% 6.787%
QALY weights -5.853% 5.848%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.071%
Starting Infected population Other Adult -0.024% 0.024%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population PWID -0.018% 0.018%
Healthcare Interaction -0.005% 0.003%
Fibrosis Distribution: F2 -0.003% 0.003%
Medical Expenditures PWID -0.002% 0.002%
Starting Infected population MSM-HIV -0.002% 0.002%
QALY Decrement -0.001% 0.001%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: F1 -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Fibrosis Distribution: F0 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0004% 0.0004%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14.
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Table A23: One-way Sensitivity results: Screen All with Treatment at FO-F4

% Difference in Cumulative Social Value

Parameter Low High
QALY Value ($) -68.456% 102.685%
Discount Rate -14.189% 18.322%
Total Starting Population Other Adult -6.784% 6.784%
QALY weights -5.851% 5.846%
Total Starting Population PWID -0.117% 0.117%
Medical Expenditures Other Adult -0.071% 0.071%
Total Starting Population MSM-HIV -0.022% 0.022%
Starting Infected population Other Adult -0.020% 0.020%
Starting Infected population PWID -0.014% 0.014%
Healthcare Interaction -0.006% 0.004%
Fibrosis Distribution: F2 -0.002% 0.002%
Medical Expenditures PWID -0.002% 0.002%
Starting Infected population MSM-HIV -0.001% 0.001%
QALY Decrement -0.001% 0.001%
Fibrosis Distribution: F3 -0.001% 0.001%
Fibrosis Distribution: F1 -0.001% 0.001%
Fibrosis Distribution: FO -0.001% 0.001%
Fibrosis Distribution: F4 -0.0004% 0.0004%
Medical Expenditures MSM-HIV -0.0003% 0.0003%
Physician Awareness 0.0000% 0.0000%
Treat/Screen Cost 0.0000% 0.0000%

Parameter definitions and ranges for sensitivity parameters are given in A12-A14.

5.2. Sensitivity of Social Value Gains and ICERs to Key Parameters
The one-way sensitivities presented in section 5.1 highlight four key parameters that may drive
uncertainty in the model. To better understand the implications of this uncertainty on our results,
which are presented as changes relative to baseline, Tables A24-27 present variations of our
main results for both the high and low end of tested ranges for each of the following variables:
(1) QALY value ($); (2) discount rate; (3) starting population size for the Other Adults group;
and (4) quality of life utility weights.
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Table A24. Cumulative Social Value Relative to Baseline for high and low values of
QALYs, 20-year Time Horizon

Treatment Access

Screening Treat F3-F4 Treat F2-F4 Treat F0-F4
Scenarios $50K $300K $50K $300K $50K $300K
Current $133.4 $740.1 $246.1 $1,302.0
Screening

Physician $14.4 $17.2 $136.6 $847.7 $266.0 $1,481.5
Education

Screen All -$26.0 $40.8 $140.1 $950.2 $282.4 $1,635.2

Table A25. Cumulative Social Value ($ billions) and Incremental Cost-Effectiveness ($/
QALY) Relative to Baseline for high and low discount rates, 20-year Time Horizon

Treatment Access

Screening Treat F3-F4 Treat F2-F4 Treat F0-F4
Scenarios Discount rate 1% 5% 1% 5% 1% 5%
Cumulative
Current Social Value - - $497.6 $286.4 $881.2 $510.2
Screenin
g ICER . . Cpst Cpst Cpst Cpst
Saving Saving Saving Saving
Cumulative
Physician Social Value $3.4 -$5.4 $561.4 $317.5 $993.6 $572.4
Education
ICER  $130,549  $208,672 Cost 46,070 Cost $376
Saving Saving
Cumulative $10.8 $6.6  $620.9 $348.4  $1,088.1  $626.1
Social Value
Screen All c
ICER  $119,632  $183,090 $2,724  $11,662 oSt g3904
Saving

All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4. ICER values represent
change in overall cost divided by change in cumulative QALYs. “cost-saving” indicates a reduction in cumulative costs relative
to baseline. Dollar values in $US 2015. ICER = incremental cost-effectiveness ratio.
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Table A26. Cumulative Social Value ($ billions) and Incremental Cost-Effectiveness
($/QALY) Relative to Baseline for high and low Other Adult starting population, 20-year
Time Horizon

Treatment Access

Screening Treat F3-F4 Treat F2-F4 Treat F0-F4
Scenarios Starting Pop. Low High Low High Low High
Cumulative $376.1 $376.1 $668.5 $668.5
Current Social Value
Screenin
g ICER i i Cpst Cpst Cpst Cpst
Saving Saving Saving Saving
Cumulative $1.7 $1.9 $421.1 $4209  $752.3 $752.1
Physician Social Value
Education
ICER $163,116  $164,750  $1,948  $2,021 Cost Cost
Saving Saving
Cumulative $0.9 $0.5 $464.3 $464.0  $823.7 $823.3
Social Value
Screen All c c
ICER  $146,741  $148,175  $6,688  $6,806 ost ost
Saving Saving

All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4. ICER values represent
change in overall cost divided by change in cumulative QALYs. “cost-saving” indicates a reduction in cumulative costs relative
to baseline. Dollar values in $U.S. 2015. All future values are discounted at a rate of 3%. ICER = incremental cost-effectiveness
ratio.
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Table A27. Cumulative Social Value ($ billions) and Incremental Cost-Effectiveness
($/QALY) Relative to Baseline for high and low QALY weights, 20-year Time Horizon

