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A B S T R A C T

Background: The prevalence of chronic hepatitis C (CHC) in People Who Inject Drugs (PWID) is 8-10% as com-
pared to 3¢6% in the general population in Punjab, India. We assessed the real-world efficacy and safety of
free-of-charge generic direct-acting antivirals (DAAs), sofosbuvir with an NS5A inhibitor (ledipasvir, dacla-
tasvir or velpatasvir)§ribavirin in the microelimination of CHC in PWID in a public health setting.
Methods: An integrated care team at 25 sites provided algorithm based DAAs treatment to PWID supervised
by telemedicine clinics between 18th June 2016 and 31st July 2019. The primary endpoint was sustained viro-
logical response at 12 weeks (SVR-12); the secondary endpoints were treatment completion, adherence,
safety, and adverse events. ClinicalTrials.gov number: NCT01110447.
Findings: We enrolled 3477 PWID (87¢2% men; mean age 33¢6§12¢5 years; 83¢8% rural; 6¢8% compensated
cirrhosis). While 2280 (65¢5%) patients completed treatment, 1978 patients completed 12 weeks of follow up
for SVR-12. SVR-12 was achieved in 91¢1% of patients per protocol, 49.5% as per intention to treat (ITT) and
90¢1% in a modified ITT analysis. Of 546 (15¢7%) patients with treatment interruptions, 99 (19¢7%) could be
traced to test for SVR-12 with a cure rate of 77¢8%. There were no major adverse events or consequent treat-
ment discontinuation.
Interpretation: Integrated care of PWID with CHC with DAAs is safe and effective. Measures for reducing treat-
ment interruptions will further improve outcomes.
Funding: The Government of the state of Punjab, India under the Mukh Mantri Punjab Hepatitis C Relief Fund
(MMPHCRF) project, funds the project.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Injection drug use (IDU) is fast becoming the primary cause of
new hepatitis C virus (HCV) infection in most developed and develop-
ing countries [1]. The number of People Who Inject Drugs (PWID) has
increased from 185 million in 2004 to 250 million in 2015 globally
[2], with an estimated 177,000 persons in India [3]. The prevalence of
chronic hepatitis C (CHC) in PWID is 8-10% as compared to 3¢6% in
the general population in Punjab, India. IDU contributes significantly
to the HCV epidemic in India, particularly in certain pockets as in the
northern region of Punjab [4]. The sharing of injection paraphernalia
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Research in context

Evidence before this study

With the changing epidemiology, injection drug use is pro-
jected to be the leading cause of HCV. However, the linkage to
care of people who inject drugs (PWID) has remained a chal-
lenge. We reviewed available literature from MEDLINE,
Embase, and the Cochrane Central Register of Controlled Trial.
We searched for randomized controlled trials, cohort studies,
cross-sectional studies, and real-world outcomes using the
search terms “hepatitis C or HCV,” “integrated care,” “decentral-
ized care,” “primary care,” and “PWID”. Our review concluded
that the literature is mainly confined to centralized supervised
treatment, especially in opioid substitution programs. More-
over, literature from Low-Middle-Income countries (LMIC)s
where OSTs are not routine is scarce in this crucial population.

Added-value of this study

To our knowledge, our study provides the largest body of evi-
dence of 3477 individuals to demonstrate that a simplified
decentralized public health approach for micro elimination of
HCV in PWID is feasible and effective with a cure rate >90%.
Additionally, our study, a first from India, revealed patterns and
practices of injection drug use in an LMIC setting where IDU is
rapidly emerging as the most common cause of HCV infection.

