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Supplementary Methods and Figures 
 

 
 
Fig A. Simplified HCV screening and treatment model schematic. 
The full HCV transmission model schematic including demographic and behavioural compartments, disease 
progression stages, HCV infection and transmission dynamics, and complete screening and treatment 
cascade has been shown previously.1 
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Methods A. Productivity gains from people cured of hepatitis C virus. 
An independent mathematical model was used to capture hepatitis C-attributable productivity losses from 
absenteeism (due to a reduced workforce or from individuals working reduced hours), and presenteeism 
(where individuals are less productive at work due to their illness) (Fig B). The model accounted for 
differential employment opportunities among PWID, as well as differential productivity and treatment 
uptake by cirrhosis status. The human capital approach2 was used to estimate years of potential productive 
life lost, which were converted to economic outcomes using population-weighted average per capita gross 
domestic product (GDP). Total productivity losses were compared between the Status Quo and Elimination 
scenarios to determine economic gains. Parameters and sources are provided in Table 1. 
 

 
 
Fig B. Schematic of productivity model. 
Parameters used in the productivity model are in Table 2, with specific reference to †3 and ‡4. §Treatment 
rates may be different among PWID and cirrhotic patients, hence we allow !!"#$ ≠ !̂!"#$ and $ ≠ $% . 
 
Methods B. Productivity gains from averted deaths. 
Productivity gains from deaths averted in the Status Quo (SQ) and Elimination (EL) scenarios were included. 
For both of these treatment scenarios, we first calculated the total number of deaths averted in a given year 
using the baseline dynamic model of HCV in Pakistan. However, a disproportionate amount of HCV-related 
deaths are estimated to occur among older age groups (Table 2 shows the estimated 2016 age distribution 
of HCV-related deaths for according to the WHO5), and therefore only a fraction of these averted deaths 
were assumed to result in years of productive life gained. For each year in the projection timeframes (2018-
2030 or 2018-2050), the productive life gained from deaths averted in that year were calculated by assuming: 
(i) The fraction of averted deaths among 60+ age category did not produce additional years of productivity. 
(ii) Of the fraction of averted deaths among the 50-59 age category: 

Ø All of them contributed an additional year of productivity in the year they occurred;  
Ø 8/9th of these deaths contributed an additional year of productivity the year after they occurred 

(approximating 1/9th of this age band entering non-productive life at 60 years) 
Ø 7/9th of these deaths contributed an additional year of productivity two years after they occurred; 
Ø And so on, with the fraction of deaths averted from this age category contributing decreasing 

productivity gains for the next 9 years, before no longer producing additional productive years. 
(iii) Of the fraction of averted deaths among the 30-49 age category, the methodology above was used to 

attribute their ongoing productive years following the year that their death was prevented. 
 
Years of productive life lost due to premature death were converted to economic outcomes using population-
weighted average per capita GDP. Future economic productivity gains were discounted at 3.5%.  
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Fig C. Estimated direct annual costs of testing, treatment, and healthcare management for the Status 
Quo and Elimination scenarios. 
Model projections showing the estimated direct annual costs of testing, treatment, and healthcare 
management for the Status Quo and Elimination scenarios. The direct annual cost of elimination differs 
depending on whether testing is integrated or not. All costs are in 2018 US$ and discounted at 3.5% per 
annum; healthcare costs applied to all liver disease states pre- and post-cure; staffing costs applied to all 
testing and treatment interactions; one-third of initial screening not incurring staffing costs and reduced 
HCV RNA testing kit cost are assumed in the elimination scenario with partial integration. The solid line and 
shading indicate the median and 95% uncertainty intervals (UI) across 1,151 model fits. 
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Fig D. Estimated cost per disability-adjusted life year (DALY) averted for the elimination scenario 
compared to Status Quo. 
Estimated cost per disability-adjusted life year (DALY) averted for the elimination scenario compared to 
Status Quo over different time horizons, from each of the economic perspectives. All costs and DALYs 
include discounting at 3.5% per annum, with costs in 2018 US$. The solid line and shading indicate the 
median and 95% uncertainty intervals (UI) across 1,151 model fits. 
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Fig E. Univariate sensitivity analyses on overall net economic benefit by 2030 for the elimination 
scenario. 
For each sensitivity analysis scenario, the overall net economic benefit by 2030 for HCV elimination is taken 
from economic perspective C, compared to Status Quo The dashed vertical line indicates the threshold 
where HCV elimination becomes cost-saving, i.e. there is a positive net economic benefit by 2030. The bars 
show the median across 1,151 model runs for the various sensitivity analyses. 
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Fig F. Heat map showing correlation coefficients between parameters across final baseline model fits. 
Refer to Table A for the symbols corresponding to each of the model parameters. Note that baseline model 
parameters that are point estimates are not shown. These include the ageing parameters ('%, '&), the age-
specific death rates for the young and young adult categories (*%,(, *&,(), and the relative risk of 
progression from DC to HCC if SVR (+$)) which is assumed to be unity (Table A). In the heatmap shown, 
between any pair of parameters, a correlation coefficient of ‘0’ implies no correlation is present, while a ‘1’ 
or ‘-1’ suggests a perfect positive or negative linear correlation, respectively. The age-specific death rate 
parameter **,( was derived by fitting to population growth trends, so would be expected to be correlated 
to population growth rate as shown. All other parameter sets for the baseline model (n=1,151 final model 
fits) do not appear to be strongly correlated to each other.  



