Supplement Data and Supporting Results

This online supplement accompanies the manuscript entitled “Health Benefits and Health Care Savings from the United States National Hepatitis C Elimination Initiative.” The supplement provides data and supporting results, including those for model calibration and validation.
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[bookmark: _Toc131603572]Additional Details on the Estimating HCV Prevalence Overall and by Subpopulation

We used state-level HCV prevalence estimates to initialize the model in 2015.1 To account for under reporting of HCV prevalence in justice-involved population, we first subtracted the number of HCV persons in state prisons from the original state-level HCV prevalence to calculate the overall prevalence among non-justice-involved individuals. The number of HCV persons in non-justice settings was distributed across four subpopulations (Medicare, Medicaid, privately insured, and uninsured) based on a CDC analysis of state-level data on ambulatory, inpatient, and urgent care visits for HCV infection from 2012 through 2015 (eTable 1). These estimates incorporated evidence on the frequency of healthcare system usage among persons with HCV and those with an opioid dependence to estimate the number of persons with HCV in each insurance category.2-8 Individuals in the “other” subpopulation were redistributed among the four remaining categories. This model then combines these estimates with the previously calculated prevalence among justice-involved individuals to compute the number of currently HCV-infected persons within each subpopulation: Medicaid, Medicare, privately insured, uninsured, and incarcerated (eTable 2). After patients have been initially assigned to a subpopulation, the model permits limited mobility through two mechanisms. Specifically, the model assumes that non-incarcerated patients will join Medicare after turning 65 years old and also that there was Medicaid expansion at the rates in eTable 11 through 2018 that enabled some initially uninsured patients to join Medicaid.
[bookmark: _Toc131603573]Assignment of Incident HCV Cases to Subpopulation

The high-risk cases are assigned proportionally to subpopulations according to the estimated percentage of coverage type among people with opioid use disorder (eTable 4), with the incarcerated subpopulation being omitted in the high-risk case assignment process.9 Low-risk cases were distributed between Medicare and private insurance based on the proportion of HCV-infected individuals within each subpopulation. Lastly, the model assumes that all new chronic HCV cases will begin in the F0 state.

[bookmark: _Toc131603574]HCV Awareness and Diagnosis

The likelihood of HCV-infected persons to be aware of their infection is dependent on their age and insurance status. This information was extracted from published studies that evaluated NHANES data. For instance, in 2008, 49.7% of all HCV-infected persons, including 57.0% of those insured and 23.7% of those uninsured, were aware of their HCV status.10 We also accounted for differences in the awareness rates by age: 29% for age < 40, 57.6% for ages 40-49, 56% for ages 50-59, and 44.8% for ages above 60. 
eTable 8 presents the HCV awareness rate by age and insurance used in HEP-SIM. 
[bookmark: _Toc131603575]eTable 8. Percentage of HCV-Infected People Aware of Their Disease Status, United States, 2015
	
