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AB STR A CT

Background: Interferon-free hepatitis C treatment regimens are effective but very costly. The cost-effectiveness, budget, and public health
impacts of current Medicaid treatment policies restricting treatment
to patients with advanced disease remain unknown. Objectives: To
evaluate the cost-effectiveness of current Medicaid policies restricting
hepatitis C treatment to patients with advanced disease compared
with a strategy providing unrestricted access to hepatitis C treatment,
assess the budget and public health impact of each strategy, and
estimate the feasibility and long-term effects of increased access to
treatment for patients with hepatitis C. Methods: Using a Markov
model, we compared two strategies for 45- to 55-year-old Medicaid
beneﬁciaries: 1) Current Practice—only advanced disease is treated
before Medicare eligibility and 2) Full Access—both early-stage and
advanced disease are treated before Medicare eligibility. Patients
could develop progressive ﬁbrosis, cirrhosis, or hepatocellular carcinoma, undergo transplantation, or die each year. Morbidity was
reduced after successful treatment. We calculated the incremental
cost-effectiveness ratio and compared the costs and public health
effects of each strategy from the perspective of Medicare alone as well

as the Centers for Medicare & Medicaid Services perspective. We
varied model inputs in one-way and probabilistic sensitivity analyses.
Results: Full Access was less costly and more effective than Current
Practice for all cohorts and perspectives, with differences in cost
ranging from $5,369 to $11,960 and in effectiveness from 0.82 to 3.01
quality-adjusted life-years. In a probabilistic sensitivity analysis, Full
Access was cost saving in 93% of model iterations. Compared with
Current Practice, Full Access averted 5,994 hepatocellular carcinoma
cases and 121 liver transplants per 100,000 patients. Conclusions:
Current Medicaid policies restricting hepatitis C treatment to patients
with advanced disease are more costly and less effective than
unrestricted, full-access strategies. Collaboration between state and
federal payers may be needed to realize the full public health impact
of recent innovations in hepatitis C treatment.
Keywords: cost-effectiveness, hepatitis C, interferon-free, Medicaid,
Medicare.

Introduction

patients’ quality of life [5–7]. In fact, if recent advances in drug
regimens are widely implemented, hepatitis C could become a
rare disease as early as 2036 [8].
New hepatitis C treatments are highly effective and have few
adverse effects, but high costs could limit access to these
medications. The preceding generation of interferon-based treatment regimens were poorly tolerated by patients, and required
lengthy treatment durations, so many patients have remained
untreated [9]. Recently approved interferon-free drug regimens
for patients with genotype 1 disease are more than 94% effective
in as few as 8 weeks for many patient subgroups, but can cost up

Hepatitis C affects more than 3.2 million patients in the United
States and is a common cause of chronic liver disease worldwide
[1,2]. Most infected patients develop chronic disease that can
remain asymptomatic for decades. However, left untreated,
chronic hepatitis C causes progressive hepatic ﬁbrosis, which
can result in severe complications. After developing cirrhosis,
patients are at risk for hepatocellular carcinoma, may require
liver transplantation, and have an increased risk of early mortality [3–5]. Successful treatment can reduce morbidity and improve
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to $190,000 per patient [10–12]. Despite their high cost, interferonfree regimens have been demonstrated to be cost-effective at
thresholds of $50,000 to $100,000 per quality-adjusted life-year
(QALY) [13–15].
Resource-constrained government health insurance programs,
including Medicaid and Medicare, cover a substantial proportion of
US patients with hepatitis C and are heavily impacted by the high
prices of these drugs. Most state Medicaid programs restrict treatment of hepatitis C to patients with advanced liver disease because
of medication costs [16]. Because hepatitis C is most prevalent in
patients aged 45 years and older, many Medicaid patients with
early-stage disease may not develop advanced disease or complications until after becoming eligible for Medicare [17,18].
Restrictive hepatitis C treatment policies are likely to reduce
short-term costs to state Medicaid programs. However, it is
unclear how these policies might shift the ﬁnancial burden of
hepatitis C management to the Medicare program or impact
overall costs to the Centers for Medicare & Medicaid Services
(CMS). In addition, the public health impact of delaying treatment
for early-stage patients until after disease progression remains
unknown. Thus, this study evaluated the cost-effectiveness of
current Medicaid policies restricting hepatitis C treatment to
patients with advanced disease compared with a strategy providing unrestricted access to hepatitis C treatment. We also assessed
the budget and public health impact of each strategy and
estimated the feasibility and long-term effects of increased
access to treatment for patients with hepatitis C.

