n

Check for
updates

CLINICAL and MOLECULAR

HEPATOLOGY

.. . https://doi.org/10.3350/cmh.2021.0015
Original Article Clinical and Molecular Hepatology 2021:27:474-485

pISSN 2287-2728
elSSN 2287-285X

The impact of unrestricted access to direct-acting
antiviral among incarcerated hepatitis C virus-infected
patients

Yu Jun Wong"**, Prem Harichander Thurairajah‘, Rahul Kumar"?, Kwong Ming Fock"**, Ngai Moh Law'?,
Sin-Yoong Chong', Fria Gloriba Manejero', Tiing-Leong Ang'?*®, Eng Kiong Teo"**, and Jessica Tan'

'Department of Gastroenterology and Hepatology, Changi General Hospital; “Yong Loo Lin School of Medicine, National University of
Singapore; *Duke-NUS Medical School; “National University Hospital, Singapore

Graphical Abstract
Higher SVR and treatment completion rate during
Exponential increase in incarcerated HCV patients treated unrestricted DAA access era
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Unrestricted DAA access in incarcerated cohort

Background/Aims: Despite the disproportionally high prevalence rates of hepatitis C virus (HCV) amongst the
incarcerated population, eradication remains challenging due to logistic and financial barriers. Although treatment
prioritization based on disease severity is commonly practiced, the efficacy of such approach remained uncertain. We
aimed to compare the impact of unrestricted access to direct-acting antiviral (DAA) among incarcerated HCV-infected
patients in Singapore.

Methods: In this retrospective study, we reviewed all incarcerated HCV-infected patients treated in our hospital during
the restricted DAA era (2013-2018) and unrestricted DAA access era (2019). Study outcomes included the rate of sustained
virological response (SVR), treatment completion and treatment default. Subgroup analysis was performed based on the
presence of liver cirrhosis, HCV genotype and HCV treatment types.

Results: A total of 1,001 HCV patients was followed-up for 1,489 person-year. They were predominantly male (93%)
with genotype-3 HCV infection (71%), and 38% were cirrhotic. The overall SVR during the restricted DAA access era and
unrestricted DAA access era were 92.1% and 99.1%, respectively. Unrestricted access to DAA exponentially improved the
treatment access among HCV-infected patients by 460%, resulting in a higher SVR rate (99% vs. 92%, P=0.003), higher
treatment completion rate (99% vs. 93%, P<0.001) and lower treatment default rate (1% vs. 9%, P<0.001).

Conclusion: In this large cohort of incarcerated HCV-infected patients, we demonstrated that unrestricted access to DAA
is an impactful strategy to allow rapid treatment up-scale in HCV micro-elimination. (Clin Mol Hepatol 2021;27:474-

485)
Keywords: Prisons; Antiviral agents; Hepatitis C, Chronic
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treatment default and a higher SVR.

1. Among incarcerated HCV-infected Asian patients, unrestricted access to DAA results in rapid treatment scale-up, more treatment completion, less

2. DAA results in high treatment success among incarcerated GT3 HCV-infected patients in the real-world setting.

INTRODUCTION

Hepatitis C virus (HCV) is a major health threat among persons
who inject drugs and incarcerated population."” Epidemiological
data report a high prevalence of HCV among the incarcerated
population when compared to the general populations.’ The
global incarcerated population is estimated to be more than
10 million.* In Singapore, the incarceration population rate per
100,000 is 195 and the conservative estimate of the incarcerated
population is about 12,000 at any given time.” The seroprevalence
of HCV antibody among residents in correctional facilities is esti-
mated to be as high as 31%.° Incarcerated populations often en-
gaged in high-risk behaviours such as intravenous drug abuse,
unsafe sexual behaviour or tattoo practices,”® which put them at
a high risk of HCV infection.” As most of the prisoners will eventu-
ally be released, they could contribute to the community spread of
HCV after released.” Given the high prevalence of HCV among
the incarcerated population, the World Health Organization had
recommended prioritizing HCV treatment and eradication in this
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key population.”

