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ABSTRACT

Introduction To achieve the elimination of hepatitis C
virus (HCV), substantial scale-up in access to testing and
treatment is needed. This will require innovation and
simplification of the care pathway, through decentralisation
of testing and treatment to primary care settings and
task-shifting to non-specialists. The objective of this
study was to evaluate the feasibility and effectiveness of
decentralisation of HCV testing and treatment using rapid
diagnostic tests (RDTs) in primary healthcare clinics (PHCs)
among high-risk populations, with referral of seropositive
patients for confirmatory viral load testing and treatment.
Methods This observational study was conducted
between December 2018 and October 2019 at 25 PHCs
in three regions in Malaysia. Each PHC was linked to one
or more hospitals, for referral of seropositive participants
for confirmatory testing and pretreatment evaluation.
Treatment was provided in PHCs for non-cirrhotic patients
and at hospitals for cirrhotic patients.

Results During the study period, a total of 15 366 adults
were screened at the 25 PHCs, using RDTs for HCV
antibodies. Of the 2020 (13.2%) HCV antibody-positive
participants, 1481/2020 (73.3%) had a confirmatory viral
load test, 1241/1481 (83.8%) were HCV RNA-positive,
991/1241 (79.9%) completed pretreatment assessment,
632/991 (63.8%) initiated treatment, 518/632 (82.0%)
completed treatment, 352/518 (68.0%) were eligible for

a sustained virological response (SVR) cure assessment,
209/352 (59.4%) had an SVR cure assessment, and SVR
was achieved in 202/209 (96.7%) patients. A significantly
higher proportion of patients referred to PHCs initiated
treatment compared with those who had treatment
initiated at hospitals (71.0% vs 48.8%, p<0.001).
Conclusions This study demonstrated the effectiveness
and feasibility of a simplified decentralised HCV testing and
treatment model in primary healthcare settings, targeting

Strengths and limitations of this study
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» A strength of this study is the ability to assess as-
sociations of hepatitis C virus (HCV) positivity and
demographic factors and risk factors.

» A strength of this study is the comparison of reten-
tion in care cascade between participants initiated
in treatment at district hospital compared with pri-
mary health clinic.

» Astrength of this study is that it is a pragmatic study
of feasibility of decentralised HCV care integrated
into existing health system in Malaysia which led to
national scale up of aspects of the study model.

» A limitation of this study is the rates of treatment
initiation were not as high as targeted, impacted in
large part by COVID-19 related disruptions.

high-risk groups in Malaysia. There were good outcomes
across most steps of the cascade of care when treatment
was provided at PHCs compared with hospitals.

INTRODUCTION

Hepatitis C virus (HCV) is a major cause of
chronic liver disease globally, with an esti-
mated 58million individuals chronically
infected and 290 000 HCV-related deaths
each year.l_3 In 2016, the WHO launched the
Global Health Sector Strategy on Hepatitis
2016-2021," with the goal of eliminating viral
hepatitis as a public health threat by 2030.
However, as of 2019, just 21% of individuals
with  HCV infection worldwide had been
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tested and approximately one-quarter of diagnosed indi-
viduals had been treated.”

The global response for the elimination of HCV infec-
tion have been transformed by recent advances in treat-
ment and diagnostics, as well as reductions in costs.
These advances include direct-acting antiviral (DAA)
therapy and the availability of point-of-care serological
and nucleic acid testing for HCV. The development of
evidence-based WHO guidelines on who and how to test
has provided further support for the scale-up of testing
and treatment.””

Malaysia is an upper middle-income country of more
than 32million people and an estimated HCV seroprev-
alence in the general population between 0.3% and
2.5%.° 7 People who inject drugs (PWID) represent just
0.24% (75 000) of the adult population; however, they
have an HCV prevalence of 67.5%-89.9%.” Other key
populations in Malaysia at higher risk of HCV include 77
903 people living with HIV (PLHIV) (0.24% of the popu-
lation),® 221 698 men who have sex with men (MSM)
(0.69%), 22 000 female sex workers (FSWs) (0.069%)
and 15 000 transgender sex workers (TGSWs) (0.047%).°

In 2017, it was estimated that only 6.1% (23 258)
of people infected with HCV were diagnosed.'”"* A
likely cause of this low rate of diagnosis was the highly
complex and centralised testing model used. Prior to
the commencement of this project in Malaysia, to screen
for HCV antibodies, staff at primary healthcare clinics
(PHCGCs) send samples to a central laboratory leading to
long turnaround times and loss to follow-up. An overall
goal of the national programme is to expand HCV services
to the 1027 PHCs nationally." '

The objective of this study was to demonstrate the feasi-
bility and effectiveness of decentralisation of HCV testing
using rapid diagnostic tests (RDTs) at PHCs among high-
risk populations, with referral of seropositive patients for
confirmatory viral load testing and treatment. Effective-
ness was evaluated through retention across the HCV care
cascade. A further objective was to derive lessons learnt
and to inform scale-up of HCV national and regional
strategies.

