
Technical Supplement – Detailed Methods and Additional Results 

1 
 

 1 

Supplementary materials for 2 

 3 

Cost-effectiveness of screening and treatment or vaccination of hepatitis B in six high-risk populations in the 4 

US 5 

 6 

November 12, 2018  7 



Technical Supplement – Detailed Methods and Additional Results 

2 
 

Technical Supplement – Detailed Methods and Additional Results 8 

Technical Supplement – Detailed Methods and Additional Results ..........................................................................2 9 

List of Figures ..............................................................................................................................................................3 10 

List of Tables ...............................................................................................................................................................3 11 

I. Modelling ............................................................................................................................................................5 12 

1. Model assumptions ........................................................................................................................................5 13 

2. Markov structure ............................................................................................................................................8 14 

3. Model structure – simplified graphics ......................................................................................................... 11 15 

II. Model Inputs ................................................................................................................................................... 15 16 

1. Distribution of patients entering the model ............................................................................................... 15 17 

2. Transition probabilities for acute and chronic hepatitis B Markov health states: natural history and with 18 

treatment ............................................................................................................................................................ 16 19 

3. Screening and linkage to care inputs ........................................................................................................... 18 20 

4. Transition probabilities and risk reduction with chronic hepatitis B treatment ......................................... 26 21 

5. Transmission probabilities ........................................................................................................................... 32 22 

6. Prevention ................................................................................................................................................... 32 23 

7. Health related quality of life: Natural history and treatment ..................................................................... 33 24 

8. Utility loss with anti-viral treatment ........................................................................................................... 33 25 

9. Cost Inputs ................................................................................................................................................... 34 26 

10. Sensitivity analyses methods ................................................................................................................... 38 27 

III. Model Calibration and Validation ................................................................................................................ 39 28 

1. Calibration and Validation of Natural History Model .................................................................................. 39 29 

2. Validation of Treatment Model ................................................................................................................... 44 30 

IV. Additional Base-Case Results ...................................................................................................................... 47 31 

1. Results by strategy and program for each study population ...................................................................... 47 32 

2. Results by comparative broad strategies for each study population .......................................................... 52 33 

V. Scenario Analysis ............................................................................................................................................. 54 34 

1. Improved screening and linkage to care – ICER Calculations ...................................................................... 54 35 

2. Improved screening and linkage to care - Clinical Outcomes ..................................................................... 57 36 

VI. Additional One-Way Analyses ..................................................................................................................... 59 37 

1. Tornado Analyses: ....................................................................................................................................... 59 38 

2. Effect of uncertainty around population-specific prevalence and incidence rates on ICER ....................... 66 39 

VII. References ................................................................................................................................................... 67 40 

  41 



Technical Supplement – Detailed Methods and Additional Results 

3 
 

List of Figures 42 

FIGURE S1: MARKOV STATE DIAGRAM OF NATURAL HISTORY OF ACUTE AND CHRONIC HEPATITIS B ................................................................... 9 43 
FIGURE S2: SIMPLIFIED TREATMENT MODEL TREE STRUCTURE .................................................................................................................. 11 44 
FIGURE S3: SIMPLIFIED SCREEN AND TREAT (TREATMENT ONLY) MODEL TREE STRUCTURE ............................................................................. 12 45 
FIGURE S4: SIMPLIFIED SCREEN AND VACCINATE (VACCINATION ONLY) MODEL TREE STRUCTURE ..................................................................... 13 46 
FIGURE S5: SIMPLIFIED SCREEN AND TREAT OR VACCINATE (INCLUSIVE) MODEL TREE STRUCTURE.................................................................... 14 47 
FIGURE S6: PERCENT OF PATIENTS TRANSITIONING FROM IMMUNE TOLERANT PHASE TO CHRONIC HEPATITIS B ................................................. 40 48 
FIGURE S7: CUMULATIVE PROBABILITIES OF CIRRHOSIS AND HCC IN THE NATURAL HISTORY MODEL AND EPIDEMIOLOGY DATA ............................. 42 49 
FIGURE S8: CUMULATIVE PROBABILITIES GRAPHS FROM REVEAL-HBV STUDY ........................................................................................... 43 50 
FIGURE S9: PERCENT REDUCTION OF KEY CLINICAL OUTCOMES OF CHRONIC HEPATITIS B WITH TREATMENT ...................................................... 46 51 
FIGURE S10: SHORT-TERM AND INTERMEDIATE CLINICAL OUTCOMES FOR EACH POPULATION IN SCENARIO ANALYSIS .......................................... 57 52 
FIGURE S11: LONG-TERM CLINICAL OUTCOMES FOR EACH POPULATION IN SCENARIO ANALYSIS ...................................................................... 58 53 
FIGURE S12: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR ASIAN AND PACIFIC ISLANDERS ............... 60 54 
FIGURE S13: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR AFRICA BORN BLACK POPULATION .......... 61 55 
FIGURE S14: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR INCARCERATED INDIVIDUALS .................. 62 56 
FIGURE S15: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR REFUGEES .......................................... 63 57 
FIGURE S16: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR PEOPLE WHO INJECT DRUGS ................. 64 58 
FIGURE S17: SENSITIVITY ANALYSIS FOR THE INCLUSIVE STRATEGY COMPARED TO NO INTERVENTION FOR MEN WHO SEX WITH MEN ................... 65 59 

 60 

List of Tables 61 

TABLE S1: DISTRIBUTION OF PATIENTS ENTERING THE MODEL, BY HEALTH STATE ......................................................................................... 15 62 
TABLE S2: ANNUAL TRANSITION PROBABILITIES - NATURAL HISTORY OF ACUTE AND CHRONIC HEPATITIS B (WITHOUT TREATMENT) .................... 17 63 
TABLE S3: POPULATIONS WITH HIGH PREVALENCE OF CHRONIC HEPATITIS B ............................................................................................... 18 64 
TABLE S4: PROPORTION OF PERSONS SUSCEPTIBLE TO HEPATITIS B, BY SUBGROUP ...................................................................................... 19 65 
TABLE S5: SPECIFICITY AND SENSITIVITY OF HEPATITIS B SCREENING TESTS ................................................................................................. 19 66 
TABLE S6: SCREENING AND LINKAGE TO CARE (TREATMENT OR VACCINATION) STRATEGIES MODELED, BY POPULATION ....................................... 23 67 
TABLE S7: SCREENING PROGRAM EFFECTIVENESS OF REFERRAL AND LINKAGE TO TREATMENT, BY POPULATION .................................................. 24 68 
TABLE S8:  SCREENING PROGRAM EFFECTIVENESS OF REFERRAL AND LINKAGE TO VACCINATION, BY POPULATION ............................................... 25 69 
TABLE S9: TRANSITION PROBABILITIES WITH ANTI-VIRAL TREATMENT, YEAR 1 ............................................................................................. 27 70 
TABLE S10: ANNUAL PROBABILITIES WITH ANTI-VIRAL TREATMENT, YEAR 2+ .............................................................................................. 28 71 
TABLE S11: ANNUAL PROBABILITIES FOR DEVELOPING RESISTANCE TO NUCLEOS(T)IDE THERAPIES ................................................................... 29 72 
TABLE S12: PROPORTION OF PATIENTS RETREATED ON AN ANNUAL BASIS AFTER DISCONTINUATION OF THERAPY OR DEVELOPMENT OF RESISTANCE . 29 73 
TABLE S13: PROPORTION OF PATIENTS WITH SUPPRESSED HEPATITIS B DNA IN THE FIRST YEAR OF TREATMENT AND SUBSEQUENT YEARS .............. 30 74 
TABLE S14: RISK REDUCTION OF ADVANCED LIVER DISEASE WITH SUPPRESSED HEPATITIS B VIRUS DNA WITH TREATMENT .................................. 31 75 
TABLE S15: ANNUAL INCIDENCE OF HORIZONTAL ACUTE INFECTION AMONGST SUSCEPTIBLE ADULTS WITHIN A POPULATION ................................ 32 76 
TABLE S16: HEPATITIS B VACCINE EFFECTIVENESS RATES AMONG THOSE COMPLETING THE 3-DOSE SERIES, BY NUMBER OF DOSES ........................ 32 77 
TABLE S17: HEALTH STATE UTILITIES .................................................................................................................................................. 33 78 
TABLE S18: ANNUAL UTILITY LOSS DUE TO TREATMENT .......................................................................................................................... 33 79 
TABLE S19: HEPATITIS B HEALTH STATE COSTS (ANNUAL EXCEPT AS NOTED WITH E FOR EPISODE) .................................................................. 34 80 
TABLE S20: INITIAL DIAGNOSTIC TESTS, FREQUENCY OF TESTING AND RELATED COSTS ................................................................................... 35 81 
TABLE S21: TESTS FOR MONITORING TREATMENT, FREQUENCY OF TESTING AND RELATED COSTS .................................................................... 36 82 
TABLE S22: ADMINISTRATIVE COSTS OF SCREENING PROGRAMS ............................................................................................................... 37 83 
TABLE S23: COST OF TREATMENTS ..................................................................................................................................................... 37 84 
TABLE S24: COST OF HEPATITIS B VACCINES ........................................................................................................................................ 38 85 
TABLE S25:ANNUAL COST OF MEDICAL MANAGEMENT OF TREATMENT RELATED ADVERSE EVENTS .................................................................. 38 86 
TABLE S26: AGE DEPENDENT TRANSITIONS FROM IMMUNE TOLERANT TO IMMUNE ACTIVE PHASE ................................................................ 39 87 
TABLE S27: CHB NATURAL HISTORY MODEL VALIDATION FOR CIRRHOSIS AND HCC WITH REVEAL-HBV STUDY ............................................... 42 88 
TABLE S28: RESULTS OF 25,000 NATURAL HISTORY MODEL SIMULATIONS OVER VARYING TIME-HORIZONS ...................................................... 42 89 



Technical Supplement – Detailed Methods and Additional Results 

4 
 

TABLE S29: TREATMENT VALIDATION TEST COHORT AND TREATMENT CHARACTERISTICS ............................................................................... 44 90 
TABLE S30: BASE-CASE RESULTS FOR SCREEN AND VACCINATE STRATEGY BY PROGRAM, BY POPULATION .......................................................... 47 91 
TABLE S31: BASE-CASE RESULTS FOR SCREEN AND TREAT (WITH TENOFOVIR) STRATEGY BY PROGRAM, BY POPULATION ...................................... 48 92 
TABLE S32: BASE-CASE RESULTS FOR SCREEN AND TREAT (WITH ENTECAVIR) STRATEGY BY PROGRAM, BY POPULATION ....................................... 49 93 
TABLE S33: BASE-CASE RESULTS FOR SCREEN AND VACCINATE OR TREAT (WITH TENOFOVIR) STRATEGY BY PROGRAM, BY POPULATION .................. 50 94 
TABLE S34: BASE-CASE RESULTS  FOR SCREEN AND VACCINATE OR TREAT STRATEGY BY PROGRAM, BY POPULATION ............................................ 51 95 
TABLE S35: BASE-CASE RESULTS FOR SCREENING AND LINKAGE TO CARE (TENOFOVIR TREATMENT) STRATEGIES, BY POPULATION .......................... 52 96 
TABLE S36: BASE-CASE RESULTS FOR SCREENING AND LINKAGE TO CARE (ENTECAVIR TREATMENT) STRATEGIES, BY POPULATION .......................... 53 97 
TABLE S37: SCENARIO ANALYSIS - IMPROVED SCREENING AND LINKAGE TO CARE, USING TENOFOVIR BASED TREATMENT AND RETREATMENT - ICER 98 

CALCULATIONS ...................................................................................................................................................................... 55 99 
TABLE S38: SCENARIO ANALYSIS - IMPROVED SCREENING AND LINKAGE TO CARE, USING ENTECAVIR BASED TREATMENT AND RETREATMENT - ICER 100 

CALCULATIONS ...................................................................................................................................................................... 56 101 
TABLE S39: EFFECT OF PREVALENCE AND INCIDENCE ON COST-EFFECTIVENESS OF THE INCLUSIVE STRATEGY, BY POPULATION ............................... 66  102 



Technical Supplement – Detailed Methods and Additional Results 

5 
 

I. Modelling  103 

1. Model assumptions  104 

Modelling natural history: Key assumptions 105 

1. Patients entered the model in one of two ways:   106 

a. To reflect the current population distribution of chronic hepatitis B at diagnosis, patients 107 

started the simulation in one of seven CHB health states: 108 

i. Immune tolerant (after perinatal transmission) 109 

1. Perinatal infection and immune tolerant state were built into the model for 110 

completeness of the natural history and to allow for full calibration of the 111 

model. This study does not analyze perinatal infection. 112 

ii. Inactive HBeAg negative. This group can be: 113 

1. Non-cirrhotic 114 

2. Cirrhotic 115 

iii. Active HBeAg positive chronic hepatitis B. This group can be: 116 

1. Non-cirrhotic 117 

2. Cirrhotic  118 

iv. Active HBeAg negative chronic hepatitis B. This group can be: 119 

1. Non-cirrhotic 120 

2. Cirrhotic 121 

b. New infections (perinatal and horizontal adult exposures) could enter via the initial exposure 122 

and acute hepatitis B state, and may progress to the states above. Detail below. 123 

2. Adult patients who acquired hepatitis B while in the model through transmission entered the acute 124 

hepatitis B state and transitioned into either chronic hepatitis B, immune active phase (HBeAg+), or 125 

achieve hepatitis B surface antigen (HBsAg) clearance. Asymptomatic and symptomatic acute 126 

hepatitis, fulminant hepatitis (amongst symptomatic patients), and death and liver transplant from 127 

fulminant hepatitis was modeled in this state. 128 

3. Perinatal transmissions of hepatitis B did not enter the acute hepatitis state; these patients entered 129 

the immune tolerant or surface antigen clearance state. 130 

4. Horizontal transmission for children under 5 was not be modeled. 131 

5. Immune tolerant patients experienced annual progression to immune active phase of chronic 132 

hepatitis B into the non-cirrhotic, HBeAg positive and HBsAg positive state.  133 

6. Progression from immune tolerant phase to active phase was age-specific so that all patients enter 134 

active hepatitis B before 40 years of age. This was based on epidemiological findings that majority of 135 

patients will transition into active hepatitis B between the ages of 20 and 40, based on genotype of 136 

hepatitis B virus.1,2 137 

7. Patients in HBeAg positive status with active disease, both non-cirrhotic and cirrhotic, were able to 138 

transition to active corresponding HBeAg negative states.  139 

8. HBeAg+ can jump to inactive state without going through the HBeAg- active state. 140 

9. Inactive states were HBeAg- (with suppressed HBV DNA (<2000 IU/ml) and normal liver enzymes) 141 

and Anti-HBe. 142 

10. Patients in active HBeAg positive and HBeAg negative states (both non-cirrhotic and cirrhotic), can 143 

transition into HBeAg negative, anti-HBe (inactive stat in which antibodies to HBeAg have 144 

developed) state.  145 

11. Patients who seroconvert to anti-HBe and are in the inactive state were able to experience 146 

reactivation of HBeAg negative and HBeAg positive active hepatitis. 147 
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12. Cirrhosis regression in natural history was not be modeled for patients who achieved anti-HBs. 148 

13. Cirrhosis regression in natural history was not be modeled for HBeAg+ and HBeAg- who entered 149 

inactive states.  150 

14. Non-cirrhotic patients who achieved HBsAg clearance/anti-HBs status were allowed to progress to 151 

cirrhosis, in sensitivity analyses.  152 

15. Inactive chronic hepatitis B state in this model were marked by anti-HBe positive with normal ALT 153 

and low DNA levels. 154 

16. Chronic hepatitis B patients who achieve inactive state were eligible for HBsAg seroconversion to 155 

anti-HBs (used interchangeably with HBsAg seroclearance and “resolved”).  156 

17. Patients who seroconverted to anti-HBs (i.e. enter the resolved state) did not experience 157 

reactivation of chronic hepatitis B (not modeled).  158 

18. Reoccurrence of hepatitis B in patients who underwent liver transplantation was not be modeled. 159 

19. Patients were able to transmit the virus, on an annual basis, to a susceptible individual, adjusted for 160 

a given population, in any state except after seroconversion of HBsAg to anti-HBs (or resolved) state. 161 

20. For perinatal infections, risk for infection and establishment of chronic hepatitis B were stratified 162 

according to mother’s HBeAg status as negative or positive. 163 

21. Patients could develop hepatocellular carcinoma from any state except initial exposure/acute 164 

hepatitis states, resolved, and post-liver transplant. 165 

22. The model did not distinguish between patient sex or hepatitis B virus genotype, although these 166 

factors can influence clinical outcomes. 167 

23. Patients experienced age-specific background mortality based on US life tables. 168 

24. Hepatitis B related excess mortality was modeled in active and inactive hepatitis B states, non-169 

cirrhotic and cirrhotic. 170 

25. Hepatitis B related mortality for advanced states (fulminant failure, liver failure, liver carcinoma, 171 

liver transplantation and post-liver transplant) was also be modeled. Background mortality in these 172 

states will not be portrayed.  173 

Modelling treatment: Key assumptions 174 

26. The model included treatment naïve and lamivudine-experienced patients. 175 

27. Treatment was only initiated in active CHB (HBeAg- or HBeAg+). Treatment was not be modeled in 176 

immune tolerant phase, decompensated cirrhosis or liver cancer.  177 

28. Lamivudine experienced or resistance patients, if retreated, were eligible only for tenofovir therapy, 178 

due to evidence of developing high levels of resistance with entecavir therapy.3 179 

