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Abstract

Background—Several highly effective but costly therapies for hepatitis C virus (HCV) are 

available. As a consequence of their high price, thirty-five state Medicaid programs limited 

treatment coverage to patients with more advanced HCV stages. States have only limited 

information available to predict the long-term impact of these decisions.

Methods—We adapted a validated hepatitis C microsimulation model to the Pennsylvania 

Medicaid population to estimate the existing HCV prevalence in Pennsylvania Medicaid and 

estimate the impact of various HCV drug coverage policies on disease outcomes and costs. 

Outcome measures included rates of advanced-stage HCV outcomes and treatment and disease 

costs in both Medicaid and Medicare.

Correspondence: Walid F. Gellad, MD, MPH. VA Pittsburgh Healthcare System, University Drive (151C), Pittsburgh, PA, 15240. 
walid.gellad@pitt.edu. Phone: 412-360-2267. Fax: 412-360-2284. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Financial Disclosures: Jagpreet Chhatwal has received a research grant from Gilead Sciences, and consulting fees from Merck & Co. 
and Gilead Sciences outside the submitted work. No additional financial disclosures.

Disclaimer: The opinions expressed are those of the authors alone and do not necessarily represent the opinions of the United States 
Government or the State of Pennsylvania.

HHS Public Access
Author manuscript
Healthc (Amst). Author manuscript; available in PMC 2018 September 01.

Published in final edited form as:
Healthc (Amst). 2017 September ; 5(3): 105–111. doi:10.1016/j.hjdsi.2016.11.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results—We estimated that 46,700 individuals in Pennsylvania Medicaid were infected with 

HCV in 2015, 33% of whom were still undiagnosed. By expanding treatment to include mild 

fibrosis stage (Metavir F2), Pennsylvania Medicaid will spend an additional $274 million on 

medications in the next decade with no substantial reduction in the incidence of liver cancer or 

liver-related death. Medicaid patients who are not eligible for treatment under restricted policies 

would get treatment once they transition to the Medicare program, which would experience 10% 

reduction in disease-related costs due to early treatment in Medicaid. Further expanding treatment 

to patients with early fibrosis stages (F0 or F1) would cost Medicaid an additional $693 million 

during the next decade but would reduce the number of individuals in need of treatment in 

Medicare by 46% and decrease Medicare treatment costs by 23%. In some scenarios, outcomes 

could worsen with eligibility expansion if there is inadequate capacity to treat all patients.

Conclusions and Relevance—Expansion of HCV treatment coverage to less severe stages of 

liver disease may not substantially improve liver related outcomes for patients in Pennsylvania 

Medicaid in scenarios in which coverage through Medicare is widely available.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is a major, and costly, health problem in the 

United States, affecting 2.7–3.2 million people (1) with the majority unaware of their disease 

(2). Beginning in 2014, interferon-free HCV therapies, such as sofosbuvir, simeprevir, 

ledipasvir (3), were introduced, leading to substantially improved sustained virologic 

response (SVR) rates – a surrogate for cure – as high as 98% (4), with shorter treatment 

duration and few adverse effects. However, their high prices ($40,000– $94,500 for 12-week 

therapy) in combination with a large number of treatment candidates translates into 

substantial budgetary impact for health-care payers.

The prevalence of HCV is higher among low-income populations, who are often enrolled in 

Medicaid (5). Although state Medicaid programs are eligible to receive at least a 23.1% 

rebate off average manufacturer prices, they spent $1.1 billion on treating HCV-infected 

individuals in 2014 (6–8). Pennsylvania Medicaid, which is the 5th largest Medicaid 

program by health expenditures and the 6th largest by enrollment in the United States (9, 

10), spent about 4% of its 2014 prescription drug expenditures on sofosbuvir alone (11).

Facing high costs of treatment and operating within budgetary constraints, 36 state Medicaid 

programs have developed treatment authorization guidelines (12) to prioritize HCV 

treatment to patients with more advanced disease. These decisions have been criticized by 

patient advocacy groups and the Centers for Medicare and Medicaid Services (4, 13). 

