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Abstract

Background & Aims: In ƑƏƐѵķ M࣐decins Sans Fronti࣏res estabѴished the first genŊ
eraѴ popuѴation Hepatitis C virus ŐHCVő screening and treatment site in Cambodiaķ 
offering free directŊacting antiviraѴ ŐDAAő treatmentĺ This study anaѴysed the costŊ
effectiveness of this interventionĺ
Methods: Costsķ quaѴity adjusted Ѵife years ŐQALYső and costŊeffectiveness of the inŊ
tervention were projected with a Markov modeѴ over a Ѵifetime horizonķ discounted at 
ƒѷņyearĺ PatientŊѴeveѴ resourceŊuse and outcome dataķ treatment costsķ costs of HCVŊ
reѴated heaѴthcare and EQŊƔDŊƔL heaѴth states were coѴѴected from an observationaѴ 
cohort study evaѴuating the effectiveness of DAA treatment under fuѴѴ and simpѴified 
modeѴs of care compared to no treatmentĸ other modeѴ parameters were derived from 
Ѵiteratureĺ IncrementaѴ costŊeffectiveness ratios ŐcostņQALY gainedő were compared to 
an opportunity costŊbased wiѴѴingnessŊtoŊpay threshoѴd for Cambodia ŐŪƑƓѶņQALYőĺ
Results: The totaѴ cost of testing and treatment per patient for the fuѴѴ modeѴ of 
care was ŪƖƑƔŐIQR ŪѵѵѶŊƐѵƒƐőķ reducing to ŪƒƕѵŐIQR ŪƒƓƓŊƓƑƑő for the simpѴified 
modeѴ of careĺ EQŊƔDŊƔL vaѴues varied by fibrosis stageĹ decompensated cirrhosis 
had the Ѵowest vaѴueķ vaѴues increased during and foѴѴowing treatmentĺ The simpѴiŊ
fied modeѴ of care was cost saving compared to no treatmentķ whiѴe the fuѴѴ modeѴ of 
careķ aѴthough costŊeffective compared to no treatment ŐŪƐѶƕņQALYőķ cost an addiŊ
tionaѴ ŪƐƓ ƓѶƔņQALY compared to the simpѴified modeѴķ above the wiѴѴingnessŊtoŊpay 
threshoѴd for Cambodiaĺ This resuѴt is robust to variation in parametersĺ
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ƐՊ |ՊINTRODUC TION

The WorѴd HeaѴth Organization ŐWHOő estimated that ƕƐ miѴѴion peoŊ
pѴe were infected with the Hepatitis C virus ŐHCVő gѴobaѴѴy in ƑƏƐƔĺ1 

Most ŐѶƏѷő HCV infections are in ѴowŊ and middѴeŊincome countries 
ŐLMICőķ2 but fewer than Ɣѷ of these patients are diagnosedĺ3

HCV is a major contributor to Ѵiver cancer and overaѴѴ cancer 
deaths in Cambodia and AsiaĺƓķƔ Southeast Asia has the second highŊ
est burden of viraѴ hepatitis mortaѴity gѴobaѴѴyĺ1 More than ƐƐ miѴѴion 
peopѴe are estimated to have antibodies to HCV in this regionķ6 with 

Ƒĺƒѷ of Cambodians exposed to HCVĺƕ

DirectŊacting antiviraѴs ŐDAAső offer an effective cure for HCV with 
few side effectsĺ Access to these medicinesķ howeverķ has been Ѵimited 
by their high costķ aѴongside the cost of diagnostics and the infrastrucŊ
ture required for scaѴing up treatmentĺƒķѶ In Cambodiaķ heaѴthcare expenŊ
diture per capita is Ѵow ŐŪѵƖ in ƑƏƐƑőĸ of this ѵƏѷ comes from patient 
out of pocket expensesĺ9 Despite Ѵimited fundingķ ongoing government 
heaѴth initiatives provide tubercuѴosisķ maѴaria and HIVņAIDS treatment 
free at the point of careĺ Howeverķ there is no nationaѴ HCV strategyķ 
with procurement of HCV drugs Ѵeft entireѴy to the private sectorĺ

In ƑƏƐѵķ in coѴѴaboration with the Ministry of HeaѴthķ M࣐decins Sans 
Fronti࣏res ŐMSFő estabѴished the first generaѴ popuѴation HCV testing and 
treatment site in Phnom Penhķ Cambodiaķ offering free DAA treatmentĺ 
The initiaѴ modeѴ of care for HCV treatmentķ based on ƑƏƐѵ European 
Association for the Study of the Liver guideѴinesķ11 was subsequentѴy simŊ
pѴified in ƑƏƐƕ by reducing the number of patient visits and treatment 
monitoring conductedķ with data suggesting this did not adverseѴy affect 
patient outcomes Őcure rate and incidence of serious adverse eventsőĺ10

In this studyķ we evaѴuate the costŊeffectiveness of both the fuѴѴ 
and simpѴified modeѴs of care impѴemented by MSFĺ To our knowѴŊ
edgeķ this is the first study to conduct a fuѴѴ costing and costŊefŊ
fectiveness anaѴysis of a reaѴŊworѴd HCV treatment intervention in 
a LMICĺ This incѴudes Cambodian patientŊѴeveѴ data on EQŊƔDŊƔL 
heaѴth states for different HCV disease stages and the cost of 
heaѴthcare for HCVŊreѴated Ѵiver diseaseĺ

ƑՊ |ՊMETHODS

This study evaѴuated the costŊeffectiveness of MSFŝs HCV treatment 
program in Cambodia10 in terms of cost per quaѴity adjusted Ѵife year 
ŐQALYő gained using a Markov stateŊtransition modeѴ representing 
the Ѵifetime disease progression of a cohort of HCVŊinfected patientsĺ 
ModeѴ parametersķ heaѴth state vaѴues and costs were based on data 

from the cohort of patients screened and treated as part of the proŊ
gramķ as weѴѴ as from the Ѵiteratureĺ Compared to a counterfactuaѴ of 
no treatmentķ we evaѴuated two strategies impѴemented by MSFĹ the 
initiaѴ fuѴѴ modeѴ of care ŐFMCőķ and simpѴified modeѴ of care ŐSMCőĺ