 9 

Supplementary Tables 
 
Table A. Baseline HCV transmission model parameters with associated uncertainty ranges. 
Rates are per year. 
Parameter Symbol Baseline value or fitted range when 

stated [Uncertainty Distribution/Range] 
Source 

Demographic Parameters 
Average population growth rate 
per annum D 

!!,#	
!$,#	
!%,# 

Pre-2000: Fitted 2.76% [2.53 %-2.99%] 
Interim 2000-2015: Fitted 1.92% [1.54-
2.31%] 
Post-2015: [Uniform 1.35-2.08%] 

6-8 

Rate of ageing from Young to 
Young Adult 

#! 1/20 Based on average duration of 
20 years in 0-19 age group 

Rate of ageing from Young Adult 
to Adult 

#$ 1/10 Based on average duration of 
10 years in 20-29 age group 

Proportion of Young Adults who 
initiate injecting drug use  

$# Fitted values: Male: 0.032 [0.026-0.039], 
Female: 0.009 [0.0004-0.017] 

Calibrated to fit PWID 
proportions given in Table C9  

Average mortality rate for each 
age group  

%!,# 1/56 Based on a life expectancy at 
birth estimate of 66 years in 
20158, but also adjusted in 
model calibration 

%$,# 1/41 Fitted: 0.024 
%%,# Fitted values: Male: 0.023 [0.020-0.026] 

Female: 0.020 [0.017-0.024] 
Additional drug-related mortality 
rate 

% 0.028 [Lognormal 0.017-0.039] Based on estimates of drug-
related mortality across Asia10 

Epidemic/Transmission Parameters 
HCV transmission rate per 
susceptible in each age group 
(fitted values) 

&! &! = 0.059 [0.052-0.066]	
&$ = 0.053 [0.023-0.085] 
&% = 0.12 [0.10-0.14] 

Fit to chronic prevalence in 
each age category in 200711 as 
given in Table C 

&$ 
&% 

Additional HCV transmission rate 
for injecting drug use 

' Fit to data on HCV prevalence amongst 
PWID 
Fitted values: 0.61 [0.51-0.74] 

Fit to chronic prevalence in 
PWID12,13 in 2012: 62.2% [55.5-
68.8%] 

Proportion of infections that 
spontaneously clear 

( 0.26 [Uniform 0.22-0.29] 12 

Disease Progression Parameters 
Relative risk of progression from 
cirrhosis to decompensated if SVR 

)&' 0.07 [Lognormal 95% CI 0.03, 0.20]  14 

Relative risk of progression from 
cirrhosis to HCC if SVR 

)&( 0.23 [Lognormal 95% CI 0.16, 0.35] 14,15 

Relative risk of progression from 
decompensation to HCC if SVR 

)'( 1.0 Assume same progression for 
both SVR and non-SVR 

Relative risks of disease 
progression if infected by HCV 
genotype 3† 

--- 1.30 [Uniform 1.22-1.39] for chronic to 
cirrhosis, and cirrhosis to decompensation 

16 

 1.80 [Uniform 1.60-2.03] for 
cirrhosis/decompensation to HCC 

Transition probability (TP) of 
chronic HCV to cirrhosis†‡ 

* 0.027 [Normal – mean = 0.027, std = 
0.0008] 

17 

TP of compensated cirrhosis to 
decompensation†‡ 

+ 0.039 [Beta– , = 14.6, & = 360.2] 18-20 

TP of cirrhosis or decompensation 
to HCC†‡ 

6 0.014 [Beta– , = 1.9, & = 136.1] 18-20 

TP of additional mortality due to 
decompensation‡ 

%) 0.13 [Beta– , = 147.0, & = 984.0] 18-20 

TP of death due to HCC‡ %* 0.43 [Beta– , = 117.1, & = 155.2] 18-20 
D Baseline values for ! for the pre-2000 and interim 2000-2015 growth rates are taken from the UN Department of 
Economic and Social Affairs, Population Division8; the projected post-2015 growth rate at baseline is obtained by 
averaging the point projections for the years 2015 to 2030 from the International Data Base, US Census Bureau21 
†The transition probabilities listed here are calibrated to reflect the higher proportion of HCV genotype 3 in Pakistan, 
which is associated with an increased transition probability of disease progression.16 
‡Transition probabilities have been converted to instantaneous rates for use in the model.  
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Table B. Screening and treatment model parameters with associated uncertainty ranges. 
Rates are per year. SQ: Status Quo. E: Elimination scenario. 
Parameter Baseline value or fitted range when stated 

[Uncertainty Distribution/Range] 
Source 

Screening Parameters   
Primary Ab screening rate SQ: 2.6-5.9% 

E: 12.4% 

1 

Ab re-screening rate of SVR and 
previously screened uninfected 

SQ: N/A 
E: General population 20%, PWID 100% 

1 

Proportion of primary Ab-screened 
persons tested for HCV RNA 

Set to 1 Assume that everyone who is 
tested Ab-positive, either from 
primary Ab screening or Ab re-
screening, are subsequently 
tested for HCV RNA, i.e. there is 
no LTFU at this stage.1 