29. Entecavir experienced or resistance patients, if retreated, were eligible for only tenofovir switch.  180 

30. Patients who experienced tenofovir resistance will go into natural history of CHB and were not 181 

allowed retreatment. 182 

31. Treatment of CHB occurred in the immune active phases, depending on the status of DNA, ALT, and 183 

histological disease. It increased the transition from active phases to the inactive phase, and 184 

indirectly to resolved disease. 185 

32. Treatment, depending on drug and duration, increased transition of HBeAg positive / HBsAg 186 

positive, both non-cirrhotic and cirrhotic, to HBeAg negative / HBsAg positive. Transition 187 

probabilities for HBeAg seroconversion with treatment were varied over time (higher in the first 188 

year). 189 

33. Transition probabilities for drug resistance were varied over the first five years for each treated 190 

patient, remaining constant in subsequent years. 191 
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34. Transition probabilities for viral suppression (lower DNA) were varied over time. In the Markov this 192 

is represented as transition to HBeAg negative state and inactive disease. 193 

35. Transition probabilities for HBsAg seroconversion were varied over time, dependent on treatment.  194 

36. For all HBeAg- and cirrhotic HBeAg+ patients, treatment was modeled to continue until HBsAg loss.  195 

37. For non-cirrhotic HBeAg+, treatment was continued for 12 months after achieving inactive disease 196 

(i.e. seroconversion to anti-HBe), regardless of HBsAg status. Once in the inactive state, patients 197 

followed the natural history. And those who experienced reactivation of CHB to HBeAg+ or HBeAg- 198 

states, if retreated, were eligible for tenofovir therapy. 199 

38. Patients who discontinued treatment (either tenofovir or entecavir) entered natural history. These 200 

patients, if retreated, were eligible for tenofovir treatment only.  201 

39. Cirrhosis regression in treatment was modeled for patients who achieved anti-HBs. 202 

40. Cirrhosis regression in treatment was modeled for HBeAg+ and HBeAg- who entered inactive states.  203 

Modelling prevention: Key assumptions 204 

41. For susceptible high-risk adults, prevention with hepatitis B vaccine was modeled, taking into 205 

consideration the probability of completing one, two or all three doses of the series. 206 

42. Data for completing vaccine series was derived from population specific literature when possible. 207 

Assumptions, based on other high-risk populations, was used when population-specific data were 208 

unavailable. 209 

Modelling screening and linkage to care: Key assumptions 210 

43. High risk, high prevalence populations were modeled for targeted screening and linkage to care.  211 

44. ‘Care’ in the model will consist of treatment (for those with active CHB) or vaccination for 212 

susceptible adults. 213 

45. Three screening and linkage options were modeled: 1) screen and treat; 2) screen and vaccinate; 214 

and 3) screen and treat or vaccinate. 215 

46. For each screening and linkage option, population and program specific inputs were used. When 216 

population specific program inputs for screening and linkage were not available, data from other 217 

hepatitis B programs or other disease (such as hepatitis C) screen and linkage programs was used. 218 

47. The model took into account the probability of false negatives and false positives with screening 219 

tests and allocated costs and patient disposition accordingly. 220 

Transmission: Key assumptions 221 

48. Within population transmission based on annual incidence rates of acute hepatitis B in high-risk 222 

populations were modeled for susceptible adult patients. 223 

49. Populations did not interact with each other in this model. 224 

  225 
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2. Markov structure 226 

Markov tree and stages: Figure 4 below is a detailed portrayal of the Markov disease state structure. It 227 

shows the natural history of acute HBV infection and chronic hepatitis B Markov with transitions from 228 

source to target states. It uses mainly annual transition probabilities between health states. 229 
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 230 

Figure S1: Markov state diagram of natural history of acute and chronic hepatitis B 231 

Supplement Figure 1 description: The figure depicts the natural history of hepatitis B virus infection from initial 232 

exposure and infection (acute HBV) to development of chronic hepatitis B (CHB) health states (blue boxes). The 233 
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diagram flows from top (initial exposure, initial health states) to bottom (advanced liver diseases and death). The 234 

blue arrows show progression from a health state of lower severity to higher severity. Solid green arrows depict 235 

resolution of HBV infection, defined as hepatitis B surface antigen clearance and/or development of antibody to 236 

the surface antigen (green boxes). Dashed green arrows show the potential for regression of liver cirrhosis to a 237 

non-cirrhotic state from inactive hepatitis B or resolved states. Orange arrows show reactivation of hepatitis B 238 

from inactive (HBeAg- and anti-HBe) states to either HBeAg- or HBeAg+ active hepatitis B. The ovals with red 239 

outline indicate health states in which treatment can initiate for patients with chronic hepatitis B.  240 
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3. Model structure – simplified graphics 241 

To illustrate how the hepatitis B model was operationalized, in addition to Figure 1 in the main paper, simplified figures of the model’s tree structure 242 

are produced below for reference. 243 

 244 

Figure S2: Simplified treatment model tree structure 245 

Caption: The figure shows how the patients progress through the treatment model by using a simplified visualization of year 1 of treatment. Patients 246 

progress through the model to either achieve DNA suppression or not, depending on treatment selected and year of treatment, followed by CHB related and 247 

background death, discontinuation, development of resistance, and hepatocellular carcinoma. Patients then transition into HBeAg- state, inactive CHB state, 248 

cirrhosis or next year of treatment in the same state. In the model, the probabilities for many of the outcomes differ depending which year treatment the 249 

patients are in and whether or not DNA suppression has been successful.  250 
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 251 

Figure S3: Simplified screen and treat (treatment only) model tree structure 252 
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 253 

Figure S4: Simplified screen and vaccinate (vaccination only) model tree structure  254 
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 255 

Figure S5: Simplified screen and treat or vaccinate (inclusive) model tree structure  256 
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II. Model Inputs 257 

Below, input values for the model are listed by category. Multiple sources were used to collect data on input 258 

parameters. We conducted literature reviews of published primary and economic analyses of hepatitis B. 259 

The annual probabilities, patient distribution proportions, costs, utilities, and effectiveness of drugs and 260 

prevention methods are extracted from literature, including previously published cost-effectiveness studies. 261 

When annual transition probabilities for natural history were unavailable or refinement of estimates was 262 

indicated, data were extracted from primary studies and annual probabilities calculated. Expert estimates 263 

will be used for input parameters when necessary.  264 

For calculation of annual probabilities from results over longer time periods, we followed established 265 

methods4 as provided by the following equations: 266 

Equation 1: 𝑟 = −
1

𝑡
ln⁡(1 − 𝑝) 267 

Equation 2: 𝑝 = 1 − 𝑒−𝑟𝑡 268 

where r = rate or risk; t = time; and p = cumulative proportion or probability   269 

1. Distribution of patients entering the model 270 

A. Distribution of patients in immune tolerant, inactive and active (HBeAg positive and negative) states was 271 
determined from primary literature.5 There are, however, limited data to inform status of cirrhosis in 272 
immune active and inactive phases. Thus, based on a previous economic analysis, it was assumed that, 273 
in the initial entry cohort, 5% of patients in each of the immune active phases (HBeAg- and HBeAg+) and 274 
the inactive phase are cirrhotic.6 The number of patients in any given state were dynamically adjusted 275 
over time based on the transition probabilities listed in the next section.  276 
 277 

Table S1: Distribution of patients entering the model, by health state 278 

Markov entry state Base-case (%) Lower Limit (%) Upper Limit (%) Ref 

Immune Tolerant Phase 5.74 4.31 7.18 5 

Immune Active Phase (HBeAg+) 

HBeAg+, Non-Cirrhotic 21.02 15.77 26.28 5 

HBeAg+, Cirrhotic* 1.11 0.83 1.38 5 

Immune Active Phase (HBeAg-)^ 

HBeAg-, Non-Cirrhotic 31.12 23.34 38.90 5 

HBeAg-, Cirrhotic* 1.64 1.23 2.05 5 

Immune Inactive Phase^ 

HBeAg-, Inactive CHB, Non-Cirrhotic 37.40 28.05 46.75 5 

HBeAg-, Inactive CHB, Cirrhotic* 1.97 1.48 2.46 5 

*Prevalence of cirrhosis was assumed to be 5% amongst each of the three phases; distribution of cirrhotic 

patients calculated by authors based on the absolute numbers provided in the study. 

^Distribution of patients in the immune active HBeAg- and in the HBeAg- inactive phase were calculated 

by the authors from the study data. Immune active HBeAg- patients were defined as those with detectable 

DNA and elevated ALT (> 1 x Upper Normal Limit), as reported in the study. 

HBeAg+/-: Hepatitis B e-antigen positive or negative; CHB: Chronic Hepatitis B; Ref: Reference 

  279 
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2. Transition probabilities for acute and chronic hepatitis B Markov health states: natural 280 

history and with treatment 281 

 282 

A. Natural history  283 

Probabilities for initial exposure and acute hepatitis in perinatal and adult horizontal infection were 284 

collected from literature and previously published economic analyses.6-16 We also collected and 285 

meta-analyzed primary data when there was wide variability in published estimates or refinement 286 

was needed, for example on the probability of mother to infant transmission by HBeAg status.17-31 287 

Similarly, mortality from fulminant hepatitis B was aggregated from primary literature.32-37 Wide 288 

variability in point estimates on annual probability of HBsAg clearance was observed6,9,11,12,38 so we 289 

calculated annual probability of clearing HBsAg by combining primary literature.38-52 There was a 290 

dearth of data in published economic evaluations on development of hepatocellular carcinoma 291 

following HBsAg clearance, thus we calculated annual probabilities from primary studies.45,49-53 292 

Similar steps were taken to collect and refine data for development of cirrhosis54,55 and 293 

hepatocellular carcinoma55 based on cirrhosis status in inactive phase of chronic hepatitis B.  294 

B. Development of HCC in Africa Born populations  295 

Evidence suggests that for sub-Saharan Africa born Black population, there is a higher incidence of 296 

hepatocellular carcinoma at a younger age.56-61 Although there is substantial heterogeneity in the 297 

data, for this study, we assumed that the annual incidence of HCC in this population to be 1.5 times 298 

higher (with a range of 1 to 2.5) than baseline rates used in the model for other populations. This 299 

increase in annual probability of HCC is applied to all hepatitis B health states from which HCC can 300 

develop. 301 

C. Development of chronic hepatitis B in people who inject drugs  302 

Evidence also suggests that PWIDs may have twice the risk of developing chronic hepatitis from 303 

exposure than the general population.62 In this model, we simulated the transition from acute to 304 

chronic hepatitis for PWIDs to be 10% (varied from 5 to 15%), compared the 5% for other 305 

populations. 306 

 307 

Literature generally did not distinguish probabilities between active HBeAg negative vs positive 308 

hepatitis B, so we assumed the probabilities to be equivalent. When confidence intervals were 309 

unavailable for input parameters we used +/- 25% of the base case estimate to portray uncertainty.   310 
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Table S2: Annual Transition Probabilities - Natural History of Acute and Chronic Hepatitis B (without treatment) 311 

Source State Target  State Base 

Case 

(%) 

Lower 

Limit 

(%) 

Upper 

Limit 

(%) 

Reference 

HBV exposure, perinatal           

HBV Exposure, Perinatal, HBeAg+ mother Neonatal Infection 87.0 73.3 97.0 17-23,25-31 

HBV Exposure, Perinatal, HBeAg- mother Neonatal Infection 14.0 6.0 24.0 17-21,23,24,27,28,30  

Neonatal Infection Immune Tolerant Phase 90.0 85.0 95.0 63 

Immune Tolerant Phase HBeAg+, Active CHB, No Cirrhosis Age-Dependent1 Calculated 

HBV exposure, adult           

HBV Exposure, Adult Acute Hepatitis, Adult 100.0 95.0 100.0 Assumption 

Acute Hepatitis, Adult Acute Hepatitis, Adult, Symptomatic 30.0 20.0 40.0 16 

Acute Hepatitis, Adult Acute Hepatitis, Adult, Asymptomatic 1 – Symptomatic Hepatitis 16 

Acute Hepatitis, Adult, Symptomatic Fulminant Hepatitis2 4.0 3.0 5.0 8,16 

Fulminant Hepatitis HBeAg+, Active CHB, No Cirrhosis  7.1 5.3 8.9 9,11 

Fulminant Hepatitis HBsAg Clearance (Resolved) 1 – HBeAg+, Active CHB Calculated 

Fulminant Hepatitis Liver Transplant 1.70 1.69 4.50 64 

Fulminant Hepatitis Death, Hepatitis B related 67.0 50.3 83.8 32-36 

Acute Hepatitis, Adult, Asymptomatic3 HBeAg+, Active CHB, No Cirrhosis  5.0 1.0 10.0 15,65,66 

Acute Hepatitis, Adult, Asymptomatic HBsAg Clearance (Resolved) 1 – HBeAg+, Active CHB 15 

Acute Hepatitis, Adult, Symptomatic3 HBeAg+, Active CHB, No Cirrhosis  5.0 1.0 10.0 15,65,66 

Acute Hepatitis, Adult, Symptomatic HBsAg Clearance (Resolved) 1 – HBeAg+, Active CHB 15 

CHB, HBeAg+           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg+, Active CHB, Cirrhotic 2.4 0.7 3.8 12,15 

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Active CHB, Non-Cirrhotic 1.9 1.0 3.8 12 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Active CHB, Cirrhotic 1.9 1.0 3.8 12 

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 9.5 7.1 11.9 16 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 9.5 7.1 11.9 16 

CHB, HBeAg-           

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Active CHB, Cirrhotic 4.6 0.5 15.0 12,15 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 1.6 0.0 11.0 12 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 1.6 0.0 11.0 12 

HBeAg-, Inactive CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 0.6 0.4 0.7 54,55 

Reactivation of CHB           

HBeAg-, Inactive CHB, Non-Cirrhotic HBeAg+, Active CHB, Non-Cirrhotic 0.200 0.185 0.300 67 

HBeAg-, Inactive CHB, Non-Cirrhotic HBeAg-, Active CHB, Non-Cirrhotic 1.6 1.2 2.0 67 

HBeAg-, Inactive CHB, Cirrhotic HBeAg-, Active CHB, Cirrhotic 0.7 0.5 0.9 67 

Progression to DC           

HBeAg+, Active CHB, Cirrhotic Decompensated Cirrhosis 5.0 2.3 9.5 6,15 

HBeAg-, Active CHB, Cirrhotic Decompensated Cirrhosis 5.0 2.3 9.5 51,53 

HBeAg-, Inactive CHB, Cirrhotic Decompensated Cirrhosis 0.0 0.0 0.1 Assumption 

Progression to HCC4           

Immune Tolerant Phase Hepatocellular Carcinoma 0.060 0.045 0.075 68 

HBeAg+, non-cirrhotic, Active CHB Hepatocellular Carcinoma 0.5 0.2 0.7 6,8,16 

HBeAg+, Active CHB, Cirrhotic Hepatocellular Carcinoma 2.4 0.2 8.1 6,8,16 

HBeAg-, Active CHB, Non-Cirrhotic Hepatocellular Carcinoma 0.5 0.2 0.7 6,8,16 

HBeAg-, Active CHB, Cirrhotic Hepatocellular Carcinoma 2.4 0.2 8.1 6,8,16 

HBeAg-, Inactive CHB, Non-Cirrhotic Hepatocellular Carcinoma 0.100 0.075 0.125 55 

HBeAg-, Inactive CHB, Cirrhotic Hepatocellular Carcinoma 1.1 0.9 1.4 55 

Decompensated Cirrhosis Hepatocellular Carcinoma 6.3 3.0 7.0 15 

Anti-HBs Hepatocellular Carcinoma 0.7 0.5 0.9  45,49-53 

Progression to Liver Transplant           

Decompensated Cirrhosis Liver Transplant 1.70 1.69 4.50 64 

Hepatocellular Carcinoma Liver Transplant 1.70 1.69 4.50 64 

CHB related mortality           

Immune Tolerant Phase Death 0.7 0.0 0.9 9,14 
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HBeAg+, non-cirrhotic, Active CHB Death 1.0 0.3 2.8 15 

HBeAg+, Active CHB, Cirrhotic Death 3.0 1.3 4.8 15 

HBeAg-, Active CHB, Non-Cirrhotic Death 1.0 0.3 2.8 15 

HBeAg-, Active CHB, Cirrhotic Death 3.0 1.3 4.8 15 

HBeAg-, Inactive CHB, Non-Cirrhotic Death 0.7 0.4 0.9 15 

HBeAg-, Inactive CHB, Cirrhotic Death 0.7 0.4 0.9 Assumption 

Decompensated Cirrhosis Death 12.9 10.3 15.5 69 

Hepatocellular Carcinoma Death 42.7 34.2 51.2 69 

Anti-HBs Death 0.0 0.0 0.9 6 

Liver transplant related mortality           

Liver Transplant Death 10.7 9.0 13.0 69 

Post Liver Transplant Death 4.9 3.9 5.9 69 

Clearance of HBsAg           

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 0.8 0.6 0.9  38-52 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 0.8 0.6 0.9  38-52 

Regression of Cirrhosis           

HBeAg-, Inactive CHB, Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 0.0 0.0 0.5 Assumption 

Anti-HBs, Cirrhotic Anti-HBs, Non-Cirrhotic 0.0 0.0 0.5 Assumption 

Progression of cirrhosis post-HBs Clearance           

Anti-HBs, Non-Cirrhotic Anti-HBs, Cirrhotic 0.0 0.0 0.5 Assumption 

1: Model calibrated to match natural history data. See Section III of Supplement for details. 