Methods
Model Structure and Perspective
Using a Markov state-transition model, we conducted cost-effectiveness, budget, and public health impact analyses from the perspectives of 1) the Medicare program alone, which included costs and
effects accrued after patients became eligible for Medicare beneﬁts,
and 2) CMS, which incorporated costs and effects accrued during the
entire study period. We considered lifetime costs and outcomes,
used 3% annual discounting (varied in sensitivity analysis), and
adjusted all prices to 2015 US dollars using the Consumer Price Index.
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and excess liver-related mortality occurred according to stagespeciﬁc transition probabilities and relative risks of mortality
established in previous studies (Table 1).
We grouped patients into three stages of baseline disease
severity: early-stage disease (METAVIR F0-F2), advanced ﬁbrosis
(METAVIR F3), and compensated cirrhosis (METAVIR F4). Patients
with compensated cirrhosis could later develop complications
including decompensated cirrhosis, liver transplantation, and hepatocellular carcinoma. Patients with early-stage disease, advanced
ﬁbrosis, or compensated cirrhosis could receive hepatitis C treatment. We assumed that after successful treatment, patients with
early-stage disease would return to full health and accrue no
further hepatitis C infection–related costs. In contrast, patients with
advanced ﬁbrosis or cirrhosis would have markedly reduced risks of
disease progression, complications, and mortality, but no reduction
in follow-up costs after successful treatment (Table 1).

Treatment
We assumed that all patients would be treated with one of two
currently available interferon-free hepatitis C drug regimens: a
single-dose two-drug combination of sofosbuvir/ledipasvir (SOF/
LDV) or a multidose three-drug combination of ombitasvir,
paritaprevir, and ritonavir with dasabuvir (3D). At the time of
analysis, the American Association for the Study of Liver Diseases recommended both these treatments for patients with
genotype 1 hepatitis C (see Appendix Table 1 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2016.01.010).
Because utility data were not available for the 3D regimen at
the time of our analysis, we performed our primary analysis
using data for SOF/LDV (Table 2) and used estimates for 3D in
sensitivity analyses. We estimated the efﬁcacy of each treatment
regimen using data from recently published clinical trials [22–30].
In patient subgroups for which several alternative treatment
options have demonstrated similar effectiveness, we chose the
least costly drug regimen.
We determined SOF/LDV treatment disutility using data from
a quality-of-life study conducted alongside recent clinical trials
[31]. Because utility data for the 3D and 3D with ribavirin
regimens were not available, we used treatment disutility data
for the SOF/LDV and SOF/LDV with ribavirin regimens, respectively, in our sensitivity analysis (Table 2).

Model Cohort
We modeled hypothetical cohorts of 45-, 50-, and 55-year-old
treatment-naive and treatment-experienced Medicaid patients
diagnosed with genotype 1 hepatitis C. Our selected age groups
comprise approximately 95% of the Medicaid hepatitis C population [19]. Our cohorts excluded patients with any history of
decompensated cirrhosis, liver transplantation, or HIV coinfection. Chronic hepatitis C disease severity is measured using the
Meta-analysis of Histologic Data in Viral Hepatitis (METAVIR)
score, which describes ﬁve stages of liver ﬁbrosis: F0, no hepatic
ﬁbrosis; F1, portal ﬁbrosis without septa; F2, portal ﬁbrosis with
few septa; F3, many septa without cirrhosis; and F4, cirrhosis [20].
We estimated the baseline distribution of METAVIR scores using
model-based predictions of the hepatitis C virus (HCV)-infected
population in 2014 (Table 1) [8,13].