Age
	Awareness Rate by Insurance Status10

	
	Insured
	Uninsured

	<40
	17.63%
	5.81%

	40-49
	60.45%
	19.50%

	50-59
	54.59%
	16.29%

	>60
	34.94%
	5.77%



People unaware of their HCV infections can become aware because of one of the following screening strategies depending on the calendar year and simulated scenario. 
· Provider-driven diagnostic and risk-based testing: This strategy is equivalent to diagnostic and risk-based testing for high-risk individuals, as defined in the CDC’s 1998 Recommendations, before birth cohort screening comes into place.11 The estimated annual testing rate was approximately 1.6%.12 Within that overall rate, individual probabilities for testing varied by disease stage (so, for example, we assume providers were more likely to initiate testing for individuals with symptoms of advanced liver disease).
· Birth cohort screening: This strategy is equivalent to risk-based testing (as outlined above, under the first screening strategy option) plus one-time screening for all individuals born between 1945 and1965 (i.e., Baby Boomers), as defined in the 2013 U.S. Preventive Services Task Force’s Hepatitis C Screening Recommendation.13 Based on analyses published by CDC, the estimated annual testing rate for birth-cohort screening is set to 9% for the insured and 0.99% for the uninsured.[REF]12,14,15 We assume that the birth cohort screening will be replaced by universal screening from 2021 onwards. 
· Universal screening: This strategy assumes one-time screening, recommended for all adults 18 years and older, with repeat testing for those at high risk for infection from 2021 onwards.16 Under the status quo, the default screening rate is calibrated such that the number of people diagnosed with HCV aligns with the current literature on the HCV screening rate in the United States.17-20 Because of an anticipated increase in the HCV screening rate over time, we assume the universal screening rate will be 5% per year from 2024 onwards. The national hepatitis C elimination scenario assumes an elevated screening rate of 18% annually from 2024 onwards. This screening rate was selected to align with the proposed national initiative under which at least 300,000 persons are aware of their HCV status (and thus are eligible for HCV treatment) each year between January 2024 and December 2024. We assumed that the annual screening rate changes to 5% once 90% of all HCV-infected persons get diagnosed. If the HCV diagnosis rate drops below 90%, the annual screening rate will rise to 18% again. The annual treatment volumes by subpopulation under the status quo and national hepatitis C elimination initiative are presented in eFigure 2 and eFigure 3, respectively.

[bookmark: _Toc131603576]HCV Treatment

Under the status quo, the annual treatment rate is capped at the 2020 treatment volume of 83,740 patients (eTable 9).21 In the national elimination scenario, it is assumed that 90% of all diagnosed patients in that year will receive treatment in the same year, and the remaining 10% will be eligible to receive treatment next year. Every year, under both scenarios, the number of treated patients is distributed across the different subpopulations according to the probability of being eligible for treatment (eTable 10). 

[bookmark: _Toc131603577]DAA Treatment Strategies Under the Status Quo and National Elimination Initiative
Once diagnosed with an HCV infection, a patient becomes eligible to receive treatment with one of the direct-acting antiviral agents (DAAs). The type of DAA treatment depends on the year the person receives treatment (eTable 13). To align with current standards of care, treatment in 2024 is assumed to consist of all-oral DAA combinations for both treatment naïve and treatment-experienced patients (including those for whom initial DAA therapies did not work). The model varies the rate of sustained virologic response (SVR) by viral genotype, stage of fibrosis, treatment regimen, and treatment history (eTable 13).22-39
Annual treatment rate: This refers to the percentage of all diagnosed individuals within a given subpopulation(s) for whom the healthcare system can accommodate treatment each year. It thus attempts to quantify, in a single number, system-level considerations such as restrictions on who can provide treatment (e.g., specialists vs. primary care), as well as the availability and accessibility (e.g., are they accepting new patients, how many, etc.) of “allowed” treatment providers.
· National Hepatitis C Elimination Initiative: Under the hepatitis C elimination initiative, 90% of all eligible (screened and HCV-diagnosed) individuals will be treated each year.
· Previous Years (before 2024) and Status Quo: The annual number of individuals receiving treatment for HCV in the past and under the status quo is based on reported data (eTable 9). From 2020 onwards, the model assumes that the number of people receiving treatment remains constant at 83,740 for all years after 2020 under the status quo strategy.21  
[bookmark: _Toc131603578]eTable 9. The annual number of individuals receiving DAA treatment for HCV infection, United States, 2015 to 2020
	Year
	Number of persons treated per year21

	2015
	164,247

	2016
	134,287

	2017
	114,419

	2018
	122,666

	2019
	114,893

	2020
	83,740


· We allocate HCV treatment among different subpopulations (uninsured, Medicare, Medicaid, private insurance, and incarcerated) by first estimating the DAA treatment-eligible population size in each subpopulation by multiplying the probability that a person in each subpopulation is a candidate for DAA treatment, denoted at probabilityi, (eTable 12) by the total eligible treatment volume, denoted by Nit (where  indicates the subpopulation and indicates the year). In total, for a given year (t), the proportion of individuals receiving treatment in a particular subpopulation is calculated by the following equation:

[bookmark: _Toc131603579]eTable 10. The probability that a person is a candidate for HCV treatment without the national hepatitis C elimination initiative 
	Subpopulation
	Probability