Implications of all the available evidence

Decentralized care in HCV with integration into primary health
systems has been established as an effective strategy in HCV.
However, access of PWID to such systems has been regulated
due to fear of dropouts and re-infection. Given the cumulative
evidence of the safety of DAAs and both feasibility and efficacy
shown in our study, future recommendations should focus on
the expansion of decentralized integrated HCV to PWID in con-
sonance with the global theme of universal access to HCV care.
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among drug users embodies one of the highest risks of HCV and
human immunodeficiency virus (HIV) transmission in PWID than
other groups, resulting in increased prevalence with lesser linkage to
care [5]. In India, most epidemiological data on the PWID population
is reported from high HIV prevalence states from the south or north-
eastern regions with a higher point prevalence of HIV (25¢4 -59¢6 %),
hepatitis B virus (HBV,10.0 %), and HCV (54.5-90¢4 %) infections. Of
3748 PWID in Delhi, positive HCV serology was reported in 70¢9 %; of
whom 75¢7 % were viremic with an overall prevalence of 53.7 % in
this high transmission reservoir [6,7].

A lack of good epidemiological data about PWID in India also
impairs the formulation of appropriate and effective HCV care poli-
cies. A recent meta analysis reported that pooled data from 46 studies
from 14 states in India, anti-HCV seroprevalence rate in PWID was
44.71% [95% confidence interval (CI) 37.50-52.03] [8]. Most data
records only anti-HCV antibody prevalence, a marker of exposure,
but true estimates of viremia are not available [9].

The introduction of pan-genotypic highly effective, direct-acting
antivirals (DAAs) has transformed the therapeutic strategy in HCV
elimination. Innovative policies involving decentralization and com-
munity-based approaches are becoming an integral part of HCV care
globally and in India [10].

Despite expanding access to affordable HCV care, PWID popula-
tion has had limited access in comparison to the general population.
The reasons for this disparity include concerns over poor adherence,
reduced tolerability, risk of circulation of strains with resistance
associated substitutions (RAS), HCV reinfection and lack of linkage of
deaddiction services and HCV therapy11. Since DAAs are equally effec-
tive in this population irrespective of their drug use status, we have
changed the approach to PWID to enable micro-elimination [12,13].

The PWID populations in India show wide variation in socio-
demographic characteristics, awareness of HIV and viral hepatitis,
social acceptance of therapy and deaddiction services, type of drug
use or injection patterns and social stigma [14]. A combined approach,
task shifting, decentralized approach with linked services is essential
to improve adherence [15]. To this end, the MukhMantri Punjab Hep-
atitis C Relief Fund (MMPHCRF) program provides algorithm-based,
free- of-charge generic, all-oral DAAs therapy in the state of Punjab, a
model that was replicated across the country under the National Viral
Hepatitis Elimination Programme (NVHCP) [4,16]. The microelimina-
tion-integrated care model to target PWID was devised specifically to
reduce new transmission of HCV infection in the state of Punjab.

Additionally, the model has integrated deaddiction support,
counseling and rehabilitation services to PWIDs . This collaborative
model employs the use of a central specialist service at the hub and
peripheral sites as spokes, including Opioid Substitution Treatment
(OST) centers, anti-retroviral therapy (ART) clinics (under the
National AIDS Control Organization), de-addiction centers and pri-
mary health care units. One of the main strategies of the HCV elimi-
nation campaign in India is the strategic microelimination in
populations of interest like adolescent HCV, persons on dialysis,
incarcerated individuals and PWID. We have used mathematical
models to modify the therapeutic algorithm in a dynamic and itera-
tive manner to tailor health resources to these special populations
with the aim to achieve elimination by 2030. Multiple stakeholders
are involved to achieve this goal including primary physicians, spe-
cialists, psychiatrists, deaddiction specialists, ART centres, civil soci-
ety, and administrative units to provide integrated services. A second
focus group for micro elimination of HCV in the state is the prison
population in Punjab, and we are actively screening incarcerated
individuals and starting treatment at these sites. A third group of
interest requiring microelimination is patients on hemodialysis.

The efficacy of this model in the general population with CHC has
already been established with SVR rates of greater than 90% [4]. In
this study, we assessed the real-world efficacy decentralized care of
combined deaddiction services and DAAs based therapy (12 or 24
weeks with drug regimens, i.e., sofosbuvir (SOF) with ledipasvir
(LDV) or SOF with daclatasvir (DCV) or SOF with velpatasvir (VEL)
with or without ribavirin (RBV) for managing CHC in PWID in a public
health care setting in the Punjab state, India.

