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eAppendix. Estimation of HCV screening cost

We considered two different types of tests for HCV diagnosis: screening test and test for detection of viremia
(Table 1). We estimated the cost per HCV case diagnosed separately for diagnosis via usual care, and
diagnosis via universal screening.

For the diagnosis via usual care, we used the cost of the screening test and the test for viremia; and for the
diagnosis via universal screening, the average cost per case diagnosed, c,,,, was determined by the following
approach:
e  First we estimated the number of people needed to screen, n,,, to diagnose one chronic HCV-infected
patient:

Nayx
1

PTeV X D ponic X SENSscreening X S€NSyiremia T (1 —prev X pchronic) X (1 - Specscreening) X (1 — specyiremia)

e  Then we estimated the cost of diagnosing one HCV case, ¢y, as:

Cax = Ngx * (Cscreening + ((prev X SeNSgcreening T (1—prev) X (1— Specscreening)) * Cyiremia)

Where prev represents the seroprevalence of HCV, D nronic represents the chronic rate (proportion of people
with HCV+ antibody who have chronic HCV), Cscreening and Cyiremia represent the costs of screening test
and the test for viremia, respectively, sensgcreening, SP€Cscreening S€NSviremiar SPECviremia FEPresent the
sensitivity and specificity for screening and viremia test, respectively. The estimated values of Cg¢reening and
Criremia depend on the choice of specific tests.

Performance characteristics of each test are defined below.*?
e Point-of-care screening: 99.5% sensitivity and 99.8% specificity
Nucleic acid test: 99.8% sensitivity and 99.7% specificity
GeneXpert: 99.8% sensitivity and 99.7% specificity
HCVCcAg: 93.2% sensitivity and 98% specificity
HCVcAg + Nucleic acid test if HCVCAg is negative: 99.8% sensitivity and 99.8% specificity
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eFigure 1. Schematic showing the key components and outcomes of HEP-SIM model.

HEP-SIM model included patient demographics, HCV disease progression, HCV screening, therapeutic
advancement, access to healthcare including insurance status, and the cost of care and treatment. Outcomes of
HEP-SIM include temporal trends in HCV prevalence, awareness rate of HCV-infection, HCV-associated
advanced sequelae, and budget impact of different interventions.
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eFigure 2. State-transition model of the natural history of HCV (adapted from Kabiri et al.?)

At any given time, a patient is represented by one of the health states, which are shown by squares. Arrows
between states represent possible transitions based on annual probabilities. Patients whose disease is
successfully treated transition to the SVR state. Patients who achieve SVR from FO to F3 states are assumed to
be cured; however, patients in an F4 state who are successfully treated transition to an F4-SVR state and may
develop further complications. Patients in HCC, DC, and LT states have a higher mortality rate than the general
population. All other patients have the same risk for death as the general population. The probability of death
from other causes exists in every state, but deaths from other causes are not shown. According to the Meta-
analysis of Histologic Data in Viral Hepatitis (METAVIR) scoring system, FO indicates no fibrosis of the liver,
F1 indicates portal fibrosis without septa, F2 indicates portal fibrosis with few septa, F3 indicates many septa
without cirrhosis, and F4 indicates cirrhosis.

Abbreviations: DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver
transplantation; SVR, sustained virologic response
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eFigure 3. Age distribution of HCV-related deaths from 2015-2030. From 2015 to 2030, a total of 1.44 million
people are projected to die from HCV in Pakistan; 48% of HCV-related deaths would occur in people younger
than 50.
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eTable 1. Population Characteristics of HCV-Infected Patients in Pakistan

HCV-infected population Value Reference
characteristics
Total chronic HCV-infected population 8.3 4
in 2008 (million)
Chronic infection ratio (%) 74.1% 5
Contraindicated for treatment (%)? 34.6 6
Sex (%) 4
Male 52.48
Female 47.52
HCV genotype (%) 7
1 11.51
2 8.41
3 67.46
Other 12.62
Stage distribution of HCV-infected 8
population in 1995° (%)
FO 27.20
F1 33.39
F2 17.11
F3 11.08
F4 9.61
DC 1.43
HCC 0.18
Age distribution for HCV-infected 4
population in 2008 (%)
0-4 4.7
5-19 15.3
20-29 16.4
30-39 19.7
40-49 18.6
50-59 12.3
60+ 12.9
Proportion of treatment-experienced 0 HEP-SIM
patients in 1995 (%)

2The ratio of patients with contraindication (with modifiable and non-modifiable reasons) among chronically-
infected patients.