2: Development of fulminant hepatitis applied only to patients who develop symptomatic acute hepatitis (i.e. 4% risk of fulminant 

hepatitis among 30% who develop acute hepatitis in base-case) 

3: Double for PWID  

4: 1.5x baseline for Africa born Blacks 

HBeAg+/-: Hepatitis B e-antigen positive or negative; HBV: Hepatitis B Virus; CHB: Chronic Hepatitis B; HBs – Hepatitis B Surface 

Antigen ; Anti-HBs – Antibody to Hepatitis B Surface Antigen;  

 312 

3. Screening and linkage to care inputs 313 

The following section details the strategies for screening and linking to care (treatment or vaccination) by 314 

various populations of interest to this model. The data for prevalence of active hepatitis B and susceptibility 315 

are also shown for each population. 316 

A. Prevalence of chronic hepatitis B, by subgroup  317 

The table below shows the data for prevalence of chronic hepatitis B (HBsAg+) in adults (age 18 and over) 318 

within selected populations. 319 

Table S3: Populations with high prevalence of chronic hepatitis B 320 

Populations with high prevalence of 

chronic hepatitis B 

Group level prevalence of chronic hepatitis B Ref 

Base Case (%) Lower Limit (%) Upper Limit (%)  

Foreign born Asian and Pacific Islanders 7.9 5.9^ 9.9^ 70 

Incarcerated persons 1.4 0.3 3.1 71 

People who inject drugs 11.8 3.5 20 72 

Men who have sex with men 2.3 1.7 2.9 73 

Africa born 9.7 7.3^ 12^ 74 

Refugees 6.3* 4.7^ 7.9^ 75 

^Author selected to be +/- 25% of base-case value.  

*Calculated from study data based on refugees screened between 2011 and 2014 

Ref: Reference 
 321 
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B. Proportion of persons susceptible to hepatitis B, by subgroup 322 

The table below shows the proportion of adult (age 18 and over) populations that are expected to be 323 

susceptible to hepatitis B virus. This is excluding individuals who are positive for HBsAg (i.e. CHB) and 324 

have natural or vaccine induced immunity. 325 

Table S4: Proportion of persons susceptible to hepatitis B, by subgroup 326 

Populations at high risk of hepatitis B 

Group level susceptibility to hepatitis B virus  

Base Case (%)* Lower Limit (%)^ Upper Limit (%)^ Ref 

Foreign born Asian and Pacific Islanders 41 31 51 
76 

Incarcerated persons 53 40 66 
77,78 

People who inject drugs 44 33 55 
79 

Men who have sex with men 62 47 78 
73 

Africa born 48 36 61 
76 

Refugees 55 41 69 
80 

*Calculated from study data. All values rounded to the nearest whole number. 

^Author selected to be +/- 25% of base-case value. All values rounded to the nearest whole number. 

Ref: Reference 
 327 

C. Screening tests for hepatitis B 328 

Numerous types of hepatitis B surface antigen and surface antibody tests are available, most are 329 

highly specific and sensitive.81,82 For the purposes of screening patients in this model, HBsAg and 330 

anti-HBs assay tests will be modeled using the specificity and sensitivity as described in the table 331 

below. HBsAg test is used to detect acute and chronic hepatitis B infection. Anti-HBs is used to 332 

detect presence of immunity, either due to resolved past infection or vaccine-induced immunity. 333 

Table S5: Specificity and Sensitivity of hepatitis B screening tests 334 

Test Specificity Sensitivity Lower Limit^ Upper Limit^ Ref. 

Hepatitis B Surface Antigen (HBsAg)* 99.97% 99.80% 0.95 1 83 

Hepatitis B Surface Antibody Test (Anti-HBs) 97.90% 99.80% 0.95 1 15,81 

*ARCHITECT HBsAg qualitative test (Abbott Laboratories, North Chicago, IL, USA) 

^Same limits for both specificity and sensitivity 

Ref: Reference 
 335 

D. Screening strategies and associated efficacy, by population 336 

The goal of screening strategies is to identify hepatitis B susceptible persons or non-337 

treated/managed hepatitis B infected patients and connect them to care.84 Care in the model is 338 

modeled by either vaccination of susceptible persons or treatment of those with chronic hepatitis B. 339 

The table below shows the various screening strategies that were modeled to either link patients to 340 

treatment or to vaccination (Table 28). 341 

 342 

As a comparator, a no intervention strategy (no screening and no linkage to care) was modeled for 343 

each population. In the no intervention strategy individuals with active chronic hepatitis B 344 

progresses through the natural history model. Those susceptible to hepatitis B enter a ‘susceptible’ 345 

stage in the model, through which persons can become infected with hepatitis B according to a 346 

population specific annual incidence rate. Among those who become infected, they progress to 347 

acute or chronic hepatitis B, per natural history probabilities discussed above. Those with prior 348 

immunity (either natural or due to vaccination) enter the immune state of the model. 349 

 350 
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Much of the data for screening and linkage to care comes from two major initiatives, Hepatitis 351 

Testing and Linkage to Care (HepTLC) and San Francisco Hepatitis B Free (SFHBF).70,74,75,85-90 Evidence 352 

for effectiveness of screening and linkage to care is not available for all populations; in such 353 

circumstances the best available evidence from related screening programs was used. For example, 354 

due to lack of evidence showing screening and linking the refugee population to vaccination, this 355 

model uses the data from the SFHBF and assumptions were varied in sensitivity analyses. Other 356 

exceptions are noted below in the tables as appropriate. 357 

 358 

Interventions specific to each modeled population for screening and treatment and screening and 359 

vaccination are discussed below. The efficacies of each program by population are shown in Tables 360 

29 and 30: 361 

1. Foreign born persons: Asia and Pacific Islanders (APIs) 362 

For Asian and Pacific Islander (APIs) foreign born persons, three strategies for linkage to 363 

treatment and two strategies for linkage to vaccination were modelled. Strategies for 364 

linkage to treatment include: 1) no screening and no care; 2) screening and linkage to care 365 

based on the data from HepTLC; and 3) screening and linkage to care based on the data 366 

from SFHBF program. Strategies for vaccination (for susceptible individuals) included: 1) no 367 

screening and no vaccination; and 2) screening and vaccination based on the San Francisco 368 

Hepatitis B Free program. 369 

A. Linkage to treatment of APIs:  370 

Intervention 1: This strategy modeled the efficacy according to the HepTLC program. The 371 

HepTLC strategy focused on community based, testing and linking to treatment 372 

populations born in moderate to high prevalence countries (=>2% HBsAg).90 The HepTLC 373 

program recruited foreign born persons through community-based programs and 374 

partnering with medical providers to conduct screening. Components of the program 375 

used various methods to reach and link patients to care, including patient navigators, 376 

however, detailed data on the effectiveness of such efforts are not available.74 But data 377 

on effectiveness of linkage to care for Asia and Africa born populations are available.90  378 

Intervention 2: Standalone testing and vaccination sites with treatment referral and 379 

community outreach.70 San Francisco Hepatitis B Free program established seven testing 380 

and vaccination sites for susceptible individuals and referral for medical care for those 381 

with chronic hepatitis B.70 Majority (80%) of the individuals covered by the program 382 

were Asian/Pacific Islanders, of whom 66% were foreign born.70 The data in the table 383 

below for linkage to medical care and vaccination are from the entire cohort in the 384 

program, but are adopted for foreign born Asian/Pacific Islanders for the purposes on 385 

this analysis. 386 

B. Linkage to vaccination of APIs:  387 

Intervention: Using data from San Francisco Hepatitis B Free initiative, for those 388 

identified as susceptible, the model used the vaccination rates shown in the table 389 

below.70 Those vaccinated enter the immune state in the model. If patients only receive 390 

one or two doses, a subset experience protection (according to probabilities discussed 391 

in a later section) while others go into the ‘susceptible’ stage.9  392 
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2. Foreign born persons: Africa Born Persons 393 

For Africa born persons, two strategies for linkage to treatment and two strategies for 394 

linkage to vaccination were modelled. Strategies for linkage to treatment include: 1) no 395 

screening and no care; and 2) screening and linkage to care based on the data from HepTLC 396 

program.74 Due to the lack of direct evidence for vaccination strategies in this population, 397 

strategies for vaccination (for those found to susceptible) include: 1) no screening and no 398 

vaccination; and 2) screening and vaccination based on the San Francisco Hepatitis B Free 399 

program.70  400 

A. Linkage to treatment of Africa born persons:  401 

Intervention: This strategy modeled the efficacy according to the HepTLC program. Program 402 

described above.74 403 

B. Linkage to vaccination of Africa born persons:  404 

Intervention: Reliable data specific to screening and linking Africa born persons who are 405 

susceptible to hepatitis B was not identified. Thus for this population data from the San 406 

Francisco Hepatitis B Free initiative was used to simulate the possible effects of a screening 407 

and vaccination program (described above).70 Assumptions were varied in sensitivity 408 

analyses. 409 

3. Foreign born persons: Refugees 410 

For recently immigrated to the US refugee population, two strategies for screening and 411 

linkage to treatment and 2 strategies for screening and linkage to vaccination were 412 

modeled. Strategies for linkage to treatment include: 1) no screening and no care; and 2) 413 

screening and linkage to care based on the data from HepTLC program.75 Due to the lack of 414 

direct evidence for vaccination strategies in this population, strategies for vaccination (for 415 

those found to susceptible) included: 1) no screening and no vaccination; and 2) screening 416 

and vaccination based on the San Francisco Hepatitis B Free program.70 417 

A. Linkage to treatment of Refugees:  418 

Intervention: The HepTLC strategy includes supplementation of the existing Minnesota 419 

Department of Public Health’s programs for screening refugees and linking the infected 420 

person to health care.75 The HepTLC begin supplementing Minnesota’s existing program in 421 

2012, which has shown an increase in linkage to care.75 422 

B. Linkage to vaccination of Refugees:  423 

Intervention: Data specific to screening and linking refugees who are susceptible to 424 

hepatitis B has not been identified. Thus for this population data from the San Francisco 425 

Hepatitis B Free initiative (program described above) was used to simulate the possible 426 

effects of a screening and vaccination program.70 Assumptions were varied in sensitivity 427 

analyses. 428 

4. Incarcerated persons 429 

For incarcerated persons, two strategies for linkage to treatment and two strategies for 430 

linkage to vaccination were modelled. Strategies for linkage to treatment included: 1) no 431 

screening and no care; and 2) a universally offered screening and treatment. Strategies for 432 

vaccination included: 1) no screening and no vaccination; and 2) screening and vaccination 433 

based on the available population specific evidence. The model does not explicitly model 434 
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individuals who are released and re-enter their respective communities. Release may result 435 

in lower follow up with treatment and reduce the chance of completing vaccination series. 436 

A. Linkage to treatment for Incarcerated Persons:  437 

Intervention: This includes offering universal screening to incarcerated population. Among 438 

those that accept screening, universal treatment was offered and linked to care. 439 

B. Linkage to vaccination for Incarcerated Persons:  440 

Intervention: Universal screen and vaccine offer. Data based on prison programs screening 441 

and offering vaccination was used, as shown is table below. Those vaccinated enter the 442 

immune state in the model. If patients only receive one or two doses, a subset experience 443 

protection (according to probabilities discussed in a later section) while others go into the 444 

‘susceptible’ stage. 445 

5. Persons who inject drugs 446 

For persons who inject drugs (PWID), two strategies for linkage to treatment and two 447 

strategies for linkage to vaccination were modelled. Strategies for linkage to treatment 448 

included: 1) no screening and no care; and 2) a screening and treatment at syringe service 449 

programs.79 In this model, we assume a program in which the syringe service site works in 450 

collaboration with local health care providers to link to care. Local provider network may 451 

include community health centers, opioid substance treatment clinics, and primary care 452 

providers. Strategies for vaccination (for susceptible individuals) included: 1) no screening 453 

and no vaccination; and 2) screening and vaccination based on the available population 454 

specific evidence.79 Incentive pay to recruit patients for screening and to encourage 455 

patients to complete the vaccine series was modeled.79 456 

A. Linkage to treatment for PWIDs:  457 

Intervention: This includes offering universal screening to PWIDs presenting at syringe 458 

exchange programs. Among those that accept screening, treatment was offered and linked 459 

to care. Syringe service sites are uniquely positioned to screen and help link target 460 

population to care.91,92 Experience from other screening programs with the PWID has 461 

shown significant challenges in successful linkage to care for this population, with 462 

treatment uptake between 2 to 10%.93,94 Population specific data for screening and linkage 463 

to treatment at syringe exchange sites for hepatitis B was not available, thus the data for 464 

referring to and linking to care data form hepatitis C programs or assumptions as identified 465 

in the table below are used.74,93,94 466 

B. Linkage to vaccination for PWIDs:  467 

Intervention: Universal screen and vaccine offer was provided to PWIDs presenting at 468 

syringe service programs. The participants who accept and return for vaccination were 469 

offered compensation. Those vaccinated enter the immune state in the model. If patients 470 

only receive one or two doses, a subset experience protection (according to probabilities 471 

discussed in a later section) while others go into the ‘susceptible’ stage.  472 

6. Men who have sex with men 473 

For men who have sex with men (MSM), two strategies for linkage to treatment and two 474 

strategies for linkage to vaccination were modelled. Strategies for linkage to treatment 475 

included: 1) no screening and no care; and 2) a screening and treatment at sexually 476 

transmitted infections (STI) clinics based on assumed data. Strategies for vaccination (for 477 
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susceptible individuals) included: 1) no screening and no vaccination; and 2) screening and 478 

vaccination based on data from STI clinics. 479 

A. Linkage to treatment for MSMs:  480 

Intervention: This includes offering universal screening to MSMs presenting at STI clinics. 481 

Among those that accept screening, treatment was offered and men were linked to care. 482 

Population specific data for screening and linkage to treatment at STI clinics was not 483 

available, thus the data for referring to and linking to care are assumed based on other 484 

available data.74 485 

B. Linkage to vaccination:  486 

Intervention: Universal screen and vaccine offer was provided to MSMs presenting at STI 487 

clinics.95 Those vaccinated enter the immune state in the model. If patients only receive 488 

one or two doses, a subset experience protection (according to probabilities discussed in a 489 

later section) while others go into the ‘susceptible’ stage.  490 

Table S6: Screening and linkage to care (treatment or vaccination) strategies modeled, by population 491 

Population/Strategy Link to Treatment Strategies Link to Vaccination 

Strategies 

Link to Treatment or 

Vaccination Strategies 

Asia and Pacific Islanders    

Program 1 No screening and care No screening and care No screening and care 

Program 2 Community outreach/clinic 

partnership* 

Community outreach/clinic 

referral 

Community outreach/clinic 

referral 

Program 3 Community outreach/clinic 

referral^ 

  

Africa born    

Program 1 No screening and care No screening and care No screening and care 

Program 2 Community outreach/clinic 

partnership 

Community outreach/clinic 

referral 

Community outreach/clinic 

referral 

Refugees    

Program 1 No screening and care No screening and care No screening and care 

Program 2 Community outreach/clinic 

partnership 

Community outreach/clinic 

referral 

Community outreach/clinic 

referral 

Incarcerated    

Program 1 No screening and care No screening and care No screening and care 

Program 2 Universal screening offer Universal screening offer Universal screening offer 

PWID    

Program 1 No screening and care No screening and care No screening and care 

Program 2 Syringe services programs Syringe services programs Syringe services programs 

MSMs    

Program 1 No screening and care No screening and care No screening and care 

Program 2 STI Clinics STI Clinics STI Clinics 

*Based on Hepatitis Testing and Linkage to Care initiative (HepTLC) 

^Based on San Francisco Hepatitis B Free initiative (SFHBF) 

#When multiple options were available (clinic referral or partnership), most effective of the screening programs was used in 

this strategy 

PWID = People who inject drugs; MSM = Men who have sex with men; STI = Sexually Transmitted Infections 

  492 
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Table S7: Screening program effectiveness of referral and linkage to treatment, by population 493 

Population and Intervention Base-Case (%) Lower Limit (%)* Upper Limit (%)* Ref 

All Populations and Interventions     

Acceptance of Screening for HBsAg 70.0 40.0 100.0 15 

Accept anti-viral treatment 75.0 50.0 100.0  

Asian and Pacific Islander Population / HepTLC     

Refer to Medical Care1 98.0 73.5 100.0 74 

Linked to Medical Care1,2 45.6 34.2 57.0 74 

Asian and Pacific Islander Population / SFHBF     

Refer to Medical Care 100.0 73.5 100.0 70 

Linked to Medical Care3 69.0 52.0 86.0 70 

Africa Born Population / HepTLC     

Refer to Medical Care1 98.0 73.5 100.0 74 

Linked to Medical Care1,2 71.9 54.0 90.0 74 

Refugee Population / HepTLC     

Refer to Medical Care4 98.0 73.5 100.0 74 

Linked to Medical Care 93.1 70.0 100.0 75 

Incarcerated Population / Universal Screening     

Refer to Medical Care5 100.0 75.0 100.0 Assumption 

Linked to Medical Care5 90.0 67.5 100.0 Assumption 

Persons Who Inject Drugs / Needle Exchange Clinics     

Refer to Medical Care6 75.0 56.0 94.0 Assumption 

Linked to Medical Care6 8.6 6.0 40.0 94 
Accept Treatment6 6.0 1.6 40.0 93,94 

Men who Have Sex with Men / STI Clinics     

Refer to Medical Care6 98.0 73.5 100.0 74 
Linked to Medical Care6 45.6 34.2 57.0 74 

*Author selected ranges of +/- 25% of base-case value.  

HBsAg= Hepatitis B Surface Antigen; HepTLC = Hepatitis Testing and Linkage to Care initiative; SFHBF = San Francisco 

Hepatitis B Free initiative; STI = Sexually Transmitted Infections; Ref = References 

 
1: Author calculated from study data. 