2. Methods

2.1. Patients

Eligible persons were enrolled from 25 sites (22 district hospitals
and 3 university hospitals) during the period between 18th June 2016
and 31st July 2019. As per the algorithm, the recruited individuals
were followed up till 12 weeks post-treatment to ascertain the sus-
tained viral response (SVR-12). Patients who were eligible for the
study were recruited with informed consent. This study had the
approval of the Institutional Ethical Committee and was conducted
following the Declaration of Helsinki. The trial is accessible at
NCT03488485 available from https://clinicaltrials.gov/ct2/show/
NCT03488485. This prospective cohort study adhered to Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE)
statement.

2.2. Monitoring and Evaluation at the Peripheral Sites

We have already described the Punjab Model programme with
the innovative decentralized care services offered at 25 sites [4,16].
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Training and community deaddiction services were provided to psy-
chiatrists posted at the 25 sites. These included screening and referral
of all PWID for associated alcohol intake, virological testing, and
enrolment. The primary care providers (PCPs), including physicians,
psychiatrists and deaddiction personnel, were trained to prescribe
DAAs to persons without cirrhosis or compensated cirrhosis as per
the algorithm [17]. The allied staff at the OST and ART centres were
also trained to treat patients without cirrhosis. Integrated care was
given at each of the 25 sites in the form of OST, needle or syringe
exchange programmes, HIV testing, counselling and treatment,
behavioural interventions, mental health and tuberculosis care, sex-
ual and reproductive health interventions and overdose care pro-
grammes.

2.3. HCV Therapy and Study Design

An algorithm was designed (by RKD) using SOF-based regimens,
and consequent patients were enrolled in this prospective interven-
tional trial [4,15]. Genotype testing was not routinely recommended
for patients without cirrhosis, and they were prescribed SOF/DCV for
12-weeks. (Supplementary Figure 1a) All patients with cirrhosis
required genotyping. Subsequently, the drug velpatasvir (VEL) was
introduced in the programme, and based on our reported results on
48,088 subjects, we had excellent cure rates with SOF/DCV as a pan-
genotypic regimen. Thereafter, we modified the algorithm to offer
SOF/DCV to all persons without cirrhosis and SOF/VEL for 12 weeks
to persons with compensated cirrhosis. (Supplementary Figure 1b)
Persons with decompensated cirrhosis also received RBV, if tolerated,
as in the previous algorithm. Hence our results show a mixed group
reflecting a change in the prescribed regimen over time. End-treat-
ment estimation of viral load was optional, but SVR-12 was manda-
tory in all patients. Eligibility for SVR-12 analysis implies that 12
weeks had elapsed after the patient had taken the last dose of the
drug. The SVR-12 was calculated in patients who had completed
treatment as per protocol and in patients who had interrupted ther-
apy and had taken DAAs �4 weeks in the 12 or 24-week regimens.
[17] Drug regimens used in the Punjab Model are given in Supple-
mentary Table 1. The regimens were modified periodically with the
availability of data that daclatasvir is pangenotypic, and introduction
of velpatasvir in India. After performing mathematical modeling
assessment of the best screening methods, and treatment protocol,
the management algorithm has been adjusted to make the pro-
gramme cost effective without compromising on SVR-12 rates
[18,19]. All adult persons aged � 18 years with viremic hepatitis C
infection, all genotypes, treatment-naive or experienced, with cur-
rent or past history of IDU were eligible for inclusion in the study.