ƑĺƐՊ|ՊSetting and modeѴs of care

Patient characteristicsķ costs and quaѴity of Ѵife data were coѴѴected from 
an observationaѴ cohort study evaѴuating the ļreaѴŊworѴdĽ effectiveness 
of DAAs for the treatment of chronic HCV infection in aduѴts ŐƾƐѶ yearsőĺ 
This study was conducted at MSFŝs HCV cѴinicķ embedded within the 
gastroenteroѴogy department of the Preah Kossamak HospitaѴ in Phnom 
Penhĺ10 CѴinic staff were empѴoyed by MSFķ with a smaѴѴ number of 
nurses and doctors seconded from the Ministry of HeaѴthĺ

The FMC and SMC both incѴuded processes for HCV diagnosis and 
Ѵiver disease stagingķ foѴѴowing which patients either began treatmentķ 
were referred for further tests to determine eѴigibiѴity or controѴ comorŊ
biditiesķ or were determined to be ineѴigibѴe for treatmentĺ10 Treatment 

regimens were based on sofosbuvir with dacѴatasvir or sofosbuvir with 
Ѵedipasvirķ with sofosbuvirņdacѴatasvir used as a panŊgenotypic regimen 
in the SMCĺ Each patient was tested for sustained viroѴogicaѴ response 
at ƐƑ weeks after the end of treatment ŐSVRƐƑő to determine if treatŊ
ment was successfuѴĺ The SMC used point of care tests ŐSD BioѴine and 
GeneXpertő for diagnostics whiѴe the FMC used an externaѴ Ѵab for ELISA 
and PCR confirmationĺ In the SMCķ compared to the FMCķ the number 
of sessions where nurseŊcounseѴѴors discussed risk factorsķ adherence 
and ѴifestyѴe education with patients were reduced Őfrom ten to twoőķ 

Conclusions: The simpѴified modeѴ of care was cost saving compared to no treatmentķ 
emphasizing the importance of simpѴifying pathways of care for improving access to 
HCV treatment in ѴowŊresource settingsĺ

K E Y W O R D S

costŊeffectivenessķ directŊacting antiviraѴ treatmentķ heaѴthcare costsķ hepatitis Cķ ѴowŊincome 
popuѴationķ Markov processķ treatment costs

Lay Summary

Ŏ Access to treatment for Hepatitis C virus ŐHCVő has been 
Ѵimited in Ѵow and middѴeŊincome countries because of 
the high cost of drugs and compѴex treatment protocoѴĺ

Ŏ M࣐decins Sans Fronti࣏res screened and treated patients for 
HCV in Phnom Penhķ Cambodiaķ with a simpѴe treatment 
protocoѴ with fewer visits Őthan standard of careőķ point of 
care testing and task shifting from doctors to nursesĺ

Ŏ The simpѴe treatment protocoѴ saved money and had 
better outcomes projected over the Ѵifetime of the coŊ
hort patients compared to if they had not received HCV 
screening and treatmentĺ
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genotype testing was eѴiminatedķ three bѴood tests for monitoring during 
treatment were removedķ patient visits during treatment were reduced 
from eight to fourķ with some tasks shifted from doctors to nurses and 
pharmacists ŐFigure Ɛķ TabѴe SƐőĺ The FMC incѴudes patients initiated on 
treatment from September ƑƏƐѵ through March ƑƏƐƕķ and the SMC 
incѴudes patients initiated on treatment from August ƑƏƐƕ through ApriѴ 
ƑƏƐѶĺ March to August ƑƏƐƕ was a transition phase in which the modeѴ 
of care was graduaѴѴy simpѴifiedŌthis phase is not considered hereĺ

Written consent was obtained from aѴѴ patientsĺ Ethics approvaѴ 
for this study was obtained from the French Comit࣐ de Protection 
des Personnes of SaintŊGermainŊenŊLaye ŐreferenceĹ ƐѵƏƓƖő and the 
NationaѴ EthicaѴ Committee for HeaѴth Research of the Cambodian 
MoH ŐreferenceĹ ƏƏƔ NECHRőĺ OfficiaѴ permission for this study was 
obtained from the Director of Kossamak HospitaѴĺ

ƑĺƑՊ|ՊCosting methods

The costs of HCV diagnosis and treatment were estimated from 
the providerŝs perspective in ƑƏƐƕ US doѴѴarsķ using a retrospective 
cohortŊbased approach over a ƖŊmonth period ŐSeptember ƑƏƐѵŋ
May ƑƏƐƕőĺ Data on costs came from MSFŝs expenditure records and 
price Ѵistsķ which were aѴѴocated to activities making up the FMC as 
described aboveķ with subtotaѴs caѴcuѴated for cѴinic visitsķ ѴaboraŊ
tory testsķ DAA and other medicines and diagnosis costsĺ

ƑĺƑĺƐՊ|ՊPatientŊѴeveѴ resource use

DetaiѴed patientŊѴeveѴ data on the numbers and types of visits and 
tests undertaken for patients receiving each modeѴ of care were 

coѴѴected from eѴectronic individuaѴ patient recordsĺ12 Costs of caseŊ
finding were incѴuded as the cost of testing patients who were not 
found to be chronicaѴѴy infectedĺ Data on the quantity of DAAs and 
other medicines received by each patient during the intervention 
came from pharmacy dispensing recordsĺ Staff time was aѴѴocated 
for each activity through the use of staff time sheets compѴeted over 
the course of one week by patientŊfacing staffķ direct observation 
and interviews with staff and according to the number of patient 
interactions in the observation periodĺ