Incarceration provides access to a marginalized population in
which HCV is prevalent, yet the access to healthcare is challeng-
ing upon release. In this regard, the treatment compliance during
incarceration is anticipated to be better within a confined setting
whereby treatment and follow-up are almost ensured. However,
HCV treatment among the incarcerated population can also be
challenging.” Fundamentally, the prison had a complex role in
prioritizing security over health.” Frequent transfer between cor-
rective facilities, short sentence time, early released on short no-
tice could negatively impact on treatment compliance.' Patients’
factors such as treatment refusal due to low awareness and
knowledge about HCV, co-existing mental illness as well as con-
tinuous exposure to violence and illicit drugs also affect HCV
treatment uptake among the incarcerated HCV-infection pa-
tients.” Physicians may defer treatment among the incarcerated
HCV-infection patients because of the concern of ongoing high-
risk behaviour leading to reinfection following sustained virologi-
cal response (SVR).
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Introduction of pan-genotypic, highly efficacious, direct-acting
antiviral (DAA) has given hope to eliminate HCV among the incar-
cerated population. DAA were available in Singapore since the
year 2016. However, access to DAA was restricted due to the ex-
orbitant cost and lack of subsidies for DAA treatment."® Patients
with urgent treatment indications such as decompensated liver
cirrhosis, pegylated-interferon failure or pegylated-interferon in-
tolerant, were prioritized for DAA treatment. 2019 was an impor-
tant landmark for HCV treatment in Singapore as the price of the
pan-genotypic DAA sofosbuvir (SOF)/velpatasvir (VEL) was re-
vised. Furthermore, the government also provided financial subsi-
dy for patients requiring HCV treatment in Singapore."” These
measures had collectively lifted the financial barriers of using DAA
for HCV treatment in Singapore.

Despite the emerging DAA data among the incarcerated-HCV
cohort, the DAA treatment outcomes from Asia, particularly South
East Asia region, remained limited."®* As incarcerated HCV pa-
tients were generally excluded from clinical trial, real-world treat-
ment outcome is valuable to strategize micro-elimination among
the incarcerated population. Unfortunately, the real-world treat-
ment outcomes from large-scale prison programmes from Asia re-
mained scarce.”*** Despite disproportionately high burden of HCV
among the incarcerated population, treatment access remained
restricted in these patients. Restricted treatment access among
high HCV-prevalence group is an important barrier to HCV elimi-
nation. Therefore, this study aims to determine the impact of un-
restricted access to DAA among incarcerated HCV patients. We
hypothesized that the unrestricted access to DAA would increase
the number of treated HCV patients, treatment compliance and
outcomes among incarcerated HCV patients. To our best knowl-
edge, this is the largest study reporting the real-world treatment
outcome among incarcerated HCV patients in Asia.

MATERIALS AND METHODS
Study design

This is a retrospective cohort study of prospectively collected
data on all incarcerated patients with chronic hepatitis C who
were treated in the Department of Gastroenterology & Hepatolo-
gy, Changi General Hospital (CGH) from 1st January 2013 to 31th
December 2019. CGH is the main public hospital to provide medi-
cal care for the incarcerated population in Singapore. All HCV pa-
tients treated were prospectively included in a treatment database
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since 2013, as described in our previous study.” Our health ser-
vice research officer conducted an additional comprehensive
search on all HCV patients using pharmacy prescription database
in order to ensure all HCV patients treated were included. The
study was performed following the Ethical standard of the Decla-
ration of Helsinki. The Singhealth Institutional Review Board ap-
proved the study and granted consent waiver as this is a clinical
audit of treatment outcomes.