Natural History Model
We created a Markov model to simulate the natural history and
epidemiology of hepatitis C infection (Fig. 1). Patients accrued
liver-related treatment and follow-up costs as well as QALYs for
their Markov state at the end of each 1-year cycle. Patients could
make one state transition each year. Mortality was possible
during each model stage; we estimated age-speciﬁc, annual allcause mortality rates using US life tables [21]. Disease progression

Costs and Effectiveness
We estimated treatment and follow-up costs for patients with
hepatitis C (Table 1). In the base case, we included a 23.1% discount
from the national average drug acquisition price for each drug
regimen, which is required as part of the Medicaid drug rebate
program; we varied drug prices in sensitivity analysis. We used the
Medicare physician fee schedule to calculate the costs of ontreatment medical monitoring [32], including a single pretreatment
ofﬁce visit, complete blood cell count, complete metabolic panel,
and viral load measurement; monthly ofﬁce visits, viral load
measurements, and metabolic panels during treatment; and a
single post-treatment ofﬁce visit, viral load measurement, and
metabolic panel. We assumed that patients using ribavirincontaining regimens were monitored more frequently, with twicemonthly ofﬁce visits and complete blood cell counts (Table 2).
From the Medicare perspective, costs and QALYs began to
accrue upon Medicare eligibility at age 65 years (or earlier for the
share eligible due to disability). From the CMS perspective, costs
and QALYs accrued throughout the study period. Because Medicare Part D can involve substantial cost sharing for seniors not
receiving low- income subsidies, we subtracted expected patient
out-of-pocket costs estimated using current Part D coverage rules
[33], but assumed that the prescription drug coverage gap
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Table 1 – Hepatitis C cohort characteristics, natural history, costs, and utilities.
Description
Cohort characteristics, %
F0-2
F3
F4
Treatment-naive
Risk of disease progression, %
F0-2 to F3
F3 to F4
F3 to HCC
F4 to DC
F4 to HCC
DC to HCC
DC to transplant
HCC to transplant
Progression after SVR, %
F3 to HCC
F4 to DC
F4 to HCC
Mortality rates
Hepatitis C*
Cirrhosis (RR)†
SVR*
SVR after F4 (RR)‡
DC, %
HCC, %
Transplant year 1, %
Transplant year 2þ, %
Annual follow-up costs (2015 US $)
F0-3
F4
DC
HCC
Transplant year 1
Transplant year 2þ
SVR (F0-2)
Utilities before SVR
F0-2
F3
F4
DC
HCC
Transplant year 1
Transplant year 2þ
Utilities after SVR
F0-2
F3
F4

Base case

Low

High

Distribution

Source

0.51
0.21
0.28
0.61

0.38
0.16
0.21
0.46

0.64
0.26
0.35
0.76

Dirichlet
Dirichlet
Dirichlet
Beta

[8,13]
[8,13]
[8,13]
[8,13]

0.12
0.12
0.01
0.04
0.03
0.07
0.03
0.04

0.11
0.09
0
0.01
0.01
0.03
0.02
0

0.13
0.14
0.03
0.04
0.08
0.08
0.06
0.14

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

[65]
[65]
[66]
[66,67]
[66,68]
[69]
[70,71]
[72,73]

0.007
0.005
0.007

0.006
0.002
0

0.008
0.096
0.019

Beta
Beta
Beta

[5,74]
[34,74]
[34,74,75]

2.37
2.50
1.00
0.39
0.10
0.43
0.14
0.03

1.28
1.23
–
0.14
0.04
0.34
0.06
0.02

4.38
5.08
–
0.65
0.21
0.51
0.42
0.11

Lognormal
Lognormal
–
Lognormal
Beta
Beta
Beta
Beta

[76]
[6]
Estimate
[5–7]
[69]
[67,77]
[40,78]
[78]

1,357
1,409
22,338
47,885
228,090
38,662
0

89
729
12,768
25,713
165,537
36,998
–

4,072
3,342
39,446
74,200
366,183
55,497
–

Gamma
Gamma
Gamma
Gamma
Gamma
Gamma
–

[34–36]
[34–36]
[34,35]
[34,35]
[34,35,37]
[34,35]
Estimate

0.85
0.79
0.76
0.69
0.67
0.50
0.77

0.83
0.77
0.67
0.44
0.6
0.30
0.57

0.87
0.81
0.79
0.69
0.72
0.80
0.77

Beta
Beta
Beta
Beta
Beta
Beta
Beta

[39,40]
[39,40]
[39,40]
[34]
[34]
[34]
[34]

0.92
0.86
0.83

0.90
0.84
0.81

0.94
0.88
0.85

Beta
Beta
Beta

[34]
[34]
[34]

DC, decompensated cirrhosis; F0-2, F3, F4, METAVIR stages of hepatic ﬁbrosis; HCC, hepatocellular carcinoma; METAVIR, Meta-analysis of
Histologic Data in Viral Hepatitis; RR, relative risk; SVR, sustained virologic response.
* Compared with all-cause mortality.
†
Compared with F0-2.
‡
Compared with pretreatment state.