Treatment Access

Screening Treat F3-F4 Treat F2-F4 Treat F0-F4
Scenarios QALY Weight Low High Low High Low High
Current Cumulative —  $3714  $3836  $650.01  $681.2
Screening Social Value
ICER L L Cpst Cpst Cpst Cpst
Saving Saving Saving Saving
Cumulative $1.5 $0.9  $4161  $4303  $741.8  $767.3
Physician Social Value
Education
ICER $161,825  $156,676  $2,008  $1,942 Cost Cost
Saving Saving
Cumulative $1.2 $2.4  $4592  $4749  $812.9  $840.4
Social Value
Screen All c c
ICER  $145731  $141349  $6816  $6,600 ost ost
Saving Saving

All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4. ICER values represent
change in overall cost divided by change in cumulative QALYs. “cost-saving” indicates a reduction in cumulative costs relative
to baseline. Dollar values in $U.S. 2015. All future values are discounted at a rate of 3%. ICER = incremental cost-effectiveness
ratio.
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5.3. Establishing Upper and Lower Bounds
Many model parameters are derived from the literature and from other sources where there is
disagreement about the appropriate value, making it very challenging to establish confidence
intervals, or even distributions, for individual parameters. As a result, probabilistic sensitivity
testing of our model is challenging.

By varying the four parameters identified in sections 5.1 and 5.2 simultaneously, we are able to
estimate approximate upper and lower bounds on the results generated by our model. To do this,
we generated 16 combinations of the maximum and minimum values in the ranges tested for the
four key parameters (see Tables A12-14). Table A28 provides a key to the scenarios created by
these permutations.

We then report a series of results, leading to estimates of maximum and minimum values
(approximate upper and lower bounds) on our net cumulative social value and ICER results.

Table A28: Key to Permutations of four key parameters

Other Adult
) QALY Value ) eradu QALY weight
Permutation Discount Rate Starting .
(utility)

) Population

Highest value in parameter range (see Tables A12-14)
Lowest value in parameter range (see Tables A12-14)
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Table A29: Permutations of key parameters: All Scenarios

% Difference in Cumulative Social Value

Current Screen Phys. Ed Screen All

F3-F4 F2-F4 F0-F4 F3-F4 F2-F4 F0-F4 F3-F4 F2-F4 F0-F4
1 96.32 96.30 96.28 96.32 96.30 96.28 96.32 96.30 96.28
2 75.71 75.70 75.68 75.71 75.70 75.68 75.71 75.70 75.68
3 71.63 71.62 71.62 71.63 71.62 71.62 71.64 71.63 71.62
4 170.48 170.47 170.47 170.48 170.48 170.47 170.49 170.48 170.47
5 -69.49 -69.49 -69.50 -69.49 -69.50 -69.50 -69.50 -69.50 -69.50
6 52.17 52.17 52.17 52.18 52.17 52.17 52.18 52.18 52.17
7 141.91 141.92 141.92 141.91 141.92 141.92 141.92 141.92 141.92
8 136.84 136.85 136.86 136.84 136.86 136.87 136.85 136.86 136.87
9 -57.93 -57.93 -57.92 -57.94 -57.93 -57.93 -57.94 -57.93 -57.93
10 -73.05 -73.05 -73.05 -73.05 -73.05 -73.05 -73.06 -73.06 -73.05
11 -72.93 -72.93 -72.93 -72.93 -72.93 -72.93 -72.93 -72.93 -72.93
12 109.84 109.86 109.88 109.85 109.87 109.89 109.85 109.88 109.89
13 -76.29 -76.29 -76.29 -76.30 -76.30 -76.29 -76.30 -76.30 -76.29
14 -62.69 -62.69 -62.68 -62.70 -62.69 -62.68 -62.70 -62.69 -62.68
15 -62.78 -62.78 -62.77 -62.78 -62.78 -62.77 -62.79 -62.78 -62.77
16 -67.28 -67.27 -67.27 -67.28 -67.28 -67.27 -67.29 -67.28 -67.27

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14; key to parameter permutations is
provided in Table A28. Results are percent deviation from total social value under our preferred model assumptions within a
given screening/treatment combination, rather than relative to baseline.
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Table A30: Permutations of four key parameters: Social Value Relative to Baseline
(Current Screening with Treatment at F3-F4)

% Difference in Cumulative Social Value

Current Screen Phys. Ed Screen All

F2-F4 F0-F4 F3-F4 F2-F4 F0-F4 F3-F4 F2-F4 F0-F4
1 54.44 53.84 636.00 57.37 55.48 3675.60 59.91 56.86
2 49.46 48.72 590.96 52.20 50.24 3431.61 54.76 51.70
3 54.44 53.84 650.42 57.43 55.52 3749.27 60.02 56.92
4 163.75 158.76 1888.02 171.25 162.05 9953.31 176.00 163.98
5 -73.44 -72.90 -721.20 -76.45 -74.26 -4009.56 -78.67 -75.27
6 49.46 48.72 605.38 52.26 50.27 3505.28 54.87 51.76
7 155.20 150.13 1763.02 162.20 153.14 9336.53 166.90 155.17
8 163.75 158.76 1896.31 171.29 162.07 9989.15 176.06 164.01
9 -50.88 -48.66 -677.54 -53.81 -50.20 -3667.36 -56.08 -51.38
10 -73.44 -72.90 -706.78 -76.39 -74.23 -3935.89 -78.56 -75.21
11 -74.27 -73.76 -728.71 -77.31 -75.13 -4050.23 -79.52 -76.13
12 155.20 150.13 1771.31 162.24 153.16 9372.36 166.95 155.20
13 -74.27 -73.76 -714.29 -77.25 -75.10 -3976.56 -79.42 -76.07
14 -52.31 -50.10 -698.37 -55.32 -51.68 -3770.15 -57.60 -52.85
15 -50.88 -48.66 -669.25 -53.78 -50.18 -3631.52 -56.03 -51.35
16 -52.31 -50.10 -690.08 -55.29 -51.66 -3734.31 -57.55 -52.82%

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14; key to parameter permutations is

provided in Table A28. Results are percent deviation from net cumulative social value under our preferred model

assumptions relative to baseline.