Study population

The current study included all incarcerated HCV patients treated
in our institution. Patients were monitored in a dedicated clinic
following international guidelines.”®?’ Liver cirrhosis was defined
based on histological, radiological and clinical findings, which in-
cluded liver stiffness measurement (LSM) >12kPa.” In subjects
without clinical or radiological evidence of liver cirrhosis, non-in-
vasive assessment of fibrosis stage was performed using fibrosis-4
index (Fib-4) and transient elastography (Fibroscan; Echosens,
Paris, France), followed by liver biopsy in patients with discordant
non-invasive fibrosis assessment.” We measured serum HCV RNA
levels using real-time polymerase chain reaction assay (Roche CO-
BAS AmpliPrep/TagMan version 2.0; Roche Molecular System,
Branchburg, NJ, USA) which has the lowest detection limit of 12
[U/mL. SVR was defined as undetectable HCV RNA at 12 weeks
following the completion of DAA, or 24 weeks following the com-
pletion of interferon-based therapy.”®

Care model

In Singapore, the healthcare cost incurred during incarceration
was borne by the state. Prisoners were offered an opt-in screen-
ing for HCV at first prison reception. Patients who were sero-posi-
tive for HCV or self-reported history of HCV were referred for a
face-to-face consult in our institution to consider for HCV treat-
ment. All incarcerated patients with detectable HCV RNA and ad-
equate sentence duration to complete hepatitis C treatment were
offered HCV treatment during incarceration. All treatment deci-
sions were at physician’s discretion based on the presence of liver
cirrhosis, co-infection with human immunodeficiency virus (HIV)
or hepatitis B virus (HBV), comorbidities, and availability of treat-
ment regimen. Patients with liver cirrhosis, prior treatment experi-
ence, co-infection with HIV and HBV infections were prioritized
for HCV treatment during incarceration. To avoid treatment inter-
ruption, patients without adequate sentence period for treatment
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during incarceration were instructed to return for HCV treatment
upon released back to the community. Patients who fulfilled ur-
gent treatment indication were treated regardless of their remain-
ing sentence periods. HCV patients treated with DAA were moni-
tored for adverse events and SVR according to the clinical
guidelines.

Restricted versus unrestricted DAA era

The access to DAA was restricted between 2013 and 2018
(hereafter known as restricted DAA access era) due to the un-
availability and exorbitant cost of DAA treatment. Before intro-
duction of DAA in 2016, all patients received interferon-based
therapy for HCV treatment. Patients with genotype (GT) 3 re-
ceived 24-weeks of pegylated interferon and ribavirin (PR) while
patients with GT1 received 48-weeks of PR. Erythropoietin and
filgrastim injection were given for patients with anemia or leuko-
penia during PR therapy. Following introduction of DAA in 2016,
patients with contraindication to PR therapy such as severe renal
impairment, advanced liver cirrhosis, autoimmune disease, signifi-
cant psychiatric illness or having GT1 HCV infection received DAA
as the first-line treatment.”® The access to DAA remained restrict-
ed among incarcerated GT3 patients whereby PR remained the
first-line treatment, reserving DAA for patients who were cirrhotic
or had treatment failure.

With unrestricted access to DAA in Singapore from 2019 (here-
after known as unrestricted DAA access era). DAA becomes the
first-line treatment for all HCV patients, including the incarcerated
populations, in Singapore. The options of DAA among incarcerat-
ed GT3 HCV patients included SOF/daclatasvir, SOF with PR or
SOF/VEL for 12 weeks. The options of DAA among incarcerated
GT1 HCV patients included ombitasvir/paritaprevir/ritonavir, SOF/
ledipasvir or SOF/VEL for 12 weeks. Ribavirin was added for HCV
patients who with liver cirrhosis, prior treatment, clinically signifi-
cant portal hypertension or stable hepatocellular carcinoma, as
per physician’s discretion.”

Study outcomes

The primary outcome was to compare the number of incarcerat-
ed-HCV patients treated and their SVR rates between restricted
DAA access era and unrestricted DAA access era. For secondary
outcomes, we compared the treatment completion rate and de-
fault rate among incarcerated HCV patients. To avoid selection
bias, we reported SVR in both intention-to-treat (ITT) and per-
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protocol (PP) analysis, in percentages and 95% confidence inter-
val (Cl). In ITT analysis, we included all patients treated who
showed SVR before our final data analysis (1st October 2020). Pa-
tients who were lost to follow-up or had early cessation of treat-
ment due to any reasons such as adverse events or demised were
included in ITT analysis. In PP analysis, we included all patients in
ITT analysis who had completed treatment with available SVR re-
sults.” The default rate was defined as the proportion of subjects
without SVR results. Lastly, we performed subgroup analysis
based on the presence of cirrhosis, HCV GT and types of HCV
treatment.