	Uninsured
	0.1

	Medicare
	0.25

	Medicaid
	0.2

	Private Insurance
	0.3

	Incarcerated 
	0.02


· Finally, the proportion of persons receiving treatment in each subpopulation () is multiplied by the number of individuals receiving treatment in a given year,  where indicates the year (eTable 9), to estimate the number of individuals in each subpopulation who are receiving treatment in that year, denoted by . 
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[bookmark: _Toc131603580]eFigure 1. HEP-SIM calibration results, including (A) calibration to the prevalence of HCV, United States, 20151  and (B) calibration to the number of liver-related deaths, United States, 2015 to 2019.40
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[bookmark: _Toc131603581]eFigure 2. Number of hepatitis C infected individuals receiving treatment by subpopulation under the status quo, United States, 2024 to 2028
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[bookmark: _Toc131603582]eFigure 3. Number of hepatitis C-infected individuals receiving treatment by subpopulation under the national hepatitis c elimination initiative, United States, 2024 to 2028
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[bookmark: _Toc131603583]eFigure 4. Reduction in HCV-related hepatocellular carcinoma (A), deaths (B), diabetes (C), and chronic kidney disease (D) because of national hepatitis C initiative under the scenario with decreasing HCV incidence


[bookmark: _Toc131603584]eTable 1. Proportion of HCV Infected Persons by Subpopulation, United States

	Insurance Status
	Original Proportiona
	Redistributed Proportion

	Uninsured
	5%
	5.16%

	Medicare
	28%
	28.87%

	Medicaid
	50%
	52.54%

	Private Insurance
	14%
	14.43%

	Other
	2%
	--



a The original proportions are based on a recent CDC analysis that  incorporates evidence on frequency of seeking medical care among persons with diagnosed HCV2 and those with opioid abuse/dependence3 (a proxy for probable recent HCV infections) as well as state-level data for 2012–2015 from a variety of data sources4-8to estimate the number of patients with HCV in each insurance category. 

[bookmark: _Toc131603585]eTable 2. HCV prevalence and breakdown by subpopulation, United States, 2015

	State
	HCV Prevalencea 
	Breakdown by Subpopulation, % b

	
	No. of Viremic People 
	Medicaid
	Medicare
	Private
	Uninsured
	Justice-Involved

	United States
	2,346,990
Calibrated:  2,199,648
	37%
	32%
	18%
	8%
	6%



a Default estimates for HCV prevalence (for the year 2015) were obtained from a recently published work that leverages multiple data sources and advanced statistical models to estimate the prevalence of current HCV infection in each state.1 
 
b Estimates for HCV prevalence in state prisons are obtained from the Hep Corrections website (www.HepCorrections.org). For the non-justice-involved population, estimates of the breakdown of HCV prevalence by insurance status were based eTable 1. 

[bookmark: _Toc131603586]eTable 3. Number of Estimated Acute HCV Cases by Year, United States, 2011 to 2020 and Extrapolated Incident HCV Cases by Year, United States, 2021 to 2050

	Year
	Incident Casesa

	2011
	17,100

	2012
	24,700

	2013
	29,700

	2014
	30,500

	2015
	33,900

	2016
	41,200

	2017
	44,700

	2018
	50,300

	2019
	57,500

	2020
	66,700

	2021
	71,220

	2022
	77,600

	2023
	83,980

	2024
	90,360

	2025
	96,740

	2026
	103,120

	2027
	109,500

	2028
	115,880

	2029
	122,260

	2030
	128,640

	2031
	135,020

	2032
	141,400

	2033
	147,780

	2034
	154,160

	2035
	160,540

	2036
	166,920

	2037
	173,300

	2038
	179,680

	2039
	186,060

	2040
	192,440

	2041
	198,820

	2042
	205,200

	2043
	211,580

	2044
	217,960

	2045
	224,340

	2046
	230,720

	2047
	237,100

	2048
	243,480

	2049
	249,860

	2050
	256,240



a Incident cases for the years from 2011 to 2020 are based on a published CDC estimate.40 Future cases for the years 2021 through 2050 have been extrapolated using a linear trend from the previous years.