2: Attended 1st medical appointment. 

3: The paper refers to patients “enrolled in follow-up clinical care;” authors assume this entails successful linkage to a medical 

professional for anti-viral treatment.  

4: The paper does not specifically state the rate of referral thus 98% referral rate, based on other HepTLC data, was assumed. 

5: It is assumed that due the nature of incarceration, all patients positive for HBsAg will be referred to care and 90% will be 

successfully linked and initiate treatment.  

6: Population specific data for referral and linkage to treatment in syringe exchange sites not available; data from hepatitis C 

literature used to assume linkage to care and acceptance of treatment. Base-case values subjected to wide author-selected 

sensitivity ranges. 

  494 
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Table S8:  Screening program effectiveness of referral and linkage to vaccination, by population 495 

Population and Intervention Base-Case (%) Lower Limit (%)* Upper Limit (%)* Ref 

All Populations and Interventions     

Acceptance of Screening for Anti-HBs 70.0 40.0 100.0 15 

Asian and Pacific Islander Population / SFHBF     

Refer to Medical Care 100.0 73.5 100.0 70 
Linked to Medical Care1 69.0 52.0 86.0 70 
Accept and receive 1st dose of vaccine 52.0 39.0 65.0 70 

2nd dose of vaccine received2 50.0 25.0 75.0 Assumption 

3rd dose of vaccine received 49.0 44.0 74.0 70 

Africa Born Population / SFHBF     

Refer to Medical Care 100.0 73.5 100.0 70 
Linked to Medical Care1 69.0 52.0 86.0 70 
Accept and receive 1st dose of vaccine 52.0 39.0 65.0 70 

2nd dose of vaccine received2 50.0 25.0 75.0 Assumption 

3rd dose of vaccine received 49.0 44.0 74.0 70 

Refugee Population / SFHBF     

Refer to Medical Care 100.0 73.5 100.0 70 
Linked to Medical Care1 69.0 52.0 86.0 70 
Accept and receive 1st dose of vaccine 52.0 39.0 65.0 70 

2nd dose of vaccine received2 50.0 25.0 75.0 Assumption 

3rd dose of vaccine received 49.0 44.0 74.0 70 

Incarcerated Population / Universal Screening     

Refer to Medical Care3 100.0 75.0 100.0 Assumption 

Linked to Medical Care3 90.0 67.5 100.0 Assumption 

Accept and receive 1st dose of vaccine 70.0 40.0 100 77,78 

2nd dose of vaccine received4 65.0 49.0 81.0 Assumption 

3rd dose of vaccine received4 60.0 45.0 75.0 Assumption 

Persons Who Inject Drugs / Needle Exchange Clinics     

Refer to Medical Care5 98.0 73.5 100.0 74 

Linked to Medical Care5 45.6 34.2 57.0 74 

Accept and receive 1st dose of vaccine 69.0 52.0 86.0 79 

2nd dose of vaccine received 53.0 40.0 67.0 79 

3rd dose of vaccine received 40.0 30.0 50.0 79 

Men who Have Sex with Men / STI Clinics     

Refer to Medical Care5 98.0 73.5 100.0 74 

Linked to Medical Care5 45.6 34.2 57.0 74 

Accept and receive 1st dose of vaccine 62.6 47.0 78.0 95 

2nd dose of vaccine received 50.8 38.0 64.0 95 
3rd dose of vaccine received 35.0 26.0 43.0 95 

*Author selected ranges of +/- 25% of base-case value. 

HBsAg= Hepatitis B Surface Antigen; HepTLC = Hepatitis Testing and Linkage to Care initiative; SFHBF = San Francisco 

Hepatitis B Free initiative; STI = Sexually Transmitted Infections; Ref = References 

 

1: The paper refers to patients “enrolled in follow-up clinical care;” authors assume this entails successful linkage to a medical 

professional for anti-viral treatment. 

2: Data for completion of two doses not presented in paper; consistent with literature, authors assumed a reduction in completion 

in second dose compared to first. 

3: It is assumed that due the nature of incarceration, all patients positive for HBsAg will be referred to care and 90% will be 

successfully linked and initiate treatment.  

4: Given that the incarcerated individuals will be stationary with scheduled care, it is assumed that vaccine completion rates, once 

accepted will be high. A reduction in second and third dose completion is modeled for patients who may choose not to complete 

the series. 

5: Population specific data for referral and linkage to treatment not available; HepTLC data used for referral and link to care. 
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4. Transition probabilities and risk reduction with chronic hepatitis B treatment 496 

A. Chronic hepatitis B with treatment   497 

The goals of treatment of chronic hepatitis B with anti-viral medicines is to increase the probability 498 

of transitioning from active hepatitis B to inactive state by reducing DNA replication and normalizing 499 

ALT levels, as well as to increase seroconversion rate of HBeAg+ to HBeAg-.96,97 The desired outcome 500 

of HBsAg clearance is rare with therapy.96,98 As a result of lower levels of HBV DNA and 501 

seroconversion to HBeAg-, other benefits of therapy include reduction in incidence of cirrhosis, 502 

hepatic decompensation, and hepatocellular carcinoma.99-105 Transition to inactive hepatitis B, 503 

including HBeAg seroconversion is higher in the first year of nucelos(t)ide treatment, but continues 504 

with ongoing therapy, albeit at a decreased rate.106  505 

 506 

In this study, success of therapy is defined transitioning to inactive state of hepatitis B. For HBeAg+ 507 

patients this entails undetectable DNA, normal ALT and HBeAg loss in a given year of treatment. For 508 

HBeAg- patients, treatment success will be indicated by undetectable DNA and ALT normalization 509 

after 1 year of therapy. For entecavir and tenofovir, in both treatment naïve and lamivudine-510 

experienced patients, data on efficacy (transitioning from active to inactive states and loss of 511 

HBsAg), were collected from clinical trials, follow up post-market studies, and other published 512 

literature including economic studies.6,107-119 Clinical data show that response to therapy is higher in 513 

the first year of treatment (Table S9) compared to subsequent years (Table S10). Annual 514 

probabilities for efficacy and resistance were calculated using data from clinical trials and post-515 

market studies per the methods described above.  516 



Technical Supplement – Detailed Methods and Additional Results 

27 
 

Table S9: Transition probabilities with anti-viral treatment, year 1 517 

Source State Target  State 

Base-

Case (%) 

Lower 

Limit (%) 

Upper 

Limit (%) Ref 

Tenofovir, Treatment Naïve, Year 1           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 21.0 10.5 31.5 107 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 21.0 10.5 31.5 
107 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 76.0 38.0 100.0 
107 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 76.0 38.0 100.0 
107 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 1.80 0.90 2.70 
107 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 1.80 0.90 2.70 
107 

Discontinuation rate1   3.50 1.75 5.25 109 

Tenofovir, Treatment Experienced, Year 1           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 21.0 10.5 31.5 107 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 21.0 10.5 31.5 
107 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 76.0 38.0 100.0 
107 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 76.0 38.0 100.0 
107 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 1.0 0.8 1.3 
107 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 1.0 0.8 1.3 
107 

Discontinuation rate1   3.50 1.75 5.25 109 

Entecavir, Treatment Naïve, Year 1           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 22.0 16.5 27.5 120 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 22.0 16.5 27.5 120 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 78.0 58.5 97.5 119 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 78.0 58.5 97.5 119 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 1.0 0.8 1.3 
120 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 1.0 0.8 1.3 
120 

Discontinuation rate1   5.2 3.9 6.5 111 

HBeAg+/-= Hepatitis B eAntigen positive or negative; Anti-HBs = Antibody of Hepatitis B Surface Antigen; CHB = Chronic Hepatitis 

B; Ref = References 

 518 

  519 
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Table S10: Annual probabilities with anti-viral treatment, year 2+ 520 

Source State Target  State 

Base-

Case (%) 

Lower 

Limit (%) 

Upper 

Limit (%) Ref 

Tenofovir, Treatment Naïve, Year 2+           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 11.40 5.70 17.09 
109 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 17.60 8.78 26.33 
109 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 13.80 6.90 20.69 117 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 13.80 6.90 20.69 117 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 1.00 0.50 1.50 
109 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 1.00 0.50 1.50 
109 

Discontinuation rate1   3.50 1.75 5.25 109 

Tenofovir, Treatment Experienced, Year 2+           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 11.40 5.70 17.09 
109 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 17.60 8.78 26.33 
109 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 13.80 6.90 20.69 
117 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 13.80 6.90 20.69 
117 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 1.00 0.50 1.50 
109 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 1.00 0.50 1.50 
109 

Discontinuation rate1   3.50 1.75 5.25 109 

Entecavir, Treatment Naïve, Year 2+           

HBeAg+, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 5.20 2.60 7.79 111 

HBeAg+, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 5.20 2.60 7.79 111 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 5.20 2.60 7.79 111 

HBeAg-, Active CHB, Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 5.20 2.60 7.79 111 

HBeAg-, Inactive CHB, Non-Cirrhotic Anti-HBs, Non-Cirrhotic 0.70 0.33 0.98 111 

HBeAg-, Inactive CHB, Cirrhotic Anti-HBs, Cirrhotic 0.70 0.33 0.98 111 

Discontinuation rate1   5.20 2.58 7.74 111 

1: for PWIDs modeled as 2x baseline  

HBeAg+/-= Hepatitis B eAntigen positive or negative; Anti-HBs = Antibody of Hepatitis B Surface Antigen; CHB = Chronic Hepatitis B; 

Ref = References 

 521 

B. Resistance to nucleos(t)ide therapies  522 

Clinical evidence indicates that it is possible to develop resistance to nucleos(t)ide therapies leading 523 

to treatment failure, which may result in progression liver disease due to CHB.121 With the exception 524 

of tenofovir, resistance to other anti-viral drugs has been seen observed in clinical trials and long-525 

term post-market studies.3,116,117,122-125 The risk of developing resistance increases with increase 526 

duration of therapy, as observed with lamivudine and entecavir.3,108,115,116,126 Furthermore, risk of 527 

cross-resistance is higher for patients who may have failed another nucleos(t)ide therapy and 528 

response to another anti-viral with a prior treatment failure.3,110 For this model, based on the 529 

available clinical data, annual probability of developing resistance, based on treatment naïve or 530 

experienced status was portrayed. When applicable, the risk of developing resistance will increase 531 

per year for the first five years of therapy, followed by constant annual probability equal to year 5 of 532 

treatment. 3,6,117,123,124,127 533 

  534 
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Table S11: Annual probabilities for developing resistance to nucleos(t)ide therapies 535 

Therapy (patient population) Year of 

Treatment 

Annual probability of resistance   

Base Case (%) Lower Limit (%) Upper Limit (%) Ref 

Entecavir (Treatment Naïve, 

HBeAg+ and - patients, cirrhotic 

and non-cirrhotic) 

1 0.4 0.0 0.9 3,6,123 

2 0.4 0.0 0.9 3,6,123 

3 0.7 0.0 2.0 3,6,123 

4 0.8 0.0 2.5 3,6,123 

5+ 0.8 0.0 2.5 3,6,123 

Tenofovir (Treatment Naïve, 

HBeAg+ and - patients, cirrhotic 

and non-cirrhotic)* 

1 0.0 0.0 1.0 117,124,127 

2 0.0 0.0 1.2 117,124,127 

3 0.0 0.0 1.4 117,124,127 

4 0.0 0.0 1.6 117,124,127 

5+ 0.0 0.0 1.8 117,124,127 

Tenofovir  (in treatment 

experienced, lamivudine resistant 

patients, HBeAg+ and - patients, 

cirrhotic and non-cirrhotic)* 

1 0.0 0.0 1.2 117,124,127 

2 0.0 0.0 1.4 117,124,127 

3 0.0 0.0 1.6 117,124,127 

4 0.0 0.0 1.8 117,124,127 

5+ 0.0 0.0 2.0 117,124,127 

*Author assumed upper limit for annual probability to develop resistance associated variants (RAV). 

HBeAg+/-= Hepatitis B eAntigen positive or negative; Ref = References 

 536 

C. Retreatment after discontinuation or RAV development  537 

Patients may discontinue therapy for any reason according to the treatment-specific annual 538 

probabilities listed above. Patients may also develop resistance forcing them to stop a given 539 

therapy. For the base-case scenario, we assumed that up to 75% of the patients who discontinue 540 

therapy may be retreated annually. If patients develop resistance to entecavir, up to 75% may be 541 

retreated with tenofovir. If patients develop resistance to tenofovir (although not yet reported), 542 

they will enter natural history model. 543 

Table S12: Proportion of patients retreated on an annual basis after discontinuation of therapy or development of resistance 544 

 Base-Case (%) Lower Limit (%) Upper Limit (%) Reference 

Discontinuation of Therapy  

Entecavir 75 25 100 Assumption 

Tenofovir 75 25 100 Assumption 

Development of Resistance Associated Variant (RAV) 

Entecavir 75 25 100 Assumption 

 545 

D. Probability of DNA suppression, reduction in advanced liver disease and regression of 546 

cirrhosis with treatment  547 

One of the key outcomes of treatment with anti-viral drugs is a marked reduction in DNA level of 548 

hepatitis B virus. A reduction in hepatitis B virus DNA has been linked to a reduction in development 549 

of advanced liver disease chronic hepatitis B, particularly hepatocellular carcinoma and 550 

cirrhosis.68,128-131 Clinical studies for both tenofovir and entecavir have shown a reduction in hepatitis 551 

B virus DNA levels within the first year of treatment.107,119,120 As seen in Table S13, the DNA 552 

reduction is dependent on HBeAg status; less HBeAg positive patients experience a DNA reduction 553 
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than HBeAg negative patients. And a greater number of tenofovir patients, in clinical studies, 554 

reached undecteable DNA levels than did entecavir patients. Proportion of patients experiencing 555 

DNA reduction in treatment year 2 and beyond were reduced by approximately 40% based on a 556 

previously published estimate, which was varied widely in sensitivity analyses (Table S13).6 During 557 

long term (5 to 6 years) follow up of patients in clinical trials, treatment has also been shown to 558 

reverse cirrhosis at high rates; we used data from clinical trials to estimate annual regression rates 559 

from cirrhosis to no cirrhosis in inactive and anti-HBs states.132,133 560 

 561 

Table S14 shows the relative risk reductions for progression to cirrhosis, decompensated cirrhosis, 562 

and hepatocellular carcinoma in patients who achieve DNA suppression with treatment.6 The annual 563 

probability of regression from cirrhosis is also listed.6 Patients who do not achieve DNA suppression 564 

(per ratios listed in Table S13), will experience annual natural history transition probabilities.  565 

Table S13: Proportion of patients with suppressed hepatitis B DNA in the first year of treatment and subsequent years 566 

Treatment Base-case (%) Lower-Limit (%) Upper-Limit (%) Reference 

Year 1 of treatment     

Tenofovir     

HBeAg(+)^ 76.00 57.00 95.00 107 

HBeAg(-)^ 93.00 70.00 1.00 107 

Entecavir     

HBeAg(+)^ 67.00 5.00 84.00 120 

HBeAg(-)^ 90.00 68.00 1.00 119 

Year 2+ of treatment     

Ratio of year 1 

probability 

62.99 47.24 78.74 6 

^Author selected lower and upper limits of +/-25%. 

HBeAg+/-= Hepatitis B eAntigen positive or negative 

  567 
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Table S14: Risk reduction of advanced liver disease with suppressed hepatitis B virus DNA with treatment  568 

Source State Target  State Base Case  Lower 

Limit 

Upper 

Limit 

Ref 

Progression to Cirrhosis         

HBeAg+, Active CHB, Non-Cirrhotic HBeAg+, Active CHB, Cirrhotic 

0.55 (0.38-0.78)1 

97 

HBeAg-, Active CHB, Non-Cirrhotic HBeAg-, Active CHB, Cirrhotic 97 

HBeAg-, Inactive CHB, Non-Cirrhotic HBeAg-, Inactive CHB, Cirrhotic 97 

Progression to Decompensated Cirrhosis      

HBeAg+, Active CHB, Cirrhotic Decompensated Cirrhosis 

0.45 (0.22-0.89)1 

97 

HBeAg-, Active CHB, Cirrhotic Decompensated Cirrhosis 97 

HBeAg-, Inactive CHB, Cirrhotic Decompensated Cirrhosis Assumption 

Progression to Hepatocellular Carcinoma      

HBeAg+, Active CHB, Non-Cirrhotic Hepatocellular Carcinoma 

0.5209 (0.391-0.651)1 

6 

HBeAg-, Active CHB, Non-Cirrhotic Hepatocellular Carcinoma 6 

HBeAg-, Inactive CHB, Non-Cirrhotic Hepatocellular Carcinoma 6 

HBeAg+, Active CHB, Cirrhotic Hepatocellular Carcinoma 

0.54 (0.41-0.72)1 

97 

HBeAg-, Active CHB, Cirrhotic Hepatocellular Carcinoma 97 

HBeAg-, Inactive CHB, Cirrhotic Hepatocellular Carcinoma 97 

CHB related mortality       

HBeAg+, Active CHB, Non-Cirrhotic Death 

0.1695 (0.0469-0.6098)1 

6 

HBeAg-, Active CHB, Non-Cirrhotic Death 6 

HBeAg-, Inactive CHB, Non-Cirrhotic Death 6 

HBeAg+, Active CHB, Cirrhotic Death 

0.68 (0.00-0.90)1,2 

97 

HBeAg-, Active CHB, Cirrhotic Death 97 

HBeAg-, Inactive CHB, Cirrhotic Death 97 

Regression of Cirrhosis     

HBeAg-, Inactive CHB, Cirrhotic HBeAg-, Inactive CHB, Non-Cirrhotic 0.24 0.18 0.30 132,133 

Anti-HBs, Cirrhotic Anti-HBs, Non-Cirrhotic 0.24 0.18 0.30 132,133 

1: Relative risk reduction compared to natural history probability with detectable DNA 

2: Author selected range 

HBeAg+/-= Hepatitis B eAntigen positive or negative; Anti-HBs = Antibody of Hepatitis B Surface Antigen; CHB = Chronic Hepatitis B; 

Ref = References 
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5. Transmission probabilities 570 

Annual incidence of acute hepatitis B for each of the high-risk population groups was determined from 571 

published literature, when available. For Africa born and refugee population, due to lack of quality and 572 

reliable data on annual incidence of acute hepatitis B, we used a rate equivalent of high-risk Asian Pacific 573 

Islander population. 574 

Table S15: Annual incidence of horizontal acute infection amongst susceptible adults within a population 575 

Source 

population 

Susceptible 

population 

Base-Case (%) annual 

incidence of acute 

hepatitis B 

Lower 

limit (%) 

Upper 

limit (%) 

Ref 

FB API1 FB API 0.64 0.47 0.81* 134 

Incarcerated Incarcerated 2.312 0.82 3.80 77 

PWID PWID 10.00 8.30 12.20 135,136 

MSM MSM 0.96 0.85 1.10 137 

Africa Born Africa Born 0.64 0.47 0.81* Assumption3 

Refugee Refugee 0.64 0.47 0.81* Assumption3 

*Author selected upper range; the source had listed the range as 0.47 to 0.61, in which the upper 

range is lower than the base-case value. Authors adjusted the upper range value by the same factor 

as lower range value from base-case value. 