Statistical analysis

Categorical variables such as the proportion of incarcerated
HCV patients treated with DAA were compared using the chi-
squared test or Fisher's exact test when appropriate. We com-
pared continuous variables using the Student’s ¢-test or Mann-
Whitney test depending on the distribution normality. A
P-value of <0.05 was considered to be statistically significant. All
statistical tests were performed using SPSS software version 23.0
(IBM Corporation, New York, NY, USA).

RESULTS
Baseline characteristics

A total of 1,001 incarcerated patients with detectable HCV RNA
at baseline was treated. We summarized the baseline characteris-
tics of this cohort in Table 1. The cohort was predominantly male
(92.7%) with a mean age of 50.3 years old. GT3 is the common-
est (71.1%) followed by GT1 (24.1%). Total of 383 patients had
liver cirrhosis. The diagnosis of liver cirrhosis was made based on
histology or definite radiological features of cirrhosis (n=248),
LSM >12 kPa with radiological features suggestive of cirrhosis
(n=142). In addition, a total of 35 patients had discordant results
between LSM and radiological findings of cirrhosis and under-
went liver biopsy. Among them, 14 were reclassified as liver cir-
rhosis while 21 were reclassified as non-cirrhotic. A total of 108
subjects had Fib-4 score below 1.45 and therefore did not under-
went Fibroscan. Co-infection with HIV or HBV was found in 1%
and 1% of the cohort, respectively. Overall, the SVR rates for ITT
and PP analysis were 93.6% (95% Cl, 91.9-95.0%) and 97.0%
(95% Cl, 95.7-98.0%), respectively (Fig. 1). The overall treatment
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Table 1. Baseline characteristics of incarcerated HCV patients

Total Restricted DAA access Unrestricted DAA

Variable (n=1,001) (n=320) access (n=681) Pvalue®
Age (years) 50.3+9.6 524479 49.3+10.2 <0.001
Gender 928 (92.7) 303 (94.7) 625 (91.8) 0.061
HCV RNA (log IU/mL) 59409 59409 6.0+09 0116
Genotype 0.370

1 241 (24.) 72 (22.5) 169 (24.8)

2 14(14) 5(1.6) 9(1.3)

3 712 (71.) 237 (74.) 475 (69.8)

4 4(04) 0 4(06)

6 2(0.2) 0 2(0.3)

Indeterminate 28(2.8) 6(1.9) 22(3.2)
Fibrosis stage <0.001

FO/F1 231(23.1) 11(34) 220(32.3)

F2 94 (9.4) 12 (3.8) 82 (12.0)

F3 185 (18.5) 81(25.3) 104 (15.3)

F4 383(38.2) 209 (65.3) 174 (25.6)

Not available 108 (10.8) 7.2 101 (14.8)
Cirrhosis-related complications

Ascites 22(2.2) 12 (3.8) 10 (1.5) 0.022

Esophageal varices 66 (6.6) 37 (11.6) 29 (4.3) <0.001

Hepatic encephalopathy 9(09) 4(1.3) 5(0.7) 0.316

HCC 14 (1.4) 4(13) 10 (1.5) 0.520
Co-infection

HIV 8(0.8) 4(1.3) 4(0.6) 0.229

HBV 11(11) 4(1.3) 7(1.0) 0486
Laboratory results

Albumin (g/L) 44+4 43+5 45+4 <0.001

Bilirubin (mmol/L) 13.848.8 15.7+8.2 129+9.0 <0.001

Platelet (10°/uL) 198470 168+73 212464 <0.001

Sodium (mmol/L) 140.2+2.6 139.6+2.6 140+2.6 <0.001

Creatinine (mmol/L) 85.1+28.2 86.5+39.1 84.5+21.2 0.293

PT (seconds) 10.5+1.1 10.8+£1.4 104+0.8 <0.001
DAA 782 (78.1) 135 (42.2) 647 (95.0) <0.001
Complete treatment 974 (97.3) 298 (93.1) 676 (99.3) <0.001
SVRITT

Not detected 937 (93.6) 268 (83.8) 669 (98.2)

Detected 29(29) 23(7.2) 609

Defaulted 35(3.5) 29(9.) 6(09)

PP 937 (97.0) 268 (92.1) 280 (99.1) 0.003

Values are presented as mean+standard deviation or number (%).