[bookmark: _Toc131603587]eTable 4. Distribution of High-Risk Individuals (PWIDs) to Insurance Groups, United States

	Insurance Status
	Proportion9

	Uninsured
	26%

	Medicare
	5.35%

	Medicaid
	65.33%

	Private Insurance
	3.33%






[bookmark: _Toc131603588]eTable 5. Discounted 10- and 20-year cost savings including extrahepatic conditions

	Subpopulation
	10-Year Total Cost
	10-Year Cost Savings
	20-Year Total Cost
	20-Year Cost Savings

	
	Status Quo
	National Hepatitis C Initiative
	
	Status Quo
	National Hepatitis C Initiative
	

	Uninsured
	$34.1 B
	$32.9 B
	$1.2 B
	$68.7 B
	$66.0 B
	$2.7 B

	Private
	$61.3 B
	$59.4 B
	$1.9 B
	$86.1 B
	$81.9 B
	$4.2 B

	Medicare
	$268.1 B
	$263.4 B
	$4.7 B
	$511.3 B
	$496.8 B
	$14.5 B

	Medicaid
	$167.4 B
	$163.3 B
	$4.1 B
	$279.7 B
	$272.4 B
	$7.3 B

	Incarcerated
	$26.8 B
	$25.2 B
	$1.6 B
	$41.3 B
	$38.9 B
	$2.4 B

	Total
	$557.6 B
	$544.2 B
	$13.3 B
	$987.0 B
	$956.0 B
	$31.0 B



[bookmark: _Toc131603589]eTable 6. Cost Savings Attributable to ALL Illnesses Averted Including the cost of non-HCV illnesses (diabetes and chronic kidney disease)

	 Subpopulation
	10-Year Total Cost
	10-Year Cost Savings
	20-Year Total Cost
	20-Year Cost Savings

	
	Status Quo
	National Hepatitis C Initiative
	
	Status Quo
	National Hepatitis C Initiative
	

	Uninsured
	$46.2 B
	$44.6 B
	$1.6 B
	$126.3 B
	$121.4 B
	$4.9 B

	Private
	$83.1 B
	$80.5 B
	$2.6 B
	$158.3 B
	$150.6 B
	$7.7 B

	Medicare
	$363.5 B
	$357.2 B
	$6.3 B
	$940.2 B
	$913.5 B
	$26.7 B

	Medicaid
	$227.0 B
	$221.5 B
	$5.5 B
	$514.3 B
	$500.8 B
	$13.5 B

	Incarcerated
	$36.3 B
	$34.2 B
	$2.1 B
	$75.9 B
	$71.5 B
	$4.4 B

	Total
	$756.1 B
	$738.0 B
	$18.1 B
	$1,815.0 B
	$1,758.0 B
	$57.1 B





[bookmark: _Toc131603590]eTable 7. Non-discounted Cost Savings Attributable to All Illnesses Averted, Including the cost of non-HCV illnesses (diabetes and chronic kidney disease) in the Scenario with Decreasing Incidence Over Time

	Subpopulation
	10-Year Total Cost
	10-Year Cost Savings
	20-Year Total Cost
	20-Year Cost Savings