Nevertheless, only seven out of these 36 states had expanded treatment to patients with mild 

fibrosis scores as of February 2015 (14). Pennsylvania expanded treatment to patients with 

F2 fibrosis score in July of 2015 (15) and is currently considering further expansions.
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State Medicaid coverage decisions are complicated by the absence of reasonable estimates 

of HCV prevalence. Such estimates are difficult to generate given that roughly half of 

patients are unaware of infection (16). Medicaid programs also lack fibrosis scores and 

genotype information in their administrative data, which are required for treatment planning 

(12). Additionally, the impact of Medicaid treatment strategies on long-term disease and cost 

outcomes is difficult to measure. Since chronic HCV is a slowly progressive disease, 

Medicaid’s decisions could impact downstream HCV spending in Medicare once individuals 

reach age 65 or become dually enrolled due to disability.

Many of these challenges can be addressed with the use of simulation modeling. The 

objective of our study was twofold: (I) To use a well-validated national HCV simulation 

model to estimate the number of people currently infected with HCV in Pennsylvania 

Medicaid along with their disease characteristics; and (II) to use the model to project the 

economic and disease impact of different prior authorization criteria for treatment in 

Pennsylvania Medicaid.

METHODS

We used a three-step approach to address the above objectives. First, we estimated the 

observed HCV burden in Pennsylvania Medicaid using claims data from 2007–2012. 

Second, we adapted our previously developed and validated HCV disease burden model 

(HEP-SIM) (17, 18) to Pennsylvania Medicaid using claims data and other published 

studies. Finally, we used HEP-SIM to estimate the disease burden (both observed and 

unobserved) of HCV and evaluated the long-term disease and economic impact of different 

prior authorization guidelines for treatment in Pennsylvania Medicaid.

Analysis of Pennsylvania Medicaid Claims Data

We obtained data from the Pennsylvania Medicaid program for paid claims and encounters 

covering services rendered in 2007–2012 for enrollees both in fee-for-service Medicaid and 

in Medicaid managed-care-organizations. We identified individuals diagnosed with HCV for 

the purposes of model validation, defined by the presence of at least one paid inpatient, 

outpatient or professional claim with an ICD-9 diagnosis code for HCV (eTable 1). Among 

HCV-diagnosed individuals, we identified those with potential treatment contraindications, 

HCV-related complications, liver transplants and rates of HCV treatment, for use as inputs in 

the microsimulation model (Supplement A).

Microsimulation Model for Pennsylvania Medicaid

HEP-SIM has been extensively validated with the National Health and Nutrition 

Examination Surveys and several published data sources (1, 17, 19, 20). The natural history 

of HCV in the model was defined using the Metavir scoring system for fibrosis stages: F0 

for no fibrosis, F1 for portal fibrosis without septa, F2 for portal fibrosis with few septa, F3 

for numerous septa without cirrhosis, and F4 for compensated cirrhosis (eFigure 1 and 

eTable 2 of Supplement B). Patients in the F4 stage could further progress to decompensated 

cirrhosis or hepatocellular carcinoma, receive a liver transplant, or die from liver-related 

complications.
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We incorporated Pennsylvania Medicaid’s population characteristics into the HEP-SIM 

model, including demographics, HCV incidence, new enrollments in Medicaid, HCV 

screening (both risk-based and birth-cohort) rate, and historic HCV treatment rate. 

Supplement B and eTables 3–5 provide detailed descriptions of model parameters and how 

the model was adapted to fit Pennsylvania, using a combination of prior literature, publically 

available data sources, and the Medicaid claims data.