ƑĺƑĺƑՊ|ՊVaѴuation of resources

VaѴuation of the resources used in the intervention was based on 
detaiѴed financiaѴ records provided by MSF using activityŊbased 
costingĺ The cost per activity within the interventionķ for exampѴe 
the baseѴine treatment visitķ was estimated as the sum of ingreŊ
dients ŐTabѴe SƔőĺ These ingredientsķ such as cost per minute of 
doctor or counseѴѴor time or cost of cѴinic faciѴities per patient visitķ 
were estimated from the financiaѴ records during the observation 
period when the FMC was impѴementedĺ Activity cost estimates 
from the FMC during the observation period were adapted to 
estimate the costs of the SMC based on interviews with project 
staff to determine how activities and their ingredients differed beŊ
tween the modeѴs of careĺ Unit costs for medicines were derived 
using the ƑƏƐƕ MSF Access campaign negotiated costs for DAAs 
and other medicationsĺ The costs of Ѵaboratory tests contracted 
outside of the intervention were gathered from hospitaѴ price Ѵists 
and from invoices biѴѴed to MSF ŐTabѴe Sѵőĺ In the base case we 
excѴude costs specific to MSF and repѴace staff costs for interŊ
nationaѴ staff with what ѴocaѴ staff wouѴd be paid by MSF for the 

F I G U R E  Ɛ Պ Summary of differences between fuѴѴ Őtopķ bѴueő and simpѴified Őbottomķ orangeő modeѴs of care at each phase of the screening 
and treatment processĺ FuѴѴ detaiѴs incѴuded in TabѴe SƐ
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same roѴeĺ More detaiѴs on costing methods can be found in the 
suppѴementary materiaѴ ŐMethods SƐőĺ

ƑĺƑĺƒՊ|ՊCost of hepatitis CŊreѴated disease

Information on patient access to heaѴthcare for HCVŊreѴated Ѵiver disŊ
ease prior to treatment was gathered through a resourceŊuse quesŊ
tionnaire administered to a subset Őn Ʒ ƐƓƓķ Ѵiver disease stages FƏŊFƓő 

of diagnosed patients at their initiaѴ visitĺ The questionnaire asked 
patients to recaѴѴ the number of hospitaѴ inpatient or outpatient and 
cѴinic visits ŐheaѴth system contactső in the ѵ months prior to coming 
to the MSF cѴinicĺ We assumed that contacts in ѵ months represented 
haѴf of the annuaѴ number of contactsĺ For each type of visitķ the paŊ
tient was further asked to recaѴѴ the reason and the price paid for the 
most recent visitĺ We use patientŊreported costs to represent the cost 
of care in the base case because prior to the MSF programķ aѴѴ reѴevant 
costs wouѴd be the responsibiѴity of the patient ŐMethods SƑőĺ

F I G U R E  Ƒ Պ Schematic of Markov 
modeѴ showing how patients progress 
through infection and Ѵiver disease 
statesĺ Dashed Ѵines indicate initiation on 
treatmentĺ I Ʒ infectedĸ T Ʒ on treatmentĸ 
S Ʒ susceptibѴeĺ BaseѴine mortaѴity occurs 
according to cohort ageķ with equaѴ death 
rates for aѴѴ compartments Őnot shown in 
figureő

TA B L E  Ɛ Պ ModeѴ parameters and their distributions for the probabiѴistic sensitivity anaѴysis

Variable Base-case value Distribution in PSA

Distribution 

parameter(s)aՔ Source

Fibrosis progression ŐannuaѴ transition probabiѴityő

MiѴd fibrosis ŐFƏő to MiѴd fibrosis 
ŐFƐő

ƏĺƐƐƕ NormaѴ 0.005 36

MiѴd fibrosis ŐFƐő to Moderate 
fibrosis ŐFƑő

ƏĺƏѶƔ NormaѴ 0.004 36

Moderate fibrosis ŐFƑő to Moderate 
fibrosis ŐFƒő

0.121 NormaѴ 0.0046 36

Moderate fibrosis ŐFƒő to Severe 
fibrosis ŐFƓő

0.115 NormaѴ 0.004 36

FƓ to DC 0.039 Beta ƐƓĺѵķ ƒѵƏĺƑ ŐƖƔѷ CI 
ƏĺƏƑƑŊƏĺƏƓѵő

ƒƕ

FƓ or DC to HCC 0.014 Beta ƐĺƖķ ƐƒѵĺƐ ŐƖƔѷ CI 
ƏĺƏƏƐѵŊ ƏĺƏƒƖő

ƒƕ

FƓ to DC after SVR achieved ƏĺƏƕƏ Ŗ FƓ to DC TriangѴe ŒƖƔѷ CI of base case ƏĺƏƒŊ
ƏĺƑ ŖFƓ to DCœ