(i.e., “donut hole”) would not be in place by the time the oldest
cohort becomes eligible for Medicare beneﬁts.
We determined annual follow-up costs for each health state
using recent estimates for Medicare and managed care patients
[34–37], and used age-speciﬁc median utility values for healthy
patients [38]. We estimated utility weights for each hepatitis C–
related health state on the basis of recent comprehensive reviews
of the literature [34,39,40]. Finally, we varied all parameters over
feasible ranges in sensitivity analyses (Table 1).

Strategies
We compared two strategies for managing hepatitis C infection in
Medicaid beneﬁciaries: 1) Current Practice—only patients with
advanced ﬁbrosis or cirrhosis are treated for hepatitis C before
becoming eligible for Medicare and treatment for patients with
early-stage disease is deferred until disease progression or
Medicare eligibility; and 2) Full Access—patients with early-stage
disease, advanced ﬁbrosis, and cirrhosis are treated before
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programs would have similar follow-up and treatment costs; 4)
patients would become eligible for full Medicare beneﬁts at age 65
years; however, to account for Medicare-Medicaid dual eligibility,
we estimated that 14% of Medicaid recipients younger than 65
years would receive Medicare disability beneﬁts while 14% of
Medicare beneﬁciaries older than 65 years received Medicaid
beneﬁts [42,43]; and 5) the size of the Medicaid hepatitis C
population would remain static over time. We accounted for a
one-time Medicaid expansion in a sensitivity analysis.

Cost-Effectiveness Analyses

becoming eligible for Medicare beneﬁts (Fig. 2). Because some
Medicare Advantage plans are adopting more restrictive treatment strategies, we assumed in the base case that 50% of
patients with early-stage disease would be treated on Medicare
eligibility (varied 0%–100% in sensitivity analysis).

We completed the analyses separately for cohorts of 45-, 50-, and
55-year-old Medicaid beneﬁciaries with hepatitis C. In the base
case, we calculated the incremental cost-effectiveness ratio
(ICER), which reﬂects the additional investment required to gain
an additional QALY. Although a $50,000/QALY threshold has
classically been used in cost-effectiveness analyses, ICER thresholds of $100,000/QALY to $150,000/QALY may better reﬂect contemporary preferences [44,45].
We also conducted sensitivity analyses to determine whether
variations in model inputs would change the preferred strategy.
First, we varied model inputs individually over a range of
plausible values in one-way sensitivity analyses (Table 1). Then,
we used Monte-Carlo probabilistic sensitivity analyses in which
values are randomly sampled from each variable’s probability
distribution and repeated over 5000 iterations to determine the
likelihood that each strategy is cost-effective [46]. We performed
all analyses using TreeAge Pro 2015 (TreeAge Software,
Williamstown, MA).

Assumptions

Structural Sensitivity Analyses

To perform this analysis, we made a number of simplifying
assumptions to systematically bias the model against the FullAccess strategy. We assumed that 1) patients who failed treatment with sofosbuvir- or ombitasvir-based regimens would not
be re-treated because guidelines for re-treatment had not yet
been developed; 2) only patients 75 years or younger would
undergo liver transplantation [41]; 3) Medicare and Medicaid

Because it is not feasible to treat all Medicaid patients with HCV
in a single year, we also conducted structural sensitivity analyses
using staged treatment strategies, in which patients would be
treated over time. We estimated that 450,000 patients with
genotype 1 hepatitis C are currently receiving Medicaid beneﬁts,
and up to 600,000 may be enrolled if Medicaid expansion is
widely adopted [17,19,47–50].

Fig. 1 – Markov state transition model simulating the natural
history of hepatitis C. Note. Transition probabilities derived
from recent population-based studies. F0-2, F3, and F4
represent METAVIR stages of hepatic ﬁbrosis. F3- and F4treated states involve reduced risks of liver-related
morbidity and mortality compared with untreated states.
METAVIR, Meta-analysis of Histologic Data in Viral
Hepatitis.