Proportion of Ab re-screened 
persons tested for HCV RNA 

Set to 1 

RNA re-screening of previously 
treated or previously diagnosed 
LTFU linked back to care 

SQ: 0 
E: General population 20%, PWID 100% 

1 

Referral Parameters   
Referral rate to treatment SQ: 35-70% 

E: 90% 

1 

Treatment Parameters   
Treatment rate per capita Calibrated to historical treatment rate at 

baseline. From 2018, the value is set to 1.6094 
so that approx. 80% of referred individuals will 
initiate treatment within the next year 

Note: A rate ; corresponds to a 
proportion < = (1 − ?+,-) 
transitioning by time A 

Average duration on treatment 24-weeks for conventional treatment with IFN 
and RBV, which was the standard for treatment 
of HCV genotype 3 in Pakistan before 2016. 
Shortened to 12 weeks for pre-cirrhotic 
patients when DAA treatments were introduced 
from 2016 onwards; patients with cirrhosis or 
ESLD commence HCV treatment for 24 weeks 

22,23 

Proportion of individuals achieving 
SVR with IFN and RBV treatment 

0.61 [Uniform 0.50-0.726] 24-26 

Proportion of individuals achieving 
SVR with new DAA treatments  

0.9 [Uniform 0.80-0.95] 22,23,27 

Lost to Follow Up (LTFU) 
Parameters 

  

LTFU following diagnosis Set to the proportion not referred to treatment Assume that those who have 
been diagnosed and are not 
referred to treatment are LTFU.1 

LTFU during referral Set to 0  
LTFU during treatment Set to 0  
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Table C. Demographic and epidemiological data used to calibrate and fit the model. 
Demographic and Epidemiological Data 
 

Baseline Value 
[Uncertainty Distribution/Range] 

Source 

Total Population in 1960 Total [Uniform 44,912,000–51,719,000] 6-8 
Male [Uniform 24,058,000-27,704,304] 
Female [Uniform 20,854,000-24,014,696] 

Total Population in 2000 Total [Uniform 138,250,000–152,429,036] 6-8 
Male [Uniform 71,330,000-78,324,451] 
Female [Uniform 66,921,000-74,104,585] 

Total Population in 2015 Total [Uniform 188,925,000–199,085,847] 6-8 
Male [Uniform 97,052,000-102,231,058] 
Female [Uniform 91,873,000-96,854,789] 

Proportion in Each Age 
Group 

0-19 years old 43.7% 8 
20-29 years old 19.3%  
30+ years old 37.0%  

PWID size estimate Whole population 0.24% [Uniform 0.18-0.30%] UNODC 20139 
Male 0.42% [Uniform 0.36-0.54%] 
Female 0.006% [Uniform 0.0006-0.24%] 

HCV chronic prevalence 
in 2007 (estimated as 
74% of antibody 
prevalence) 

Overall 3.62% [3.45-3.79%] 11, Estimated 95% binomial 
CI 
 
 

0-19 years old 1.50% [1.34-1.67%] 
20-29 years old 3.20% [2.84-3.59%] 
30+ years old 6.89% [6.50-7.30%] 

HCV chronic prevalence in PWID 62.16% [55.50-68.75%] 13 
Projected change in HCV seroprevalence over 
10 years 

0.39% [-0.17 to 0.94%] Meta-analysis on blood 
donor data trends in 
Pakistan from 1994 to 2014  

Projected change in chronic HCV prevalence 
over 10 years 

[Uniform -0.13 to 0.73%] Assume full range of 
viraemic rate from 
spontaneous clearance12 
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Table D. Annual pre-intervention treatment numbers by province and in total. 
Year Punjab Sindh KPK Baluchistan Total Treatments 

Public Sector 
Total Treatments 

Across All Sectors* 
2005-2010 ND ND ND ND 23,000 57,500 
2011 ND 25,394 8,928 866 55,188a 137,970 
2012 20,000 21,824 9,223 712 51,759 129,398 
2013 20,000 28,221 6,212 731 55,164 137,910 
2014 20,000 22,431 3,117 820 46,368 115,920 
2015 34,500 21,847 3,837 900 61,084 152,710 
2016b - - - - - 152,710b 
2017b - - - - - 152,710b 
Total      1,036,828 

ND: No data available 
*To estimate the total number of historical HCV treatments each year across both public and private sectors, a split of 
Public 40%, Private 60% was assumed. DAAs became available in the public sector from 2016 onwards. 
aThere were no data available for Punjab province in 2011, so it was assumed that 20,000 HCV patients were treated 
in 2011 under the Provincial Hepatitis Program, which is consistent with data from subsequent years 2012 to 2014. 
bData were not available for the pre-intervention years 2016 and 2017, so it was assumed that the total number of 
treatments nationally remained the same as in 2015. 
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Table E. Model projections of the HCV-related morbidity and mortality for the status-quo (SQ) and 
elimination (EL) scenarios over 2018-2030 or over 2018-2050. 
DALYs are discounted at a rate of 3.5% per annum. The values represent the median and 95% uncertainty 
intervals across 1,151 model fits. 
 