METHODS

Study design and settings

This was an observational, prospective cohort study
(figure 1 and online supplemental figure 1), with enrol-
ment conducted between December 2018 and October
2019 in three regions of Malaysia: (a) the state of Kedah,
(b) the state of Kelantan and (c) the region of Kuala
Lumpur/Putrajaya/state of Selangor. This observational
study was designed to evolve with the national HCV
programme and therefore included several protocol
changes during the study duration outlined below. This
enabled the possibility to carry out several subanalyses
within the study that were not initially part of the study
outcomes. This study was also designed to feed eligible
RNA positive participants into a clinical trial entitled

‘Open label phase II/III, multicentre trial to assess
the efficacy, safety, tolerance and pharmacokinetics of
sofosbuvir plus ravidasvir in HCV (+/-HIV) chronically
infected adults with no or compensated cirrhosis in Thai-
land and Malaysia’ (Malaysian Medical Research Ethics
Committee, approval number NMRR-16-747-29183, coor-
dinated by DNDi, hereafter called the DNDi trial).'” '®

Study outcomes

The outcomes of the study were the proportion of
patients with a positive anti-HCV RDT who have a confir-
matory HCV RNA test done, the proportion of patients
with a positive HCV RNA test result who initiate hepatitis
C treatment. Additional outcomes included; the propor-
tion of patients who tested positive when screened for
anti-HCV using RDT, the time required to progress from
anti-HCV screening to in the HCV care cascade and the
primary cost and resource use of the HCV care cascade
services including screening, confirmatory test, pretreat-
ment assessment, monitoring and treatment.

Site selection

Twenty-five PHCs were selected for enrolment and
screening of participants (online supplemental figure 1).
Site feasibility assessments were conducted for 31 PHCs
recommended by the Ministry of Health (MOH), based
on the existence of a methadone maintenance therapy
programme, presence of a family medicine specialist,
sufficient staffing and proximity to the catchment area
of five selected hospitals (<100 km) (online supplemental
table 1). Sites were selected using a points-based system
coupled with a laboratory assessment. Each PHC was
linked to one or more hospitals for referral of seropositive
participants (Hospital Sultanah Bahiyah in the state of
Kedah, Hospital Raja Perempuan Zainab Il in the state of
Kelantan, and Hospital Selayang, Hospital Ampang, and
Hospital Sungai Buloh in the region of Kuala Lumpur/
Putrajaya/state of Selangor). The median distance from
selected PHCs to the selected hospitals was 29.6 km.

Study participants

Adult participants were enrolled consecutively at the
25 PHCs, based on routine clinical indications for an
HCV test as per the Malaysian national guidelines17
and according to one of the following HCV risk factors
(obtained either based on routine triage and/or clin-
ical indications as per national guidelines, self-reported
or obtained from medical records): a history of invasive
medical procedures (eg, surgery, biopsy, endoscopy, solid
organ donation); long-term haemodialysis; received
blood/blood products/clotting factor concentrates/
organ transplant prior to 1994; a needle-stick injury or
mucosal exposure to HCV-infected blood; chronic liver
disease and/or hepatitis; tattoos; body piercing; born to
an HCV-infected mother; has an HCV-infected partner;
is an MSM; is transgender; is an SW; was previously in
prison; is HIV-positive; injects drugs; uses illicit intranasal
drugs; has any other or undisclosed risk of HCV. Patients
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Cascade Step Settings Clinical Protocol
Participants gave informed consent
Screening 25 PHCs HCV antibody rapid diagnostic test
Patient referral to 5 selected hospitals, Sample transport to central
sampling for HCV viral load" laboratory, the Institute for
‘ Venous sample for HCV viral load? Medical Research
Viral load 5 Hospitals HCV viral load completed at the Institute for Medical
HCV RNA? positive Research
T Cnai et fomabortay ohosptal |
S Hextviat roauk ffom hospitltopetients |
Initial assessment visit, pre-treatment A
assessment bloods*and FibroScan

Pre-treatment ’

5 Hospitals
assessment Treatment iniiation visit

(doctor consuttation)
Non-cirrhotic Cirrhotic
(FibroScan <12.5 kPA with M probe or <10 kPA with XL probe) (FibroScan >12.5 kPA with M probe or >10 kPA with XL probe)
Trea tn_' ent 25PHCs & Compensated Decompensated
initiation 5 Hospitals®
Sofosbuvir/Daclatasvir 12 weeks** Sofosbuvir/Daclatasvir 24 weeks for genotype 3 (ribavirin is optional); “— Stabilize before treatment initiation
Sofosbuvir/Daclatasvir 12 weeks for the other genotypes (ribavirin is optional)* 5
% Sample referral for HCV viral load at a designated

SVR? 25 PHCs & Venous sample for sustained virological response® Ministry of Health hospital or central laboratory®

5 Hospitals®

Figure 1 Hepatitis C virus (HCV) care pathway at primary healthcare clinics (PHCs) and hospitals. 'Pre-enrolment requirements

by Drugs for Neglected Diseases initiative (DNDi) trials for HCV viral load at the Institute for Medical Research. Ribonucleic
acid. ®Pretreatment assessment bloods: complete blood count, liver function tests —aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) and the subsequent list is needed for DND;J trial assessment: genotyping, alkaline phosphatase,
direct and indirect bilirubin, creatinine. “Ministry of Health Malaysia, Management of Chronic Hepatitis C in Adults—Clinical
Practice Guidelines 2019. MOH/P/PAK/433.19(GU)-e. *Does not include the 67 patients enrolled in DND; trial. ®Refer to figure 3
for flowchart of patients that initiated treatment at PHCs and hospitals. “Sustained virological response (done in 12-week to 24-
week window after end of treatment). ®As the study period ended on 31 October 2020, some patients had completed treatment
by this date but were not yet eligible for SVR testing, therefore data were not collected for these patients for the purposes of the

study. These patients were however offered SVR testing through the Ministry of Health programme.

already diagnosed as HCV RNA-positive or already initi-
ated on treatment for the management of HCV infection
were excluded from the study.