HCV, hepatitis C virus; DAA, direct-acting antivirals; HCC, hepatocellular carcinoma; HIV, human immunodeficiency virus; HBY, hepatitis B virus; PT, prothrombin
time; SVR, sustained-virological response; ITT, intention-to-treat.

*P-value comparison between restricted and unrestricted DAA access era.

478 https://doi.org/10.3350/cmh.2021.0015 http://www.e-cmh.org



Yu Jun Wong, et al.
Unrestricted DAA access in incarcerated cohort

o 100 = 08204 99.1%* 99.3%*
S
qv_< =~
c g
S © 95+ 19
@g 92.1% o3.1%
T o
L o _
E’% 90
o O
s €
?g g 854 83.8%
58
g =
7 80
SVR(ITT) SVR (PP) Treatment completion rate

[ Restricted DAA era B Unrestricted DAA era

Figure 1. Treatment outcomes during restricted DAA access era versus unrestricted DAA access era. SVR, sustained-virological response; ITT, inten-
tion-to-treat; PP, per-protocol; DAA, direct-acting antivirals. *P<0.05 between restricted DAA and unrestricted DAA era.

Table 2. Treatment outcome (by year) among HCV-infected prisoners

Year Number of Liver cirrhosis ~ SVRrates (ITT)  SVRrates (PP) Treatment Default rate
patients treated (%) (%) (%) completion rate (%) (%)
2013 6 16.7 833 833 100.0 0.0
2014 2 0.0 100.0 100.0 100.0 0.0
2015 8 50.0 875 87.5 87.5 0.0
2016 34 794 85.3 935 94.1 8.8
2017 122 73.0 84.4 91.2 92.6 74
2018 148 595 824 93.1 93.2 11.5
2019 681 25.6 98.2 99.1 99.3 09

HCV, hepatitis C virus; SVR, sustained virological response; ITT, intention-to-treat; PP, per protocol.

completion and default rates were 97.3% and 3.5%, respectively.
HCV reinfection was not detected over the median follow-up of
1.2 years (interquartile range, 0.7-1.8 years).

Restricted DAA access era (2013-2018)

Overall, 320 (32.0%) HCV patients were treated during the re-
stricted DAA era. Among them, 209 (65.3%) had liver cirrhosis,
and none defaulted PR therapy. The overall SVR rate during this
period in ITT and PP protocol was 83.8% (95% Cl, 79.2-87.6%)
and 92.1% (95% Cl, 88.4-94.9%), respectively (Table 1). The an-
nual SVR rates ranged between 83.3% and 100% (Table 2).

Before DAA was introduced, only a total of 16 incarcerated HCV
patients was treated with PR therapy between year 2013 and
2015. All patients had GT3 HCV infection, except for one, who
had GT1 HCV infection.

When DAA was first introduced in Singapore in 2016, a total of
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https://doi.org/10.3350/cmh.2021.0015

34 incarcerated HCV patients was treated. Compared to year
2015, introduction of DAA in 2016 allowed more patients to re-
ceive DAA (47% vs. 0%, P=0.016), more cirrhotic patients being
treated (79% vs. 50%, P=0.170) yet resulting in significantly
higher SVR rates in PP analysis (93.5% [95% Cl, 78.6—99.2%] vs.
87.5% [95% Cl, 47.3-99.7%]; P=0.037; Table 2).