Largest percent increase within scenario combination, relative to baseline

Largest percent decrease within scenario combination, relative to baseline
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Table A31: Permutations of key parameters: ICER Relative to Baseline (Current
Screening with Treatment at F3-F4)

% Difference in ICER

Current Screen Phys. Ed Screen All

F2-F4 F0-F4 F3-F4 F2-F4 F0-F4 F3-F4 F2-F4 F0-F4
1 61.28 58.24 22.77 202.24 108.52 20.16 70.61 247.33
2 59.98 56.79 26.27 212.30 108.82 23.42 76.06 252.29
3 61.28 58.24 21.15 196.57 107.14 18.53 67.73 242.07
4 -45.79 -43.73 -23.28 -165.71 -83.85 -21.69 -60.09 -194.72
6 59.98 56.79 24.60 206.44 107.39 21.75 73.09 246.84
7 -50.80 -48.90 -20.03 -167.99 -90.51 -18.62 -58.74 -205.12
8 -45.79 -43.73 -23.77 -167.65 -84.33 -22.13 -60.92 -196.29
12 -50.80 -48.90 -20.55 -170.00 -91.02 -19.08 -59.60 -206.75

Parameter definitions and ranges for sensitivity parameters are given in Tables A12-A14; key to parameter permutations is
provided in Table A28. Results are percent deviation from ICER value under our preferred model assumptions relative to
baseline. Because ICER calculation does not include economic value of QALY's, reported results are limited to permutations
with high QALY values to avoid duplication.

Largest percent increase within scenario combination, relative to baseline
Largest percent decrease within scenario combination, relative to baseline
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Table A32. Permutations of Key Parameters: Maximum and Minimum Values for Cumulative Social Value and
Incremental Cost-Effectiveness Relative to Baseline, 20-year Time Horizon

Screenl.ng Treatment Access
Scenarios
Treat F3-F4 Treat F2-F4 Treat F0-F4
Bound Min Max Min Max Min Max
Cumulative Social
- - 97 992 175 1,730
Current Value $ $ $ 31,
S .
creening ICER - - Cost Saving Cost Saving Cost Saving Cost Saving
Cumulative Social
-$15 32 96 1,142 187 1,971
Physician Value $ $ $ $1, $ $1,
Ed ti
ucation ICER  $124,959 $206,992  Cost Saving $6,198  Cost Saving $415
Cumulative Soctal -$27 $69 $95 $1,281 $197 $2,174
alue
Screen All
ICER $114,819 $181,994 $2,636 $11,879 Cost Saving $3,325

All results are relative to baseline, which is Current Screening with treatment of fibrosis stages F3-F4. ICER values represent change in overall cost
divided by change in cumulative QALYs. “cost-saving” indicates a reduction in cumulative costs relative to baseline. Dollar values in SU.S. 2015. All
future values are discounted at a rate of 3%. ICER = incremental cost-effectiveness ratio.
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5.4. Alternative Screening Scenarios

5.4.1. High Risk Screening Frequency

Even though AALSD guidelines recommend annual screening for high risk individuals, less
frequent screening might provide similar benefits to society at a lower cost. We explore two
sensitivity analyses in which, on average, individuals in the PWID and MSM-HIV risk groups
receive screening once every 3 years or every 5 years instead of annually. Baby boomers in the
Other Adults group still receive a one-time screening.

5.4.2. Screening Outreach for PWID

Over half of new HCV infections are among PWID, and outreach programs have been proposed
for reducing incidence. The model in this paper was not designed to explicitly simulate
screening outreach policies. We adapt our scenario parameters to approximate the impact of
screening outreach in the PWID population. The adaptation does not take into account specific
policy features or the transmission and cost dynamics associated with an outreach program.

This scenario increases the percentage of PWIDs screened by relaxing the assumption that
PWIDs are screening only when they visit a doctor or clinic. Outreach results in 100% of PWID
being offered screening, and 91% accepting screening. This scenario also increases the screening
cost for PWID relative to the status quo from $41.37 to $310.55 per screening in order to
approximate the additional costs associated with an outreach program.®

Table A33. Sensitivity to Alternative Screening Scenarios: Cumulative Social Value
Relative to Baseline over 20-year Time Horizon and Years to Policy Break-Even (BE)

Treatment Scenario
Treat F3-F4 Treat F2-F4 Treat F0-F4
Current Screening $376.1 bn $668.5 bn
(8 yrs to BE) (8 yrs to BE)
£ Screening Outreach -$7.8 bn $433.8 bn $788.9 bn
<
§ (PWID) (29 yrs to BE) (8 yrs to BE) (7 yrs to BE)
197
2 Screen PWID & -$0.1 bn $391.7 bn $689.2 bn
= MSM-HIV Every 3
& Years (21 yrs to BE)* (8 yrs to BE) (8 yrs to BE)
=
9
»n
Screen PWID & $3.2 bn $412.8 bn $714. bn
MSM-HIV Every 5
Years (15 yrs to BE)* (8 yrs to BE) (8 yrs to BE)

*Cumulative Net Value has an inverted u-shaped pattern. Therefore, the net value is initially negative, becomes positive, and then
switched back to negative. The break-even year represents the initial switch to positive values.