2030 Estimates  Status Quo Elimination 
People living with 
hepatitis C in 2030 
(millions) 

Total 8.99 (8.12 – 10.00) 1.21 (1.05 - 1.39) 
Averted -- 7.78 (7.03-8.66) 

% Reduction -- 86.5% (85.5-87.4%) 
Cumulative hepatitis 
C-related deaths 
2018-2030 

Total 1,153,000 (811,000-1,678,000) 821,000 (589,000-1,105,000) 
Averted -- 333,000 (219,000-509,000) 

% Reduction -- 28.9% (25.2-33.1%) 
Total DALYs* 2018-
2030 (millions) 

Total 24.06 (18.58-31.42) 18.53 (14.61-23.43) 

 
YLD 5.40 (3.79-7.09) 4.69 (3.21-6.21) 
YLL 18.63 (13.09-25.71) 13.78 (9.90-18.57) 

Averted -- 5.57 (3.80-8.22) 
% Reduction -- 23.2% (19.6-27.5%) 

*Total DALYs = Years Lived with Disability (YLD) + Years of Life Lost (YLL) 
 
 

2050 Estimates  Status Quo Elimination 
People living with 
hepatitis C in 2050 
(millions) 

Total 14.94 (12.05-17.25) 0.62 (0.47-0.88) 
Averted -- 14.31 (12.48-16.55) 

% Reduction -- 95.9% (94.3-96.6%) 
Cumulative hepatitis 
C-related deaths 
2018-2050 (millions) 

Total 3.56 (2.48-5.00) 1.26 (0.89-1.72) 
Averted -- 2.31 (1.57-3.32) 

% Reduction -- 65.0% (60.8-67.8%) 
Total DALYs* 2018-
2050 (millions) 

Total 52.30 (40.17-68.36) 25.76 (20.59-31.98) 

 
YLD 11.92 (8.28-15.79) 7.65 (5.11-10.29) 
YLL 40.12 (28.09-55.94) 17.97 (12.79-24.40) 

Averted -- 26.45 (19.31-36.70) 
% Reduction -- 50.9% (46.7-55.0%) 

*Total DALYs = Years Lived with Disability (YLD) + Years of Life Lost (YLL) 
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Table F. Breakdown of absolute cost estimates for the economic components of the status quo (SQ) and 
elimination (EL) scenarios taking three different economic perspectives (A, B, and C). 
Total costs, combined and split by direct and indirect costs, are determined over 2018-2030 and over 2018-
2050. Costs are discounted at a rate of 3.5% per annum and are presented in 2018 US$. The values 
represent the median and 95% uncertainty intervals across 1,151 model fits. 
 
Table F1. Modelled total cost estimates over 2018-2030. Amount in US$ billions. 

 Status Quo (SQ) Elimination (EL) 

Pe
rs

pe
ct

iv
e 

A  

Total Direct Costs $5.00 (4.53-5.48) $7.32 (6.80-7.78) 

 
Screening $1.49 (1.45-1.53) $3.89 (3.76-4.02) 
Treatment $0.23 (0.21-0.26) $1.06 (0.96-1.18) 
Healthcare management $3.27 (2.85-3.72) $2.36 (2.00-2.71) 

Indirect Costs   
 Productivity -- -- 

Total Direct & Indirect Costs $5.00 (4.53-5.48) $7.32 (6.80-7.78) 

Pe
rs

pe
ct

iv
e 

B 

Total Direct Costs $5.00 (4.53-5.48) $7.32 (6.80-7.78) 

 
Screening $1.49 (1.45-1.53) $3.89 (3.76-4.02) 
Treatment $0.23 (0.21-0.26) $1.06 (0.96-1.18) 
Healthcare management $3.27 (2.85-3.72) $2.36 (2.00-2.71) 

Indirect Costs   
 Productivity $7.11 (5.45-9.03) $5.81 (4.47-7.33) 

Total Direct & Indirect Costs $12.09 (10.31-14.19) $13.12 (11.69-14.85) 

Pe
rs

pe
ct

iv
e 

C  

Total Direct Costs $4.50 (4.04-4.97) $5.97 (5.49-6.40) 

 
Screening $1.01 (0.98-1.04) $2.61 (2.52-2.70) 
Treatment $0.22 (0.19-0.24) $0.99 (0.89-1.10) 
Healthcare management $3.27 (2.85-3.72) $2.36 (2.00-2.71) 

Indirect Costs   
 Productivity $7.11 (5.45-9.03) $5.81 (4.47-7.33) 

Total Direct & Indirect Costs $11.60 (9.82-13.68) $11.77 (10.36-13.49) 
 
 
Table F2. Modelled total cost estimates 2018-2050. Amount in US$ billions. 