Unrestricted DAA access era (2019)

Following the unrestricted access to DAA in 2019, the number
of incarcerated HCV patients treated increased exponentially by
460% to 681 (Fig. 2). During the era of unrestricted DAA access,
more patients received DAA (95% vs. 42%, P<0.001), completed
HCV treatment (99% vs. 93%, P<0.001) and less patients de-
faulted HCV follow-up (1% vs. 9%, P<0.001; Table 1). The rea-
sons of incomplete HCV treatment were listed in Supplementary
Table 1. The SVR rate was significantly higher during the unre-
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Number of incarcerated hepatitis C patients treated from 2013-2019
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Figure 2. Exponential increase in non-cirrhotic hepatitis C virus patients treated following unrestricted access to direct-acting antivirals.
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Figure 3. Treatment outcomes among incarcerated patients with liver cirrhosis. SVR, sustained-virological response; ITT, intention-to-treat; PP, per-pro-
tocol; DAA, direct-acting antivirals. *P<0.05 between restricted DAA and unrestricted DAA era.

stricted DAA access era than restricted DAA access era (99.1%
[95% Cl, 98.1-99.7%] vs. 92.1% [95% Cl, 87.4-96.8%; P<0.007;
Table 1).

With unrestricted DAA access, patients were treated at earlier
stages (Table 1). These patients had higher serum albumin (45 vs.
43 g/L, P<0.001), higher platelet count (212x10°/ul vs. 168x10*/uL,
P<0.001) and lower serum bilirubin levels (12.9/mmol vs. 15.7/mmol,
P<0.001) when compared to HCV patients who were treated dur-
ing restricted DAA access era.

Subgroup analysis

Liver cirrhosis
Among 383 cirrhotic HCV patients treated, 209 (54.6%) were
treated during the restricted DAA access era. Unrestricted access
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to DAA resulted in a relative reduction in the proportion of HCV
cirrhosis treated (26% vs. 65%, P<0.001), primarily due to the ex-
ponential growth in non-cirrhotic HCV patients treated during un-
restricted DAA era (Fig. 2). Subgroup analysis among HCV cirrho-
sis showed that more patients received DAA after unrestricted
access to DAA (90% vs. 47%, P<0.001; Supplementary Fig. 1).
There were more patients completed treatment (100% vs. 91%,
P<0.001; Fig. 3) and less patients defaulted treatment follow-up
(7.7% vs. 1.1%, P=0.002; Supplementary Fig. 1). The SVR rate
improved following unrestricted access to DAA (97.1% [95% Cl,
93.3-99.1%] vs. 91.7% [95% Cl, 86.9-95.2%]; P=0.022; Fig. 3).

HCV GT3

We performed subgroup analysis among 712 patients with GT3
HCV infection. Compared to non-GT3 patients, GT3 patients had

http://www.e-cmh.org
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a higher proportion of liver cirrhosis (41.3% vs. 30.8%, P=0.013),
lower serum albumin levels (44 vs. 45 g/L, P=0.005), lower plate-
let counts (192x10% u/L vs. 213x10” u/L, P<0.001), higher serum
bilirubin levels (14.2 vs. 12.7 mmol/L, P=0.007) and more pro-
longed prothrombin time (10.3 vs. 9.5 seconds, P=0.018). GT3
patients were less likely to received DAA (69.8% vs. 98.6%,
P<0.001) and had a lower SVR as compared to non-GT3 patients
(96.1% [95% Cl, 94.3-97.3%] vs. 99.3% [95% ClI, 97.4—
100.0%]; P=0.003) based on PP analysis.

Subgroup analysis among GT3 HCV patients showed that more
patients received DAA after unrestricted access to DAA (23.6%
vs. 92.8%, P<0.001; Supplementary Fig. 2). There were more pa-
tients completed treatment (99% vs. 91%, P<0.001) and less pa-
tients defaulted treatment follow-up (0.8% vs. 10.1%, P<0.001;
Supplementary Fig. 2). The SVR rates also improved following un-
restricted access to DAA (98.7% [95% Cl, 97.2-99.5%] vs. 90.1%
[95% Cl, 85.3-93.8%)], P<0.001).