2.4. Exclusion Criteria

Patients aged <18 years, pregnancy, hepatocellular carcinoma,
chronic kidney disease, and thalassemia, were excluded. Under the
program, persons with advanced cardiopulmonary disease or short
life expectancy were not enrolled. PWID were regarded as individuals
who have used any psychoactive drug through injections in a non-
medical context within the previous six months [20]. A protocol devi-
ation was defined as any change or departure from the study design
or procedures. Important protocol deviations were defined as subset
of protocol deviations that may significantly impact the completeness
and reliability of the study data or that may significantly affect a sub-
ject's rights, safety, or well-being.21Treatment interruptions and com-
pliance strategies have been described by us previously and provided
in the supplementary information [4,16]. Treatment interruption was
defined if drug therapy was interrupted by >7 days or the therapy
was discontinued. If treatment interruption was �7 days, the drugs
were resumed as prescribed, and SVR-12 tested 12-weeks after the
last dose of drug therapy. An essential component of our compliance
monitoring system in PWID was a designated family caregiver's
involvement to ensure there were no interruptions. Every PWID
patient was issued medications for 28 days, and the prescription was
refilled 5 days before the next drug cycle. Drug therapy was coordi-
nated with the regional deaddiction center or OST site to ensure
holistic services and rehabilitation. The diagnosis of cirrhosis, non-
invasive scores, and public health HCV algorithms are reported in the
supplementary information [4,16,17].

Adherence was defined if there was no interruption in therapy
and the patient completed the DAAs course on schedule. During vis-
its, residual pill counts of the medication were done. All patients nec-
essarily underwent registration at the district deaddiction center
with a link to the treating psychiatrist for starting the deaddiction
process. Ongoing drug use was not a contraindication to initiating
therapy, but pre-treatment linkage to psychiatric care was encour-
aged strongly. However, in patients who had cirrhosis or had ele-
vated liver enzymes, treatment was started immediately, with
the tandem approach of both the deaddiction and HCV treatment
centers.

2.5. Study End Points

Achievement of SVR-12 was the primary end-point. The second-
ary endpoints were completion of therapy, SVR-12 capture rate, com-
pliance, and all adverse events. We allowed a window period of 4-8
weeks for the SVR-12 test in patients who reported late for the test.
Our health care workers contacted the patient, who was due for SVR-
12, (both treatment adherent and treatment interruptions) by means
of telephonic messages, phone calls using a toll-free number 104 or
even visited the residence to ensure data was collected effectively.
The health care workers involved in this exercise included the desig-
nated Multipurpose Healthcare Worker (MHW), Multipurpose
Healthcare Supervisor (MHS) and Accredited Social Health Activist
(ASHA) who are all existing cadre under India’s National Rural Health
Mission. Reinfections were suspected if the person restarted injection
use, and confirmed if the genotypes were different. However, geno-
type testing was not performed in the first instance if the person did
not have cirrhosis.

2.6. Statistical Analysis

Continuous variables are expressed as the means § standard devi-
ation (SD) or 95% confidence intervals, and categorical data are
expressed as numbers (percentages). The primary end-point (SVR-
12) was calculated by three analyses which included all participants
who initiated at least one dose of therapy. Firstly, the per-protocol
analysis was computed as SVR-12 for those who completed treat-
ment as per schedule. Secondly, the intention-to-treat (ITT) was done
with the assumption that all treatment interruptions were protocol
failures. Lastly a modified ITT analysis was done which determined
the actual success rate, i.e. included as ‘cures’all those who achieved
SVR-12 per protocol or even in treatment interruptions [21]. ANOVA
test analyzed differences between groups, and the x2 test or Fisher’s
exact test was applied for the comparison of categorical data. Cox
logistic regression was done to identify variables independently asso-
ciated with treatment failures. P values less than .05 were considered
significant. Statistical analysis was performed with SPSS software for
Windows, version 22.0 (SPSS, Inc, Chicago, IL).

2.7. Role of funding sources

The Government of the state of Punjab, India under the Mukh
Mantri Punjab Hepatitis C Relief Fund (MMPHCRF) project, funded
the project. The sponsors did not have any role in the study design,
analysis, interpretation of data, report writing and the decision to
submit for publication.