® \We started the model in year 1995 onwards and calibrated model-predicted HCV prevalence in 2008 to data
from a national survey in Pakistan.

FO = no fibrosis; F1 = portal fibrosis without septa; F2 = portal fibrosis with few septa; F3 = numerous septa
without cirrhosis; F4 = cirrhosis.
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eTable 2 Pakistan HCV cases age distribution based on national survey and applied to Pakistani age
distribution. *

Pakistan age Population by | HCV HCV cases HCV case age
distribution age 2008 prevalence distribution (%0)
%

0-4 20,430,456 = 1.9 388,179 4.74
5-9 20,133,813 2.1 422,810 5.16
10-14 20,362,502 2.1 427,613 5.22
15-19 19,088,301 2.1 400,854 4.89
20-24 16,833,804 4.4 740,687 9.04
25-29 13,685,642 4.4 602,168 7.35
30-34 11,283,919 7.8 880,146 10.74
35-39 9,454,026 7.8 737,414 9.00
40-44 8,296,061 9.9 821,310 10.02
45-49 7,104,877 9.9 703,383 8.58
50-54 5,548,910 10.4 577,087 7.04
55-59 4,182,016 10.4 434,930 5.31
60-64 3,480,358 10.0 348,036 4.25
65-69 2,851,939 10.0 285,194 3.48
70-74 1,985,374 10.0 198,537 2.42
75-79 1,261,872 10.0 126,187 1.54
80-84 667,228 10.0 66,723 0.81
85+ 356,985 10.0 35,699 0.44
Total 167,008,083 8,196,956 100%

Because the above survey excluded people who injected drugs, * we added HCV cases among people using
drugs based on data from Pakistan AIDS Control Program that estimated that in 2015, 104,804 people injected
drugs in Pakistan and 89% of people who inject drugs had chronic HCV.%1°

© 2019 Chhatwal J et al. JAMA Network Open.



eTable 3. Annual transition probabilities for different Markov states used in HEP-SIM model

Input Base case Values for sensitivity analysis
Range Distribution Alpha Beta
Transition probabilities (annual)
FOto F1 ™ 0.117 0.104-0.130 Beta 274.98 2,075.30
FltoF2 1 0.085 0.075-0.096 Beta 210.06 2,261.18
F2to F3 0.120 0.109-0.133 Beta 288.05 2,112.38
F3to F4 1 0.116 0.104-0.129 Beta 270.61 2,062.22
F4to DC*? 0.039 0.010-0.079 Beta 3.51 86.48
F4 to HCC %2 0.014 0.010-0.079 Beta 0.18 12.38
Post F4-SVR to DC %3 0.008 0.002-0.036 Beta 0.31 38.58
Post F4-SVR to HCC 3 0.005 0.002-0.013 Beta 1.49 297.13
DCtoHCC 0.068 0.030-0.083 Beta 73.58 1008.49
DC (first year) to death from 0.182 0.065-0.190 Beta 1626.40 7309.88
liver disease 14
DC (subsequent year) to 0.112 0.065-0.190 Beta 7.03 55.77
death from liver disease
HCC to death from liver 0.427 0.330-0.860 Beta 2.14 2.87
disease *

Abbreviations: SVR, sustained virologic response; FO—F4, METAVIR fibrosis score; DC, decompensated cirrhosis; HCC,
hepatocellular carcinoma; F4-SVR. Post-SVR state of treated cirrhotic patient
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eTable 4. SVR rates by treatment, genotype, treatment history, and fibrosis states

GT1 GT2 GT3 GT4-6 References
Treatment history and fibrosis state
PEG+RBV
Treatment naive 11519
FO-F3 0.54 0.82 0.70 0.58
F4 0.36 0.64 0.49 0.32
Contraindicated with modifiable reasons
FO-F2 - 0.66 0.56 0.46
F3 0.43 0.66 0.56 0.46
F4 0.28 0.51 0.40 0.26
Failed PEG+RBV: relapse
FO-F3 0.27 0.71 0.66 0.31
F4 0.13 0.56 0.52 0.24
Failed PEG+RBV: partial response
FO-F3 0.18 0.69 0.64 0.31
F4 0.10 0.55 0.51 0.24
Failed PEG+RBV: null response
FO-F3 0.10 0.54 0.50 0.31
F4 0.05 0.42 0.39 0.24
DAA NS5A!
Treatment naive, contraindicated, failed PEG+RBYV, failed BOC/TEL+PEG+RBV (GT1 20-28
only), failed DAA non-NS5A, failed DAA nonNS5A
FO-F3 0.95 0.99 0.95 0.99
F4 0.9 0.99 0.9 0.99

IDAAL NS5A includes any of the following drug combinations: LDV/SOF+/-RBV, SOF+DCV, DCV+PEG+/-
RBYV, and SOF/VEL.