Coverage Scenarios—We simulated three coverage scenarios according to different 

treatment authorization guidelines starting in 2014: (I) Our base-case scenario, in which 

HCV treatment is available to patients with a fibrosis score of F2–F4, consistent with the 

recent Pennsylvania Medicaid HCV treatment authorization criteria(15); (II) the scenario to 

expand treatment to all diagnosed HCV patients; and (III) the scenario to limit treatment to 

F3–F4 patients only, consistent with the treatment authorization criteria in Pennsylvania 

Medicaid prior to July 2015, and in several other states.

In each scenario, we assumed that 40% of diagnosed HCV-infected individuals who are 
treatment candidates received treatment each year after 2014 - defined in our model as 

‘treatment penetration rate’ - in order to account for limitations in provider availability and 

patient’s preference (eTable 5). Using a 40% treatment penetration rate across scenarios, we 

assumed that a larger number of individuals could be treated annually under F0–F4 coverage 

(8,200 patients) than with F3–F4 (2,500 patients). We address this assumption in more detail 

in the sensitivity analyses. Note that a treatment penetration rate of 40% is greater than the 

actual treatment rate in Pennsylvania Medicaid in 2014.

Cost—We set the weekly costs of older HCV therapies, peginterferon, ribavirin, boceprevir, 

and telaprevir, at $587, $309, $1100, and $4100, respectively (21). We set the weekly costs 

of sofosbuvir at $7000, ledipasvir/sofosbuvir at $7875, and paritaprevir, ritonavir, 

ombitasvir, and dasabuvir at $6,943 (21, 22). We applied 23% and 46% discounts to the 

available average wholesale drug costs in 2014 and in 2015 and beyond, respectively, 

according to the average reported discounts and rebates provided to health-care payers (23) 

(eTable 6). We also included the cost of managing early and advanced stages of HCV 

including hepatocellular carcinoma and liver transplantation, which were obtained from 

prior literature (eTable 7) (24, 25).

Model Outputs—We projected the temporal trends in the prevalence of HCV, number of 

people aware and unaware of their infection, and distribution of fibrosis scores. Since HCV 

is a slow-progressive disease and the benefits of HCV treatment will accrue years later, we 

simulated our model for a long time horizon, from 2015 to 2050. Under each coverage 

scenario described above, we projected the incidence of advanced liver disease, number of 

liver transplants, and liver-related deaths in 2015–2050. We also estimated the long-term 

cost of chronic HCV management until 2050. Because of variable HCV treatment costs in 

the future, we also estimated the short-term budget impact on Medicaid from 2015–2025.

Medicare Outputs for Transitions between Medicaid and Medicare—Since 

several benefits of HCV treatment will accrue after some patients have transitioned from 

Medicaid-only coverage to Medicare-only or dual coverage, we estimated the impact of 
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Medicaid’s coverage decisions on the disease and cost outcomes in Medicare. In all 

scenarios, we assumed that patients who did not receive or failed to respond to HCV 

treatment in Medicaid would transition to Medicare at the age of 61, a transition age 

calculated according to our claims-based analyses and a published study (26). We assumed 

that all patients who transitioned to Medicare, who were aware of their infection, and 

eligible for treatment, would receive treatment irrespective of their fibrosis score once in 

Medicare.

Sensitivity analyses—Using one-way deterministic sensitivity analysis, we analyzed the 

effect of model parameters on the incidence of advanced-stage liver diseases and budget 

needed for disease management and treatment costs (Supplement C). We examined the 

impact of expanded treatment coverage scenarios on model outcomes assuming there is a 

fixed maximum number of patients who can be treated in a given year (because of the 

number of liver specialists, availability of appointments, etc.), instead of a variable treatment 

penetration rate. We assessed the effect of alternative treatment penetration rates on model 

outcomes in the base case (F2–F4 treatment), and also added scenarios in which the 

expansion of treatment to F2 patients might be delayed until 2017 or 2020, instead of 2015 

in the base case.