Study procedures

HCV screening

Eligible study participants were enrolled at PHCs and
following pretest counselling, offered anti-HCV screening
using finger-stick capillary or venous blood and tested with
an SD Bioline HCV RDT (Standard Diagnostic, Korea). If
the result was positive, participants were referred to one
of the five selected hospitals for confirmatory testing by
appointment (2—4 weeks after screening).

Confirmatory testing and pre-treatment evaluations

At the selected hospital, a 10mL venous blood sample
was drawn into EDTA-containing tubes and plasma
was prepared within 72 hours, then referred to a refer-
ence laboratory in Kuala Lumpur (Institute of Medical
Research, IMR) for HCV RNA testing using the Roche
cobas 4800 HCV assay. The HCV RNA results were
returned to the hospital and, at a subsequent patient
visit. A second venous blood sample (5mL) was obtained

from patients who were HCV RNA-positive, for pretreat-
ment evaluations. This sample was tested at the hospital
laboratory and included a full blood evaluation and liver
function tests measuring alanine aminotransferase, aspar-
tate aminotransferase, bilirubin (direct/indirect), alka-
line phosphatase and serum creatinine. At the selected
hospitals, patients also received a FibroScan to assess
the presence of cirrhosis (cirrhosis: >12.5kPA with an M
probe or >10kPA with an XL probe, absence of cirrhosis:
<12.5kPA with an M probe or <10kPA with an XL probe).
Venous blood (10 mL) was obtained for genotyping which
was carried out at IMR using the Roche cobas 4800 HCV
GT assay.

Treatment and evaluation of cure

Following a clinical evaluation, participants were referred
for enrolment into the DNDj trial.'” '® If patients were
eligible and gave their written informed consent to take
part in the DNDq trial, they were also initiated on treat-
ment and managed as per the DND¢ trial. Patients who
were not eligible or who did not give consent to partic-
ipate in the DND: trial were referred to the standard of
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care, the MOH national programme under which. Partic-
ipants were treated for 12 weeks or 24 weeks depending
on cirrhotic status.

At 12-24 weeks after the end of treatment, patients were
requested to return to the treatment centre for a final
venous blood sample to be collected (5mL) for sustained
virological response (SVR) HCV viral load testing, with
plasma referral for testing at a designated MOH hospital
or central laboratory. Patients with treatment failure were
referred for further management by the gastroenterology
or hepatology specialist, in accordance to the consensus
of the 2019 National Clinical Practice Guidelines Devel-
opment Group.'® Treatment outcomes for the 67 RNA-
positive  DND¢ trial enrolees were embargoed until
published separately and therefore have been excluded
from the treatment outcomes of this publication. The
screened population however could not be identified for
exclusion from the final analysis.

Protocol changes during the study

At the commencement of the study, HCV treatment
in Malaysia was delivered through the MOH national
programme in hospitals. However, during the study
duration (quarter 3, 2019), the national guidelines were
changed to recommend treatment of non-cirrhotic
patients (including those coinfected with HIV) at PHCs
under the care of family medicine specialists. This enabled
a subanalysis of treatment outcomes for patients that
received treatment at hospitals versus those that received
treatment at PHGCs. Cirrhotic patients continued to be
treated at hospitals; however, a subgroup of compensated
cirrhotic patients (n=59) were treated (using sofosbuvir/
daclatasavir without ribavirin'® ' at six PHCs (in the state
of Kedah).

Patient and public involvement

Public involvement, via civil society groups, included
sharing the protocol design for review and input during
the conception phase as well as active participation of
civil society groups in results dissemination activities.

Data collection and analysis
Data were collected from primary source documents
(screening registers, patient medical records, laboratory
registers and laboratory reports) using paper case report
forms (pCRFs) at PHCs by PHC study staff. These pCRFs
were then manually transcribed into electronic case
report forms (eCRFs) by research assistants using Open-
Clinica enterprise version 3.14 open-source software. At
the hospitals, data were directly collected using eCRFs.

To ensure data quality, regular site monitoring visits
were carried out (one visit per month), with every CRF
checked for completeness and general errors. In addi-
tion, both manual and automated data cleaning were
carried out on completed database exports.

Data were analysed using R V.3.6.1 to provide
descriptive and inferential statistics. Characteristics
of HCV antibody-positive and HCV antibody-negative

individuals were summarised according to demo-
graphic, clinical, laboratory and treatment catego-
ries, with median and IQRs for quantitative data and
frequencies and percentages for qualitative data. Asso-
ciations between demographic characteristics and the
frequency of HCV-positive patients were assessed using
simple and multiple logistic regression (S/MLR). With
MLR, all other demographic factors were accounted for
by including them in the model as covariates. Variables
examined included age, sex, ethnicity, antenatal status,
reported risk factors and the total number of confirmed
risk factors for each patient. Resulting p values were
adjusted for multiple hypotheses using the Benjamini-
Hochberg method.