ƏĺƏƏƏѵѵķ ƏĺƏƏƖƑƑķ 
ƏĺƏƏƑƕƒ

ƒƕķƒѶ

FƓ or DC to HCC after SVR 
achieved

ƏĺƑƒƏ Ŗ FƓ or DC to 
HCC

TriangѴe ŒƖƔѷ CI of base case ƏĺƐѵŊ
ƏĺƒƔ ŖFƓ to DCœ

ƏĺƏƏƏƑƔѵķ ƏĺƏƐƒѵƔķ 
0.00322

ƒƕķƒƖ

LiverŊreѴated mortaѴity ŐannuaѴ transition probabiѴityő

DC to Ѵiver death 0.130 Beta ƐƓƕĺƏƒķ ƖѶƒĺƖƕ ŐƖƔѷ CI 
ƏĺƐƐŊƏĺƐƔő

ƒƕ

HCC to Ѵiver death 0.430 TriangѴe ƏĺƓƏķƏĺƓƓ ƒƕ

ViraѴ reŊinfection ŐannuaѴ transition 
probabiѴityő

0 TriangѴe Əķ Əķ ƏĺƏƐ

SVRƐƑ rate Cohort

Full ƏĺƖѵѶ BinomiaѴ ƏĺƖѵѶķ ѵƑƓ ŐƖƔѷ CI 
ƏĺƖƔƏŊƏĺƖѶƏő

SimpѴified 0.940 BinomiaѴ ƏĺƖƓƏķ ƐƒƑƓ ŐƖƔѷ CI 
ƏĺƖƑƔŊƏĺƖƔƑő

Cohort initiaѴ age 55.9 NormaѴ 10.6 Cohort

aDistribution parameters for PSAĹ NormaѴĹ standard deviationĸ TriangѴeĹ Ѵowerķ peakķ upperĸ BetaĹ α ŒshapeƐœķ β ŒshapeƑœĸ BinomiaѴĹ proportionķ sampѴe sizeĺ 
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Patients with fibrosis stage FƏ Őno Ѵiver damageő were assumed 
to represent a baseѴine number of heaѴth system contacts Ővisitső 
for those without Ѵiver diseaseķ with the number of visits for more 
advanced disease states being modeѴѴed using Poisson regression 
from the questionnaire dataĺ The patientŊreported mean cost per 
visit was then muѴtipѴied by the modeѴѴed annuaѴ number of visits to 
caѴcuѴate the annuaѴ cost of Ѵiver disease care for each fibrosis stage 
ŐMethods SƑőĺ Estimates of the yearѴy cost of decompensated cirrhoŊ
sis ŐDCő and hepatoceѴѴuѴar carcinoma ŐHCCő were based on reviews 
of patient records in three hospitaѴs anaѴysed and adjusted through a 
WHOŊfaciѴitated expert discussionĺ In the base caseķ we assume that 
ƕƏѷ of patients with these disease stages access this care based on 
expert opinion ŐMethods SƑőĺ The estimated costs of heaѴthcare are 
assumed to appѴy to infected patients of aѴѴ disease stages and cured 
patients with FƓķ DC and HCCĺ

ƑĺƒՊ|ՊSimuѴation modeѴ

The costs and outcomes of each treatment strategy were projected 
for a cohort of diagnosed patients using a Markov modeѴ with annuaѴ 
time stepsĺ The cohort is defined by the number of individuaѴs diagŊ
nosed with chronic HCV infectionķ aѴѴocated to Ѵiver disease severity 
categories according to the distribution found among patients who 
had a fibrosis score recordedĺ The modeѴ schematic ŐFigure Ƒő shows 
progression characterized by different stages of Ѵiver disease severŊ
ityĺ The modeѴѴed heaѴth states incѴude stages for METAVIR fibrosis 
scores FƏķ FƐķ FƑķ Fƒķ FƓ Őcirrhosisőķ14 DC and HCCĺ Each of the seven 
modeѴѴed heaѴth states has three possibѴe HCV states Őinfectedķ on 
treatment and curedņsusceptibѴeőĺ Patients are modeѴѴed to receive 
treatment in the first year of the simuѴationķ with the proportion 
treated in each fibrosis stage matching the treatments in the interŊ
vention data.

Liver diseaseŊreѴated mortaѴity Őassumed to occur in the DC and HCC 
states onѴyő and background ageŊdependent mortaѴity ŐFigure SƐő were 
modeѴѴed as absorbing heaѴth statesĺ The number of Ѵiver transpѴants perŊ
formed in Cambodia is negѴigibѴeķ and so was not modeѴѴedĺ The modeѴ 
was impѴemented in R version ƒĺѵĺƐ using the heemodpackage.ƐƔķƐѵ

ƑĺƒĺƐՊ|ՊDisease progression rates

Parameter vaѴues for progression through disease states were 
sourced from previous studies ŐTabѴe Ɛőĺ Each patient started in 
one of seven Ѵiver disease states according to the distribution in 
the cohortĺ At the end of each cycѴeķ patients either remain in the 
same stateķ move into a more advanced disease state or die from 
background or HCVŊreѴated mortaѴity ŐFigure Ƒőĺ In the base case 
we assume there is no reŊinfection foѴѴowing curative treatmentĺ 
The SVRƐƑ rate was caѴcuѴated for the FMC and SMC from patients 
who were due to compѴete treatment at Ѵeast ƐƑ weeks before the 
data export date ŐƐƕ JuѴy ƑƏƐѶőķ with those not tested for SVRƐƑ for 
any reasonķ incѴuding Ѵoss to foѴѴowŊup and deathķ counted as not 

achieving SVRƐƑ Őtreatment faiѴureőĺ Patients who faiѴ treatment reŊ
turn to the infected states and are assumed to face the same risks of 
Ѵiver disease progression as untreated patientsķ whiѴe cured patients 
move to a susceptibѴe compartment in the same Ѵiver disease stage 
they were treated inĺ Being cured stops disease progression in preŊ
cirrhotic patients whiѴe it is sѴowed in cirrhotic patientsĺ

ƑĺƓՊ|ՊOutcomes

The Khmer version of EQŊƔDŊƔLƐƕ was used to coѴѴect heaѴthŊreѴated 
quaѴity of Ѵife measures for patients ŐƓƖƒƓ totaѴ individuaѴső with 
chronic HCV infection prior to treatment initiationķ during treatment 
and at the SVRƐƑ visit after treatmentĺ Where muѴtipѴe records were 
avaiѴabѴe for a patient at a given treatment stageķ we combined these 
into a singѴe measure using a timeŊweighted averageĺ Patients who 
faiѴed treatment Őn Ʒ ѵƑő were not incѴuded in the afterŊtreatment 
anaѴysisĺ EQŊƔDŊƔL measures were stratified by fibrosis stage and 
converted to heaѴth state vaѴues using the EQŊƔDŊƔL vaѴue set avaiѴŊ
abѴe for IndonesiaķƐѶ as this is the cѴosest country in the same WorѴd 
Bank income group where a vaѴue set is avaiѴabѴeĺ HeaѴth state vaѴues 
for each modeѴ compartment were estimated using a Ѵinear mixedŊ
effects modeѴ with patient as a random effect and fibrosis stage and 
treatment stage as fixed effectsĺ

ƑĺƔՊ|ՊCostŊeffectiveness anaѴysis

We evaѴuated the costŊeffectiveness of the FMC and SMC comŊ
pared to no HCV treatment in the study popuѴationĺ The modeѴ was 
run for ƐƏƏ years to cover the fuѴѴ Ѵifetime of the cohortķ with a 
baseѴine discount rate of ƒѷ for both future costs and outcomesĺ19 

CostŊeffectiveness was evaѴuated in terms of Ѵifetime costs per 
QALY gainedķ or the incrementaѴ costŊeffectiveness ratio ŐICERő 
for each strategyĺ This was compared to an empiricaѴ opportunity 
costŊbased wiѴѴingnessŊtoŊpay ŐWTPő threshoѴd of ŪƑƓѶ per QALY 
gained20 and to the commonѴy used threshoѴd of GDP per capita 
ŐŪƐƑƕƏőĺ21