Table 2 – Hepatitis C treatment parameters.
Parameter
Treatment efﬁcacy
SOF/LDV  8 wk
SOF/LDV  12 wk (naive)
SOF/LDV  12 wk (naive F4)
SOF/LDV  12 wk (experienced)
SOF/LDV/RBV  12 wk (F4)
Treatment disutilities
SOF/LDV  8 wk
SOF/LDV  12 wk
SOF/LDV/RBV  12 wk
Drug costs ($) (weekly)
SOF/LDV
Ribavirin
Medical monitoring costs ($) (each, ⫾25%)
Ofﬁce visits (CPT 99213)
Complete blood cell count
Complete metabolic panel
Quantitative HCV PCR

Base case

Low

High

Distribution

Source

0.94
0.96
0.97
0.95
0.88

0.90
0.92
0.84
0.89
0.72

0.97
1.00
1.00
0.99
0.92

Beta
Beta
Beta
Beta
Beta

[22]
[22,23]
[23]
[24]
[24,25]

0.03
0.04
0.02

0.19
0.20
0.30

0.25
0.28
0.26

Normal
Normal
Normal

[31]
[31]
[31]

5874
152.78

2500
114.59

7875
190.98

Gamma
Gamma

NADAC
[34]

72.94
10.58
14.37
58.29

51.13
8.81
11.51
38.61

79.69
14.30
19.43
78.77

Gamma
Gamma
Gamma
Gamma

MPFS
MPFS
MPFS
MPFS

AWP, average wholesale price; CPT, Current Procedural Terminology, Fourth Edition; HCV, hepatitis C; MPFS, Medicare Physician Fee Schedule
2015; NADAC, National Average Drug Acquisition Cost; PCR, polymerase chain reaction; SOF/LDV, sofosbuvir/ledipasvir; 3D, ombitasvir,
ritonavir, and paritaprevir with dasabuvir.
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Fig. 2 – Annual public health impact of unrestricted vs. restricted access to hepatitis C treatment among Medicaid
beneﬁciaries. Estimates of: (A) Liver transplants averted, (B) hepatocellular carcinoma cases Averted, and (C) deaths averted
per 100,000 Medicaid patients with HCV. HCV, hepatitis C virus.

We also estimated treatment capacity for each strategy. On
the basis of total Medicaid hepatitis C drug expenditures in 2014
and previous reports of treatment capacity, we estimated that
approximately 30,000 Medicaid patients with hepatitis C could be
treated in a given year [51,52]. Because more patients are likely to
be treated each year under the Full-Access strategy, we also
modeled an expanded Full-Access strategy with an annual treatment capacity of 40,000 patients. Recent developments suggest
that increased treatment capacity is likely to be feasible because
new drug regimens are now 24 to 36 weeks shorter in duration
than interferon-based regimens, allowing more patients to be
treated by the same number of physicians in any given year. In
addition, a recent study demonstrated that primary care providers can effectively administer hepatitis C treatment in uncomplicated cases [53]. If this practice were widely adopted in the
United States, then a much larger physician workforce would be
available to treat early-stage patients with hepatitis C. To derive
approximate annual treatment probabilities, we estimated that

13% of early-stage patients die or progress each year, whereas the
number of patients with advanced-stage disease is reduced by
approximately 1% each year, accounting for entry, progression,
and death, based on data from our natural history model (see
Appendix Table 2 in Supplemental Materials found at http://dx.
doi.org/10.1016/j.jval.2016.01.010). In the Current Practice strategy, treatment would be offered to early-stage patients only after
all patients with advanced ﬁbrosis or cirrhosis have been treated.
In Full-Access strategies, treatment would be equally allocated
across ﬁbrosis stages each year.