 Status Quo (SQ) Elimination (EL) 

Pe
rs

pe
ct

iv
e 

A  

Total Direct Costs $10.22 (9.16-11.33) $11.28 (10.47-12.00) 

 
Screening $2.72 (2.56-2.90) $6.78 (6.45-7.10) 
Treatment $0.36 (0.32-0.40) $1.17 (1.05-1.31) 
Healthcare management $7.13 (6.16-8.19) $3.33 (2.77-3.83) 

Indirect Costs   
 Productivity -- -- 

Total Direct & Indirect Costs $10.22 (9.16-11.33) $11.28 (10.47-12.00) 

Pe
rs

pe
ct

iv
e 

B 

Total Direct Costs $10.22 (9.16-11.33) $11.28 (10.47-12.00) 

 
Screening $2.72 (2.56-2.90) $6.78 (6.45-7.10) 
Treatment $0.36 (0.32-0.40) $1.17 (1.05-1.31) 
Healthcare management $7.13 (6.16-8.19) $3.33 (2.77-3.83) 

Indirect Costs   
 Productivity $19.73 (15.00-24.93) $10.92 (8.48-13.65) 

Total Direct & Indirect Costs $29.87 (24.95-35.58) $22.21 (19.64-25.10) 

Pe
rs

pe
ct

iv
e 

C 

Total Direct Costs $9.32 (8.28-10.39) $8.97 (8.23-9.63) 

 
Screening $1.85 (1.74-1.97) $4.55 (4.33-4.77) 
Treatment $0.34 (0.30-0.38) $1.09 (0.97-1.22) 
Healthcare management $7.13 (6.16-8.19) $3.33 (2.77-3.83) 

Indirect Costs   
 Productivity $19.73 (15.00-24.93) $10.92 (8.48-13.65) 

Total Direct & Indirect Costs $28.98 (24.09-34.69) $19.90 (17.36-22.81) 
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Table G. A summary of the incremental differences in the costs, overall as well as by direct costs and 
indirect costs, over 2018-2030 and 2018-2050 between the status quo scenario (SQ) and the elimination 
scenario (EL) from each of the three economic perspectives (A, B, and C). 
Costs are discounted at a rate of 3.5% per annum and are presented in 2018 US$. The values represent the 
median and 95% uncertainty intervals across 1,151 model fits. 
 

 Incremental Costs (US$ Billions) 
 2030 Estimates 2050 Estimates 
Perspective A $2.31 (2.15 to 2.47) (direct costs only) $1.06 (0.49 to 1.56) (direct costs only) 
Perspective B $1.01 (0.52 to 1.45), consisting of: $7.68 (5.13 to 10.58) in SAVINGS, consisting of: 
  $2.31 (2.15 to 2.47) in direct costs  $1.06 (0.49 to 1.56) in direct costs 
  $1.30 (0.94 to 1.72) in productivity gains  $8.76 (6.52 to 11.36) in productivity gains 
Perspective C $0.16 (-0.33 to 0.59), consisting of: $9.10 (6.54 to 11.99) in SAVINGS, consisting of: 
  $1.45 (1.32 to 1.60) in direct costs  $0.35 (-0.16 to 0.82) in direct cost savings 
  $1.30 (0.94 to 1.72) in productivity gains  $8.76 (6.52 to 11.36) in productivity gains 
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Table H. Incremental cost-effectiveness ratios (ICERs) for the modelled elimination scenarios over 2018-2050 for three economic perspectives. 
Costs and DALYs are discounted at 3.5% per annum, with costs presented in 2018 US$. Perspective A includes direct costs only (costs for testing, treatment, and 
healthcare management). Perspective B includes direct costs (perspective A) plus productivity costs. Perspective C includes partially integrated direct costs and 
productivity costs. The values represent the median and 95% uncertainty intervals across 1,151 model fits. 
 

 Costs (US$ billions) DALYs (millions) ICER Probability 
Scenarios until 
2050 

Total Incremental Total Incremental 
DALYs averted 

Cost/DALY 
averted 

Cost-effective† Cost-saving 

Perspective A   
SQ. Status Quo $10.22 

(9.16 to 11.33) -- 52.30 
(40.17 to 68.36) -- -- -- -- 

EL. Elimination $11.28 
(10.47 to 12.00) 

$1.06 
(0.49 to 1.56) 

25.76 
(20.59 to 31.98) 

26.45 
(19.31 to 36.70) $40 100% 0% 

Perspective B   
SQ. Status Quo $29.87 

(24.95 to 35.58) -- 52.30 
(40.17 to 68.36) -- -- -- -- 

EL. Elimination $22.21 
(19.64 to 25.10) 

-$7.68 
(-10.58 to -5.13) 

25.76 
(20.59 to 31.98) 

26.45 
(19.31 to 36.70) -$284 100% 100% 

Perspective C   
SQ. Status Quo $28.98 

(24.09 to 34.69) -- 52.30 
(40.17 to 68.36) -- -- -- -- 

EL. Elimination $19.90 
(17.36 to 22.81) 

-$9.10 
(-11.99 to -6.54) 

25.76 
(20.59 to 31.98) 

26.45 
(19.31 to 36.70) -$337 100% 100% 

†Compared to estimated empirical health opportunity cost-based willingness-to-pay (WTP) threshold of US$148–198 per DALY averted in 2018 for Pakistan.28 For all three 
economic perspectives, the elimination scenario is cost-effective compared to the both the lower and upper limits of the WTP thresholds. 
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Table I. Details of univariate sensitivity analyses scenarios investigated. 
Sensitivity Analysis Scenario Description 
X1. No integration of initial screening Assume no integration of initial screening as in Perspective B, compared to 1/3 integration at baseline. 
X2. Vary integration of initial screening Assume integration of initial screening is lower (1/6) or higher (2/3), compared to 1/3 integration at baseline. 
X3. No healthcare costs pre-cirrhosis Assume no healthcare costs for pre-cirrhosis disease states compared to including these costs at baseline. 
X4. Vary cost of productive life year lost Assume the cost of a productive life lost per year is 20% lower or higher than baseline. Further sensitivity analyses 

assume that the cost of a productive life lost per year is equal to median income (US$603.91 in 2018) instead of GDP 
per capita ($1,443.63 in 2018) at baseline. The median income for Pakistan in 2018 was derived by using the reported 
median income from routinely collected data by Gallup Analytics (reported as US$480 in 201329), which for Pakistan 
involves annual face-to-face interviews of approximately 1,000 persons conducted in Urdu29, adjusted to 2018 US$ 
using the average annual real GDP growth in Pakistan over 2013-2018 (4.7% per annum30). 