ƑĺѵՊ|ՊSensitivity anaѴysis

We accounted for uncertainty in key parameters by conducting a 
probabiѴistic sensitivity anaѴysisķ in which ƐƏƏƏ parameter sets were 
sampѴed from their statisticaѴ distributions ŐTabѴe Ɛőĺ The cost of 
treatment for each fibrosis stage was varied according to the data in 
a trianguѴar distribution of the median and interŊquartiѴe range ŐIQRķ 
TabѴe SƓőĺ Cost of care was varied in a trianguѴar distribution accordŊ
ing to the bootstrapped ƖƔѷ confidence intervaѴ for FƐŊFƓ ŐTabѴe Ƒő 
and according to the range of consensus vaѴues for DC and HCCĺ 
HeaѴth state vaѴues were varied in a trianguѴar distribution of the 
mean and ƖƔѷ confidence intervaѴ for each fibrosis stage and time 
point ŐTabѴe ƒőĺ
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In additionķ we conducted oneŊway sensitivity anaѴyses by varyŊ
ing key parameters in the modeѴ to minimum or maximum vaѴues to 
test modeѴ assumptionsĺ This incѴuded changing the DAA cost to be 
ŪƐƑƏ per treatment course for every patient instead of varying by 
individuaѴķ removing or doubѴing the cost of care for Ѵiver diseaseķ 
using WHOŊCHOICE estimates of the cost of care instead of paŊ
tientŊreported costs for FƏŊFƓ22 ŐMethods SƑő and varying the perŊ
centage of end stage Ѵiver disease patients ŐDC or HCCő accessing 
care from ƕƏѷ to ƓƏѷ or ƐƏƏѷĺ In additionķ we anaѴyse the incѴusion 
of MSFŊspecific indirect costsķ aѴternative discount rates of Əѷ or 
ƕѷķ reducing the time horizon to ƐƏ years from ƐƏƏ yearsķ aѴѴowing 
for reŊinfection with HCV at Ɛѷ or ƐƏѷ per year Őexcept for patients 
with HCCő and changing the initiaѴ age of the cohort to ƓƔ or ѵƔĺ 
We evaѴuated how the costŊeffectiveness of treatment wouѴd vary 
if screening yieѴded antibody prevaѴences of Ƒĺƒѷ Őthe nationaѴ esŊ
timateƕőķ ƐƏѷ or ƒƏѷķ compared to ѵƔѷ as observed in the cohortĺ 
For these sensitivity anaѴysesķ we assumed ƕƑѷ chronic infection 
among those that are antibody positiveķ as found in the cohortĺ We 
aѴso present resuѴts using an aѴternative EQŊƔDŊƔL vaѴue set from 
Thailand23 and disabiѴity vaѴues from the ƑƏƐѵ GѴobaѴ Burden of 
Disease study to estimate heaѴth state vaѴues in the form of disabiѴity 
adjusted Ѵife years ŐDALYķ TabѴe SƐƏőĺ We evaѴuate the effect of paŊ
tients having equaѴ treatment rate across aѴѴ fibrosis stagesķ matchŊ
ing the overaѴѴ treatment rate in the cohort of ѵƓѷķ or if the cost 
of treatment is assumed to be the overaѴѴ average mean cost rather 
than varying by fibrosis stageĺ We evaѴuate the resuѴt if core antigen 
testing ŐŪƑƏņtest24ő was used in a oneŊstep screening process Őno 
antibody testingő or to repѴace the confirmatory test and if the SVR 
rates for both modeѴs of care were reduced by ƑƏѷ Őto ƕƔѷ and ƕƕѷ 
for the SMC and FMC respectiveѴyőĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊCohort treatment outcomes

Of ƐƔ ƐƐƑ patients screenedķ ƕƐƒƐ patients were diagnosed 
with chronic HCV ŐƓƕѷőķ ѵѶƒƐ referred to care and ƓƔƔƏ ŐѵƓѷ of 

diagnosedő initiated treatment between ƐƖ September ƑƏƐѵ and ƒƏ 
ApriѴ ƑƏƐѶ ŐFigure SƓőĺ The mean age of those treated was ƔƔĺƖ ŐSD 
ƐƏĺѵő years and Ɣƕѷ were femaѴeĺ Patients with cirrhosis ŐFƓőķ DC 
or HCC made up ƒƑĺѶѷ of diagnosed patients and ƓƓĺƔѷ of treated 
patients ŐTabѴe SƑőĺ

Under the FMC and SMCķ ѵƑƓ and ƐƒƑƓ patients initiated treatŊ
ment and were foѴѴowedŊup to at Ѵeast ƐƑ weeks post treatment 
respectiveѴyĺ These individuaѴs were incѴuded in the costing and outŊ
comes anaѴysisķ whiѴe patients treated during the transitionaѴ phase 
between the modeѴs of care were excѴuded from anaѴysis ŐFigure 
SƓőĺ Characteristics of patients treated under each modeѴ of care are 
presented in TabѴe Sƒĺ In the FMCķ ƖѵĺѶѷ ŐƖƔѷ confidence interŊ
vaѴ ƖƔĺƏѷŊƖѶĺƏѷő of patients achieved SVRƐƑķ whiѴe ƖƓĺƏѷ ŐƖƑĺƔѷŊ
ƖƔĺƑѷő achieved SVRƐƑ in the SMCĺ Treatment regimens were based 
on sofosbuvir with dacѴatasvir in Ɣѵѷ and ƖѶѷ of patients in the 
FMC and SMCķ respectiveѴyķ with the remaining treatments being 
sofosbuvir with Ѵedipasvirĺ

ƒĺƑՊ|ՊCosts of HCV treatment

The median totaѴ cost of HCV testing and treatment for the FMC 
was ŪƖƑƔ ŐIQR ŪѵѵѶŊƐķѵƒƐő and Ūƒƕѵ ŐIQR ŪƒƓƓŊƓƑƑő for the SMC 
ŐFigure ƒķ TabѴe SƓőĺ The biggest contributor to the overaѴѴ cost in 
both modeѴs was DAA costsķ making up Ƒѵѷ and ƓƑѷ of the totaѴ 
treatment cost for the FMC and SMC respectiveѴyĺ