Budget and Public Health Impact Analyses
Finally, we compared the budget and public health impact of
each treatment strategy. Using a Markov cohort analysis, which
describes the costs and utilities associated with each Markov
state during each model year, we estimated and compared cost
estimates as well as adverse health outcomes for each strategy.
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Table 3 – Cost-effectiveness of restricted access to hepatitis C treatment: Base-case results.
Strategy

45-y-old cohort
Full Access
Current Practice
50-y-old cohort
Full Access
Current Practice
55-y-old cohort
Full Access
Current Practice

Medicare perspective

CMS perspective

Costs ($)

QALYs

ICER ($/QALY)

Costs ($)

QALYs

ICER ($/QALY)

20,196
27,707

5.31
4.50

Dominated

93,151
104,426

17.14
14.13

Dominated

21,410
30,610

6.31
5.47

Dominated

90,524
98,527

15.79
13.06

Dominated

22,778
34,738

7.58
6.76

Dominated

87,543
92,912

14.36
12.05

Dominated

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

We compared the annual and cumulative costs for both treatment strategies in our base-case analysis. Next, we used the
model to estimate the annual and cumulative number of cases of
adverse health outcomes such as hepatocellular carcinoma, liver
transplantation, and mortality, per 100,000 Medicaid recipients.

Results
Base-Case Analyses
In the base case, the Full-Access strategy was cost saving and
more effective compared with the Current Practice strategy for all
age cohorts from the Medicare perspective (Table 3). For the 50year-old cohort, which represented the average Medicaid patient
with hepatitis C, the Current Practice strategy ($30,610, 5.47
QALYs) cost an additional $9,200 per patient and yielded 0.84
fewer QALYs compared with the Full-Access strategy ($21,410,
6.31 QALYs). Cost savings for the Full-Access strategy increased
with cohort age.
From the CMS perspective, the Full-Access strategy was also
cost saving for each age cohort, but to a lesser degree. Compared
with the Full-Access strategy ($90,524, 15.79 QALYs), the Current
Practice strategy cost an additional $8,003 per patient and yielded
2.73 fewer QALYs ($98,527, 13.06 QALYS) for the 50-year-old
cohort (Table 3). The Full-Access strategy was more cost saving
for younger cohorts from the CMS perspective.

Sensitivity Analyses
In one-way sensitivity analyses from the Medicare perspective,
the Full-Access strategy was cost saving for all age cohorts
regardless of variations in any individual model input. From the
CMS perspective, variations in follow-up costs for patients with
early-stage disease and in the discount rate impacted the ICER
differently in each age cohort. The Full-Access strategy remained
cost saving as long as the cost of follow-up for early-stage
patients was more than approximately $200 per year in the 45year-old cohort, $350 per year in the 50-year-old cohort, and $600
per year in the 55-year-old cohort. In addition, the Full-Access
strategy was cost saving for discount rates below 5% to 6%,
depending on the age of the cohort. The Full-Access strategy was
cost saving over the range of plausible values for all other model
inputs.
In probabilistic sensitivity analysis, the Full-Access strategy
was cost-effective in 100% of iterations from the Medicare
perspective at all willingness-to-pay thresholds. From the CMS
perspective, the Full-Access strategy was cost-effective in 93% of
iterations at the cost-saving threshold of $0/QALY and in 100% of
iterations at $4500/QALY. Including the three-drug regimen

instead of SOF/LDV did not change the preferred strategy from
either perspective. In our structural sensitivity analysis, the
staged Full-Access strategy was cost saving compared with the
staged Current Practice strategy for all age cohorts, regardless of
annual treatment capacity or the size of the Medicaid hepatitis C
population (Table 4).

Budget and Public Health Impact Analyses
Our budget impact analyses revealed that, from the CMS perspective, the Full-Access strategy became cost saving compared
with the Current Practice strategy after 13 to 16 years, depending
on cohort age. By the end of the study period, the Full-Access
strategy saved $10,340 per patient for the 45-year-old cohort,
$8,148 for 50-year-olds, and $5,695 for 55-year-old patients. With
staged treatment strategies, Full Access became cost saving after
9 years for each age cohort. In the worst-case scenario, with
600,000 hepatitis C patients and 30,000 treated per year, the FullAccess strategy saved $3,197 to $3,568 per patient by the end of
the study period, depending on the age of the cohort. For a cohort
of 450,000 50-year-old Medicaid patients with hepatitis C, treating
30,000 patients per year using interferon-free regimens would
cost Medicaid programs an average of $4,746 per beneﬁciary
annually with the Current Practice strategy and $4,568 per
beneﬁciary annually with the Full-Access strategy. If a total of
600,000 patients required treatment, costs would decrease to
$4,640 per beneﬁciary with Current Practice and $4,428 per
beneﬁciary with Full Access. In comparison, no treatment would
cost $2309 per beneﬁciary.
The public health impact analysis demonstrated that for every
100,000 50-year-old Medicaid beneﬁciaries, the Full-Access strategy could avert approximately 5,994 cases of hepatocellular
carcinoma and 121 liver transplants compared with the Current
Practice strategy. The number of cases averted varied over time
for each age cohort (Fig. 2).