Outcomes across the cascade of care were reported as
numbers and percentages for each step for total popula-
tions and separately for cirrhotic/non-cirrhotic, hospital/
PHC and key population (PWID/non-PWID, PLHIV/
non-PLHIV) subgroups. Similarly, the times between
HCV care cascade steps were reported as median and IQR
values. Subgroup outputs at each step of the care cascade
and turnaround time analyses were compared using Pear-
son’s ” test. Multiple hypothesis adjustment for subgroup
comparison was performed using the Bonferroni correc-
tion.”” Associations between SVR output and demo-
graphic characteristics of treated patients were assessed
using Pearson’s % test.

Assessment of costs

Estimates of the costs associated with testing were collected
from the study sites. An ingredients-based approach was
used to estimate the average cost per person of an anti-
body test and an RNA test. Unit costs included the costs
of diagnostics tests and other consumables used; staff
time, recorded as minutes of healthcare worker, admin-
istrative staff and laboratory technician time (with costs
assigned by multiplying average minutes spent by salary);
and overheads, including a proportion of the costs of util-
ities, phones, computers and other equipment (with costs
assigned by dividing the annual or one-off cost of each
item by the estimated number of appointments in a year
orits estimated lifetime). Estimates of costs associated with
treatment and auxiliary tests, such as liver function tests,
were provided by the MOH. To assess the relative cost-
effectiveness of the testing and care pathways, we used a
state-transition model, MATCH (Markov-based Analyses
of Treatments for Chronic Hepatitis C), which simu-
lates HCV disease progression. Natural history outcomes
from this model have been validated previously.”’™ We
adapted this model to simulate the epidemiology of HCV
in Malaysia (MATCH-Malaysia) and extended the model
to evaluate the cost-effectiveness of the three different
care pathways: the total cohort, the treatment pathway
at the PHCs and the treatment pathway at the hospitals.
The model was developed following the principles of
economic analyses with respect to viral hepatitis recom-
mended by WHO.**
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RESULTS

Study population characteristics

A total of 15 366 adults from 25 PHCs in three regions
(3933 (25.6%) in the state of Kedah, 3717 (24.2%) in
the state of Kelantan and 7716 (50.2%) in the region
of Kuala Lumpur/Putrajaya/state of Selangor) were
screened using HCV antibody RDTs between December
2018 and October 2019 (table 1). The median (IQR)
age was 38 (30-50) years, 9122 (59.4%) were male
and 12 315 (80.1%) were of Malay ethnicity. In terms
of self-reported risk factors for HCV exposure, a
significant proportion (38.2%) did not disclose any
specific risk factors. The most common risk factors
reported were body piercings (21.1%), a history of
invasive medical procedures (18.2%), injection drug
use (13.0%), intranasal illicit drug use (14.7%) and
previous imprisonment (12.4%).

Factors associated with HCV antibody positivity

Overall, 2087 were HCV RDT positive (13.6%), and this
was similar across the three regions (15.6%, 12.2% and
13.3% HCV RDT positivity in the state of Kedah, the state
of Kelantan and the region of Kuala Lumpur/Putrajaya/
state of Selangor, respectively) (table 1). RDT-positive
participants were on average 7 years older than RDT-
negative patients (44 (39-52) vs 37 (29-49) years, respec-
tively, p<0.001) and were more likely to be male (21.6%
vs 1.8%, p<0.001). In the MLR analysis, after adjustment
for age and sex, the reported risk factors for exposure
that were most strongly associated with RDT positivity,
compared with their absence, were injecting drug use
(OR=28.3, 95%CI 24.3 to 33.0, p<0.001), history of
haemodialysis (OR=b5.2, 95% CI 2.7 to 10.0, p<0.001) and
blood transfusion (OR=4.9, 95% CI 3.3 to 7.4, p<0.001),
followed by history of illicit intranasal drug use (OR=2.0,
95%CI 1.8 to 2.3, p<0.001), history of incarceration
(OR=2.4, 95% CI 2.0 to 2.8, p<0.001) and HIV infection
(OR=2.3,95% CI 1.8 t0 2.9, p<0.001). A history of chronic
liver disease was also strongly associated with HCV anti-
body positivity (OR=6.0, 95% CI 4.7 to 7.7, p<0.001). 4473
(29.1%) participants had 2—4 risk factors and 208 (1.4%)
Participants had more than four risk factors, having two
of more risk factors was strongly associated with HCV anti-
body positivity, compared with participants with one risk
factor (p<0.001).

Outcomes across the HCV care cascade

Overall, of the 2020 HCV antibody positive participants,
1481/2020 (73.3%) had a confirmatory viral load test
performed, 1241/1481 (83.8%) were HCV RNA posi-
tive, 991/1241 (79.9%) had pretreatment assessments
completed, 632/991 (63.8%) initiated treatment,
518/632 (82%) completed treatment, 352/518 (68.0%)
were eligible for SVR cure assessment at the time of
study completion, 209/352 (59.4%) had an SVR cure
assessment and 202/209 (96.7%) patients achieved SVR
(figure 2).