X5. Include reduction in absenteeism 
pre-cirrhosis after SVR 

Assume that the reduction in absenteeism following SVR is the same for pre-cirrhosis disease states as for post-
cirrhosis disease states (relative reduction of 44% [Range: 30.8-57.2%]), compared to baseline where the reduction in 
absenteeism following SVR only affects post-cirrhosis disease states. 

X6. Vary DAA medication cost Assume that the cost of DAA medication is halved ($9) or doubled ($36) compared to baseline ($18 for 12-weeks). 
X7. No employment for ESLD Assume that individuals in end-stage liver disease (ESLD) states, namely DC and HCC, have no employment, compared 

to baseline in which employment is included for ESLD. 
X8. No disutility prior to DC Assume that there is no disutility prior to DC, compared to baseline in which disutility is applied to all disease states. 
X9. Employment for PWID halved Assume that the paid employment rate for PWID is half of the male general population, compared to baseline in 

which they are the same. 
X10. Vary discounting rate Assume no (0%) or double (7%) the baseline annual discounting rate (3.5%) applied to costs and outcomes. 
X11. Achieve HCV elimination target by 
2025 

Assume that the WHO elimination target of reducing HCV incidence by 80% were to be achieved sooner, by 2025 
compared to 2030 (baseline), which could occur, for example, through faster intervention scale-up. This sensitivity 
analysis scenario assumes that initial one-time screening of the entire population occurs over 3 years (2018-2020 
inclusive) instead of over 5 years (2018-2022 inclusive) as in the baseline elimination scenario (EL), as well as 100% 
referral to treatment for diagnosed individuals (instead of 90% at baseline). Re-testing is the same as in the baseline 
elimination scenario. 
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Table J. Univariate sensitivity analyses for the elimination scenario from economic perspective C. 
Net economic benefit at 2030 is the negative of the total sum of direct and indirect costs over 2018-2030, with positive values indicating a net monetary gain 
(bolded entries) and negative values indicating a net monetary loss (see Fig 2b for net economic benefit over time at baseline). The baseline model projections 
using economic perspective C is shaded. Costs and DALYs are discounted at a rate of 3.5% per annum, with costs presented in 2018 US$. The values represent the 
median and 95% uncertainty intervals (UI) across 1,151 model fits. 
 

Scenario Total direct costs 
2018-2030 compared 
to SQ (US$ billions) 

Total indirect costs 
2018-2030 compared 
to SQ (US$ billions) 

Net economic benefit at 
2030 compared to SQ 

(US$ billions) 

Cost per DALY 
averted at 2030 

Probability of 
being cost-saving 

by 2030 

Year elimination 
becomes cost-

saving‡ 
Baseline (Economic perspective C) $1.45 

(1.32 to 1.60) 

-$1.30 

(-1.72 to -0.94) 

-$0.16 

(-0.59 to 0.33) 
$29 25.3% 

2030.5 

(2029.2 to 2032.1) 

No integration of initial screening 

(Economic perspective B) 

$2.31 

(2.15 to 2.47) 

-$1.30 

(-1.72 to -0.94) 

-$1.01 

(-1.45 to -0.52) 
$181 0% 

2033.0 

(2031.3 to 2035.3) 

Partial integration is less (integrate 1/6 

of initial Ab screening vs. 1/3) 

$1.76 

(1.62 to 1.91) 

-$1.29 

(-1.69 to -0.96) 

-$0.48 

(-0.92 to -0.001) $85 2.5% 
2031.4 

(2030.0 to 2033.3) 

Partial integration is more (integrate 2/3 

of initial Ab screening vs. 1/3) 

$0.84 

(0.71 to 0.97) 

-$1.30 

(-1.71 to -0.96) 

$0.47 
(0.05 to 0.92) -$81 98.7% 

2028.6 

(2027.6 to 2029.8) 

Achieve HCV elimination target for 

incidence sooner (by 2025 vs. 2030) 

$1.40 

(1.23 to 1.58) 

-$1.79 

(-2.34 to -1.30) 

$0.39 
(-0.18 to 1.00) -$49 88.4% 

2029.0 

(2027.9 to 2030.6) 

No healthcare management costs pre-

cirrhosis 

$1.94 

(1.80 to 2.07) 

-$1.30 

(-1.71 to -0.95) 

-$0.63 

(-1.03 to -0.19) 
$110 0.5% 

2032.1 

(2030.5 to 2034.2) 

Cost per year of productive life lost is 

20% less ($1154.90 vs. $1,443.63) 

$1.45 

(1.32 to 1.60) 

-$1.04 

(-1.37 to -0.76) 