1: Incidence rate for high-risk Asian Pacific Islander population used.  

2: Calculated mean from min and max range. 

3: Due to lack of quality population specific data, the annual incidence is assumed to be higher than 

the general population incidence rate and equivalent of high-risk Asian Pacific Islander population. 

FB = Foreign Born; API = Asian Pacific Islander; PWID = People who inject drugs; MSM = Men 

who have sex with men; Ref = Reference 

 576 

6. Prevention 577 

A. Hepatitis B vaccine 578 

Two vaccines are available, however, since there is no difference in doses, efficacy or adverse 579 

events, we modeled “vaccine” intervention. The cost of the vaccines may differ and was modeled 580 

accordingly using a range to cover the uncertainty. Immunity due to vaccination was assumed to 581 

continue for life without the need for boosters.138,139 Due to their rare occurrence, adverse events to 582 

the vaccine were not modeled.16 583 

B. Vaccination effectiveness by number of doses 584 

Vaccine efficacy varies by number of doses a patient receives, as presented in the table below.  585 

Table S16: Hepatitis B vaccine effectiveness rates among those completing the 3-dose series, by number of doses 586 

Number of Doses Base-Case (%) Lower Limit (%) Upper Limit (%) Ref 

Efficacy with 1 Dose 14.50 13.78^ 15.23^ 9 

Efficacy with 2 Doses 81.00 79.50 82.90 9 

Efficacy with 3 Doses 98.10 93.12^ 1.00^ 9 

^Author calculated for +/- 25% of base-case value 

Ref = Reference 

  587 
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7. Health related quality of life: Natural history and treatment 588 

Health related quality of life was estimated using health state utility values based on a literature review 589 

of published primary studies and economic evaluation of hepatitis B.6,7,9,10,12,13,15,16,140-148 The utility 590 

values vary widely in literature. Thus, whenever possible we relied on primary studies conducted in 591 

hepatitis B-infected individuals.141,147 For perinatal exposure and asymptomatic acute hepatitis states, 592 

we assumed no loss of quality of life and patients would not be aware of their status nor would they feel 593 

physical symptoms.  594 

Table S17: Health state utilities 595 

Health State Base case Lower Limit Upper Limit Ref 

Susceptible  0.99 0.98 1.00 15 

Immune 0.99 0.98 1.00 15 

HBV Exposure, Perinatal 0.99 0.97 1.00 Assumption* 

Acute Hepatitis, Adult, asymptomatic 0.99 0.95 1.00 Assumption* 

Acute Hepatitis, Adult, symptomatic 0.70 0.63 0.77 142 

Fulminant Hepatitis 0.37 0.333 0.407 140 

Immune Tolerant Phase 0.95 0.84 1.00 146 

HBeAg+, Active CHB, Non-Cirrhotic 0.670 0.603 0.737 141 

HBeAg+, Active CHB, Cirrhotic 0.660 0.594 0.726 141 

HBeAg-, Active CHB, Non-Cirrhotic 0.670 0.603 0.737 141 

HBeAg-, Active CHB, Cirrhotic 0.660 0.594 0.726 141 

HBeAg-, Inactive CHB, Non-Cirrhotic 0.850 0.765 0.935 6 

HBeAg-, Inactive CHB, Cirrhotic 0.850 0.765 0.935 6 

Decompensated Cirrhosis 0.370 0.333 0.407 141 

Hepatocellular Carcinoma 0.430 0.387 0.473 141 

Liver Transplant 0.570 0.513 0.627 141 

Post Liver Transplant 0.640 0.576 0.704 141 

Anti-HBs, Non-Cirrhotic 0.860 0.774 0.946 6 

Anti-HBs, Cirrhotic 0.860 0.774 0.946 6 

 *It is assumed that if patients are not aware of their infection and are not symptomatic, there would be 

minimal to no loss of quality of life, thus we used a utility of 0.99 to indicate near perfect health. 

HBeAg+/-= Hepatitis B eAntigen positive or negative; Anti-HBs = Antibody of Hepatitis B Surface 

Antigen; CHB = Chronic Hepatitis B; Ref = References 

 596 

8. Utility loss with anti-viral treatment 597 

Utility loss due to adverse events with entecavir and tenofovir was calculated by weighting the frequency of 598 

adverse events from clinical trials with the disutility weights for common and serious side-effects.107,119,120 599 

The disutility weights are adjusted under the assumption that most patients will experience adverse at most 600 

25% of the time. 601 

Table S18: Annual utility loss due to treatment 602 

Drug Base Case (annual)* Lower Limit* Upper Limit* Ref 

Entecavir  -0.029  -0.043  0.000  111,119,120,149 

Tenofovir  -0.031  -0.047  0.000  107,109 

* (-) represents utility loss; it does not imply a negative utility. 

Ref = Reference 

 603 
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9. Cost Inputs 604 

A. Healthcare costs 605 

Costs related to medical management of acute and chronic hepatitis B through its natural history were 606 
collected from economic evaluations of the disease.7,8,10,11,16,69,150-153 When data for specific health states 607 
were not available, we relied on educated and expert assumptions. For example, costs of managing 608 
initial exposure in infants and asymptomatic acute infection in adults were assumed to be zero. The 609 
reason is that in majority of patients with initial exposure, the acute infection is asymptomatic; and if 610 
patients are not aware of their status, no medical care will be sought. Cost of managing patients in 611 
inactive phase of hepatitis B was assumed to be half of the costs in active state. Cost of managing 612 
patients following HBeAg clearance (or development of anti-HBe), was assumed to be half of the costs of 613 
managing patients in inactive phase. HBeAg cleared patients are still at risk of developing advanced liver 614 
diseases, including hepatocellular carcinoma, as such require continuous monitoring.45,49-53 Costs in 615 
literature are not segregated between active HBeAg positive and negative states; in this model we 616 
assumed that the costs of management in the active phase were same, regardless of HBeAg status.  617 
 618 
Further, for advanced liver disease, we assumed that cost of management would not differ significantly 619 
that those established for advanced liver disease in hepatitis C. Advanced liver disease in this context is 620 
considered to be cirrhosis, decompensated cirrhosis, hepatocellular carcinoma, and liver transplant 621 
(including post-liver transplant). Therefore, we used the data for management of advanced liver 622 
conditions from a recent hepatitis C economic evaluation.69 623 
 624 
When available, confidence intervals around point estimates of costs from published sources were used. 625 
When not available we used values of +/- 50% of the base-case estimate; however, for active and 626 
inactive non-cirrhotic and cirrhotic states, as well as HBs cleared states, we used an interval of 50% to 627 
300% to compensate for the variation in the point estimates observed in the literature.7,10,11,16 628 
 629 

Table S19: Hepatitis B health state costs (annual except as noted with E for episode) 630 

Health State Base Case ($/year) Lower Limit Upper Limit Ref 

HBV Exposure, Perinatal 0 0 622 Assumption* 

Acute Hepatitis, Adult, asymptomatic 0 0 622 Assumption* 

Acute Hepatitis, Adult, symptomatic 357 185 622 16 

Fulminant Hepatitis (E) 17,309 17,362 46,489 16 

Immune Tolerant Phase 520 265 1,059 151  

HBeAg+, Active CHB, Non-Cirrhotic 1,293 647 3,880 152 

HBeAg+, Active CHB, Cirrhotic 2,714 1,357 8,141 69 

HBeAg-, Active CHB, Non-Cirrhotic 1,293 647 3,880 152 

HBeAg-, Active CHB, Cirrhotic 2,714 1,357 8,141 69 

HBeAg-, Inactive CHB, Non-Cirrhotic 647 323 1,940 Assumption^  

HBeAg-, Inactive CHB, Cirrhotic 1,357 678 4,070 Assumption^ 

Decompensated Cirrhosis 32,134 30,159 34,111 69 

Hepatocellular Carcinoma 51,258 46,002 56,507 69 

Liver Transplant (E) 203,489 187,651 219,323 69 

Post Liver Transplant  44,318 36,213 52,423 69 

Anti-HBs, Non-Cirrhotic 323 162 970 Assumption& 

Anti-HBs, Cirrhotic 678 339 2,035 Assumption& 

 *Assumed that with initial asymptomatic exposure when patients are unaware of infection status, there would be 

no healthcare associated costs.  

^Assumed to be 50% of the costs in active phase of chronic hepatitis B. 

&Assumed to be 50% of the costs in inactive phase of chronic hepatitis B. 

HBeAg+/-= Hepatitis B eAntigen positive or negative; Anti-HBs = Antibody of Hepatitis B Surface Antigen; CHB 

= Chronic Hepatitis B; Ref = Reference 
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B. Diagnostic, and monitoring tests for hepatitis B 631 
 632 

1. Initial diagnostic tests, frequency of testing and related costs 633 

If HBsAg is positive, patients will be referred for medical management, which will initiate with 634 

number of baseline tests as shown in the table below. The cost of the tests was determined using 635 

clinical laboratory and physician fee schedules of Centers for Medicare and Medicaid Services.154,155 636 

Table S20: Initial diagnostic tests, frequency of testing and related costs 637 

Tests for Initial Evaluation Base Case ($/unit) Lower 

Limit 

Upper 

Limit 

Ref 

Hepatitis B e-Antigen (HBeAg) 15.70 7.85 23.55 154 

Hepatitis B e-Antigen Antibody (anti-HBe) 15.76 7.88 23.64 154 

Hepatitis B Surface Antibody (anti-HBs) 14.63 7.32 21.95 154 

Hepatitis B Core Antigen (anti-HBc) 16.41 8.21 24.62 154 

IgM Antibody to Hepatitis B Core Antigen (IgM anti-HBc)^  16.04 8.02 24.06 154 

Hepatitis B DNA Quantification 58.35 29.18 87.53 154 

Liver Function Tests 11.13 5.57 16.70 154 

Complete Blood Count 10.59 5.30 15.89 154 

Hepatitis C Virus 19.44 9.72 29.16 154 

Hepatitis D virus 23.38 11.69 35.07 154 

Human immunodeficiency virus 18.67 9.34 28.01 154 

Renal function panel 11.83 5.92 17.75 154 

Alpha-fetoprotein serum (age >40, clinical decision <40) 22.85 11.43 34.28 154 

Ultrasound (Right Upper Quadrant ultrasound) 101.31 50.66 151.97 155 

^Patients presenting with acute hepatitis only 

HBeAg= Hepatitis B eAntigen; Anti-HBs = Antibody to Hepatitis B Surface Antigen; Anti-HBc = Antibody to Hepatitis 

B Core Antigen; IgM = Immunoglobulin M; CHB = Chronic Hepatitis B; Ref = References 

 638 

2. Tests for monitoring for patients with or without ongoing treatment, frequency of testing and related 639 

costs 640 

Patients who are linked to care, and are being treated with antiviral drugs will be monitored 641 

using the following tests at regular intervals. Patients who are not undergoing treatment or have 642 

completed treatment but remain in care will be monitored at regular intervals using the 643 

indicated tests. 644 

The frequency of tests is determined by clinical experience; the cost of the tests was determined 645 

using clinical laboratory and physician fee schedules of Centers for Medicare and Medicaid 646 

Services.154,155  647 
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Table S21: Tests for monitoring treatment, frequency of testing and related costs 648 

Test for monitoring No treatment 

(#/year) 

With treatment 

(#/year) 

Base Case 

($/unit) 

Lower 

Limit 

Upper 

Limit 

Ref 

Hepatitis B e-Antigen (HBeAg) 0 2 15.70 7.85 23.55 154 

Hepatitis B e-Antigen Antibody (anti-HBe) 0 2 15.76 7.88 23.64 154 

Hepatitis B Surface Antigen^ 0 1 14.07 7.04 21.11 154 

Hepatitis B Surface Antibody (anti-HBs)* 0 1 14.63 7.32 21.95 154 

Hepatitis B DNA Quantification 2 4 58.35 29.18 87.53 154 

Liver Function Tests 2 4 11.13 5.57 16.70 154 

Complete Blood Count 0 1 10.59 5.30 15.89 154 

Renal function panel 0 4 11.83 5.92 17.75 154 

Bone density scan/DEXA (Tenofovir therapy) 0 Q3 years 45.37 22.69 68.06 155 

Alpha-Fetoprotein Serum 2 2 22.85 11.43 34.28 154 

Ultrasound (RUQ ultrasound) 2 2 101.31 50.66 151.97 155 

^Seroconverted patients only 

*One time only test, only on HBsAg loss 

HBeAg= Hepatitis B eAntigen; anti-HBe= Antibody to Hepatitis B eAntigen; Anti-HBs = Antibody to Hepatitis B Surface Antigen; 

Anti-HBc = Antibody to Hepatitis B Core Antigen; IgM = Immunoglobulin M; CHB = Chronic Hepatitis B; RUQ = Right Upper 

Quadrant; Q3 years = Every 3 Years; Ref = References 

 649 

C. Costs of screening strategies 650 

The model takes into account total cost per person for administration of a given strategy, plus 651 

cost of screening tests, vaccines and medicines according to costs listed elsewhere in this 652 

document. The administration costs include human resources to manage the program, cost to 653 

administer the initial screening test, and advertising (e.g. printed materials/flyers and other 654 

adverts) for recruiting, as applicable, by each type of program. However, if program specific 655 

costs were not available we used per person costs per screening from similar program 656 

categories reported in literature.89 The modeled programs can be generally categorized into the 657 

following categories: 1) community clinic program (for incarcerated persons and MSM outreach 658 

via prison clinics and sexually transmitted infection clinics, respectively); 2) community outreach 659 

program (for PWID outreach via syringe exchange sites); 3) Community outreach and 660 

partnership program (for outreach and linkage to care via HepTLC program); and 4) community 661 

outreach and clinic program (San Francisco Hepatitis B Free program). From the published 662 

program costs, we subtracted the cost of the hepatitis B screening tests to estimate the 663 

administrative costs of the program. The administrative costs were then adjusted to 2016 664 

dollars using the medical component of the Consumer Price Index (Table 31). To test the 665 

potential uncertainty in our estimates program costs, the values were varied widely from 75% to 666 

300% of the base-case values. 667 

Total cost for each modeled program include administrative costs (as reported in table below), 668 

cost of initial screening test (either HBsAg or anti-HBs), cost of full set of tests when referred to 669 

care, cost of vaccine or treatment, and cost of lifetime management of hepatitis B, with or 670 

without treatment or vaccination. 671 
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Table S22: Administrative costs of screening programs 673 

Cost Component by Screening Program1 Base-Case 

(USD, Cost/person) 

Lower Limit 

(USD)^ 

Upper Limit 

(USD)^ 

Ref 

Vaccine Administration     

All programs 16 12 48 134 

Program Administration     

HepTLC2 178 134 534 89 

SFHBF3 140 105 420 89 
Prison based clinic4 27 20 81 89 
Syringe Exchange Sites5 97 73 291 89 

Incentive Pay6 15 10 45 79 

STI Clinics4 27 20 81 89 

^Author selected ranges of 75% to 300% of base-case.  

HepTLC = Hepatitis Testing and Linkage to Care initiative; SFHBF = San Francisco Hepatitis B Free initiative; STI 

= Sexually Transmitted Infections; USD = United States Dollars; Ref = References 

 
1: All cost inflation adjusted to 2016 using medical component of Consumer Price Index. Costs rounded to the 

nearest whole dollar. 

2: Community outreach and partnership model costs applied  

3: Community outreach and clinic model costs applied, author calculated from study data by adding separate costs of 

community outreach and clinic model. 

4: Clinic model costs applied 

5: Community outreach model costs applied 

6: Incentive pay applied to the first screening visit for screened patients; and for each subsequent vaccine visit for 

patients requiring vaccination. 