Conclusions
This cost-effectiveness analysis revealed that for current Medicaid beneﬁciaries, unrestricted access to hepatitis C treatment is
cost saving compared with the current policy restricting treatment to only patients with advanced liver disease. The increased
short-term costs of unrestricted access to care can be offset by
savings from reduced complications in 9 to 16 years, depending
on the treatment strategy and the age of the cohort. Furthermore,
increased access to treatment could avert numerous future cases
of hepatocellular carcinoma, reduce the need for liver transplantation, and prevent early mortality.
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Table 4 – Cost-effectiveness of staged treatment strategies for Medicaid patients with hepatitis C, by number of
Medicaid beneﬁciaries with hepatitis C.
Strategy

45-y-old cohort
Expanded Full Access
Full Access
Current Practice
50-y-old cohort
Full Access
Expanded Full Access
Current Practice
55-y-old cohort
Full Access
Expanded Full Access
Current Practice

450,000 patients with HCV

600,000 patients with HCV

Costs ($)

QALYs

Costs ($)

QALYs

97,138
97,462
100,608

14.73
14.20
14.08

97,462
97,541
100,833

14.20
13.64
13.55

92,657
92,775
95,861

12.98
13.48
12.86

92,220
92,657
95,601

12.45
12.98
12.36

86,841
87,778
90,344

11.68
12.15
11.56

85,542
86,841
89,190

11.18
11.68
11.09

Note. Population size estimates reﬂect current Medicaid HCV population & potential increase in prevalence due to Medicaid expansion. Current
Practice and Full Access, 30,000 patients treated per year; Expanded Full Access, 40,000 patients treated per year.
HCV, hepatitis C virus; QALYs, quality-adjusted life-years.

We demonstrated that the Full-Access strategy led to longterm cost savings compared with the more restrictive Current
Practice strategy. In fact, under ideal circumstances, the total
savings could exceed $3.5 billion for the 450,000 Medicaid beneﬁciaries with hepatitis C. This is because under both strategies,
all patients will ultimately be treated unless they decompensate
or die before becoming eligible. An open- access strategy would
lead to treatment earlier in the natural history of the disease,
substantially reducing follow-up costs for patients with earlystage disease. This interpretation is supported by the results of
our sensitivity analysis, which demonstrated that the Full-Access
strategy is cost saving only if annual follow-up costs for earlystage patients exceed $600, meaning that it is economically
advantageous to avert these costs. In addition, open access to
treatment would reduce the number of early-stage patients who
progress to advanced ﬁbrosis or cirrhosis before being treated.
This is important because even after successful treatment,
patients with advanced disease still have high follow-up costs
and a small risk of developing costly complications, while
successfully treated early-stage patients have similar outcomes
to their uninfected age-matched peers. Although the overall
budget impact is considerable, we demonstrate that the cost to
Medicaid of managing hepatitis C with interferon-free regimens
is less than $5000 per capita annually regardless of treatment
strategy. This is signiﬁcantly less than the costs to Medicaid of
managing many other major diseases, from respiratory illnesses
($8,100 per capita annually) to diabetes ($13,500 per capita
annually) [54,55].
Our results were robust to variations in most model inputs. In
sensitivity analyses, the Full-Access strategy was no longer cost
saving for very high discount rates (Z5%) or very low follow-up
costs for early-stage patients (o$600), both of which are unlikely.
Cost-effectiveness guidelines suggest that a 3% discount rate is
likely to be appropriate as the Ofﬁce of Management and Budget
recently suggested that a 3.4% nominal 30-year interest rate
should be used for cost-effectiveness analyses [56,57]. Similarly,
most studies suggest that costs of follow-up for early-stage
patients with hepatitis C are much higher than $600. Recently,
the rate of hospitalizations for patients with early-stage and
advanced hepatitis C has increased, which suggests that the costs
of managing these patients are likely to be increasing as well [58].
Because the assumptions made were generally biased against the Full-Access strategy, our estimates are likely to be