ƒĺƒՊ|ՊCost of hepatitis CŊreѴated disease

The number of heaѴth system contacts reported in the resourceŊ
use questionnaire is presented in TabѴe Ƒ and Figure SƑĺ The mean 
cost per visit was ŪƕƑĺƒƓ Őbootstrapped ƖƔѷ CI ŪƓƖĺƒƔŊŪƐƐƏĺѶƐő 
and the annuaѴ cost of care ranged from ŪƒƖĺƏѵ for FƏ to ŪƑƑѵĺƓƑ 
for FƓ ŐTabѴe Ƒőĺ From the WHOŊfaciѴitated expert discussionķ the 
annuaѴ cost of inpatient care for a patient with decompensated cirŊ
rhosis was ŪƒƓƕ Ővarying from ŪƑƒѵ to ŪƓƔƕ in provinciaѴ versus 
nationaѴ hospitaѴ settingső and for hepatoceѴѴuѴar carcinoma was 

TA B L E  Ƒ Պ Reported heaѴth system contacts by fibrosis stageķ with Poisson modeѴѴed annuaѴ number of heaѴth system contactsķ in addition 
to the contacts by an FƏ patient

Disease stage N

Mean, (IQR) reported health system 

contacts in last 6 months

Modelled annual number of health system 

contacts attributable to liver disease, relative to 

FƏ ŐƖƔѷ CIő

Mean annual 

healthcare cost 

ŐƖƔѷ CIő

F0 Ɛƕ ƐĺƏķ ŐƏŊƐő 0 ŪƏĺƏƏ

F1 42 ƐĺƑķ ŐƏŊƐő ƏĺƔƓ ŐƏĺƏƐѵŊƐĺƐƖő ŪƒƖĺƏѵ 
ŐŪƖĺѵƒŊŪѶƓĺѵƔő

F2 29 ƐĺѶķ ŐƏŊƑő ƐĺƑƑ ŐƏĺƏƒƑŊƒĺƏƔő ŪѶѶĺƑƔ 
ŐŪƐƖĺƑƕŊŪƑƑƕĺѶѶő

F3 14 ƒĺƓķ ŐƏŊѵő ƑĺƏƕ ŐƏĺƏƓѶŊƔĺƖƓő ŪƐƓƖĺƕƓ 
ŐŪƓѶĺƖƒŊŪƓƐѶĺƑƔő

F4 ƒƕ Ƒĺƒķ ŐƏŊƒő ƒĺƐƒ ŐƏĺƏѵƔŊƐƏĺƓƔő ŪƑƑѵĺƓƑ 
ŐŪƕƒĺƖƐŊŪƕƑѶĺƐƏő
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ŪƓƑƓ ŐŪƒѵѶŊŪƔƕѵőĺ The aѴternative estimates based on WHOŊ
CHOICE gave an annuaѴ cost of care for FƏŊFƒ of ŪƑѶĺƑƕ and 
ŪƑƐѵĺƔƐ for FƓĺ

ƒĺƓՊ|ՊHeaѴth state vaѴues

HeaѴth state vaѴues generated through EQŊƔDŊƔL varied by fibroŊ
sis stage and treatment statusĺ The heaѴth state vaѴue increased 
by ƏĺƏƒƖ ŐƖƔѷ CI ƏĺƏƒƑŊƏĺƏƓѵő during treatment and ƏĺƏѵѶ ŐƖƔѷ 
CI ƏĺƏѵƐŊƏĺƏƕƔő after treatmentķ compared to pretreatment ѴeveѴsĺ 
Patients with DC had the Ѵowest heaѴth state vaѴuesķ ƏĺƐƐ ŐƖƔѷ CI 
ƏĺƏƖƏŊƏĺƐƒő Ѵower than patients in FƏķ whiѴe patients with HCC had 
heaѴth state vaѴues ƏĺƏѶƒ ŐƖƔѷ CI ƏĺƏƔƏŊƏĺƐƑő Ѵower than patients in 
FƏĺ Fitted heaѴth state vaѴues for each disease and treatment state 
used in the modeѴ are shown in TabѴe ƒĺ The heaѴth profiѴes ŐproporŊ
tion of individuaѴs with each ѴeveѴ for the five dimensionső reported 
in EQŊƔDŊƔL are presented in TabѴes SƕŊSƖĺ

ƒĺƔՊ|ՊCostŊeffectiveness

The FMC compared to no treatment was costŊeffective ŐŪƐѶƕņQALYő 
compared to the opportunity cost WTP threshoѴd ŐŪƑƓѶő and GDP 
threshoѴd ŐŪƐƑƕƏőĺ The SMC was costŊsaving ŐƴŪƖƐņQALYķ TabѴe Ɠő 
compared to no treatmentĺ The incrementaѴ benefit of impѴementing 
the FMC compared to the SMC costs ŪƐƓ ƓѶƔņQALYĺ These resuѴts 
are robust to parameter variation in the probabiѴistic sensitivity anaѴŊ
ysisķ with ƖƓĺƏѷ of runs for the SMC being costŊsaving and ƖƖĺƕѷ 

Disease stage

Health state value

Before treatment During treatment

After treatment 

(cured)

F0 ƏĺѶѵ ŐƏĺѶƔŊƏĺѶѶő ƏĺƖƏ ŐƏĺѶƖŊƏĺƖƐő ƏĺƖƒ ŐƏĺƖƑŊƏĺƖƓő

F1 ƏĺѶѵ ŐƏĺѶƔŊƏĺѶƕő ƏĺƖƏ ŐƏĺѶƖŊƏĺƖƐő ƏĺƖƒ ŐƏĺƖƑŊƏĺƖƓő

F2 ƏĺѶƔ ŐƏĺѶƓŊƏĺѶѵő ƏĺѶƖ ŐƏĺѶƕŊƏĺƖƏő ƏĺƖƑ ŐƏĺƖƏŊƏĺƖƒő

F3 ƏĺѶƕ ŐƏĺѶѵŊƏĺѶƕő ƏĺƖƐ ŐƏĺƖƏŊƏĺƖƐő ƏĺƖƓ ŐƏĺƖƒŊƏĺƖƓő

F4 ƏĺѶƔ ŐƏĺѶƓŊƏĺѶƔő ƏĺѶѶ ŐƏĺѶѶŊƏĺѶƖő ƏĺƖƐ ŐƏĺƖƐŊƏĺƖƑő

DC ƏĺƕƔ ŐƏĺƕƓŊƏĺƕƕő ƏĺƕƖ ŐƏĺƕƕŊƏĺѶƐő ƏĺѶƑ ŐƏĺѶƏŊƏĺѶƓő

HCC ƏĺƕѶ ŐƏĺƕƔŊƏĺѶƐő ƏĺѶƑ ŐƏĺƕƖŊƏĺѶƔő ƏĺѶƔ ŐƏĺѶƑŊƏĺѶѶő

TA B L E  ƒ Պ HeaѴth state vaѴues Őmean 
and ƖƔѷ CIő by disease stage and 
treatment time point estimated from 
mixedŊeffects modeѴ with patient as a 
random effect