 674 

D. Treatment and vaccines related costs 675 

1. Treatment (drug) costs 676 

Wholesale acquisition price (WAC) form Red Book Online is used for cost of drugs.156 The base-case cost 677 
will be set at 80% of listed WAC price with confidence bounds of 50% to 100% for sensitivity analyses. 678 
The 80% of WAC for base-case is selected because it is likely that most, if not all payers, receive 679 
discounts from the listed retail cost.157 The upper bound of the sensitivity analyses is equal to the retail 680 
cost listed in RedBook as it is unlikely that payers would acquire the drugs for a price greater than the 681 
WAC. Other prices, such as discounted prices for certain payers may also be modeled in scenario 682 
analyses. 683 
 684 

Table S23: Cost of treatments 685 

Drug Dose/day Base Case ($/month) † Lower Limit‡ Upper Limit‡ Ref 

Entecavir 0.5 mg 560 350 700  156 

Tenofovir 300 mg 798 499 998  156 

†80% of Wholesale Acquisition Cost (WAC) monthly cost from RedBook online. 
‡Lower limit is set at 50% of WAC monthly cost from RedBook online; upper limit is set equal to the 

WAC monthly cost from RedBook online.  

Ref = References 
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2. Vaccination costs 687 

Costs for adult and pediatric vaccine formulations will be modeled as this model will be analyzing 688 

strategies to prevent hepatitis B infections in high-risk adult populations through immunization and 689 

in infants through vaccination and post-exposure prophylaxis. 690 

Table S24: Cost of hepatitis B vaccines 691 

Vaccine # of injections Base Case ($/unit) † Lower Limit‡ Upper Limit ‡ Ref 

Adult 3 42.00 26.25 52.50 156 

†80% of Wholesale Acquisition Cost (WAC) monthly cost from RedBook online. 

‡Lower limit is set at 50% of WAC monthly cost from RedBook online; upper limit is set equal to the 

WAC monthly cost from RedBook online.  

Ref = References 

 692 

3. Annual cost of treatment related adverse events  693 

Annual cost of medical management of adverse events are calculated by weighting the frequency of 694 

common and serious adverse events observed in clinical trials107,109,111,119,120,149 to which published 695 

costs of similar adverse events were applied.158 696 

Table S25:Annual cost of medical management of treatment related adverse events 697 

 Drug Base case ($/year) † Lower Limit‡ Upper Limit‡ Ref 

Entecavir 658 329 987 Calculated 

Tenofovir 732 366 1,098 Calculated 

†Based on cost of serious adverse events of $2,801 and cost of common adverse events of $534. Costs are 

weighted by frequency of serious and common adverse events and summed to calculate the costs in the table. 
‡The lower and upper bounds for sensitivity analyses are set at 50%-150% of base case value.  

Ref = References 

 698 

10. Sensitivity analyses methods 699 

A. One-way sensitivity analyses 700 

In one-way sensitivity analyses, each input is varied across the lower and upper limits, one-by-one and 701 

results noted in terms of the effect on the cost-effectiveness ratio. In other words, the base-case value is 702 

substituted with the lower value of the input estimate and the model is run to get an ICER; same is done 703 

for the upper limit. The inputs that have the greatest impact on the ICER, relative to the base-case 704 

scenario, are considered to be the most sensitivity for model results. These are then presented in a 705 

tornado-diagram – a graph that orders the input values from the most sensitive to the least sensitive 706 

from top to bottom.  707 

B. Probabilistic (multi-way) sensitivity analyses 708 

In probabilistic analyses, all variables are simultaneously varied using defined distributions for each 709 

variable and the model is run to get an ICER. In our model, we conducted 10,000 simulations. We use 710 

normal distribution (with mean and standard deviation) for costs and triangular distributions (with a 711 

mode, lower and upper limits) for probabilities and proportions. The results are presented in cost-712 

effectiveness acceptability curves for each strategy, by population, indicating at what dollar threshold is 713 

a given strategy consider to be ‘acceptable.’ For triangular distributions in this model, the base-case 714 

(point-estimate) value is the triangular mode, and lower and upper limits of the input values are the 715 

lower/upper limits of the triangular distribution, respectively.   716 
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III. Model Calibration and Validation 717 

1. Calibration and Validation of Natural History Model 718 

The chronic hepatitis B natural history Markov model was calibrated using epidemiology data for 719 

transitioning from immune tolerant phase to active chronic hepatitis B and for outcomes of three major 720 

complications of CHB – cirrhosis, hepatocellular carcinoma, and liver decompensation. REVEAL-HBV, a large 721 

longitudinal study in Taiwan on hepatitis B, provided data for the 48-year cumulative incidence of cirrhosis 722 

and hepatocellular carcinoma (HCC) in patients with chronic hepatitis B; 128 and for decompensation 5-year 723 

cumulative probability data provided by American Association for the Study of Liver Diseases (AASLD) was 724 

used. To validate, epidemiology data was matched with model outcomes; to do this the natural history 725 

model was run for 100,000 trials (using microsimulations) for 48-year or 5-year time-horizons, depending on 726 

outcome of interest.  727 

1. Progression to active chronic hepatitis B from immune tolerant phase 728 

Based on available data and expert hepatologist input, the model was calibrated to ensure that majority 729 

of the patients in the immune tolerant phase would transition into active, non-cirrhotic, chronic 730 

hepatitis B by age 40. Table 40 lists the probabilities used to meet this target. The calibration was based 731 

on epidemiological findings that majority of patients will transition into active hepatitis B between the 732 

ages of 20 and 40, based on genotype of hepatitis B virus.1,2 In our model, 50% of patients transition into 733 

active CHB by age 21, and 100% transition to active CHB by age 37 (Supplement A, Figure 5). 734 

 735 

Table S26: Age dependent transitions from Immune Tolerant to Immune Active Phase 736 

Age  Transition to CHB (%)  Age  Transition to CHB (%)  Age  Transition to CHB (%)  

0 0.00 19 8.21 38 46.11 

1 0.00 20 9.40 39 48.95 

2 0.01 21 10.67 40 51.87 

3 0.04 22 12.04 41 54.87 

4 0.10 23 13.50 42 57.93 

5 0.19 24 15.05 43 61.07 

6 0.33 25 16.69 44 64.28 

7 0.51 26 18.43 45 67.56 

8 0.75 27 20.25 46 70.90 

9 1.05 28 22.17 47 74.31 

10 1.42 29 24.18 48 77.78 

11 1.85 30 26.27 49 81.32 

12 2.36 31 28.45 50 84.91 

13 2.95 32 30.72 51 88.56 

14 3.61 33 33.08 52 92.26 

15 4.36 34 35.52 53 96.02 

16 5.19 35 38.05 54 99.84 

17 6.11 36 40.65 55 100.00 

18 7.12 37 43.34 56+ 100.00 

 737 
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 738 

Figure S6: Percent of patients transitioning from immune tolerant phase to chronic hepatitis B 739 

 740 

2. Development of cirrhosis and HCC: 741 
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Table S27, REVEAL-HBV data are very closely related to model outcomes of cirrhosis and HCC. In the 744 

REVEAL-HBV study, the cumulative probability of cirrhosis and hepatocellular carcinoma over a 48-year 745 

period were 41.5 and 21.7, respectively. In this model, the cumulative probabilities after 25,000 746 

simulations, over a 48-year period were 42 and 22 for cirrhosis and HCC respectively.  747 

Further, Supplement Table S28 and Figure S7 show the model outcomes for cirrhosis and HCC in 5-year 748 

increments. Figure S8 shows graphs of cumulative probability of cirrhosis and liver cancer from the 749 

REVEAL-HBV study. The cumulative probability curves of HCC in the REVEAL study indicates slower 750 

development at earlier ages and increased incidence at older ages (Figure 8a). This trend is not 751 

replicated by the model, which is parameterized for annual incidence regardless of age or other factors 752 

that may affect development of HCC.129 Given the lack of data to fit an exponential model, we opted to 753 

use a linear approach to approximating incidence of HCC. This approach is consistent with previous 754 

published economic evaluation studies.6,12,15,159 Comparatively, with the cumulative probability line in 755 

the REVEAL-HBV (Figure 8) and line produced by this model (Figure 7), it is observed that development 756 

of cirrhosis seems to follow a linear progression (Figure 8b).  757 

  758 
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Table S27: CHB natural history model validation for cirrhosis and HCC with REVEAL-HBV study 759 

REVEAL-HBV Data (Chen 2011) This Model 

Location Taiwan Inputs and Results 

N 3653 N/A 

Age 30 to 65 years 30 years (starting age) 

HBeAg+ 565 (15.5) 15.5 

HBeAg- 3088 (84.5) 84.5 

Time Horizon Calculated over 48 years 48-year model run 

Cumulative Probabilities (outcomes) 

Cirrhosis 41.50 42 

Liver Cancer 21.70 22 

HBeAg-/+= Hepatitis B eAntigen negative or positive 

 760 

Table S28: Results of 25,000 natural history model simulations over varying time-horizons 761 

CHB 

Complication 

Number of Years after Entry into Natural History Model and Model Outcomes 

5-years 10 15 20 25 30 35 40 45 48* 50 

Compensated 

Cirrhosis  

10 18 25 29 33 36 38 40 42 42 42 

Hepatocellular 

Carcinoma 

3 6 9 12 14 16 18 19 21 22 22 

*Corresponds to REVEAL-HBV study data for cumulative probabilities. 

CHB = Chronic Hepatitis B 

 762 

 763 

Figure S7: Cumulative probabilities of cirrhosis and HCC in the natural history model and epidemiology data 764 

Supplement Figure 7 caption: The figure shows results of the natural history model in five-year increments. The 765 

results were generated using 25,000 microsimulations of the model. Cirrhosis cumulative probability is show in 766 
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blue line, with the height of the yellow vertical bar (41.5) showing epidemiology data from REVEAL-HBV. The 767 

orange line shows the cumulative probability of developing liver cancer, with the height of the green bar (21.7) 768 

indicating cumulative probability from the REVEAL-HBV study. 769 

 770 

 771 

Figure S8: Cumulative probabilities graphs from REVEAL-HBV study 772 

Supplement Figure 8 caption: reproduced from Chen, et al. 2011 (REVEAL-HBV) with slight modification to 773 

remove a non-relevant line from the graph (a). The graphs show cumulative probability of hepatocellular 774 

carcinoma (HCC, graph (a)) and cirrhosis (graph (b)). 775 

3. Development of liver decompensation:  776 

 777 

The natural history model was validated for decompensated cirrhosis by matching epidemiology data 778 

with cumulative probability of incidence of decompensation amongst CHB cirrhotic patients.  779 

 780 

Epidemiology data: amongst patients with cirrhosis, the cumulative probability of develop liver 781 

decompensation is 20.97 We ran the model with a cirrhotic cohort of 50 HBeAg(+) and 50 HBeAg(-) for 782 

25,000 simulations for a time-horizon of 5 years. The model result was 18 cumulative probability of 783 

decompensation over a 5-year period, closely correlated with epidemiological data. 784 

 785 

Conclusion of model validation: Overall, the model predictions of the outcome of the three major CHB 786 

complications (cirrhosis, hepatocellular carcinoma and liver decompensation) are closely aligned with the 787 

epidemiological data. And transition of patients from immune tolerant to immune active phase is depicted 788 

appropriately according to natural history data. 789 

  790 
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2. Validation of Treatment Model 791 

To determine how our treatment model compares with the calibrated natural history model, we ran 792 

100,000 microsimulations to determine clinical outcomes for an active chronic hepatitis B prevalent 793 

cohort. Data from observational and clinical trials show that chronic hepatitis B outcomes of cirrhosis, 794 

decompensation, hepatocellular carcinoma and death can be reduced, but not completely eliminated, 795 

with anti-viral therapy.97,160-168 The estimates of percent reduction in outcomes, however, are not well 796 

defined with wide ranges reported in literature from no difference to 30 to 80% reduction in cirrhosis, 797 

decompensation and liver cancer.97,163,165 When available, we used data published by American 798 

Association for the Study of Liver Disease to model relative risk reductions in development of cirrhosis, 799 

decompensation, hepatocellular carcinoma, and CHB related death.97 In other instances, data from a 800 

previously published hepatitis B economic evaluation were used.6 801 

We compared treatment with tenofovir with no intervention to determine the reduction of key clinical 802 

outcomes with treatment. For the purposes of validation test, we assumed complete adherence to 803 

treatment and complete suppression of HBV DNA. Relevant cohort and treatment characteristics for the 804 

validation test are shown in the Supplement Table 29 below. The clinical outcomes measured were 805 

development of 1) compensated cirrhosis; 2) decompensated cirrhosis; 3) hepatocellular carcinoma 806 

from all CHB health states; 4) hepatocellular from cirrhotic states only; 5) liver transplantation; 6) death 807 

attributed to chronic hepatitis B from all health states; 7) death in compensated cirrhosis, attributed to 808 

chronic hepatitis B; 8) death from advanced liver disease (decompensated cirrhosis and hepatocellular 809 

carcinoma); and 9) death from decompensated cirrhosis, hepatocellular carcinoma, liver transplantation 810 

and post-liver transplantation. 811 

Table S29: Treatment validation test cohort and treatment characteristics 812 

Cohort Characteristics Base-case 

Model horizon Life-time 

  

Cohort Age 30 Years 

  

Distribution in Active CHB States 

Immune Tolerant Phase 5.74 

Immune Active Phase (eAg+) 

HBeAg+, Non-Cirrhotic 21.02 

HBeAg+, Cirrhotic* 1.11 

Immune Active Phase (eAg-) 

HBeAg-, Non-Cirrhotic 31.12 

HBeAg-, Cirrhotic* 1.64 

Immune Inactive Phase 

HBeAg-, Inactive CHB, Non-Cirrhotic 37.40 

HBeAg-, Inactive CHB, Cirrhotic* 1.97 

  

Treatment Characteristics 

  

Hepatitis B virus DNA suppression 100% 

  

Adherence to therapy 100% 

  

Development of resistance to tenofovir therapy 0% 

HBeAg-/+= Hepatitis B eAntigen negative or positive; CHB = Chronic 

Hepatitis B 

 813 
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Supplement Figure 9 below shows the outcomes of the model, represented as percent reduction in 814 

clinical outcomes with tenofovir treatment compared to no treatment. Overall, the model predicts 815 

appropriate levels of reduction in all key clinical outcomes. Reduction in development of cirrhosis, 816 

decompensation and hepatocellular carcinoma ranges from 33% to 67%, in general congruence with 817 

reported data and patterns. For example, Papatheodoridis, et al. reported an overall treatment related 818 

reduction of liver cancer of approximately 30%, our model predicts a reduction of 33% (light gray box in 819 

the figure below).163 It has also been observed that reduction in hepatocellular carcinoma with 820 

treatment is higher in patients with cirrhosis.97,162 In our model patients with cirrhosis experienced 46% 821 

increased reduction in liver cancer compared to overall reduction of 33%. 822 

823 
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 824 

 825 

Figure S9: Percent reduction of key clinical outcomes of chronic hepatitis B with treatment 826 

Supplement Figure 9 caption: The figure shows percent reduction of key clinical outcomes measured by the model for treatment with tenofovir compare to no 827 

treatment.   828 
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IV. Additional Base-Case Results 829 

1. Results by strategy and program for each study population 830 

a. Screen and Vaccinate 831 
Table S30: Base-case results for screen and vaccinate strategy by program, by population 832 

Strategy, by Population Cost (USD) 
Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders 

No Intervention $3,902 - 23.780 - - $0 $3,902 $0 24.369 

Community Outreach/Clinic Referral $4,001 $99 23.787 0.007 13,397 $0 $3,876 $125 24.373 

Africa Born Black Population 

No Intervention $4,928 - 23.551 - - $0 $4,928 $0 24.205 

Community Outreach/Clinic Referral $5,024 $96 23.559 0.009 11,086 $0 $4,897 $127 24.210 

Incarcerated Persons 

Universal Screening $999 - 24.415 - - $0 $932 $67 24.755 

No Intervention $1,105 $106 24.365 -0.050 Dominated $0 $1,105 $0 24.726 

Refugee Population 

No Intervention $3,183 - 23.934 - - $0 $3,183 $0 24.463 

Community Outreach/Clinic Referral $3,278 $95 23.944 0.010 9,453 $0 $3,147 $130 24.468 

People Who Inject Drugs 

No Intervention $6,924 - 23.070 - - $0 $6,924 $0 23.950 

Syringe services programs $6,974 $50 23.078 0.008 6,438 $0 $6,894 $80 23.954 

Men Who Have Sex With Men 

No Intervention $1,354 - 24.325 - - $0 $1,354 $0 24.701 

STI Clinics $1,361 $8 24.336 0.011 695 $0 $1,316 $46 24.707 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ICER: Incremental Cost-Effectiveness Ratio; STI: Sexually Transmitted Infections 

^Screening costs include vaccination costs. 
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b. Screen and Treat with Tenofovir 834 
Table S31: Base-case results for screen and treat (with tenofovir) strategy by program, by population 835 

Strategy, by Population 
Cost 

(USD) 

Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders 

No Intervention $3,902 - 23.780 - - $0 $3,902 $0 24.369 

Community Outreach/Clinic Partnership $4,911 $1,009 23.827 0.048 21,159 $1,006 $3,762 $143 24.413 

Community Outreach/Clinic Referral $5,360 $449 23.853 0.026 17,314 $1,553 $3,686 $121 24.437 

Africa Born Black Population 

No Intervention $4,928 - 23.551 - - $0 $4,928 $0 24.205 

Community Outreach/Clinic Partnership $6,739 $1,811 23.646 0.096 18,947 $1,927 $4,662 $151 24.296 

Incarcerated Persons 

No Intervention $1,105 - 24.365 - - $0 $1,105 $0 24.726 

Universal Screening $1,446 $341 24.382 0.017 20,032 $359 $1,055 $32 24.742 

Refugee Population 

No Intervention $3,183 - 23.934 - - $0 $3,183 $0 24.463 

Community Outreach/Clinic Partnership $4,746 $1,563 24.011 0.078 20,066 $1,642 $2,955 $148 24.535 