5.5. Physician Adherence to Screening Guidelines
We assume that individuals will only be screened if they utilize the healthcare system and their
physician is aware of clinical guidelines for screening. Following Kallman (2009), we assume
that 58% of physicians are aware of guidelines.”® Since data for adherence is not available, we
make the simplifying assumption that 100% of physicians who are aware of guidelines adhere to
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them. Real-world adherence to screening guidelines is likely to be less than 100%, however, and
lower adherence to guidelines affects the overall probability of a patient being screened.

To test the sensitivity of the screening probabilities in our model to this assumption, we calculate
the probability of being screened for a range of adherence levels, presented in Table A34 below.

Table A34. Screening Probabilities by Risk Group and Screening Scenario

Other Adult PWID MSM-HIV
Current Physician Screen | Current Physician Current Physician
Screening Education All Screening Education Screening Education
& Screen & Screen
All All
100% Adherence
Susceptible 0.178 0.305 0.778 0.454 0.779 0.505 0.866
Infected 0.160 0.274 0.699 0.476 0.816 0.505 0.866
75% Adherence
Susceptible 0.133 0.229 0.583 0.341 0.584 0.379 0.649
Infected 0.120 0.206 0.525 0.357 0.612 0.379 0.649
50% Adherence
Susceptible 0.089 0.152 0.389 0.227 0.389 0.252 0.433
Infected 0.080 0.137 0.359 0.238 0.408 0.252 0.433
25% Adherence
Susceptible 0.044 0.076 0.194 0.114 0.195 0.130 0.220
Infected 0.004 0.069 0.175 0.119 0.204 0.130 0.220

The probability of screening with 100% physician adherence in the Current Screening scenario
ranges from 0.16-0.505. While probabilities of screening are slightly lower with lower rates of
physician adherence, the probabilities used in the model (at 100% adherence) are consistent with
existing research.® Nonetheless, our results should be viewed as an upper bound, dependent on
physician implementation of screening guidelines.

5.6. Varying PWID Starting Infected Population
There is no consensus regarding the prevalence of HCV (detected + undetected) in the U.S.
population. Edlin (2015) suggest that 1 million additional PWID have been infected by HCV
than what a household survey, such as NHANES, can detect.* We use estimates from Edlin
(2015), Mathers (2008), Tempalski (2013), Tseng (2007) and Edlin (2011) to calculate upper
and lower bounds for the PWID infected population size.**~
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Table A35. Sensitivity to Starting PWID Infected Population Size: Cumulative Social Value Relative to Baseline over 20-

year Time Horizon and Years to Policy Break-Even (BE)

Treatment Scenario

Treat F3-F4 Treat F2-F4 Treat FO-F4
Low High Low High Low High
$317.7 bn $435.6 bn $550.6 bn $792.2 bn
Current Screening - -

(8 yrs to BE) (8 yrs to BE) (8 yrs to BE) (8 yrs to BE)

Screening . . -$1.1 bn -$2.9 bn $357.1 bn $485.8 bn $621.3 bn $889.7 bn

. Physician Education

Scenario (22yrsto BE) | (22yrsto BE)  (9yrstoBE) = (9yrsto BE) = (8 yrsto BE) | (8 yrsto BE)

$1.3 bn -$0.5 bn $400.2 bn $528.9 bn $692.7 bn $961.1 bn

Screen All

(20 yrsto BE) | (21 yrsto BE) (9 yrs to BE) (9 yrs to BE) (8 yrs to BE) (8 yrs to BE)
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5.7. Additional sensitivities
We also conduct sensitivities on other variables of interest in order to better understand the effect
of key assumptions on social value results. We conducted the following tests: (1) Vary treatment
and screening costs to model “high” and “low” cost scenarios; (2) Remove the assumption that
diagnosed, untreated patients receive a 2% decrease in QALY weights; and (3) Remove the
treatment discount from price competition. Results are presented in Table A36 below.
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Table A36: Sensitivity to Model Assumptions: Cumulative Social Value Relative to Baseline over 20-year Time Horizon
and Years to Policy Break-Even (BE)

Sensitivity Analysis

Screening Treatment/Screening Cost Utility Decrement Treatment Cost Discount
Scenarios Low High None None
Treat F3-F4
Current _ _ _ _
Screening
Physician $1.7 bn -$4.8bn $4.8 bn -$6.8 bn
Education (19 years to BE) (25 years to BE) (18 years to BE) (27 years to BE)
$6.8 bn -$4.9 bn $12.6 bn -$8.4 bn
Screen All
(18 years to BE) (23 years to BE) (16 years to BE) (26 years to BE)
Treat F2-F4
Current $402.3 bn $349.9 bn $376.2 bn $348.2 bn
Screening (6 years to BE) (9 years to BE) (8 years to BE) (9 years to BE)
Physician $452.2 bn $390.3 bn $427.7 bn $385.6 bn
Education (7 years to BE) (10 years to BE) (8 years to BE) (10 years to BE)
Screen All $499.1 bn $429.8 bn $476.2 bn $422.7 bn
(7 years to BE) (10 years to BE) (9 years to BE) (10 years to BE)
Treat FO-F4
Current $730.5 bn $606.6 bn $669.0 bn $620.1 bn
Screening (6 years to BE) (9 years to BE) (8 years to BE) (9 years to BE)
Physician $820.9 bn $683.9 bn $759.2 bn $693.2 bn
Education (6 years to BE) (10 years to BE) (8 years to BE) (9 years to BE)
Screen All $897.6 bn $750.1 bn $835.8 bn $755.9 bn
(6 years to BE) (10 years to BE) (8 years to BE) (10 years to BE)