RESULTS

Diagnosed HCV Population in Claims Data

The number of enrollees who had a claim with one or more HCV diagnosis codes increased 

steadily from 18,955 (882 per 100,000) in 2007 to 26,432 (1,023 per 100,000) in 2012 

(Table 1 and Supplement D). The number of enrollees who initiated medication therapy 

increased from 797 in 2007 to 1,025 in 2012; however, the proportion of individuals who 

initiated treatment during this period remained nearly constant (4%). Pennsylvania Medicaid 

covered twelve liver transplants performed on enrollees with HCV on average each year in 

2007–2012.

Model Validation

The model-based estimates of the number of patients who were aware of their HCV 

infection in 2007–2012 matched closely the number of HCV-diagnosed enrollees in claims 

data (Table 2). The model predicted in 2012 a total of 49,500 patients with HCV (including 

those unaware/undiagnosed), with 14 liver transplants. The projected trend in the number of 

liver transplants from the model was comparable to the trend observed in claims data 

(eFigure 2 in Supplement E). In addition, the projected percentage of individuals with 

cirrhosis who were aware of their disease during 2007– 2012 was within 5% of the number 

of enrollees diagnosed with cirrhosis in the analyses of claims data. These findings indicate 

that the model was appropriately calibrated to approximate the characteristics of the 

Pennsylvania Medicaid population.

HCV Burden in Pennsylvania Medicaid - Model Predictions

The model projected the HCV-infected population at the end of 2015 at 46,700, with 31,200 

(67%) aware of their diagnosis (Table 2). In the base case (treatment for F2–F4), the overall 
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burden of HCV in Pennsylvania Medicaid and the prevalence of undiagnosed cases are 

projected to decrease by 23% and 50% from 2015 to 2025, respectively (Figure 1).

Table 3 shows the projected cumulative incidence of advance liver diseases, liver-related 

mortality, chronic disease cost in 2015–2050, and cumulative antiviral treatment cost in 

2015–2025 under each scenario. With a base-case treatment penetration rate of 40%, up to 

4,300 HCV-infected individuals were treated annually in 2015 and beyond (eTable 8). 

Compared to the base case, limiting treatment coverage to F3–F4 with a 40% treatment 

penetration rate (treating up to 2,500 HCV-infected individuals annually) would reduce 

cumulative treatment cost from $955 million to $682 million ($274 million reduction) 

during the next decade (Table 3, Panel A), incur 15% ($60 million) increase in downstream 

cumulative chronic disease cost from 2015–2050, but minimally affect the cumulative 

incidence of liver complications and liver-related mortality in Pennsylvania Medicaid 

through 2050. Compared to the base-case coverage scenario (F2–F4 treatment), the further 

coverage expansion to F0 and F1 fibrosis scores (treating up to 8,200 HCV-infected 

individuals annually) would increase the cumulative cost of treatment by an additional $693 

million by 2025, reduce the long-term cost incurred by chronic HCV cases by 35% ($116 

million), but not substantially decrease the overall burden of liver complications in Medicaid 

through 2050. The majority of the 10-year cumulative cost of treatment among these 

coverage scenarios occurred in the first 5 years, a period when the majority of HCV patients 

received treatment (eFigure 3, Panel A).

HCV Burden in Transitions from Medicaid to Medicare

Under Medicaid’s F2–F4 treatment coverage and 40% treatment penetration rate (base-

case), HCV-infected individuals who failed treatment in Medicaid or transitioned to 

Medicare at 61 years old without receiving treatment would incur an economic disease 

burden of $173 million in 2015–2050 and treatment cost burden of $619 million in 2015–

2025 (Table 3, Panel A). Expanding treatment to include F0 and F1 fibrosis scores in 

Pennsylvania Medicaid reduced the costs for treatment in Medicare by 23%, or $144 million 

(from $619 million to $475 million) through 2025 and reduced the number of individuals 

receiving treatment in Medicare from 2015–2050 by 46%, from 6,600 to 3,500. Changes in 

treatment coverage in Medicaid, however, did not substantially impact the burden of new 

cases of decompensated cirrhosis, hepatocellular carcinoma or liver transplant in Medicare.