People Who Inject Drugs 

No Intervention $6,924 - 23.070 - - $0 $6,924 $0 23.950 

Syringe services programs $7,016 $92 23.071 0.001 96,657 $15 $6,922 $80 23.951 

Men Who Have Sex With Men 

No Intervention $1,354 - 24.325 - - $0 $1,354 $0 24.701 

STI Clinics $1,637 $283 24.338 0.014 20,412 $293 $1,313 $31 24.713 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ICER: Incremental Cost-Effectiveness Ratio; STI: Sexually Transmitted Infections 

^Screening costs include vaccination costs. 
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c. Screen and Treat with Entecavir 837 
 838 

Table S32: Base-case results for screen and treat (with entecavir) strategy by program, by population 839 

Strategy, by Population 
Cost 

(USD) 

Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders          

No Intervention $3,902 $0 23.780 0.000 $0 $0 $3,902 $0 24.369 

Community Outreach/Clinic Partnership $4,586 $685 23.819 0.039 $17,587 $652 $3,792 $143 24.406 

Community Outreach/Clinic Referral $4,859 $273 23.840 0.021 $12,878 $1,007 $3,732 $121 24.426 

Africa Born Black Population          

No Intervention $4,928 $0 23.551 0.000 $0 $0 $4,928 $0 24.205 

Community Outreach/Clinic Partnership $6,114 $1,186 23.629 0.078 $15,169 $1,245 $4,718 $151 24.281 

Incarcerated Persons          

No Intervention $1,105 $0 24.365 0.000 $0 $0 $1,105 $0 24.726 

Universal Screening $1,330 $225 24.378 0.014 $16,207 $233 $1,066 $32 24.740 

Refugee Population          

No Intervention $3,183 $0 23.934 0.000 $0 $0 $3,183 $0 24.463 

Community Outreach/Clinic Partnership $4,216 $1,033 23.997 0.064 $16,248 $1,065 $3,003 $148 24.523 

People Who Inject Drugs          

No Intervention $6,924 $0 23.070 0.000 $0 $0 $6,924 $0 23.950 

Syringe services programs $7,013 $89 23.071 0.001 $90,881 $11 $6,923 $80 23.951 

Men Who Have Sex With Men          

No Intervention $1,354 $0 24.325 0.000 $0 $0 $1,354 $0 24.701 

STI Clinics $1,543 $189 24.336 0.011 $16,672 $190 $1,322 $31 24.711 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ICER: Incremental Cost-Effectiveness Ratio; STI: Sexually Transmitted Infections 

^Screening costs include vaccination costs. 
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d. Screen and Treat (with Tenofovir) or Vaccinate 841 
Table S33: Base-case results for screen and vaccinate or treat (with tenofovir) strategy by program, by population 842 

Strategy, by Population 

Cost 

(USD) 

Incremental 

Cost (USD) QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders 

No Intervention $3,902 - 23.780 - - $0 $3,902 $0 24.369 

Community Outreach/Clinic Referral $5,361 $1,459 23.861 0.081 18,009 $1,553 $3,661 $148 24.441 

Africa Born Black Population 

No Intervention $4,928 - 23.551 - - $0 $4,928 $0 24.205 

Community Outreach/Clinic Referral $6,676 $1,748 23.653 0.102 17,089 $1,887 $4,636 $153 24.299 

Incarcerated Persons 

No Intervention $1,105 - 24.365 - - $0 $1,105 $0 24.726 

Universal Screening $1,321 $216 24.432 0.067 3,203 $359 $882 $80 24.770 

Refugee Population 

No Intervention $3,183 - 23.934 - - $0 $3,183 $0 24.463 

Community Outreach/Clinic Referral $4,716 $1,534 24.021 0.088 17,432 $1,642 $2,920 $154 24.540 

People Who Inject Drugs 

No Intervention $6,924 - 23.070 - - $0 $6,924 $0 23.950 

Syringe services programs $7,144 $220 23.090 0.020 11,160 $184 $6,869 $91 23.966 

Men Who Have Sex With Men 

No Intervention $1,354 - 24.325 - - $0 $1,354 $0 24.701 

STI Clinics $1,626 $272 24.349 0.025 10,954 $293 $1,275 $58 24.719 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ICER: Incremental Cost-Effectiveness Ratio; STI: Sexually Transmitted Infections 

^Screening costs include vaccination costs. 
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e. Screen and Treat (with Entecavir) or Vaccinate 844 

 845 

Table S34: Base-case results  for screen and vaccinate or treat strategy by program, by population 846 

Strategy, by Population Cost (USD) 
Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders          

No Intervention $3,902 $0 23.780 0.000 $0 $0 $3,902 $0 24.369 

Community Outreach/Clinic Referral $4,860 $958 23.847 0.068 $14,198 $1,007 $3,706 $148 24.430 

Africa Born Black Population          

No Intervention $4,928 $0 23.551 0 $0 $0 $4,928 $0 24.205 

Community Outreach/Clinic Referral $6,064 $1,136 23.636 0.085 $13,323 $1,220 $4,691 $153 24.285 

Incarcerated Persons          

No Intervention $1,105 $0 24.365 0 $0 $0 $1,105 $0 24.726 

Universal Screening $1,205 $100 24.429 0.064 $1,558 $233 $892 $80 24.768 

Refugee Population          

No Intervention $3,183 $0 23.934 0 $0 $0 $3,183 $0 24.463 

Community Outreach/Clinic Referral $4,186 $1,004 24.007 0.074 $13,626 $1,065 $2,968 $154 24.529 

People Who Inject Drugs          

No Intervention $6,924 $0 23.070 0 $0 $0 $6,924 $0 23.950 

Syringe services programs $7,109 $185 23.090 0.020 $9,194 $131 $6,886 $91 23.968 

Men Who Have Sex With Men          

No Intervention $1,354 $0 24.325 0 $0 $0 $1,354 $0 24.701 

STI Clinics $1,531 $178 24.347 0.022 $7,970 $190 $1,284 $58 24.717 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ICER: Incremental Cost-Effectiveness Ratio; STI: Sexually Transmitted Infections 

^Screening costs include vaccination costs. 
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2. Results by comparative broad strategies for each study population 848 

a. Primary base-case results with drug (with tenofovir), health and screening costs plus life years 849 
Table S35: Base-case results for screening and linkage to care (tenofovir treatment) strategies, by population 850 

Strategy*, by Population Cost 

(USD) 

Incremental 

Cost (USD) 

QALYs Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders 

No Intervention $3,902 - 23.780 - - $0 $3,902 $0 24.369 

Vaccination Only $4,001 $99 23.787 0.007 13,397 $0 $3,876 $125 24.373 

Treatment Only $5,360 $1,359 23.853 0.066 20,519 $1,553 $3,686 $121 24.437 

Inclusive $5,361 $1 23.861 0.007 129 $1,553 $3,661 $148 24.441 

Africa Born Black Population 

No Intervention $4,928 - 23.551 - - $0 $4,928 $0 24.205 

Vaccination Only $5,024 $96 23.559 0.009 11,086 $0 $4,897 $127 24.210 

Inclusive $6,676 $1,652 23.653 0.094 17,645 $1,887 $4,636 $153 24.299 

Treatment Only $6,739 $63 23.646 -0.007 Dominated $1,927 $4,662 $151 24.296 

Incarcerated Persons 

Vaccination Only $999 - 24.415 - - $0 $932 $67 24.755 

No Intervention $1,105 $106 24.365 -0.050 Dominated $0 $1,105 $0 24.726 

Inclusive $1,321 $322 24.432 0.017 18,922 $359 $882 $80 24.770 

Treatment Only $1,446 $125 24.382 -0.050 Dominated $359 $1,055 $32 24.742 

Refugee Population 

No Intervention $3,183 - 23.934 - - $0 $3,183 $0 24.463 

Vaccination Only $3,278 $95 23.944 0.010 9,453 $0 $3,147 $130 24.468 

Inclusive $4,716 $1,438 24.021 0.078 18,465 $1,642 $2,920 $154 24.540 

Treatment Only $4,746 $29 24.011 -0.010 Dominated $1,642 $2,955 $148 24.535 

People Who Inject Drugs 

No Intervention $6,924 - 23.070 - - $0 $6,924 $0 23.950 

Vaccination Only $6,974 $50 23.078 0.008 6,438 $0 $6,894 $80 23.954 

Inclusive $6,999 $24 23.079 0.001 25,551 $15 $6,892 $91 23.955 

Treatment Only $7,016 $18 23.071 -0.008 Dominated $15 $6,922 $80 23.951 

Men Who Have Sex With Men 

No Intervention $1,354 - 24.325 - - $0 $1,354 $0 24.701 

Vaccination Only $1,361 $8 24.336 0.011 695 $0 $1,316 $46 24.707 

Inclusive $1,626 $264 24.349 0.014 19,052 $293 $1,275 $58 24.719 

Treatment Only $1,637 $11 24.338 -0.011 Dominated $293 $1,313 $31 24.713 

*Specific screen and linkage to care programs for each broad strategy are shown in Table S6. 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years 

^Screening costs include vaccination costs. 
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b. Base-case results with drug (with entecavir), health and screening costs plus life years 852 
 853 

Table S36: Base-case results for screening and linkage to care (entecavir treatment) strategies, by population 854 

Strategy*, by Population Cost 

(USD) 

Incremental 

Cost (USD) 

QALYs Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders 

No Intervention  $3,902   -    23.780 0.000 - -  $3,902  - 24.369 

Vaccination Only  $4,001   $99  23.787 0.007  $13,397  -  $3,876   $125  24.373 

Treatment Only  $4,859   $858  23.840 0.053  $16,283   $1,007   $3,732   $121  24.426 

Inclusive  $4,860   $1  23.847 0.007  $129   $1,007   $3,706   $148  24.430 

Africa Born Black Population 

No Intervention  $4,928  - 23.551 0.000 - -  $4,928  - 24.205 

Vaccination Only  $5,024   $96  23.559 0.009  $11,086  -  $4,897   $127  24.210 

Inclusive  $6,064   $1,039  23.636 0.077  $13,577   $1,220   $4,691   $153  24.285 

Treatment Only  $6,114   $50  23.629 -0.007  Dominated   $1,245   $4,718   $151  24.281 

Incarcerated Persons 

Vaccination Only  $999  -    24.415 0.000 - -  $932   $67  24.755 

No Intervention  $1,105   $106  24.365 -0.050  Dominated  -  $1,105  - 24.726 

Inclusive  $1,205   $206  24.429 0.014  $14,847   $233   $892   $80  24.768 

Treatment Only  $1,330   $125  24.378 -0.050  Dominated   $233   $1,066   $32  24.740 

Refugee Population 

No Intervention  $3,183  - 23.934 0.000 - -  $3,183  - 24.463 

Vaccination Only  $3,278   $95  23.944 0.010  $9,453  -  $3,147   $130  24.468 

Inclusive  $4,186   $909  24.007 0.064  $14,288   $1,065   $2,968   $154  24.529 

Treatment Only  $4,216   $29  23.997 -0.010  Dominated   $1,065   $3,003   $148  24.523 

People Who Inject Drugs 

No Intervention  $6,924  - 23.070 0.000 - -  $6,924  - 23.950 

Vaccination Only  $6,974   $50  23.078 0.008  $6,438   -     $6,894   $80  23.954 

Inclusive  $6,996   $21  23.079 0.001  $21,897   $11   $6,894   $91  23.955 

Treatment Only  $7,013   $18  23.071 -0.008  Dominated   $11   $6,923   $80  23.951 

Men Who Have Sex With Men 

No Intervention  $1,354  - 24.325 0.000 - -  $1,354  - 24.701 

Vaccination Only  $1,361   $8  24.336 0.011  $695  -  $1,316   $46  24.707 

Inclusive  $1,531   $170  24.347 0.011  $15,006   $190   $1,284   $58  24.717 

Treatment Only  $1,543   $11  24.336 -0.011  Dominated   $190   $1,322   $31  24.711 

*Specific screen and linkage to care programs for each broad strategy are shown in Table S6. 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years 

^Screening costs include vaccination costs. 
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V. Scenario Analysis  856 

 857 

1. Improved screening and linkage to care – ICER Calculations 858 

 859 

This scenario assumes 90% consent to screening, followed by 100% referral rate for those found susceptible or infected, followed by 90% successful linkage 860 

to treatment. Acceptance of treatment is modeled at 90% and acceptance of 1st, 2nd and 3rd dose of vaccine at 80% for each dose. 861 

See Tables S37 and S38 on the next two pages.  862 
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a. Tenofovir based treatment and retreatment  863 
Table S37: Scenario analysis - Improved screening and linkage to care, using tenofovir based treatment and retreatment - ICER Calculations 864 

Strategy*, by Population 
Cost 

(USD) 

Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 
Life Years 

Asian and Pacific Islanders          

No Intervention $3,902 $0 23.780 0.000 - $0 $3,902 $0 24.369 

Vaccination Only $4,016 $114 23.799 0.020 5,777 $0 $3,833 $183 24.380 

Inclusive $6,742 $2,726 23.948 0.148 18,394 $3,125 $3,400 $217 24.517 

Treatment Only $6,754 $12 23.928 -0.020 Dominated $3,125 $3,468 $160 24.506 

Africa Born Black Population          

No Intervention $4,928 $0 23.551 0.000 - $0 $4,928 $0 24.205 

Vaccination Only $5,035 $107 23.574 0.023 4,589 $0 $4,845 $189 24.218 

Inclusive $8,346 $3,312 23.762 0.188 17,578 $3,798 $4,320 $228 24.397 

Treatment Only $8,400 $54 23.739 -0.023 Dominated $3,798 $4,403 $200 24.384 

Incarcerated Persons          

Vaccination Only $928 $0 24.444 0.000 - $0 $830 $97 24.771 

No Intervention $1,105 $177 24.365 -0.080 Dominated $0 $1,105 $0 24.726 

Inclusive $1,421 $494 24.471 0.026 18,795 $554 $754 $114 24.796 

Treatment Only $1,623 $201 24.391 -0.080 Dominated $554 $1,028 $41 24.751 

Refugee Population          

No Intervention $3,183 $0 23.934 0.000 - $0 $3,183 $0 24.463 

Vaccination Only $3,287 $104 23.961 0.027 3,866 $0 $3,089 $198 24.478 

Inclusive $5,470 $2,183 24.079 0.119 18,416 $2,500 $2,742 $228 24.587 

Treatment Only $5,526 $56 24.052 -0.027 Dominated $2,500 $2,836 $190 24.572 

People Who Inject Drugs          

Vaccination Only $6,271 $0 23.281 0.000 - $0 $6,126 $146 24.070 

No Intervention $6,924 $653 23.070 -0.211 Dominated $0 $6,924 $0 23.950 

Inclusive $9,724 $3,453 23.538 0.257 13,449 $3,959 $5,574 $190 24.325 

Treatment Only $10,465 $740 23.327 -0.211 Dominated $3,959 $6,373 $132 24.204 

Men Who Have Sex With Men          

Vaccination Only $1,302 $0 24.370 0.000 - $0 $1,195 $107 24.726 

No Intervention $1,354 $52 24.325 -0.046 Dominated $0 $1,354 $0 24.701 

Inclusive $2,105 $803 24.413 0.043 18,604 $910 $1,069 $126 24.766 

Treatment Only $2,181 $76 24.368 -0.046 Dominated $910 $1,228 $43 24.740 

*Specific screen and linkage to care programs for each broad strategy are shown in Table S6. 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years; ^Screening costs include vaccination costs. 
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b. Entecavir based treatment and tenofovir retreatment  866 
Table S38: Scenario analysis - Improved screening and linkage to care, using entecavir based treatment and retreatment - ICER Calculations 867 

Strategy*, by Population 
Cost 

(USD) 

Incremental 

Cost (USD) 
QALYs 

Incremental 

QALYs 

ICER 

(USD/QALY) 

Drug Costs 

(USD) 

Health Care 

Costs (USD) 

Screening 

Costs^ (USD) 

Life 

Years 

Asian and Pacific Islanders          

No Intervention $3,902 $0 23.780 0.000 $0 $0 $3,902 - 24.369 

Vaccination Only $4,016 $114 23.799 0.020 $5,777 $0 $3,833 $183 24.380 

Inclusive $5,734 $1,718 23.920 0.121 $14,201 $2,026 $3,491 $217 24.495 

Treatment Only $5,746 $12 23.901 -0.020 Dominated $2,026 $3,559 $160 24.484 

Africa Born Black Population          

No Intervention $4,928 $0 23.551 0.000 $0 $0 $4,928 - 24.205 

Vaccination Only $5,035 $107 23.574 0.023 $4,589 $0 $4,845 $189 24.218 

Inclusive $7,114 $2,079 23.728 0.154 $13,495 $2,454 $4,431 $228 24.368 

Treatment Only $7,168 $54 23.705 -0.023 Dominated $2,454 $4,514 $200 24.355 

Incarcerated Persons          

Vaccination Only $928 $0 24.444 0.000 $0 $0 $830 $97 24.771 

No Intervention $1,105 $177 24.365 -0.080 Dominated $0 $1,105 - 24.726 

Inclusive $1,243 $315 24.466 0.021 $14,692 $359 $770 $114 24.792 

Treatment Only $1,444 $201 24.386 -0.080 Dominated $359 $1,044 $41 24.747 

Refugee Population          

No Intervention $3,183 $0 23.934 0.000 $0 $0 $3,183 - 24.463 

Vaccination Only $3,287 $104 23.961 0.027 $3,866 $0 $3,089 $198 24.478 

Inclusive $4,664 $1,377 24.057 0.097 $14,227 $1,621 $2,815 $228 24.569 

Treatment Only $4,720 $56 24.030 -0.027 Dominated $1,621 $2,909 $190 24.555 

People Who Inject Drugs          

Vaccination Only $6,271 $0 23.281 0.000 $0 $0 $6,126 $146 24.070 

No Intervention $6,924 $653 23.070 -0.211 Dominated $0 $6,924 - 23.950 

Inclusive $8,962 $2,691 23.546 0.265 $10,165 $2,831 $5,941 $190 24.361 

Treatment Only $9,702 $740 23.335 -0.211 Dominated $2,831 $6,739 $132 24.240 

Men Who Have Sex With Men          

Vaccination Only $1,302 $0 24.370 0.000 $0 $0 $1,195 $107 24.726 

No Intervention $1,354 $52 24.325 -0.046 Dominated $0 $1,354 - 24.701 

Inclusive $1,811 $509 24.405 0.035 $14,458 $590 $1,096 $126 24.759 

Treatment Only $1,887 $76 24.360 -0.046 Dominated $590 $1,254 $43 24.734 

*Specific screen and linkage to care programs for each broad strategy are shown in Table S6. 