	
	Status Quo
	National Hepatitis C Initiative
	
	Status Quo
	National Hepatitis C Initiative
	

	Uninsured
	$46.2 B
	$38.9 B
	$7.3 B
	$126.3 B
	$81.6 B
	$44.7 B

	Private
	$83.1 B
	$79.7 B
	$3.4 B
	$158.3 B
	$145.7 B
	$12.6 B

	Medicare
	$363.5 B
	$354.2 B
	$9.3 B
	$940.2 B
	$878.4 B
	$61.8 B

	Medicaid
	$227.0 B
	$207.2 B
	$19.8 B
	$514.3 B
	$404.4 B
	$109.9 B

	Incarcerated
	$36.3 B
	$34.2 B
	$2.1 B
	$75.9 B
	$71.4 B
	$4.5 B

	Total
	$756.1 B
	$714.2 B
	$41.9 B
	$1,815.0 B
	$1,581.4 B
	$233.6 B



eTable 11. Age Distribution by Subpopulation, United States

	
	Age Distribution by Subpopulation10,11

	Insurance Status
	Age 20 ~ 44
	Age 45 ~ 64
	Age 65 and over

	Incarceration
	0.74
	0.245
	0.015

	Medicaid
	0.4413
	0.5469
	0.0118

	Medicare
	0.1234
	0.5016
	0.375

	Private Insurance
	0.3396
	0.5891
	0.0713

	Uninsured
	0.5402
	0.4272
	0.0326



[bookmark: _Toc131603591]eTable 12. Rate of Uninsured People who Transition to Medicaid, United States, 2014 to 2018

	Year
	Expansion Rate41

	2014
	3.3%

	2015
	4.5%

	2016
	3.3%

	2017
	0.2%

	2018
	0.0% 





[bookmark: _Toc131603592]eTable 13. SVR Rates by Treatment, Genotype, Treatment History, and Fibrosis State, United States 

	Treatment History and Fibrosis State
	GT1
	GT2
	GT3
	GT4–6

	DAA non-NS5A22-25*
	
	
	
	

	Treatment naïve
	
	
	
	

	  F0-F3
	0.9
	0.9
	0.85
	0.9

	  F4
	0.8
	0.8
	0.6
	0.8

	Contraindicated with modifiable and non-modifiable reasons

	  F0-F3
	0.9
	0.9
	0.9
	0.9

	  F4
	0.7
	0.7
	0.6
	0.7

	Failed PEG+RBV: relapse
	
	
	
	

	  F0-F3
	0.9
	0.9
	0.85
	0.9

	  F4
	0.8
	0.7
	0.6
	0.75

	Failed PEG+RBV: partial and null response

	  F0-F3
	0.9
	0.9
	0.85
	0.9

	  F4
	0.75
	0.7
	0.6
	0.75

	Failed first-generation PI
	
	
	
	

	  F0-F3
	0.9
	-
	-
	-

	  F4
	0.7
	-
	-
	-

	Failed DAA NS5A (during 2015-2018)
	
	
	
	

	  F0-F3
	-
	-
	-
	-

	  F4
	0.8
	0.8
	0.6
	0.8

	DAA NS5A26-34**
	
	
	
	

	Treatment naïve, contraindicated, failed PEG+RBV, failed BOC/TEL+PEG+RBV (GT1 only), failed DAA non-NS5A, failed DAA nonNS5A

	  F0-F3
	0.95
	0.99
	0.95
	0.99

	  F4
	0.9
	0.99
	0.9
	0.99

	DAA NS5A-next generation35-39***

	All conditions

	  F0-F3
	0.95
	0.99
	0.95
	0.99

	  F4
	0.9
	0.99
	0.9
	0.99


*DAA1 non-NS5A includes the following drug combinations: SOF+IFN+/-RBV, SOF+/-RBV, SOF+SMV+/-RBV, and SMV+IFN+/-RBV.
**DAA1 NS5A includes the following drug combinations: SOF+LDV+/-RBV, SOF+DCV, DCV+IFN+/-RBV, OBV/PTV/r+DSV+/-RBV, OBV/PTV/r+/-RBV, EBR+GZR, and SOF+VEL.
***DAA2 NS5A includes the next wave of potential drug combinations such as SOF/VEL/VOX, grazoprevir/ruzasvir/uprifosbuvir, glecaprevir/pibrentasivr, and odalasvir+AL-335+/SMV

Abbreviations: GT, genotype; PEG, peginterferon; RBV, ribavirin; F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; F4, cirrhosis; BOC, boceprevir; TEL, telaprevir; DAA, direct-acting antiviral; NS5A, nonstructural protein 5A; PI, protease inhibitor; SOF, sofosbuvir; IFN, interferon; SMV, simeprevir; LDV, ledipasvir; DCV, daclatasvir; OBV, ombitasvir; PTV, paritaprevir; r, ritonavir; DSV, dasabuvir; EBR, elbasvir; GZR, grazoprevir; VEL, velpatasvir; VOX, voxilaprevir
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