Notes: Baseline is Current Screening with treatment at F3-F4, simulated separately for each sensitivity analysis. Values in parentheses represent
the years required for a scenario to “break even” (ie, years required to switch from negative to positive cumulative net social value) relative to the
baseline. Dollar values in $U.S. 2015. All future values are discounted at a rate of 3%. QALY: quality-adjusted life year; BE: break even. Low
cost sensitivity scenario reduces treatment costs by 50% and assumes screening costs only include the EIA antibody test ($21.24); high cost
sensitivity scenario increases treatment costs by 50% and assumes screening for chronically infected individuals includes the cost of an EIA
antibody test, RNA quantitative test, genotype test, and three level 1 office visits ($528.63).°%*? Utility Decrement removes the assumption that
diagnosed but untreated individuals experience a 2% QALY decrease. Treatment Cost Discount removes the 46% treatment cost discount in
years 2-20 that results from price competition.

-46-



¢APPENDIX REFERENCES

10.

11.

12.

13.

14.

15.

16.

-47-

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The
prevalence of hepatitis C virus infection in the United States, 1999 through 2002. Ann
Intern Med. 2006;144(10):705-714.

Biggins SW, Bambha KM, Terrault NA, et al. Projected future increase in aging hepatitis
C virus-infected liver transplant candidates: a potential effect of hepatocellular
carcinoma. Liver Transpl. 2012;18(12):1471-1478.

Centers for Disease Control. Hepatitis C information for health professionals. 2014;
http://www.cdc.gov/hepatitis/HCV/. Accessed January 20, 2015.

Yehia BR, Schranz AJ, Umscheid CA, Re III VL. The treatment cascade for chronic
hepatitis C virus infection in the United States: a systematic review and meta-analysis.
2014.

Denniston MM, Klevens RM, McQuillan GM, Jiles RB. Awareness of infection,
knowledge of hepatitis C, and medical follow-up among individuals testing positive for
hepatitis C: National Health and Nutrition Examination Survey 2001-2008. Hepatology.
2012;55(6):1652-1661.

Smith BD, Morgan RL, Beckett GA, et al. Recommendations for the identification of
chronic hepatitis C virus infection among persons born during 1945-1965. MMWR
Recomm Rep. 2012;61(RR-4):1-32.

AASLD IDSA HCV Guidance Panel. Hepatitis C guidance: AASLD-IDSA
recommendations for testing, managing, and treating adults infected with hepatitis C
virus. Hepatology. 2015:n/a-n/a.

Sonnenberg FA, Beck JR. Markov models in medical decision making a practical guide.
Medical decision making. 1993;13(4):322-338.

Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis, management, and treatment
of hepatitis C: an update. Hepatology. 2009;49(4):1335-1374.

Chou R, Hartung D, Rahman B, Wasson N, Cottrell E, Fu R. Treatment for hepatitis C
virus infection in adults. 2012.

Doyle JS, Aspinall E, Liew D, Thompson AJ, Hellard ME. Current and emerging
antiviral treatments for hepatitis C infection. British Journal of Clinical Pharmacology.
2013;75(4):931-943.

Centers for Disease Control and Prevention. Sexually Transmitted Diseases Treatment
Guidelines 2010. 2010; http://www.cdc.gov/std/treatment/2010/hepc.htm.

Tohme RA, Holmberg SD. Is sexual contact a major mode of hepatitis C virus
transmission? Hepatology. 2010;52(4):1497-1505.

Yaphe S, Bozinoff N, Kyle R, Shivkumar S, Pai NP, Klein M. Incidence of acute
hepatitis C virus infection among men who have sex with men with and without HIV
infection: a systematic review. Sexually transmitted infections. 2012;88(7):558-564.
HCV Advocate. A Brief History of Hepatitis C. 2015;
http://hcvadvocate.org/hepatitis/factsheets pdf/Brief History HCV.pdf. Accessed
October 16, 2015.

National Health and Nutrition Examination Survey Data [Waves 2003-2004 through
2011-2012]. U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention; 2010. http://www.cdc.gov/nchs/nhanes.htm.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

-48-

Centers for Disease Control. Hepatitis C FAQs for Health Professionals. 2015;
http://www.cdc.gov/hepatitis’hcv/hcvtag.htm#b4. Accessed November 5, 2015.

Coffin PO, Scott JD, Golden MR, Sullivan SD. Cost-effectiveness and population
outcomes of general population screening for hepatitis C. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America. 2012;54(9):1259-1271.
Henderson DK. Managing occupational risks for hepatitis C transmission in the health
care setting. Clinical microbiology reviews. 2003;16(3):546-568.

Williams IT, Bell BP, Kuhnert W, Alter MJ. Incidence and transmission patterns of acute
hepatitis C in the United States, 1982-2006. Archives of internal medicine.
2011;171(3):242-248.