DAA vs. PR therapy

Overall, 782 (78.1%) HCV patients received DAA, while the re-
maining received PR therapy. The types of DAA used during the
restricted and unrestricted DAA era were listed in Supplementary
Table 2. Patients who received DAA were less likely to be cirrhotic
(33% vs. 59%, P<0.001) or had GT3 HCV infection (64% vs.
98%, P<0.001). As expected, DAA results in higher SVR rates
than PR therapy (ITT: 97.6% [95% Cl, 96.2-98.5%)] vs. 79.5%
[95% Cl, 73.5-84.6%], P<0.001; PP: 99.1% [95% Cl, 98.1—
99.6%] vs. 88.8% [95% Cl, 83.5-92.8%], P<0.001). Compared
to PR therapy, patients treated with DAA treatment had a signifi-
cantly higher treatment completion rates (99.0% [95% Cl, 98.0—
99.6%] vs. 91.3% [95% Cl, 86.8—94.7%)], P<0.001) and a lower
treatment default rates (1.5% [95% Cl, 0.8-2.7%] vs. 10.5%
[95% Cl, 6.8—15.3%)], P<0.001; Table 3).

Subgroup analysis among patients treated with DAA showed
that unrestricted DAA access resulted in higher treatment comple-
tion rates (99% vs. 97%, P=0.034) and lower treatment default
rates (0.8% vs. 5.2%, P=0.001). The overall SVR rate among pa-
tients treated with DAA increased following unrestricted access to
DAA (99.5% [95% Cl, 98.6—99.9%] vs. 96.9% [95% Cl, 85.3—
93.8%)], P<0.001).
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DISCUSSION

The incarcerated HCV patients are a key population for HCV
elimination. Given that the HCV population is relatively small in
Singapore, immediate treatment scale-up among people who in-
ject drugs will allow Singapore to achieved HCV elimination as
per World Health Organization's target of an 80% reduction in in-
cident cases, and a 65% reduction in mortality by 2030.” While
DAA is highly efficacious, the DAA treatment outcomes among
incarcerated Asian HCV-infection patients remained scarce. We
systematically reviewed and summarized the existing literatures
on treatment outcomes among the incarcerated population in Ta-
ble 3. We found that the treatment outcome among incarcerated
population using DAA was encouraging with high SVR achieved
among most cohorts based on the PP analysis. The treatment
outcome of DAA among incarcerated Asian cohort was recently
reported in two smaller studies from Taiwan and Iran.”** Yang et
al.” reported a high SVR of 100% from 165 incarcerated patients
with predominantly GT6 HCV infection. In contrast, Hariri report-
ed a much lower SVR of 43% among 103 incarcerated HCV pa-
tients who completed DAA treatment.”” In this large Asian cohort
of 1,001 incarcerated HCV patients who were predominantly GT3
and followed up over 1,489 person-year, we demonstrated that
unrestricted access to DAA resulted in rapid treatment scale-up,
less treatment default and high SVR rates beyond 90%.

Our study has three key findings. Firstly, the excellent HCV
treatment outcomes among the incarcerated cohort highlight a
unique opportunity for HCV elimination. Of note, this is the first
largest study from South East Asia region reporting the treatment
outcome of incarcerated HCV patients receiving both DAA and in-
terferon-based therapy. Secondly, the unrestricted access DAA al-
lows rapid scale-up to treat a large number of incarcerated HCV
patients at early stages. A recent modelling study has demon-
strated that a rapid treatment scale-up is crucial in order to
achieve HCV elimination by 2030.” Thirdly, high treatment suc-
cess of DAA based on both the ITT and per protocol analysis can
be achieved among incarcerated GT3 HCV patients in the real-
world setting. We observed a continuous improvement in SVR,
which corresponds to improving DAA access among this incarcer-
ated cohort over the years (Table 2). To date, access to DAA re-
mained an important barrier in many countries. Our findings high-
light the vital role of universal access to DAA among incarcerated-
HCV population to rapidly scale-up our elimination effort in this
key population in order to achieve the global goal of HCV elimina-
tion.
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One important strength from our cohort is the high retention in
our treatment cascade. Prior studies showed that treatment inter-
ruption as a result of early release or transfer can negatively im-
pact the SVR rates among the incarcerated cohort."* While high
SVR beyond 90% is widely reported among incarcerated-HCV pa-
tients remained in follow-up, SVR by intention to treat was signifi-
cantly lower, ranging between 37-72%."%*** The difference is
even more apparent among a larger cohort with high proportion
of subjects being lost to follow-up.'®*** In this study, we success-
fully maintained a high retention rate in this large incarcerated co-
hort by ensuring adequate treatment duration, thus avoiding un-
planned treatment interruption leading to treatment default. This
is crucial because engaging patients who lost to follow up and
their linkage of care after released remained challenging even in
the DAA era.