Table 1
Baseline Characteristics as per Treatment Regimen

Parameter SOF/LDV SOF/LDV/RBV SOF/DCV SOF/DCV/RBV SOF/VEL SOF/VEL/RBV Total (all regimens)

N (row %) 94 (2¢7%) 61 (1¢7%) 3023 (86¢9%) 139 (3¢9%) 120 (3¢4%) 40 (1¢1%) 3477 (100%)
DEMOGRAPHIC DATA
Age (Mean § SD) in years 40¢0§ 14¢5 35¢7§ 14¢1 32¢7 § 11¢9 43¢7 § 15¢3 39¢7 § 14¢6 31¢6 § 10¢7 33¢6 § 12¢5
Gender

Male (%) 22 (23¢4%) 10 (16¢3%) 375 (12¢4%) 19 (13¢6%) 16 (13¢3%) 1 (2¢5%) 443 (12¢7%)
Female (%) 72 (76¢5%) 51 (83¢6%) 2646 (87¢5%) 120 (86¢3%) 104 (86¢6%) 39 (97¢5%) 3032 (87¢2%)
Transgender (%) 0 (0%) 0 (0%) 2 (0¢06%) 0 (0%) 0 (0%) 0 (0%) 2 (0¢05%)

Rural (%) 66 (70¢2%) 49 (80¢3%) 2561 (84¢7%) 106 (76¢2%) 105 (87¢5%) 29 (72¢5%) 2916 (83¢8%)
Urban (%) 28 (29¢7%) 12 (19¢6%) 462 (15¢2%) 33 (23¢7%) 15 (12¢5%) 11 (27¢5%) 561 (16¢1%)
Cirrhosis* 24 (25¢5%) 18 (29¢5%)y 15 (0¢4%) 101 (72¢6%)y 54 (45%) 25 (62¢5%) 237 (6¢8%)
No-Cirrhosis 70 (74¢4%) 43 (70¢4%) 3008 (99¢5%) 38 (27¢3%) 66 (55%) 15 (37¢5%)y 3240 (93¢1%)
Duration 4 weeks 0 0 5 0 0 0 5
Duration 8 weeks 0 0 11 0 0 0 11
Treatment Experienced (n, %) 0¢0% 0¢0% 16 (0¢5%) 0¢0% 0¢0% 0¢0% 16 (0¢4%)

Abbreviations for the Table: SD, standard deviation; SOF, sofosbuvir; DCV, daclatasvir; LDV, ledipasvir; RBV, ribavirin; VEL, velpatasvir; CI, Confidence Interval;
PWID, Person Who Injects Drugs; SVR-12, Sustained Virological Response at 12 weeks post treatment completion¢
zsignificant at P<0¢005
* Value expressed as % of regimen,
y significant at P<0¢05 compared to other regimens,
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3. Results

In the first 37¢5-months (18 June 2016 to 31 July 2019), we
enrolled 3477 PWID (87¢2% male; mean age 33¢6 § 12.5 years; 83¢8%
rural; 6¢8 % compensated cirrhotic). Notably 443 (12¢7%) female and
two transgender persons were also treated in the programme.
Besides IDU additional confounding factors like HCV positive partner
(5%), unsafe medical practices (14¢5%) or prior surgery (3¢5%) were
observed. While 2280 (65¢5%) patients completed treatment, 1978
(56¢9%) patients completed 12 weeks of follow up for SVR-12. Table 1
shows the baseline characteristics of the 3477 patients in the whole
cohort.

3.1. Response Rates in the PWID Cohort

Of the 2280 patients who have completed therapy, 1978 (86¢7 %)
were SVR eligible, SVR-12 was done in 1444 (73¢8%) patients and 651
(18.7%) patients were on therapy or ineligible for SVR-12 at the time
of the analysis. The SVR-12 assessment rate was 73¢0% in the per pro-
tocol analysis and 1552 (54¢9%) of all enrolled patients who were ini-
tiated on treatment reported for the SVR-12 test. SVR-12 was
achieved in 91¢0% of patients per protocol, 49.5% (1398/2,826) in the
ITT analysis where all interruptions were treated as failures, and
91.1% (1398/1,552;) in a modified ITT analysis where all those who
achieved SVR-12 were treated as cured, regardless of adherence
(Figures 1A, B,C). 46 (15¢7%) patients had treatment interruptions; of
whom 99 (21%) reported for SVR-12 with a cure rate of 77¢0%. Overall
SVR-12 was achieved in 91¢1 % of patients per protocol. Table 2 shows
the drug adherence, and treatment outcomes in the patient cohort.