Among those who initiated treatment, the majority
(452/632, 71.5%) were non-cirrhotic and received a
12-week regimen of sofosbuvir/daclatasvir (figure 3),
while 180/632, 28.5% were cirrhotic (of whom, 21/632
(3.3%) were decompensated) (data not shown) and
received 12-week or 24-week (depending on genotype)
treatment regimen of sofosbuvir/daclatasvir.

Of the 991 patients who were HCV RNA positive and
completed the pretreatment assessments, 660 (66.6%)
were non-cirrhotic and 331 (33.4%) were cirrhotic. Of
the 660 non-cirrhotic patients, 596 (90.3%) were referred
to a PHC for treatment and 64 (9.7%) were referred
to a hospital for treatment. Of those referred, 416,/596
(69.8%) initiated treatment at a PHC and 36/64 (56.3%)
initiated treatmentatahospital, with both groups receiving
a 12-week treatment regimen of sofosbuvir/daclatasvir.
During the study period, a total of 208,/660 (31.5%) non-
cirrhotic patients were not initiated on treatment. Of the
331 cirrhotic patients (of which 23 (7.4%) had decom-
pensated cirrhosis), 73 (22.1%) were referred to a PHC
for treatment and 258 (77.9%) were referred to a hospital
for treatment. Of those referred, 59/73 (80.8%) initiated
treatment at a PHC and 121/258 (46.9%) initiated treat-
ment at a hospital, with both groups receiving a 12-week
or 24-week (depending on genotype) treatment regimen
of sofosbuvir/daclatasvir. During the study period, a total
of 151/331 (45.6%) cirrhotic patients were not initiated
on treatment. Of the 359/1241 (36.2%) patients that
did not initiate treatment: 197/359 (54.9%) were LTFU;
reason was not available for 81/359 (22.6%); 55/359
(15.2%) had other underlying comorbidities and paused
HCV treatment; 10/359 (2.8%) were incarcerated; 8/359
(2.2%) patients died (6: unknown reasons, 2: hepatoma/
advanced retroviral disease); 6/359 (1.7%) patients did
not want to start treatment and 2/359 (0.6%) patients
were ineligible for free treatment through the MOH.

Seven serious adverse events were reported during the
study period, none were assessed to be caused by the
study procedures/interventions. Two participants were
hospitalised due to injuries associated with accidents, five
participants died (one accident, one stroke, one heart
failure, one pneumonia and one chronic liver disease
(death was prior to HCV confirmatory testing)).

Cascade outcomes for non-cirrhotic and cirrhotic
patients referred to PHCs or hospitals for treatment were
similar except for the following: the treatment initiation
rate among cirrhotic patients referred to PHCs was signifi-
cantly higher (80.8%) than those referred to hospitals
(46.9%, p<0.001); the treatment completion rate among
non-cirrhotic patients referred to PHCs was also signifi-
cantly higher (94.0%) than those referred to hospitals
(69.4%, p<0.001).

Overall, there were 47/632 (7.4%, data not shown)
participants lost to follow-up after treatment initiation, of
whom similar proportions of participants were cirrhotic
(25/47 (53.2%)) versus non-cirrhotic (22/47 (46.8%)).
Of those lost to follow-up, 20 (42.6%) initiated treatment
ata PHC and 27 (57.4%) initiated treatment at a hospital.
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During the study period, 67/632 (10.6%) participants
were still undergoing treatment, of which 11/67 (16.4%)
were non-cirrhotic and were 56,/67 (83.6%) cirrhotic. No
patient reported discontinuing treatment due to serious
treatment-related adverse events or death.

Among those who returned for SVR testing, there were
7/209 (3.3%) participants who experienced treatment
failure, all of whom were non-cirrhotic.

Cascade outcomes among key populations

Of the enrolled participants, 1944/15 299 (12.7%) were
PWID, of whom 1464/1944 (75.3%) were HCV sero-
positive, compared with 556/13 355 (4.2%) in the non-
PWID population (p<0.001) (online supplemental table
2). There was no significant difference in the uptake of
HCV confirmatory RNA testing according to PWID status.
However, slightly lower proportions of PWID were RNA
positive compared with the non-PWID group: 877/1063
(82.5%) and 364/418 (87.1%), respectively (p=0.04).
Similar proportions of RNA-positive PWID completed
pretreatment assessment, initiated treatment, completed
treatment, received SVR testing and achieved SVR
compared with non-PWID. There was also no difference
in the outcomes between PWID and non-PWID when
stratified by treatment site (PHC vs hospital).

There were 983/15 299 (6.4%) participants who were
PLHIV and, of these, 298/983 (30.3%) were HCV sero-
positive compared with 1722/14 316 (12.0%) in the
non-PLHIV group (p<0.001). There was no significant
difference in the uptake of positive HCV confirmatory
RNA testing according to HIV status. Slightly lower
proportions of RNA-positive PLHIV completed pretreat-
ment assessment compared with the non-PLHIV group:
145/197 (73.6-%) and 846/1250 (81.0%), respectively
(p=0.02). Similar proportions of RNA-positive PLHIV
initiated treatment, completed treatment, received SVR
testing and achieved SVR compared with non-PLHIV.
There was also no difference in the outcomes between
PLHIV and non-PLHIV when stratified by treatment site
(PHC vs hospital).