Treatment access among incarcerated HCV patients is a global
challenge. Because of limited prison budget and the exorbitant
cost of DAA, only less than 1% of patients received treatment
during incarceration.® This has led to prioritizing HCV treatment
based on the severity of liver disease as a common strategy in
many countries.”** However, little is known about the impact of
unrestricted access to DAA among the incarcerated population.
Our study demonstrated that unrestricted access to DAA resulted
in a rapid treatment scale-up and excellent treatment outcomes,
thus making HCV micro-elimination among the incarcerated pop-
ulation an achievable goal in the real-world setting.”” Our findings
were generalizable as high SVR rates have been demonstrated in
other smaller studies among the incarcerated populations.”"”’

The rates of HIV and HBV coinfection were low in our cohort
(1.3% and 1.3%, respectively). Interestingly, a much higher rate
of HIV and HBV coinfection was reported in a Taiwanese cohort
at 4.7% and 8.9%, respectively. We believe that our findings
were representative as all patients were screened for both HIV
and HBV upon the initiation of HCV treatment. In addition, our
findings were also consistent with results of other published west-
ern cohorts."®”'

Despite international guidelines recommending unrestricted
treatment for all HCV patients regardless of their incarceration
status, DAA rationing is still common in many parts of the world
due to financial and ethical concerns.”**** Unrestricted HCV
treatment represents a cost-effective strategy in the long run.
However, affordability of HCV treatment must be addressed be-
fore unrestricted DAA access can be implemented. To improve the
affordability of DAA, government can consider negotiating with
manufacturers for a nominal price for DAA, or, adopt a prescrip-
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tion-based model for DAA.” The unrestricted DAA access in Sin-
gapore is a successful example of price-negotiation with the man-
ufacturer that resulted in price revision of SOF/VEL in 2018.

Universal access to DAA is a crucial step in HCV elimination in
Singapore. Despite screening, improving linkage of care and edu-
cation, only a small proportion of patients received HCV treat-
ment.” Even though more cirrhotic HCV patients were being
treated during the restricted DAA era (79% vs. 50%, P=0.02), it
is still insufficient to achieve HCV elimination in Singapore by
2030. Based on a recent modelling study, in order to achieve HCV
elimination in Singapore by 2030, at least 630 HCV patients has
to be treated in 2019.”° A total of 681 patients was treated in
2019 alone following the unrestricted access to DAA, suggesting
that HCV elimination by 2030 is indeed achievable in Singapore.
In this study, we demonstrated that unrestricted access to DAA is
an impactful strategy for a rapid treatment scale-up among incar-
cerated HCV patients.

Our findings should be interpreted within the limitations of ret-
rospective studies. The number of subjects in earlier HCV care
cascade and the total number of HCV patients between the two
eras were not available in our study. We only included treated pa-
tients because we anticipated the impact of unrestricted DAA ac-
cess to be more pronounced in this subgroup. Lastly, use of a
newer pan-genotypic DAA might also contribute to a higher SVR
during unrestricted DAA era.

In summary, unrestricted access to DAA is a key step in HCV
elimination. We demonstrated that unrestricted access to DAA
successfully removed the treatment barrier by allowing more HCV
patients to be treated with DAA, at earlier stages, and resulted in
a higher SVR and less treatment default. Our findings are general-
izable and support unrestricted access to DAA as an impactful
strategy for HCV micro-elimination among the incarcerated HCV
patients in Singapore.
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