Arias E. United States life tables, 2010. National vital statistics reports: from the Centers
for Disease Control and Prevention, National Center for Health Statistics, National Vital
Statistics System. 2014;63(7):1-64.

Manos MM, Shvachko VA, Murphy RC, Arduino JM, Shire NJ. Distribution of hepatitis
C virus genotypes in a diverse US integrated health care population. J Med Virol.
2012;84(11):1744-1750.

Tice JA, Ollendorf DA, Pearson SD. The comparative clinical effectiveness and value of
simperevir and sofosbuvir in the treatment of chronic hepatitis ¢ infection. 2014;
http://ctaf.org/sites/default/files/assessments/CTAF Hep C Aprl4 final.pdf. Accessed
October &, 2014.

Kanwal F, Kramer JR, Ilyas J, Duan Z, El-Serag HB. HCV genotype 3 is associated with
an increased risk of cirrhosis and hepatocellular cancer in a national sample of U.S.
Veterans with HCV. Hepatology. 2014;60(1):98-105.

Probst A, Dang T, Bochud M, Egger M, Negro F, Bochud PY. Role of hepatitis C virus
genotype 3 in liver fibrosis progression--a systematic review and meta-analysis. Journal
of viral hepatitis. 2011;18(11):745-759.

McCombs J, Matsuda T, Tonnu-Mihara I, et al. The risk of long-term morbidity and
mortality in patients with chronic hepatitis C: results from an analysis of data from a
Department of Veterans Affairs Clinical Registry. JAMA internal medicine.
2014;174(2):204-212.

Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute hepatitis
C infection: a systematic review of longitudinal studies. Journal of viral hepatitis.
2006;13(1):34-41.

Schnuriger A, Dominguez S, Guiguet M, et al. Acute hepatitis C in HIV-infected
patients: rare spontaneous clearance correlates with weak memory CD4 T-cell responses
to hepatitis C virus. AIDS (London, England). 2009;23(16):2079-2089.

Friedman SL, Bansal MB. Reversal of hepatic fibrosis -- fact or fantasy? Hepatology.
2006;43(2 Suppl 1):S82-88.

Wright TL. Treatment of patients with hepatitis C and cirrhosis. Hepatology. 2002;36(5
Suppl 1):S185-194.

Kabiri M, Jazwinski AB, Roberts MS, Schaefer AJ, Chhatwal J. The changing burden of
hepatitis C virus infection in the United States: model-based predictions. Ann Intern Med.
2014;161(3):170-180.

Kuehne FC, Bethe U, Freedberg K, Goldie SJ. Treatment for hepatitis C virus in human
immunodeficiency virus-infected patients: clinical benefits and cost-effectiveness.
Archives of internal medicine. 2002;162(22):2545-2556.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

-49-

Saab S, Gordon SC, Park H, Sulkowski M, Ahmed A, Younossi Z. Cost-effectiveness
analysis of sofosbuvir plus peginterferon/ribavirin in the treatment of chronic hepatitis C
virus genotype 1 infection. Alimentary pharmacology & therapeutics. 2014;40(6):657-
675.

Hagan H, Campbell J, Thiede H, et al. Self-Reported Hepatitis C Virus Antibody Status
and Risk Behavior in Young Injectors. Public Health Reports. 2006;121(6):710-719.
Rein DB, Smith BD, Wittenborn JS, et al. The cost-effectiveness of birth-cohort
screening for hepatitis C antibody in U.S. primary care settings. Ann Intern Med.
2012;156(4):263-270.

Eckman MH, Talal AH, Gordon SC, Schiff E, Sherman KE. Cost-effectiveness of
Screening for Chronic Hepatitis C Infection in the United States. Clinical Infectious
Diseases. 2013;56(10):1382-1393.

Moyer VA. Screening for hepatitis C virus infection in adults: US Preventive Services
Task Force recommendation statement. Annals of internal medicine. 2013;159(5):349-
357.

Kallman J, Arsalla A, Park V, et al. Screening for hepatitis B, C and non-alcoholic fatty
liver disease: a survey of community-based physicians. Alimentary pharmacology &
therapeutics. 2009;29(9):1019-1024.

Tirrell M. Pricing wars heat up over hepatitis C drugs. CNBC 2015;
http://www.cnbc.com/id/102396903.

Grabowski HG, Vernon JM. Brand loyalty, entry, and price competition in
pharmaceuticals after the 1984 Drug Act. J Law Econ. 1992;35(2):331-350.

Carman KG, Eibner C, Paddock SM. Trends In Health Insurance Enrollment, 2013—15.
Health Affairs. 2015:10.1377/hlthaft. 2015.0266.

Leidner AJ, Chesson HW, Xu F, Ward JW, Spradling PR, Holmberg SD. Cost-
effectiveness of hepatitis C treatment for patients in early stages of liver disease.
Hepatology. 2015.

Hirth RA, Chernew ME, Miller E, Fendrick AM, Weissert WG. Willingness to pay for a
quality-adjusted life year: in search of a standard. Med Decis Making. 2000;20(3):332-
342.

Gold MR, Siegel J, Russell L, Weinstein M. Cost-effectiveness in health and medicine:
report of the panel on cost-effectiveness in health and medicine. New York: Oxford Univ
Pr. 1996.

Arias E. United States Life Tables, 2009. 2014.