3.2. Adverse Events and Deaths

Adverse events reported by PCPs were weakness, anemia, head-
ache and diarrhoea. However, none required treatment discontinua-
tion of treatment. The 19 deaths were mainly due to injection use
related complications, with all aged above 42 years, 2 had advanced
liver disease with decompensation (Child C), six deaths (31¢5%) were
noted in those who interrupted therapy and relapsed on drug use.

3.3. Treatment Interruptions

Table 3 shows that 546 (15¢7%) patients interrupted treatment
with 259 and 247 persons without cirrhosis discontinuing therapy
after 4 and 8 weeks, respectively. The cure rates in these patients
were 73% and 80% respectively. In the 24-week regimens, there were
40 dropouts with cure rate of 85¢7%. However, the SVR capture rate
was only 21% so these may not reflect actual results.

3.4. Predictors of Treatment Failure

Cox proportional hazards analysis was performed to ascertain risk
factors for treatment failure in this PWID cohort. On univariate analy-
sis, age (P=0.2), gender (P=0.9), residence (urban vs rural,P=0.7),
genotype (P=0.1), baseline viral load (P=0.6), and ongoing abuse (0,7)
did not affect response rates. Only prior treatment failure [HR 1¢2;
95% CI 1¢1-7¢3 (p=0¢042)] predicted nonresponse. On multivariable
analysis, none of these parameters were significant. Male gender, co-
infection with HIV or HBV, high fibrosis (APRI or Fib 4), low
platelet count, genotype, or classification as cirrhosis, use of OST,
alcohol abuse or multiple substance abuse did not affect achievement
of SVR-12.

3.5. Patients treated at the Hub

Of the 3477 patients treated in total, 320 patients (were referred
for treatment at the hub, of whom 95¢3% did not have cirrhosis, 13
(4¢1%) had compensated cirrhosis and only 2 (0¢6%) had decompen-
sated cirrhosis. This all-male referred group’s mean age was 26¢6 §
5¢9 years, which is a younger group as compared to persons treated
at the peripheral sites (P=0¢043), and also a referral bias in favour of
men. Additional risk factors for referral to the hub included prior
treatment failure (176, 55%), concomitant alcohol use (42, 13¢1%),
recent IDU with last injection <2 weeks ago (99, 30¢9%), HIV coinfec-
tion (30, 9¢3%), HBV coinfection (12, 3¢7%) or treatment defaulters
(32, 10%). Of the cohort treated at the hub, 284 (88¢7%) completed
treatment and 221 (77¢9%) reported for SVR -12, with 172 (78%)
achieving SVR-12.

3.6. Nature of Drugs Used and Injecting Practices

Details of drug use were available in the 320 persons who were
treated at the hub. The most common drug used was heroin (180,
56¢2%), usually injected daily (22%), weekly (45%) or infrequently
(36%). Multiple drug use was reported in 237 (74¢0%) patients includ-
ing use of cannabis (25, 7¢8%), opium (49, 15¢3%) and diphenhydra-
mine (40, 12¢5%). Only 5 (1¢5%) persons reported use of chewing
tobacco, areca nut and cigarettes but this was rare due to existing cul-
tural practices in the Punjab. PWID often added additional agents like



Figure 1. Patient enrolment and outcomes analysis. (a) per protocol (PP) analysis (Cure Rate = 91.0%) (b) Intention to treat (ITT) analysis where all interruptions were treated as fail-
ures (Cure Rate = 49.5%) and (c) a modified ITT analysis where all patients with successful sustained virological response (SVR-12) in the interruptions arm were included as cured.
(Cure Rate= 91.1%) *Received at least 1-dose of treatment. ** Completed at least 4 weeks of treatment and 12 weeks of follow up.
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Table 2
Treatment Outcomes in the Patients as Per Treatment Regimen as Per Protocol