Sensitivity Analyses

Variations in treatment penetration rate in Pennsylvania Medicaid would have a substantial 

impact on the annual HCV treatment costs (eFigure 3, Panel B) and the incidence of 

advanced liver disease (Table 3, Panel B, and eFigure 4). For example, if all treatment-

eligible patients (100%) were to receive treatment under F2–F4 coverage, costs of therapy 

would increase by $40 million (4%) in the next decade when compared to a 40% treatment 

penetration rate (i.e. 955 million to 995 million) (Table 3, Panel B). However, the incidence 

of liver transplant would drop by 11% (15 fewer liver transplants) through 2050 and liver-

related death decrease by 10% (139 deaths).
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Setting a maximum numbers of individuals who could be treated annually in 2015 and 

beyond (instead of setting a treatment penetration rate) substantially altered model outputs in 

different coverage scenarios (Table 4). Compared to F2–F4 coverage, expanding treatment to 

F0 and F1 fibrosis when only 2,200 patients can be treated annually increased the 

cumulative incidence of advanced liver diseases and liver-related deaths by 30%. It was only 

in a scenario of unlimited treatment capacity that expansion to F0–F4 did not increase the 

incidence of liver complications and death.

The impact of delaying the inclusion of F2 fibrosis levels in treatment coverage depended on 

the treatment penetration rate. Waiting until 2017 or 2020 to expand treatment to F2 

(compared to expanding in 2015) would have beneficial effects on liver-related outcomes if 

treatment penetration is limited, while it would have a modest negative impact if treatment 

penetration is 100% (eTable 9).

Overall, model projections were robust to changes in other model parameters (eTable 10).

DISCUSSION

Our study applied microsimulation modeling to estimate the prevalence of HCV in 

Pennsylvania Medicaid and analyze the cost and disease burden impact of broadening 

treatment coverage. We projected that including F2 fibrosis patients in treatment coverage - 

something only seven states had done as of February 2016 - compared to limiting treatment 

to F3–F4 patients only, would increase the cumulative treatment cost by $274 million in 

2015–2025, decrease long-term chronic HCV cost by $60 million in 2015–2050, but would 

not substantially decrease the incidence of advanced liver diseases or liver-related death in 

the Medicaid population in Pennsylvania. Expanding treatment in Medicaid would decrease 

treatment costs in Medicare – an impact that is not fully considered in policy discussions or 

prior literature (27). Furthermore, our findings highlight the critical importance of treatment 

penetration rate in estimating the impact of coverage scenarios; in settings of limited 

treatment penetration or capacity, expansion of eligibility could potentially worsen liver 

related outcomes.

Our study uses a novel approach of combining claims-based analyses and validated 

microsimulation modeling to estimate the impact of treatment coverage scenarios on HCV 

disease and cost burden in the future. Importantly, our analyses do not measure cost-

effectiveness, as in prior studies (27,28), but focus on treatment costs and liver-related 

outcomes for one payer (Pennsylvania Medicaid), uniquely accounting for treatment 

capacity and for the transition in insurance between Medicaid and Medicare.

Treatment penetration rate is an especially important variable in Pennsylvania, where 

Medicaid guidelines stipulate that HCV therapies should be prescribed by physicians 

specialized in infectious disease, gastroenterology, hepatology, or transplantation (15). The 

limited availability of these specialists in some areas could limit the number of enrollees 

who are able to pursue treatment and result in low treatment penetration rate (29), although 

opportunities exist to expand access to specialists through telemedicine. Our findings 

suggest that within the base-case scenario (treatment of F2–F4), expanding the treatment 
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penetration rate improved liver-related outcomes while increasing cost. However, with a 

fixed treatment rate and limits on the maximum number of annually treated individuals, 

expanding treatment to lower fibrosis levels may potentially lead to F0–F2 patients being 

treated before F3–F4 patients and worse outcomes. In fact, with a low treatment penetration 

rate among enrollees, the state could potentially benefit by delaying the expansion of 

treatment, thus ensuring that more severe cases are treated before less severe ones. The 

expanded treatment coverage in 2015 would be beneficial only if the treatment penetration 

rate were 80% or higher – a rate that may potentially exceed provider capacity - highlighting 

the policy significance of ensuring adequate system capacity for treating all HCV patients 

before eligibility criteria are expanded.