Turnaround time between HGV care cascade steps

The total median time (IQR) in days between of HCV
serological testing and treatment initiation was 214 (148—
269) (table 2). The turnaround time from completion
of pretreatment assessment to treatment initiation was
longest at 103 (47-149) days, followed by time from RNA
results returned to patient to completion of pretreat-
ment assessment (33 (13-58) days). There were some
differences in the times from HCV serological testing to
treatment initiation between those referred for treatment
at PHCs and at hospitals: 217 (167-277) days versus 191
(124-249) days, respectively (p=0.004). In addition, there
was no difference in the turnaround times along the
HCV care cascade between PLHIV and non-PLHIV; and
the only significant difference in time from HCV sero-
logical testing to treatment initiation between PWID and
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RNA test done
(73.3%)
1241/1481
RNA+ (83.8%)
Completed pre-Tx | oq) /1741 (79.9%) 669/991 (67.5%) 73/669 (10.9%) 596/669 (89.1%) | 322/991 (32.5%) 258/322 (80.1%) 64/322 (19.9%)
Started Tx 632/475 (63.8%) 475/669 (71.0%) 59/73 (80.8%) 416/596 (69.6%) 157/322 (48.8%) 121/258 (46.9%) 36/64 (56.3%) <0.001 <0.001 0.19
Completed Tx 518/632 (82.0%) 430/475 (90.5%) 39/59 (66.1%) 391/416 (94.0%) 88/157 (56.1%) 63/121 (52.1%) 25/36 (69.4%) <0.001 0.52 <0.001
Eligible for SVR 352/518 (68.0%) 290/430 (67.4%) 20/39 (51.3%) 270/391 (69.1%) 62/88 (70.5%) 39/63 (61.9%) 23/25 (92.0%) 1.00 1.00 0.14
SVR tested 209/352 (59.4%) 184/290 (63.4%) 8/20 (40.0%) 176/270 (65.2%) 25/62 (40.3%) 12/39 (30.8%) 13/23 (56.5%) <0.001 1.00 1.00
SVR achieved 202/209 (96.7%) 178/184 (96.7%) 8/8 (100%) 170/176 (96.6%) 24/25 (96.0%) 12/12 (100%) 12/13 (92.3%) 1.00 1.00 1.00

Figure 2 Retention of patients in the HCV care cascade by treatment site and cirrhotic status. PHC, primary healthcare clinic;
RDT, rapid diagnostic test; SVR, sustained virological response; Tx, treatment.

non-PWID was 220 (164-279) days versus 197 (133-248)
days, respectively (p=0.02) (online supplemental table 3).

Cost of HCV testing

In a cohort of 10 000 patients with an RDT-positive rate of
13.6% and viraemic rate among antibody positive partic-
ipants of 84.5%, the total cost for testing per treated
patient was US$136.21. Over a 30-year time period, the
overall cost per 10 000 patients and quality-adjusted
life-years (QALYs) were US$6 921 839 and US$172 036,
compared with the cost and QALYs of no action of US$11
725 196 and US$170 774. Compared with no testing, a
simplified decentralised HCV testing and treatment
model in primary healthcare settings could result in cost
savings of US$4.8million per 10000 persons tested over
the span of 30 years. The disease burden avoided for
decompensated cirrhosis, hepatocellular carcinoma and
liver disease-related deaths, compared with the burden
with no action, were 116, 68 and 117 cases, respectively
(online supplemental table 4).

DISCUSSION

Overall, this project demonstrated the effectiveness and
feasibility of a simplified, decentralised HCV testing and
treatment model in primary care settings that targeted
high-risk groups in Malaysia. Good outcomes were
attained across most steps of the cascade of care when
patients were offered treatment at decentralised sites
compared with centralised hospitals, however, consider-
able attrition was reported for linkage to care.

A distinctive feature of this model was its demonstration
that HCV case-finding at PHCs using RDTs is both feasible
(reflected by the marked increase in testing uptake, with
more than 15 000 individuals being tested in 10 months)
and achieved a high rate of casefinding (prevalence
13.2%). This was achieved through a targeted HCV case-
finding strategy of identifying high-risk patients within
the PHC catchment population. The resultant enrolled
population included high proportions of key populations
including PWID, PLHIV, MSM, SW, intranasal illicit drug
users, those who were previously in prisons as well as indi-
viduals with chronic liver disease or a history of invasive
medical procedures. Targeting these populations resulted
in an overall high yield of HCV-positive cases (13.2%).

While overall retention was good for most steps in the
cascade, our findings also highlight some cascade steps
where there was significant attrition and suboptimal
linkage following a positive HCV antibody RDT that
provide opportunities for improvement. There were 539
patients (26.7%) who did not have a confirmatory viral
load test and a further 250 (20.1%) who had an HCV viral
load test that was positive but did not receive pretreat-
ment assessments (ie, a total of 789 (89.1%) of the HCV
antibody-positive individuals). In addition, there was
attrition of RNA positive patients initiating treatment, but
markedly more so in patients that received treatment at
hospitals compared with those treated at PHC (48.8% vs
71.0%, p<0.001).