F I G U R E  ƒ Պ Median and interquartiѴe range of overaѴѴ cost of 
treatment Őtopő and median proportion of overaѴѴ cost of treatment 
attributabѴe to different activities Őbottomő under the fuѴѴ and 
simpѴified modeѴs of careĺ DAAķ directŊacting antiviraѴs
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Strategy

Cost ŐUSDő per capita QALY per capita ICER

Total Incremental Total Incremental

Cost/

QALY

No treatment ŪƐķƑƖѶ Ō ƕĺƓƖ Ō Dominated

SimpѴified ModeѴ 
of Care

ŪƐķƐѶƔ ƴŪƐƐƒ ѶĺƕƑ 1.24 ƴŪƖƐ

FuѴѴ modeѴ of care ŪƐķƔƒƓ ŪƒƔƏ ѶĺƕƔ 0.024 ŪƐƓķƓѶƔ

TA B L E  Ɠ Պ IncrementaѴ costŊ
effectiveness of fuѴѴ and simpѴified modeѴs 
of care for the base caseĺ Time horizon is 
ƐƏƏ years and discount rate is ƒѷ
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being costŊeffective compared to the opportunity cost threshoѴd 
ŐFigure Sƒőĺ

ƒĺѵՊ|ՊSensitivity anaѴysis

When key modeѴ parameters are varied the SMC generaѴѴy remains 
costŊsaving compared to no treatment ŐFigure Ɠőķ whiѴe the FMC is 
never costŊeffective compared to the SMC ŐTabѴe SƐƐőĺ The onѴy 
changes which make the SMC not costŊsaving are reducing the cost 
of care for aѴѴ HCVŊreѴated Ѵiver disease to ŪƏ ŐŪƑƏƔņQALYőķ using 
WHOŊCHOICE costs for FƏŊFƓ Ѵiver disease care ŐŪƑƖņQALYőķ inŊ
creasing reŊinfection rate to ƐƏѷ per year ŐŪƒƖņQALYőķ or reducing 
screening prevaѴence to Ƒĺƒѷ ŐŪƑѶņQALYőķ aѴѴ of which are stiѴѴ costŊ
effective compared to the opportunity cost WTP threshoѴd ŐŪƑƓѶőĺ 
The SMC wouѴd remain costŊsaving at an antibody prevaѴence of ƒѷ 
or a reŊinfection rate up to ѵѷņyearĺ

ƓՊ |ՊDISCUSSION

Our anaѴyses suggest that an HCV testing and treatment intervenŊ
tion undertaken among the generaѴ popuѴation in Cambodia couѴd 

be costŊsaving when a simpѴified modeѴ of care is usedĺ This simpѴiŊ
fied modeѴ of care provides simiѴar high rates of cure to the initiaѴѴy 
impѴemented but more costѴy fuѴѴ modeѴ of careĺ10 AѴthough the fuѴѴ 
modeѴ of care resuѴted in a smaѴѴ incrementaѴ benefit of ƏĺƏƒ QALYs 
per person compared to the simpѴified modeѴķ this occurred at apŊ
proximateѴy tripѴe the cost per treatmentķ and was not costŊeffective 
compared to the simpѴified modeѴ of careĺ

ƓĺƐՊ|ՊStrengths and Ѵimitations

The main strength of this study is the use of detaiѴed data from a 
reaѴŊѴife impѴementation of HCV testing and treatment in a LMICķ 
incѴuding a fuѴѴ activityŊbased costing anaѴysis instead of expert 
opinion to caѴcuѴate the costs of screening and treatmentĺ We aѴso 
surveyed patients directѴy about their heaѴthcare resource use prior 
to seeking HCV treatment in order to estimate the cost of mediŊ
caѴ care for patients Ѵiving with HCVĸ to our knowѴedge this is the 
first time this has been done in a LMICĺ UnfortunateѴyķ these esŊ
timates are Ѵimited by the Ѵong recaѴѴ period usedķ and reѴiance on 
patientŊreported expenditureĺ This is ѴikeѴy to be an underestimate 
of the fuѴѴ costs of careķ resuѴting in a conservative ICERĺ A better 
understanding of the proportion of individuaѴs who access different 

F I G U R E  Ɠ Պ Deterministic sensitivity anaѴysis showing simpѴified modeѴ of care ICER compared to no treatment when parameters are 
varied one at a timeĺ Text on pѴot shows new parameter vaѴue where reѴevantĺ SoѴid verticaѴ Ѵine shows baseѴine ICER of ƴŪƖƐņQALYķ dotted 
Ѵine shows ŪƏņQALY ŐcostŊsaving threshoѴdőķ and dashed Ѵine shows opportunity cost threshoѴd for Cambodia ŐŪƑƓѶņQALYőĺ The fuѴѴ set of 
sensitivity anaѴysis resuѴts are shown in TabѴe SƐƐ
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ѴeveѴs of heaѴthcareķ and how this wiѴѴ change in the futureķ is cruciaѴ 
to improving the accuracy of costŊeffectiveness estimates for HCV 
treatment.