-$0.41 

(-0.76 to -0.03) 
$73 1.7% 

2031.4 

(2030.1 to 2033.1) 

Cost per year of productive life lost is 

20% more ($1,732.36 vs. $1,443.63) 

$1.45 

(1.32 to 1.60) 

-$1.56 

(-2.05 to -1.15) 

$0.11 
(-0.37 to 0.65) -$18 65.3% 

2029.7 

(2028.5 to 2031.2) 

Cost of productive life lost based on 

median income ($603.91 vs. $1443.63) 

$1.45 

(1.32 to 1.60) 

-$0.54 

(-0.71 to -0.40) 

-$0.92 

(-1.15 to -0.66) $166 0% 
2034.3 

(2032.7 to 2036.6) 

Include reduction in absenteeism pre-

cirrhosis post-SVR (44% vs. 0%) 

$1.45 

(1.32 to 1.60) 

-$1.45 

(-1.92 to -1.05) 

-$0.01 

(-0.46 to 0.51) 
$2 48.5% 

2030.0 

(2028.7 to 2031.6) 

Double DAA medication cost 

($36 vs. $18 for 12-weeks)  

$1.59 

(1.44 to 1.74) 

-$1.30 

(-1.76 to -0.97) 

-$0.29 

(-0.71 to 0.22) 
$51 12.1% 

2030.9 

(2029.4 to 2032.5) 

Halve DAA medication cost 

($9 vs. £18 for 12-weeks) 

$1.39 

(1.25 to 1.53) 

-$1.30 

(-1.73 to -0.94) 

-$0.10 

(-0.51 to 0.38) 
$18 34.8% 

2030.3 

(2029.0 to 2031.9) 

No employment if ESLD (0% for DC and 

HCC vs. fully employed) 

$1.45 

(1.32 to 1.60) 

-$1.20 

(-1.56 to -0.88) 

-$0.26 

(-0.64 to 0.16) 
$46 12.7% 

2030.8 

(2029.6 to 2032.4) 

No disutility prior to decompensated 

cirrhosis 

$1.45 

(1.32 to 1.60) 

-$1.30 

(-1.71 to -0.96) 

-$0.15 

(-0.57 to 0.31) 
$29 26.6% 

2030.5 

(2029.2 to 2032.0) 

Employment among PWID is halved 

(38.6% vs. 77.2%) 

$1.45 

(1.32 to 1.60) 

-$1.30 

(-1.71 to -0.95) 

-$0.15 

(-0.57 to 0.31) 
$27 26.3% 

2030.5 

(2029.2 to 2032.1) 

No discounting (0% vs. 3.5%) 1.57 

(1.38 to 1.75) 

-$1.80 

(-2.35 to -1.31) 

$0.23 
(-0.33 to 0.87) -$29 75.8% 

2029.5 

(2028.5 to 2030.8) 

Double discount rate (7% vs. 3.5%) 1.34 

(1.23 to 1.45) 

-$0.94 

(-1.23 to -0.69) 

-$0.40 

(-0.71 to -0.06) 
$97 1.4% 

2031.9 

(2030.2 to 2034.1) 

‡Year when net economic benefit becomes positive, estimated to nearest one-tenth of a year.
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Other Supplementary Materials 
 
Checklist A. Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist.31 

Section/item Item No. Recommendation Reported in section/paragraph 
Title and abstract      
Title  1 Identify the study as an economic evaluation or use more specific terms such as 

“cost-effectiveness analysis”, and describe the interventions compared. 
Title 

Abstract 2 Provide a structured summary of objectives, perspective, setting, methods 
(including study design and inputs), results (including base case and uncertainty 
analyses), and conclusions. 

Abstract 

Introduction    
Background and objectives 3 Provide an explicit statement of the broader context for the study. Present the 

study question and its relevance for health policy or practice decisions. 
Introduction, Paragraphs 1-5 

Methods    
Target population and 
subgroups 

4 Describe characteristics of the base case population and subgroups analysed, 
including why they were chosen. 

Section ‘HCV transmission model for 
Pakistan’; Section ‘Baseline model 
calibration’; Fig A 

Setting and location 5 State relevant aspects of the system(s) in which the decision(s) need(s) to be made. Section ‘Model impact and cost-
effectiveness analyses’, Paragraphs 1-4 

Study perspective 6 Describe the perspective of the study and relate this to the costs being evaluated. Section ‘Model impact and cost-
effectiveness analyses’, Paragraphs 5-8 

Comparators 7 Describe the interventions or strategies being compared and state why they were 
chosen. 

Section ‘Model impact and cost-
effectiveness analyses’, Paragraphs 1-4 

Time horizon 8 State the time horizon(s) over which costs and consequences are being evaluated 
and say why appropriate. 

Section ‘Model impact and cost-
effectiveness analyses’, Paragraphs 1-4 

Discount rate 9 Report the choice of discount rate(s) used for costs and outcomes and say why 
appropriate. 

Section ‘Productivity costs due to HCV 
infection’, Paragraph 3 

Choice of health outcomes 10 Describe what outcomes were used as the measure(s) of benefit in the evaluation 
and their relevance for the type of analysis performed. 

Section ‘Model impact and cost-
effectiveness analyses’, Paragraph 4 

Measurement of effectiveness 11a Single study-based estimates: Describe fully the design features of the single 
effectiveness study and why the single study was a sufficient source of clinical 
effectiveness data. 