USD: United States Dollar; QALYs: Quality-Adjusted Life-Years 

^Screening costs include vaccination costs. 
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2. Improved screening and linkage to care - Clinical Outcomes 869 

a. Short-, intermediate-, and long-term clinical outcomes 870 

Results of 1 million simulations with base-case values to determine the percent reduction in clinical 871 

outcomes with a program that screens and treats or vaccinates compared to no intervention. 872 

 873 

Figure S10: Short-term and intermediate clinical outcomes for each population in scenario analysis 874 
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 875 

Figure S11: Long-term clinical outcomes for each population in scenario analysis  876 
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VI. Additional One-Way Analyses 877 

 878 
This section presents additional one-way analyses. More in depth versions of tornado diagrams are shown. A 879 

table on the impact of hepatitis B population-specific prevalence and incidence rate on is shown in a table. 880 

1. Tornado Analyses: 881 

The main paper presents the top sex variables impacting the incremental cost-effectiveness ration 882 

(ICER). These analyses provide more details (for the top 20 inputs) about the uncertainty around the 883 

inputs and their impact on the model outputs.  884 

 885 

Six tornado diagrams are shown, one for each population modeled.  886 

 887 

How to read the tornado diagrams: the blue bars indicate the lower ICER for the value listed first in the 888 

range; orange bars indicate an increase for the 2nd value in the range. These ranges are the uncertainty 889 

around the input and the length of the bars reflects the impact on the ICER of the uncertainty. 890 
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a. Asian and Pacific Islanders 891 

 892 

Figure S12: Sensitivity analysis for the inclusive strategy compared to no intervention for Asian and Pacific Islanders 893 

$16,418

$13,455

$12,331

$10,829

$16,007

$14,431

$14,468

$17,008

$15,730

$16,368

$16,114

$16,174

$16,836

$17,457

$17,707

$16,473

$16,033

$16,324

$16,772

$17,132

$32,067

$26,483

$24,894

$22,812

$27,936

$23,946

$23,846

$22,417

$21,062

$21,030

$20,575

$19,882

$20,177

$20,214

$20,428

$18,996

$18,503

$18,431

$18,855

$18,981

9,000 14,000 19,000 24,000 29,000

Age of cohort - BC: 30 (20 to 60)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Active CHB, Cirrhotic - BC: 0.046 (0.15 to 0.005)

Discount Rate for costs and QALYs - BC: 0.03 (0.01 to 0.05)

Monthly cost of Tenofovir 300mg Daily - BC: 798 (499 to 998)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Inactive CHB, Non-Cirrhotic - BC: 0.016 (0 to 0.11)

Utility in Immune state - BC: 0.99 (1 to 0.98)

Utility in Susceptible state - BC: 0.99 (0.98 to 1)

Probability of going from HBeAg-, Active CHB, Cirrhotic to HBeAg-,

Inactive CHB, Cirrhotic - BC: 0.016 (0 to 0.11)

Utility in HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 0.85 (0.935 to

0.765)

Transition from HBe-, NC to Inactive CHB with TDF, Year 1, in tx naïve -

BC: 0.76 (1 to 0.38)

Discontinuation rate of treatment naïve in year 2 with TDF - BC: 0.035

(0.0525 to 0.0175)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Decompensated Cirrhosis - BC: 0.114 (0.095 to 0.023)

Transition from HBe+, NC to Inactive CHB with TDF, Year 2, in tx naïve -

BC: 0.006 (0.1709 to 0.057)

Annual cost of managing HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 647

(323 to 1940)

Cost per person of running the SFHBF screening program (all logistical

and administrative costs) - BC: 140 (105 to 420)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to Death -

BC: 0.01 (0.0277 to 0.0025)

Annual cost of managing HBeAg-, Active CHB, Non-Cirrhotic - BC: 1293

(3880 to 647)

Annual cost of managing HBeAg-, Active CHB, Cirrhotic - BC: 2714

(8141 to 1357)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Hepatocellular Carcinoma - BC: 0.024 (0.081 to 0.002)

Utility in HBeAg-, Active CHB, Non-Cirrhotic - BC: 0.67 (0.603 to 0.737)

Base-case ICER: $18,009/QALY

Asian and Paicific Islanders: Screen and Treat or Vaccinate vs No Intervention

Lower Limit

Upper Limit



Technical Supplement – Detailed Methods and Additional Results 

61 
 

b. Africa Born Black Population 894 

 895 

Figure S13: Sensitivity analysis for the inclusive strategy compared to no intervention for Africa Born Black Population 896 
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c. Incarcerated Persons 897 

 898 

Figure S14: Sensitivity analysis for the inclusive strategy compared to no intervention for Incarcerated Individuals 899 
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Prevalence of active CHB in Incarcerated Persons - BC: 0.014

(0.003 to 0.031)

Annual incidence for developing acute hepatitis B in incarcerated

persons - BC: 0.0231 (0.038 to 0.0082)

Age of cohort - BC: 0.03 (20 to 60)

Utility in Immune state - BC: 0.99 (0.98 to 1)

Discount Rate - BC: 0.03 (0.01 to 0.05)

Probability of going from Acute Hepatitis, Adult, Asymptomatic

to HBeAg+, Active CHB, No Cirrhosis - BC: 0.05 (0.1 to 0.01)

Utility in Susceptible state - BC: 0.99 (0.98 to 1)

Monthly cost of Tenofovir 300mg Daily - BC: 798 (499 to 998)

Proportion of incarcerated accepting vaccination and getting 1st

dose - BC: 0.7 (1 to 0.4)

Incarcerated persons accepting treatment with Universal screening

- BC: 0.75 (0.5 to 1)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to

HBeAg-, Active CHB, Cirrhotic - BC: 0.046 (0.15 to 0.005)

Susceptibility to HBV in Incarcerated Persons - BC: 0.53 (0.66 to

0.4)

Probability of going from Acute Hepatitis, Adult, Symptomatic to

HBeAg+, Active CHB, No Cirrhosis - BC: 0.05 (0.1 to 0.01)

Discontinuation rate of treatment naïve in year 2 with TDF - BC:

0.035 (0.0175 to 0.0525)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to

HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 0.016 (0 to 0.11)

Proportion of incarcerated getting 2nd dose - BC: 0.65 (0.81 to

0.49)

Annual cost of managing HBeAg+, Active CHB, Non-Cirrhotic -

BC: 1293 (3880 to 647)

Annual cost of managing HBeAg-, Active CHB, Non-Cirrhotic -

BC: 1293 (3880 to 647)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Decompensated Cirrhosis - BC: 0.05 (0.095 to 0.023)

Probability of going from Acute Hepatitis, Adult to Acute

Hepatitis, Adult, Symptomatic - BC: 0.3 (0.2 to 0.4)

Base-case ICER: $3,203/QALY

Incarcerated Persons: Screen and Treat or Vaccinate vs No Intervention

Lower

Limit
Upper

Limit
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d. Refugees 900 

 901 

Figure S15: Sensitivity analysis for the inclusive strategy compared to no intervention for Refugees 902 
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Age of cohort - BC: 30 (20 to 60)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Active CHB, Cirrhotic - BC: 0.046 (0.15 to 0.005)

Discount Rate for costs and QALYs - BC: 0.99 (0.01 to 0.05)

Utility in Immune state - BC: 0.99 (1 to 0.98)

Utility in Susceptible state - BC: 0.99 (0.98 to 1)

Monthly cost of Tenofovir 300mg Daily - BC: 798 (499 to 998)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Inactive CHB, Non-Cirrhotic - BC: 0.016 (0 to 0.11)

Probability of going from HBeAg-, Active CHB, Cirrhotic to HBeAg-,

Inactive CHB, Cirrhotic - BC: 0.016 (0 to 0.11)

Utility in HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 0.85 (0.935 to

0.765)

Transition from HBe-, NC to Inactive CHB with TDF, Year 1, in tx naïve -

BC: 0.76 (1 to 0.38)

Discontinuation rate of treatment naïve in year 2 with TDF - BC: 0.035

(0.0525 to 0.0175)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Decompensated Cirrhosis - BC: 0.05 (0.095 to 0.023)

Transition from HBe+, NC to Inactive CHB with TDF, Year 2, in tx naïve

- BC: 0.114 (0.1709 to 0.057)

Annual cost of managing HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 647

(323 to 1940)

Cost per person of running the SFHBF screening program (all logistical

and administrative costs) - BC: 140 (105 to 420)

Annual cost of managing HBeAg-, Active CHB, Non-Cirrhotic - BC: 1293

(3880 to 647)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to Death -

BC: 0.01 (0.0277 to 0.0025)

Annual cost of managing HBeAg-, Active CHB, Cirrhotic - BC: 2714

(8141 to 1357)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Hepatocellular Carcinoma - BC: 0.024 (0.081 to 0.002)

Probability of going from Acute Hepatitis, Adult, Asymptomatic to

HBeAg+, Active CHB, No Cirrhosis - BC: 0.05 (0.01 to 0.1)

Base-case ICER: $17,432/QALY

Refugees: Screen and Treat or Vaccinate vs No Intervention

Lower Limit

Upper Limit
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e. People Who Inject Drugs 903 

 904 

Figure S16: Sensitivity analysis for the inclusive strategy compared to no intervention for People Who Inject Drugs 905 

$6,598

$7,269

$634

$3,634

$5,198

$6,312

$6,401

$6,839

$7,003

$8,101

$7,659

$7,706

$7,860

$7,892

$7,450

$7,904

$8,255

$8,042

$8,036

$7,926

$24,007

$20,986

$12,864

$15,268

$15,265

$11,979

$11,920

$10,630

$10,029

$10,330

$9,548

$9,512

$9,264

$9,243

$8,780

$9,211

$9,445

$9,224

$9,216

$9,103

0 5,000 10,000 15,000 20,000

Total cost per person of running the PWID screening program at SSP - BC:

97 (73 to 291)

Age of cohort - BC: 30 (20 to 20)

PWID linked to care after screening at SSP - BC: 0.1 (0.06 to 0.4)

Discount Rate for costs and QALYs - BC: 0.03 (0.01 to 0.05)

AHB to CHB transition probability for PWIDs - BC: 0.1 (0.15 to 0.05)

Proportion of susceptible PWIDs - BC: 0.44 (0.55 to 0.33)

PWID referred to care after screening at SSP - BC: 0.75 (0.95 to 0.56)

Proportion of PWID getting 2nd dose - BC: 0.53 (0.67 to 0.4)

Prevalence of active CHB in PWIDs (general population) - BC: 0.118 (0.035

to 0.2)

PWID accepting treatment after screening at SSP - BC: 0.06 (0.016 to 0.4)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-,

Active CHB, Cirrhotic - BC: 0.046 (0.15 to 0.005)

Utility in Immune state - BC: 0.99 (1 to 0.98)

Annual incidence for developing acute hepatitis B in PWID - BC: 0.1 (0.122

to 0.083)

Utility in Susceptible state - BC: 0.99 (0.98 to 1)

Annual cost of managing HBeAg+, Active CHB, Non-Cirrhotic - BC: 1293

(647 to 3880)

Probability of going from Acute Hepatitis, Adult to Acute Hepatitis, Adult,

Symptomatic - BC: 0.3 (0.4 to 0.2)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-,

Inactive CHB, Non-Cirrhotic - BC: 0.016 (0.11 to 0)

Probability of going from HBeAg+, Active CHB, Non-Cirrhotic to

HBeAg+, Active CHB, Cirrhotic - BC: 0.024 (0.038 to 0.007)

Proportion of PWID accepting vaccination and getting 1st dose - BC: 0.69

(0.86 to 0.52)

Hepatitis B Surface Antibody (Anti-HBs) - BC: 14.63 (7.32 to 21.95)

Base-case ICER: $8,514/QALY

PWID: Screen and Treat or Vaccinate vs No Intervention

Lower Limit

Upper Limit
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f. Men Who Have Sex with Men 906 

 907 

Figure S17: Sensitivity analysis for the inclusive strategy compared to no intervention for Men Who Sex with Men  908 
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Age of cohort - BC: 30 (20 to 60)

Discount Rate for costs and QALYs - BC: 0.03 (0.01 to 0.05)

Monthly cost of Tenofovir 300mg Daily - BC: 798 (499 to 998)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Active CHB, Cirrhotic - BC: 0.046 (0.15 to 0.005)

Probability of going from Acute Hepatitis, Adult, Asymptomatic to

HBeAg+, Active CHB, No Cirrhosis - BC: 0.05 (0.1 to 0.01)

Probability of going from HBeAg-, Active CHB, Non-Cirrhotic to HBeAg-

, Inactive CHB, Non-Cirrhotic - BC: 0.016 (0 to 0.11)

Proportion of susceptible MSMs - BC: 0.62 (0.78 to 0.47)

MSM accepting treatment with with screening at STI Clinics - BC: 0.75

(0.5 to 1)

Probability of going from HBeAg-, Active CHB, Cirrhotic to HBeAg-,

Inactive CHB, Cirrhotic - BC: 0.016 (0 to 0.11)

Prevalence of active CHB in MSMs - BC: 0.023 (0.017 to 0.029)

Probability of going from Acute Hepatitis, Adult, Symptomatic to

HBeAg+, Active CHB, No Cirrhosis - BC: 0.05 (0.1 to 0.01)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Decompensated Cirrhosis - BC: 0.05 (0.023 to 0.095)

Proportion of MSM getting 2nd dose - BC: 0.508 (0.38 to 0.64)

Cost per person of running the MSM STI Clinic screening program (all

logistical and administrative costs) - BC: 27 (81 to 20)

Annual cost of managing HBeAg-, Active CHB, Non-Cirrhotic - BC: 1293

(3880 to 647)

Probability of going from Acute Hepatitis, Adult to Acute Hepatitis, Adult,

Symptomatic - BC: 0.3 (0.2 to 0.4)

Annual incidence for developing acute hepatitis B in MSMs - BC: 0.0096

(0.0085 to 0.011)

Annual cost of managing HBeAg-, Inactive CHB, Non-Cirrhotic - BC: 647

(1940 to 323)

Annual cost of managing HBeAg-, Active CHB, Cirrhotic - BC: 2714

(1357 to 8141)

Probability of going from HBeAg-, Active CHB, Cirrhotic to

Hepatocellular Carcinoma - BC: 0.024 (0.002 to 0.081)

Base-case ICER: $10,954/QALY

MSM: Screen and Treat or Vaccinate vs No Intervention
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2. Effect of uncertainty around population-specific prevalence and incidence rates on ICER 909 

The table below shows the effect of uncertainty around population-specific prevalence and incidence on the 910 

cost-effectiveness of the inclusive strategy when compared to no intervention. 911 

The difference in ICER ranges listed in the table below show the maximum effect of the uncertainty for range for 912 

each variable in a given population in cost-effectiveness ratios. A low difference in ICERs means that the ICERs 913 

between the lower and the upper range of uncertainty were small, thus unlikely to effect the cost-effectiveness 914 

of a given strategy. While a large difference in the ICER range shows a greater impact of the uncertainty around 915 

that input on the cost-effectiveness ratios. The ICERs for incarcerated population, people who inject drugs, and 916 

men who have sex with men were most sensitive to the uncertainty ranges. However, a finding of note in these 917 

analyses was that across all uncertainty ranges, the ICERs remained below USD 50,000/QALY (or highly cost-918 

effective for the United States). 919 

Table S39: Effect of prevalence and incidence on cost-effectiveness of the inclusive strategy, by population 920 

 Prevalence of hepatitis B Incidence rate of hepatitis B 

Population Base-Case (Range) Difference in 

ICER Range 

(USD/QALY) 

Base-Case (Range) Difference in 

ICER Range 

(USD/QALY) 

Asian and Pacific Islanders 0.079 (0.059 to 0.099) $240 0.0064 (0.0047 to 0.0081) $951 

Africa Born Blacks 0.097 (0.073 to 0.12) $299 0.0064 (0.0047 to 0.0081) $849 

Incarcerated Persons 0.014 (0.003 to 0.031) $7,413 0.0231 (0.0082 to 0.038) $6,418 

Refugees 0.063 (0.0474 to 0.079) $498 0.0064 (0.0047 to 0.0081) $1,164 

People Who Inject Drugs 0.118 (0.035 to 0.2) $3,026  0.10 (0.083 to 0.122) $1,404 

Men Who Have Sex with Men 0.023 (0.017 to 0.029) $2,270 0.0096 (0.0085 to 0.011) $1,425 

  921 
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