Another strength is that we directѴy estimated heaѴth state utiѴity 
weights for each stage of Ѵiver disease and treatment using EQŊƔDŊƔL 
questionnaires coѴѴected from the treated popuѴationĺ SeѴfŊreported 
quaѴity of Ѵife improved during treatment and at SVRƐƑ as compared 
to baseѴineķ simiѴar to what has been observed in a cohort of patients 
treated with DAAs in Japanķ25 but with our data adding important 
information for LMICsĺ

A main Ѵimitation of this anaѴysis is thatķ because of a Ѵack of 
information on current reŊinfection risk we did not account for 
changes in disease incidence over time in our anaѴysisĺ Howeverķ 
as a resuѴt of the advanced age and fibrosis observed in our cohort 
of patientsķ it is ѴikeѴy that many individuaѴs were infected decades 
ago rather than being at current risk of infection and reŊinfectionĺ 
IncѴuding a constant reŊinfection rate made ѴittѴe difference to the 
resuѴtĺ

Furthermoreķ the popuѴation invoѴved in this intervention were 
seѴfŊseѴectingķ and were therefore highѴy motivated to receive 
treatmentĺ The ѵƔѷ antibody prevaѴence rate among screened 
patients indicates many were aware or suspected they were inŊ
fected with HCVĺ GѴobaѴѴyķ fewer than Ɣѷ of those infected with 
HCV are aware of their statusķ26 indicating that this high screenŊ
ing yieѴd is not ѴikeѴy to be maintained once individuaѴs who are 
aware of their status have been treated Őwarehousing effectőĺ 
ImportantѴyķ thoughķ our projections suggest the intervention 
remains cost saving even if the screening yieѴd reduces to ƒѷķ 
with the estimated prevaѴence for Cambodia being Ƒĺƒѷĺƕ A new 
seroŊprevaѴence study in ruraѴ Cambodia found simiѴar resuѴts to 
the previous estimateķ with Ƒĺѵѷ ŐƖƔѷ CI ƑĺƒŊƒĺƏő prevaѴence in 
peopѴe ƐѶ years or oѴderķ and ƔĺƐѷ ŐƓĺѵѷŊƔĺƕѷő in those ƓƔ years 
or older.Ƒƕ This suggests that targeting screening towards oѴder 
peopѴe wouѴd heѴp the intervention to be costŊsavingķ whiѴe the 
intervention wouѴd remain highѴy costŊeffective ŐŪƑѶņQALYő with 
no targetingĺ

The intervention impѴemented by MSF demonstrates the feasiŊ
biѴity and costŊeffectiveness of a generaѴ popuѴation screening and 
treatment intervention for HCV impѴemented by an internationaѴ 
NGOĺ If the intervention were expanded by the Ministry of HeaѴth 
or other ѴocaѴ organizationsķ costs are ѴikeѴy to be different as MSF 
procured some equipment and consumabѴes outside of Cambodiaķ 
and aѴthough they set ѴocaѴ staff saѴaries based on competitive ѴocaѴ 
ratesķ saѴaries may stiѴѴ vary by organizationĺ To make a detaiѴed imŊ
pѴementation pѴan for HCV screening and treatmentķ ѴocaѴ organiŊ
zations can evaѴuate where their costs wiѴѴ differ from MSFĺ AѴsoķ 
the Ѵandscape of diagnostic tooѴs and cost for HCV drugs are both 
rapidѴy changing as countries aim to achieve HCV eѴiminationķ so it 
is ѴikeѴy that new technoѴogies wiѴѴ be avaiѴabѴe for consideration in 
future impѴementationsĺ

AѴthough we demonstrate that this intervention is costŊsavŊ
ingķ the upfront cost of treatment with the simpѴified modeѴ of 
care ŐŪƒƐƐ excѴuding screeningő for an estimated ƑƕƏ ƏƏƏ chronic 

infections in Cambodia wouѴd be ŪѶƓ miѴѴionĺ The fuѴѴ cost of scaѴing 
up screening and treatment wiѴѴ be highѴy dependent on antibody 
screening yieѴdķ which can be maximized through targeting treatŊ
ment to groups known to be more ѴikeѴy to be infectedķ such as the 
oѴder popuѴationĺƑƕ

ƓĺƑՊ|ՊComparison with other studies

Previous evidence on the costŊeffectiveness of treatment with DAAŊ
onѴy regimens for HCV in LMIC is Ѵimitedķ but in agreement with our 
resuѴtsĺ Studies in EgyptƑѶ and IndiaƑƖŊƒƑ have found HCV screenŊ
ing and treatment to be costŊsavingķ and costŊeffective in Lebanon33 

and Indonesiaĺ34 The WHO Hep C CaѴcuѴatorķ35 which aѴѴows a user 
to input the cost of treatmentķ finds HCV treatment Őnot incѴuding 
testingő in Cambodia to be costŊeffective when defauѴt vaѴues are 
used and costŊsaving when input vaѴues from this study are usedĺ 
Howeverķ these previous modeѴs do not use data from a reaѴŊworѴd 
interventionķ whiѴe ours is the first to use data from a ѴocaѴ treatŊ
ment intervention to estimate the costs of testingķ treatment and 
heaѴthcareķ as weѴѴ as quaѴity of Ѵife utiѴities for different stages of 
HCV diseaseĺ Our anaѴysis is therefore an important addition to the 
literature.

ƓĺƒՊ|ՊImpѴications and concѴusions

Much of the effort towards expanding access to HCV treatment in 
LMIC has focused on reducing and simpѴifying the cost of testing 
and DAA medicationĺ In this cohortķ simpѴification of the treatment 
pathway quadrupѴed the number of peopѴe that couѴd be treated and 
curedķ10 reduced the cost of treatment by twoŊthirds and resuѴted in 
the intervention becoming costŊsavingĺ This remained so even if the 
prevaѴence of HCV was as Ѵow as ƒѷķ suggesting this modeѴ of care 
couѴd be used to expand screening and treatment across Cambodiaĺ 
AѴthough our study was impѴemented by MSFķ the Ministry of HeaѴth 
in Cambodia and other LMIC can be empowered by these resuѴts 
to scaѴeŊup HCV treatment access using a simpѴified modeѴ of care 
reѴative to standard internationaѴ guideѴinesĺ11 Urgent scaѴeŊup of 
treatment access for aѴѴ infected individuaѴs is necessary to prevent 
HCVŊreѴated mortaѴity and reach HCV eѴimination as proposed by 
WHOĺ3
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