Section ‘HCV transmission model for 
Pakistan’; Section ‘Baseline model 
calibration’; Section ‘Model impact and 
cost-effectiveness analyses’ 

 11b Synthesis-based estimates: Describe fully the methods used for identification of 
included studies and synthesis of clinical effectiveness data. 

Not applicable 

Measurement and valuation of 
preference based outcomes 

12 If applicable, describe the population and methods used to elicit preferences for 
outcomes. 

Not applicable 
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Estimating resources and costs 13a Single study-based economic evaluation: Describe approaches used to estimate 
resource use associated with the alternative interventions. Describe primary or 
secondary research methods for valuing each resource item in terms of its unit cost. 
Describe any adjustments made to approximate to opportunity costs. 

Not applicable 

 13b Model-based economic evaluation: Describe approaches and data sources used to 
estimate resource use associated with model health states. Describe primary or 
secondary research methods for valuing each resource item in terms of its unit cost. 
Describe any adjustments made to approximate to opportunity costs. 

Section ‘Cost and health utility’; Section 
‘Productivity costs due to HCV 
infection’; Table 1-2; Methods A-B in S1 
Text; Fig B 

Currency, price date, and 
conversion 

14 Report the dates of the estimated resource quantities and unit costs. Describe 
methods for adjusting estimated unit costs to the year of reported costs if 
necessary. Describe methods for converting costs into a common currency base and 
the exchange rate. 

Section ‘Productivity costs due to HCV 
infection’, Paragraph 3; Table 1 

Choice of model 15 Describe and give reasons for the specific type of decision-analytical model used. 
Providing a figure to show model structure is strongly recommended. 

Section ‘HCV transmission model for 
Pakistan’; Methods A-B in S1 Text; Fig A-
B in S1 Text 

Assumptions 16 Describe all structural or other assumptions underpinning the decision-analytical 
model. 

Section ‘HCV transmission model for 
Pakistan’; Section ‘Baseline model 
calibration’; Methods A-B in S1 Text; Fig 
A-B in S1 Text 

Analytical methods 17 Describe all analytical methods supporting the evaluation. This could include 
methods for dealing with skewed, missing, or censored data; extrapolation 
methods; methods for pooling data; approaches to validate or make adjustments 
(such as half cycle corrections) to a model; and methods for handling population 
heterogeneity and uncertainty. 

Section ‘Productivity costs due to HCV 
infection’; Section ‘Model impact and 
cost-effectiveness analyses’; Section 
‘Sensitivity analyses’; Methods A-B in S1 
Text 

Results     
Study parameters 18 Report the values, ranges, references, and, if used, probability distributions for all 

parameters. Report reasons or sources for distributions used to represent 
uncertainty where appropriate. Providing a table to show the input values is 
strongly recommended. 

Table 1-2; Table A-D in S1 Text 

Incremental costs and 
outcomes 

19 For each intervention, report mean values for the main categories of estimated 
costs and outcomes of interest, as well as mean differences between the 
comparator groups. If applicable, report incremental cost-effectiveness ratios. 

Section ‘Impact and cost of status quo 
HCV treatment scenario’; Section 
‘Impact of HCV elimination scenario’; 
Section ‘Cost of HCV elimination 
scenario’; Section ‘Cost-effectiveness of 
HCV elimination scenario’; Section 
‘Sensitivity analyses’; Table 4; Table G-H 
and Table J in S1 Text 

Characterising uncertainty 20a Single study-based economic evaluation: Describe the effects of sampling 
uncertainty for the estimated incremental cost and incremental effectiveness 

Not applicable 
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parameters, together with the impact of methodological assumptions (such as 
discount rate, study perspective). 

 20b Model-based economic evaluation: Describe the effects on the results of 
uncertainty for all input parameters, and uncertainty related to the structure of the 
model and assumptions. 

Section ‘Impact and cost of status quo 
HCV treatment scenario’; Section 
‘Impact of HCV elimination scenario’; 
Section ‘Cost of HCV elimination 
scenario’; Section ‘Cost-effectiveness of 
HCV elimination scenario’; Section 
‘Sensitivity analyses’; Table 3; Table E-H 
and Table J in S1 Text 

Characterising heterogeneity 21 If applicable, report differences in costs, outcomes, or cost-effectiveness that can be 
explained by variations between subgroups of patients with different baseline 
characteristics or other observed variability in effects that are not reducible by more 
information. 

Not applicable 

Discussion    

Study findings, limitations, 
generalisability, and current 
knowledge 

22 Summarise key study findings and describe how they support the conclusions 
reached. Discuss limitations and the generalisability of the findings and how the 
findings fit with current knowledge. 

Discussion, Paragraphs 1-5; Section 
‘Strengths and limitations’; Section 
‘Comparison with other studies’; 
Section Conclusions 

Other    

Source of funding 23 Describe how the study was funded and the role of the funder in the identification, 
design, conduct, and reporting of the analysis. Describe other non-monetary 
sources of support. 

Funding statement 

Conflicts of interest 24 Describe any potential for conflict of interest of study contributors in accordance 
with journal policy. In the absence of a journal policy, we recommend authors 
comply with International Committee of Medical Journal Editors recommendations. 
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