It is likely that at both points in the cascade a key driver
of attrition is the provision of services at hospitals. All
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‘ 15 366 were screened at PHCs ‘

67 participants screened RDT+ and HCV
RNA+ were directed to DND; clinical trial

2020/15 299 (13.2%)
were HCV RDT+

1481/2020 (73.3%)
had a HCV RNA test at hospitals

1241/1481 (83.8%)
were HCV RNA+

991/1241 completed pre-treatment
assessment at hospitals

660/991 (66.6%)
were non-cirrhotic

331/991 (33.4%)
were cirrhotic

Treatment at PHCs Treatment at hospitals

Treatment at hospitals

64/660 (9.7%) non-cirrhotic

596/660 (90.3%) non-cirrhotic
patients referred for treatment

patients referred for treatment

‘ ‘ 73/331 (22.1%) compensated cirrhotic

258/331 (77.9%) compensated and decompensated
cirrhotic patients referred for treatment?

patients referred for treatment!

36/64 (56.3%)

416/596 (69.8%)
initiated treatment

initiated treatment

‘ ‘ 59/73 (80.8%) ‘ ‘

initiated treatment

121/258 (46.9%)
initiated treatment

25/36 (69.4%)

‘ 391/416 (94.0%) ‘ ‘
completed treatment

completed treatment

‘ ‘ 39/59 (66.1%) ‘ ’

63/121 (52.1%) ‘

completed treatment completed treatment

23/25 (92.0%)

‘ 270/391 (69.1%) ‘ ‘
were eligible for SVR testing

were eligible for SVR testing

‘ ’ 20/39 (51.3%) ‘ ’

39/63 (61.9%) ‘

were eligible for SVR testing were eligible for SVR testing

13/23 (56.5%)

176/270 (65.2%)
had a SVR cure nent

had a SVR cure nent

I ‘ 8/21 (40.0%) ‘ ’

12/39 (30.8%) ‘

had a SVR cure nent had a SVR cure nent

12/13 (92.3%)

achieved SVR

170/176 (96.6%)
achieved SVR

‘ ’ 8/8 (100%) ‘ ’

achieved SVR

12/12 (100%)
achieved SVR

Figure 3 Flowchart of treatment sites for cirrhotic versus non-cirrhotic patients. 'These compensated cirrhotic patients were
referred for treatment (sofosbuvir/daclatasavir without ribavirin) at six PHCs in the state of Kedah. ?These compensated and
decompensated cirrhotic patients were referred for treatment at hospitals. PHC, primary healthcare clinic; RDT, rapid diagnostic

test; SVR, sustained virological response; Tx, treatment.

seropositive participants were referred up from PHCs
to designated hospital sites for viral load testing and
subsequent pretreatment assessment, rather than having
on-site blood sample collection for HCV viral load and
pretreatment assessment. This was due to the pre-
enrolment requirements of the DND¢ clinical trial (viral
load and pretreatment assessment). During follow-up
calls, study staff logged the following reasons for attri-
tion from hospital visits; the distance participants had to
travel to the hospital (online supplemental table 1); high
transportation costs. In addition, it is likely that follow-up
of patients was not carried out to the highest standard
due to limited information exchange between hospital
and PHC staff and poor tracking and tracing of patients
lost. In addition, limited appointment availability and
long lead-times for blood collection at the hospitals; and
a reluctance to attend hospital appointments because
of fear of stigmatisation in contrast to the ‘high-risk
population-friendly’ PHCs were also likely causes of attri-
tion of patients throughout the cascade.

These findings are consistent with evidence from a
recent systematic review which reported lower rates of
linkage to care and treatment uptake in partially decen-
tralised models of care (29 studies) compared with fully

decentralised models of care (ie, all testing and treatment
provided at a single site). Although, this finding was only
reported for key populations whereas results in the general
population were heterogeneous. In addition, only 49% of
studies included in this review were from low and middle-
income countries.”” Other studies with similar models of
partially decentralised HCV care assessed within existing
public health systems have reported poorer retention
between diagnosis of HCV and treatment 59.3% in the
Cherokee nation HCV elimination programme and
73.7% for partially decentralised arm in the HEAD-Start
Project Delhi.?® ¥ Whereas, high rates of retention have
been reported in several studies where fully decentralised
care is provided.*®*

Preliminary analyses of loss to follow-up led to changes
in the national programme to allow for the provision
of HCV treatment at PHCs for non-cirrhotic patients
(including patients who were coinfected with HIV), from
quarter 3 of 2019. This change enabled a subanalysis of
patients, according to where their treatment was provided.
We observed a significant improvement cascade of care
retention when patients had treatment provided at a PHC
compared with receiving treatment at a hospital. In addi-
tion, at six PHCs (in the state of Kedah), treatment of

Markby J, et al. BMJ Open 2021;11:2055142. doi:10.1136/bmjopen-2021-055142

9

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘8 udy uo jwod fwg-uadolwg//:dny woly papeojumoq ‘TZ0Z J1aquiaad #7Z Uo ZyTSS0-TZ0g-uadolwag/osTT 0T St paysiignd 1say :uado NG


https://dx.doi.org/10.1136/bmjopen-2021-055142
http://bmjopen.bmj.com/

Table 2 Turnaround times for steps in the HCV care cascade by site of treatment

Completed pretreatment
assessment-treatment

RNA results returned to RNA results returned

hospital-RNA results
returned to patient

Median
(days)