Mathers BM, Degenhardt L, Bucello C, Lemon J, Wiessing L, Hickman M. Mortality
among people who inject drugs: a systematic review and meta-analysis. Bulletin of the
World Health Organization. 2013;91(2):102-123.

Thein HH, Yi Q, Dore GJ, Krahn MD. Natural history of hepatitis C virus infection in
HIV-infected individuals and the impact of HIV in the era of highly active antiretroviral
therapy: a meta-analysis. AIDS (London, England). 2008;22(15):1979-1991.

U.S. Census Bureau. Annual Estimates of the Resident Population by Single Year and
Sex for the Unites States: April 1, 2010 to July 1, 2013. 2013;
http://factfinder2.census.gov. .

El-Kamary SS, Jhaveri R, Shardell MD. All-cause, liver-related, and non-liver-related
mortality among HCV-infected individuals in the general US population. Clinical



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

-50-

infectious diseases : an official publication of the Infectious Diseases Society of America.
2011;53(2):150-157.

Younossi ZM, Singer ME, Mir HM, Henry L, Hunt S. Impact of interferon free regimens
on clinical and cost outcomes for chronic hepatitis C genotype 1 patients. Journal of
hepatology. 2014;60(3):530-537.

Planas R, Balleste B, Alvarez MA, et al. Natural history of decompensated hepatitis C
virus-related cirrhosis. A study of 200 patients. Journal of hepatology. 2004;40(5):823-
830.

Singer ME, Younossi ZM. Cost effectiveness of screening for hepatitis C virus in
asymptomatic, average-risk adults. Am J Med. 2001;111(8):614-621.

Fattovich G, Giustina G, Degos F, et al. Morbidity and mortality in compensated
cirrhosis type C: a retrospective follow-up study of 384 patients. Gastroenterology.
1997;112(2):463-472.

Best JH, Veenstra DL, Geppert J. Trends in expenditures for Medicare liver transplant
recipients. Liver Transpl. 2001;7(10):858-862.

Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific fibrosis progression
rates in chronic hepatitis C virus infection: a meta-analysis and meta-regression.
Hepatology. 2008;48(2):418-431.

Shin JL, Teitel J, Swain MG, et al. A Canadian multicenter retrospective study evaluating
transjugular liver biopsy in patients with congenital bleeding disorders and hepatitis C: is
it safe and useful? American journal of hematology. 2005;78(2):85-93.

Hamada H, Yatsuhashi H, Yano K, et al. Impact of aging on the development of
hepatocellular carcinoma in patients with posttransfusion chronic hepatitis C. Cancer.
2002;95(2):331-339.

Dienstag JL, Ghany MG, Morgan TR, et al. A prospective study of the rate of
progression in compensated, histologically advanced chronic hepatitis C. Hepatology.
2011;54(2):396-405.

McGarry LJ, Pawar VS, Panchmatia HR, et al. Economic model of a birth cohort
screening program for hepatitis C virus. Hepatology. 2012;55(5):1344-1355.

McEwan P, Ward T, Yuan Y, Kim R, L'Italien G. The impact of timing and prioritization
on the cost-effectiveness of birth cohort testing and treatment for hepatitis C virus in the
United States. Hepatology. 2013;58(1):54-64.

Salomon JA, Weinstein MC, Hammitt JK, Goldie SJ. Cost-effectiveness of treatment for
chronic hepatitis C infection in an evolving patient population. Jama. 2003;290(2):228-
237.

Chong CA, Gulamhussein A, Heathcote EJ, et al. Health-state utilities and quality of life
in hepatitis C patients. The American journal of gastroenterology. 2003;98(3):630-638.
Thein HH, Krahn M, Kaldor JM, Dore GlJ. Estimation of utilities for chronic hepatitis C
from SF-36 scores. The American journal of gastroenterology. 2005;100(3):643-651.
McLernon DJ, Dillon J, Donnan PT. Health-state utilities in liver disease: a systematic
review. Med Decis Making. 2008;28(4):582-592.

Davis KL, Mitra D, Medjedovic J, Beam C, Rustgi V. Direct economic burden of chronic
hepatitis C virus in a United States managed care population. J Clin Gastroenterol.
2011;45(2):e17-24.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

-51-

Gordon SC, Pockros PJ, Terrault NA, et al. Impact of disease severity on healthcare costs
in patients with chronic hepatitis C (CHC) virus infection. Hepatology. 2012;56(5):1651-
1660.

Gordon SC, Hamzeh FM, Pockros PJ, et al. Hepatitis C virus therapy is associated with
lower health care costs not only in noncirrhotic patients but also in patients with end-
stage liver disease. Alimentary pharmacology & therapeutics. 2013;38(7):784-793.
Villano SA, Vlahov D, Nelson KE, Cohn S, Thomas DL. Persistence of viremia and the
importance of long-term follow-up after acute hepatitis C infection. Hepatology.
1999:;29(3):908-914.

Benhamou Y, Bochet M, Di Martino V, et al. Liver fibrosis progression in human
immunodeficiency virus and hepatitis C virus coinfected patients. Hepatology.
1999;30(4):1054-1058.

Cournot M, Glibert A, Castel F, et al. Management of hepatitis C in active drugs users:
experience of an addiction care hepatology unit. Gastroenterologie clinique et
biologique. 2004;28(6-7 Pt 1):533-539.

Grando-Lemaire V, Goisset P, Sorge F, et al. [Hepatitis C virus screening in drug users in
an addiction out-patient unit]. Gastroenterologie clinique et biologique.
2002;26(12):1091-1096.