Our results show that expanded HCV treatment policies in Medicaid may not substantially 

decrease the incidence of liver complications and death in this population. Patients may be 

successfully treated as they progress to more advanced fibrosis levels while in Medicaid, and 

others still in early fibrosis stages (F0 or F1) may transition out of Medicaid into Medicare, 

which offers treatment to all eligible patients in our model regardless of fibrosis levels. Our 

analysis highlights the potential tradeoffs between Medicaid and Medicare - expanded 

treatment coverage and the rates of treatment penetration in Medicaid would impact the 

future disease burden and costs incurred to Medicare when patients transition in coverage. 

While important, these results can be considered estimates only, given the limitations of the 

model in precisely defining the moment of transition from Medicaid to Medicare. 

Nonetheless, our analyses document the importance of expanding the discussion about costs 

and impacts of treatment beyond Medicaid only for conditions with slow rates of 

progression like HCV.

One final consideration in evaluating the potential impact of HCV treatment coverage 

decisions is the expected future drop in drug prices (30). For example, the Department of 

Veterans Affairs was able to end treatment prioritization and expand HCV treatment to all 

Veterans regardless of disease severity in February 2016 (31), due to their ability to lower 

prices and due to an infusion of funds from Congress. Our model is based on current pricing 

data and will overestimate costs if HCV drug prices for Medicaid fall substantially in the 

future. Costs, however, will not change the impact of a given coverage decision for HCV on 

future liver-related health outcomes.

Our study has several limitations. First, our model cannot fully account for transitions from 

Medicaid coverage only to dual eligibility for Medicare, a transition potentially related to the 

onset of advanced liver disease. However, our claims-based analyses and a published study 

(26) suggests that most individuals with HCV transition to Medicare by age 61; thus we 

assumed Medicare became the primary payer after that age. We also assumed that all 

patients are treated in Medicare once leaving Medicaid regardless of fibrosis level. Second, 

we did not analyze the potential effect of treatment on the transmission of HCV in the 

Medicaid population. However, since the magnitude of HCV incidence did not affect the 

projected prevalence of HCV according to our sensitivity analyses, we do not expect this 

omission to substantially change the findings. Third, the costs of chronic disease 

management were not drawn from Medicaid or Medicare data due to limited data 

availability. As a result, we mainly focused on the relative (rather than absolute) differences 
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in projected disease management costs between different coverage scenarios. Fourth, our 

analysis did not incorporate potential benefits of treatment on improved quality of life and 

increased economic productivity (4). Finally, we did not consider the impact of Medicaid 

expansion, which was implemented in Pennsylvania in 2015, for which there was no 

available information on changes in population clinical characteristics at the time of our 

study.

In conclusion, the expansion of treatment prior authorization criteria would significantly 

increase the economic burden of HCV treatment and somewhat reduce the cost of chronic 

HCV in Pennsylvania, but would not substantially decrease HCV-related complications 

among infected Medicaid enrollees. Concurrent with patient prioritization policies, the issue 

of treatment accessibility and treatment penetration rate among eligible patients should also 

be a focus of policy efforts. Expanding eligibility for hepatitis C treatment could potentially 

be counterproductive if patients with less severe liver disease are treated before those whose 

disease is more advanced.
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Figure 1. 
The projected prevalence of hepatitis C in Pennsylvania Medicaid categorized by diagnosed 

and undiagnosed cases in 2007–2050.

Note: After 2014, the projection of HCV prevalence was calculated under the coverage 

scenario of treating patients with F2–F4 fibrosis levels.
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