RNA test-RNA

Total: RDT-treatment

start

to patient-completed

results returned to

RNA specimen

RDT-RNA

pretreatment assessment start

Median
(days)
33

specimen collection collection-RNA test hospital

Median
(days)
25

Median
(days)

Median
(days)

1

Median
(days)

Median
(days)

IQR

#

QR

#

IQR

#

IQR # IQR # IQR
0-26

IQR #

Site

148-269 632

47-149 632 214

03

13-58 991

1230

8-16 1481 6 3-10 1478 13

1481 13

15-
33

Total

157

124-249

191

3-147 157

51

Hospital
PHC

63-150 475 217 167-277 475

111

PHC vs
hospital
Median

26

60

difference

<0.001
0.004

<0.001
<0.001

P value

Adjusted p
value

PHC, primary healthcare clinic; RDT, rapid diagnostic test.

a small cohort of compensated cirrhotic patients (n=59,
using sofosbuvir/daclatasavir without ribavilrin)18 19 \vas
successful.

There were several key limitations in this study: first, the
study is observational in nature, with inherent challenges
taking into account the many confounders affecting
outcomes across the cascade of care, particularly when
comparing PHCs versus hospitals; second, standard of
care HCV practices evolved during the conduct of the
study—decentralisation of HCV treatment under the
MOH national programme for non-cirrhotic patients to
PHGs, including patients who were coinfected with HIV
and a small cohort of compensated cirrhotic patients,
commenced in quarter 3 of 2019; third, the costing esti-
mates did not take into account the differential costs of
the HCV care pathway between PHCs and hospitals as
well as the costs to the patients.

The major challenges encountered were due to the
COVID-19 pandemic, which resulted in delays to treat-
ment initiation (65 (24-112) days pre-COVID-19 vs 154
(127-211) days post-COVID-19, p<0.001). These delays
may have contributed to increased numbers of patients
lost to follow-up. In particular, loss to follow-up in treat-
ment initiation, follow-up treatment visits and SVR testing
during the COVID-19 outbreak may have been higher
among key populations, such as PWID, who were report-
edly less willing to travel to treatment sites amid increased
police surveillance during COVID-19 lockdowns due to
fear of arrest. Indeed, others have also reported access to
all healthcare and other services for PWID was affected
by COVID-19.% In addition, HCV screening at PHCs was
reduced, laboratory turnaround times were increased and
an increase in SVR samples being misplaced was reported
during the COVID-19 outbreak, due to prioritisation of
laboratory resources for processing COVID-19 samples.

Initiatives by the MOH after the study started have led
to a tremendous expansion in screening and treatment
for HCV.*'* The evidence from this study has catalysed
plans for MOH to roll-out decentralised HCV care from
the 25 sites to all PHCs nationwide, in a stepwise manner
from quarter 1 of 2020.* The model for scale-up builds
on key aspects that were integral to this study design,
including the use of RDTs for point of care results, optimal
turnaround times and the use of DAA therapies at PHCs
for non-cirrhotic and uncomplicated cases of HCV, where
there is capacity present on-site. In addition, MOH has
already recently further decentralised services by ensuring
venous blood collection for HCV viral load confirmation
and reflex biochemistry blood tests for pretreatment
assessments, including AST to Platelet Ratio Index scores,
will be carried out at PHCs rather than referring these
patients to hospitals."® This includes sending the sample
for either HCVcAg or HCV RNA testing at a designated
hospital or laboratory or use of on-site GeneXpert testing
making the model a fully decentralised care package.

In addition to the scale-up of this fully decentralised
model of HCV care at PHCs nationally, this study
has provided evidence, with regards to the yield of
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HCV RDT+, for the MOH to continue the successful
approach of targeting high-risk groups of individuals for
HCV screening. To this end, the MOH has also started
programmes in prisons® and drug rehabilitation centres
and is developing plans for novel screening strategies,
including self-testing, to further target key populations
including MSM, transgender people and SW. To ensure
successful HCV programmes can be implemented within
these populations, the MOH has begun to drive the coor-
dination of different government departments including
primary care, public health, the Ministry of Home Affairs
and relevant non-governmental organisations (NGOs).

Further lessons from this study that are being adopted
for scale-up include an emphasis on the importance of
developing robust monitoring and evaluation and data
collection systems at every step of the HCV care cascade.
The use of a central database for capturing data in a
systematic way during this study can be translated for
use in the national programme in simplified and prac-
tical ways. As well as the importance of strategies to raise
community awareness, outreach activities and engage-
ment with NGOs.

CONCLUSIONS

In conclusion, using an innovative model of partially
decentralised care, this study demonstrated a high rate
of case-finding for HCV-positive individuals. There were
significantly higher levels of retention in the care cascade
when patients were treated at PHCs compared with hospi-
tals supporting existing evidence of improved outcomes
using decentralised care. Several improvements were
made during the study and in the national programme
to address these limitations, including the decentralisa-
tion of confirmatory testing and pretreatment assess-
ment and the provision of HCV treatment at PHCs. This
optimised model of fully decentralised HCV care, is now
being adopted by MOH as part of a scale-up nationwide
and serves as a good model for implementation in other
settings.
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