Puoti M, Bonacini M, Spinetti A, et al. Liver fibrosis progression is related to CD4 cell
depletion in patients coinfected with hepatitis C virus and human immunodeficiency
virus. The Journal of infectious diseases. 2001;183(1):134-137.

Rai R, Wilson LE, Astemborski J, et al. Severity and correlates of liver disease in
hepatitis C virus-infected injection drug users. Hepatology. 2002;35(5):1247-1255.
Wilson LE, Torbenson M, Astemborski J, et al. Progression of liver fibrosis among
injection drug users with chronic hepatitis C. Hepatology. 2006;43(4):788-795.

Centers for Disease Control and Prevention. HIV surveillance report, 2011, vol 23. 2013;
http://www.cdc.gov/hiv/topics/surveillance/resources/reports/. Accessed July 25, 2014.
Hornberger J, Torriani FJ, Dieterich DT, et al. Cost-effectiveness of peginterferon alfa-2a
(40kDa) plus ribavirin in patients with HIV and hepatitis C virus co-infection. J Clin
Virol. 2006;36(4):283-291.

Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR. The association between
hepatitis C infection and survival after orthotopic liver transplantation. Gastroenterology.
2002;122(4):889-896.

Razavi H, Elkhoury AC, Elbasha E, et al. Chronic hepatitis C virus (HCV) disease
burden and cost in the United States. Hepatology. 2013;57(6):2164-2170.

Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging of hepatitis C virus
(HCV)-infected persons in the United States: a multiple cohort model of HCV prevalence
and disease progression. Gastroenterology. 2010;138(2):513-521, 521 e511-516.
Denniston MM, Jiles RB, Drobeniuc J, et al. Chronic hepatitis C virus infection in the
United States, National Health and Nutrition Examination Survey 2003 to 2010. Ann
Intern Med. 2014;160(5):293-300.

Centers for Disease Control and Prevention. Surveillance for viral hepatitis - United
States, 2012. 2015;
http://www.cdc.gov/hepatitis/Statistics/2012Surveillance/Commentary.htm#hepC.
Accessed January 16, 2015.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

-52-

Hagan LM, Sulkowski MS, Schinazi RF. Cost analysis of sofosbuvir/ribavirin versus
sofosbuvir/simeprevir for genotype 1 hepatitis C virus in interferon-ineligible/intolerant
individuals. Hepatology. 2014;60(1):37-45.

Mathers BM, Degenhardt L, Phillips B, et al. Global epidemiology of injecting drug use
and HIV among people who inject drugs: a systematic review. Lancet.
2008;372(9651):1733-1745.

Centers for Disease Control and Prevention. Monitoring selected national HIV prevention
and care objectives by using HIV surveillance data—United States and 6 dependent
areas—2011. HIV Surveillance Supplemental Report 2013;
http://www.cdc.gov/hiv/library/reports/surveillance. Accessed January 16, 2015.
Centers for Disease Control. Viral hepatitis statistics & surveillance. 2014;
http://www.cdc.gov/hepatitis/Statistics/2012Surveillance/index.htm. Accessed October
10, 2014.

Van Nuys K, Brookmeyer R, Chou JW, Dreyfus D, Dieterich D, Goldman DP. Broad
Hepatitis C Treatment Scenarios Return Substantial Health Gains, But Capacity Is A
Concern. Health Affairs. 2015;34(10):1666-1674.

Karch D, Hall H, Tang T, Hu X, Mermin J. Comparative Mortality Among People
Diagnosed with HIV Infection or AIDS in the US, 2001-2010. Public health reports
(Washington, DC: 1974). 2014;130(3):253-260.

Rein DB, Lesesne SB, Smith BD, Weinbaum CM. Models of Community-Based
Hepatitis B Surface Antigen Screening Programs in the U.S. and Their Estimated
Outcomes and Costs. Public Health Reports. 2011;126(4):560-567.

Edlin BR, Eckhardt BJ, Shu MA, Holmberg SD, Swan T. Toward a more accurate
estimate of the prevalence of hepatitis C in the United States. Hepatology. 2015.
Tempalski B, Pouget ER, Cleland CM, et al. Trends in the population prevalence of
people who inject drugs in US metropolitan areas 1992—-2007. 2013.

Tseng FC, O'Brien TR, Zhang M, et al. Seroprevalence of hepatitis C virus and hepatitis
B virus among San Francisco injection drug users, 1998 to 2000. Hepatology.
2007;46(3):666-671.

Edlin BR. Perspective: test and treat this silent killer. Nature. 2011;474(7350 supp):s18-
s19.



	AJMC-2016-02-0047_eAppendix (Linthicum).pdf
	AJMC-2016-02-0047_eAppendix (Linthicum)
	AJMC-2016-02-0047_eAppendix (Linthicum).2
	AJMC-2016-02-0047_eAppendix (Linthicum).3
	AJMC-2016-02-0047_eAppendix (Linthicum).4
	AJMC-2016-02-0047_eAppendix (Linthicum).5
	AJMC-2016-02-0047_eAppendix (Linthicum).6
	AJMC-2016-02-0047_eAppendix (Linthicum).7
	AJMC-2016-02-0047_eAppendix (Linthicum).8
	AJMC-2016-02-0047_eAppendix (Linthicum).9
	AJMC-2016-02-0047_eAppendix (Linthicum).10
	AJMC-2016-02-0047_eAppendix (Linthicum).11