conservative. The Full-Access strategy was cost saving even if
there was no associated increase in treatment capacity. In reality,
doubling the pool of eligible patients is likely to increase the
absolute number of patients seeking treatment, bounded only by
physician availability, patients’ knowledge of their disease status,
and medical eligibility for treatment. Finally, we assumed that
drug prices would be similar for Medicare and Medicaid. However, many state Medicaid programs are negotiating dramatic
price discounts for hepatitis C treatment regimens, which could
reduce the total cost of the Full-Access strategy [59]. Meanwhile,
because the Medicare program cannot negotiate drug prices, the
costs of waiting to treat patients after Medicare eligibility are
likely to be higher than our estimates, which were based on
Medicaid prices.
Our results are consistent with those of recent studies evaluating the impact of novel interferon-free treatment regimens,
demonstrating that novel interferon-free drug regimens are costeffective for many patient subgroups [13,15]. One study in
particular demonstrated that the SOF/LDV regimen could be cost
saving compared with the previous standard of care if treatment
was substantially discounted, but did not evaluate the effects of
restrictive versus inclusive treatment strategies [15]. In addition,
the results of our public health impact analysis are consistent
with ﬁndings from Kabiri et al. [8], who also demonstrated that
increased access to hepatitis C treatment could result in substantial long-term reductions in morbidity and mortality. This
study addresses the dilemma of determining which patients with
hepatitis C should be treated ﬁrst, which has been highlighted in
numerous recent editorials [16,60,61]. Here, we offer empiric
evidence to inform this debate and demonstrate that, from a
government payer perspective, allowing access to treatment for
early-stage patients may be the less costly and more effective
long-term strategy.
Our analysis is interesting in light of current events in public
health. For example, the US Preventive Services Task Force
recently recommended birth cohort screening for hepatitis C for
adults born between 1945 and 1965 [62]. The analysis demonstrating that screening is cost-effective assumed that patients
would be treated after disease was identiﬁed, albeit with older
drug regimens [63]. It will become important to consider the
ethical and economic implications if positive birth cohort screens
are not paired with treatment initiation. In addition, although the
prevalence is highest among patients aged 45 years and older, the
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incidence of hepatitis C has recently been rising at an alarming
rate among younger injection drug users [64]. Although our
analysis focused on older cohorts, we demonstrate that Full
Access is increasingly cost saving for younger patients, who
would live with the disease for a longer period of time. Treating
these patients while they have early-stage disease would reduce
the high costs of disease management and potential complications that are likely to occur if treatment is deferred until disease
progression. Treating younger patients may also curb the spread
of the disease and reduce the duration of the epidemic.
This study has some limitations that must be acknowledged.
First, analytic methods that directly account for resource constraints may provide more precise estimates. However, because
our assumptions biased the model against the Full-Access strategy, the conclusions are likely to be similar. Second, we estimated
treatment efﬁcacy using clinical trial data, which may overestimate real-word effectiveness. Third, some Medicaid managed
care plans may receive smaller drug discounts than those
mandated by the Medicaid drug rebate program. To account for
this, we varied drug prices widely in sensitivity analysis. Finally,
our model only included liver-related costs and did not account
for potential increases in cumulative health care costs associated
with reduced early mortality. This is beyond the scope of this
analysis but is an interesting topic for future study.
In conclusion, using cost-effectiveness analyses, we found
that current Medicaid policies restricting hepatitis C treatment to
patients with advanced disease are more costly and less effective
than strategies with unrestricted access to treatment for patients
with early-stage and advanced disease. Although our results
provide empiric support for providing open access to treatment
for hepatitis C, additional factors, including the size of the
physician workforce and budgetary limitations, must also be
considered. This study also highlights that in a multipayer health
care system, efforts to minimize costs for individual payers can
result in cost shifting and economic efﬁciency for the system as a
whole. In light of this, collaborative efforts between state and
federal payers may be needed to realize the full public health
impact of recent advances in hepatitis C therapy.
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