Abbreviations: GT, genotype; PEG, peginterferon; RBV, ribavirin; BOC, boceprevir; TEL, telaprevir; DAA,
direct-acting antiviral; NS5A, nonstructural protein 5A; SOF, sofosbuvir; LDV, ledipasvir; DCV, daclatasvir;
VEL, velpatasvir.
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eTable 5. HCV Annual Uptake of Hepatitis C Treatment in Pakistan

Year Treated Cases
2004 11,809
2005 19,828
2006 30,675
2007 50,857
2008 70,499
2009 85,000
2010 85,000
2011 85,000
2012 85,000
2013 85,000
2014 85,000
2015 65,385
2016 160,650
2017 160,650

Source: Polaris observatory data (http://cdafound.org/polaris-hepC-dashboard/, extracted in October 2017)
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eTable 6. Cost of hepatitis C treatment, testing and disease management

Cost Value ($)
Health state costs (annual)?

FO 27

F1 27

F2 28

F3 56
Compensated cirrhosis 63
Decompensated Cirrhosis 636
Hepatocellular Cancer 1216

Testing cost (one-time)

Laboratory-based antibody test 18
Point-of-care antibody test (screening) 5

GeneXpert 20
HCVCcAg test 25
NAT 137

Treatment cost (one-time)

Peginterferon-ribavirin 60
DAA 60

Abbreviations: SVR, sustained virologic response; FO—F4, METAVIR fibrosis score; DC, decompensated
cirrhosis; HCC, hepatocellular carcinoma; F4-SVR. Post-SVR state of treated cirrhotic patient ; NAT, nucleic
acid test ; DAA, direct-acting antiviral; HCVcAg, HCV core antigen.

AWe estimated annual healthcare costs associate HCV disease management using WHO CHOICE tool. In
particular, we extracted inpatient and outpatient primary costs from the World Health Organization’s CHOo0sing
Interventions that are Cost Effective (CHOICE) project (https://www.who.int/choice/toolkit/en/) and took the
weighted average of cost per inpatient visit and cost per outpatient visit for each HCV-associated health state.
The ratios of weights (inpatient: outpatient) were 0.38:0.62 for FO—F4, 0.43:0.57 for compensated cirrhosis,
0.66:0.34 for decompensated cirrhosis, and 0.55:0.45 for hepatocellular carcinoma as reported by McAdam
Marx.” We then estimated the ratio of the above costs in Pakistan to United States. Finally, we estimated
Pakistan specific HCV disease costs by multiplying this ratio with HCV costs in the United States as reported in
McAdam Marx et al.?® and Chhatwal et al.®

© 2019 Chhatwal J et al. JAMA Network Open.
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eTable 7 Model outcomes under different scenarios

between 2018-2030 ($, millions)

Key model outcomes Base case Increasing HCV prevalence | HCV awareness
HCV incidence increased by rate of 7% in
by 2% per year 20% in 20182 2018
To reach HCV elimination
Number diagnosed per year 900,000 950,000 1,050,000 1,050,000
Number treated per year 700,000 800,000 900,000 700,000
HCV prevalence in 2030 89,191 222,430 82,697 103,466
Reduction compared to 2015 98.9% 97.3% 99.2% 98.8%
HCV incidence in 2030 9,181 364,000 4,616 12,908
Reduction compared to 2015 96.7% - 98.6% 95.4%
Number of death averted between 323,443 329,952 381,409 391,003
2015-2030
DALYs averted between 2015-2030 13,011,508 13,252,919 15,325,227 15,658,989
Total cost of HCV management 10,006 11,199 11,652 10,410
between 2018-2030 ($, millions)
Cost-saving from new diagnostic tests 2,551 2,945 3,167 2,961

aThe current HCV prevalence is 20% higher (i.e., 9.6 million in 2018) than that in the base case (with 8.0

million).

®The current HCV awareness rate is 7% (in contrast to 12.7% in base case in 2018).

¢ For the “Increasing HCV Incidence” Scenario, the incidence reduction target cannot be achieved because the
increasing incidence was used as model inputs. The diagnosis and treatment rates were selected based on the

feasibility of other three elimination targets.

© 2019 Chhatwal J et al. JAMA Network Open.
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