Parameter SOF/LDV SOF/LDV/RBV SOF/DCV SOF/DCV/RBV SOF/VEL SOF/VEL/RBV Total (all regimens)

N (row %) 94 (2¢7%) 61 (1¢7%) 3023 (86¢9%) 139 (3¢9%) 120 (3¢4%) 40 (1¢1%) 3477 (100%)
TREATMENT OUTCOMES
Treatment completed (n, %) 79 (84¢0%) 26 (42¢6%) 2000 (66¢1%) 107 (76¢9%) 64 (53¢3%) 4 (10%) 2280 (65¢57%)
SVR-12 Eligible (n, %) 78 (98¢7%) 23 (88¢4%) 1737 (86¢8%) 106 (99¢0%) 31 (48¢4%) 3 (75%) 1978 (86¢75%)
SVR-12 done (n, %) 62 (79¢4%) 19 (82¢6%) 1249 (71¢9%) 96 (90¢5%) 16 (51¢6%) 2 (66¢6%) 1444 (73%)
Treatment Responder (SVR-12 attained; n, Cure %) 59 (95¢1%) 17 (89¢4%)* 1131 (90¢5%) 90 (93¢7%) 15 (93¢7%) 2 (100%) 1314 (90¢99%)
Treatment failure (SVR-12 not attained; n, %) 3 (4¢8%) 2 (10¢5%)* 118 (9¢4%) 6 (6¢2%) 1 (6¢25%) 0 (0%) 130 (9%)
Interrupted treatment (n, %) 12 (12¢7%) 4 (6¢5%) 470 (15¢5%) 29 (20¢8%) 23 (19¢1%) 8 (20%) 546 (15¢7%)
Death in interrupted 0 0 6 1 2 0 9
Death in Treatment Complete 0 0 9 1 0 0 10
Total Death cases 0 0 15 2 2 0 19
Adherence Rate (%) 86¢8% 86¢6% 80¢9% 78¢6% 73¢5% 33¢3% 80¢6%

Abbreviations for the Table: SOF, sofosbuvir; DCV, daclatasvir; LDV, ledipasvir; RBV, ribavirin; CI, Confidence Interval; PWID, PersonWho Injects Drugs; SVR-12, Sustained Viro-
logical Response at 12 weeks post treatment completion
* P value <0¢005¢

Table 3
Cure Rates in Treatment Interruptions

Number SVR-12 Eligible SVR-12 Done Cure Rate

24-week Regimen
>4 - �8 weeks 14 14 0 (0%) 0 (0%)
>8 - �12 weeks 8 8 2 (25%) 2 (100%)
>12 - �16 weeks 7 6 2 (33%) 2 (100%)
>16 - �20 weeks 3 3 2 (66%) 1 (50%)
>20 - � 24 weeks 8 8 1 (12%) 1 (100%)
12- week Regimen
>4 - � 8 weeks 259 228 41 (17%) 30 (73%)
>8 - � 12 weeks 247 196 51 (26%) 41 (80%)
Lost to follow-up before the completion of 4 weeks of treatment*
Overall 546 463 99 (21%) 77 (77%)
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diphenhydramine or morphine (20%) to alter the potency of “low
quality” heroin. About 180 (56¢2%) participants reported peer groups
who prepared and consumed drugs, predisposing to microtransmis-
sion and reinfection in social groups. Social stigma and sharing drug
costs with peers resulted in resusing paraphernalia, using non-sterile
water, with no filtering of the drug solution before injection. 15% of
the participants denied sharing needles but admitted to sharing para-
phernalia.

3.7. Duration of Drug Use

The median duration of IDU was around 2¢5 (1¢5-3¢6) years in 320
patients reporting to the hub. The median duration of abstinence was
12¢1 weeks (range 0-60 weeks), although we did treat patients with
ongoing abuse if they were sufficiently motivated, had good family
support and were linked to the local deaddiction centre. Another
observed cause for treatment default was when persons admitted to
private deaddiction centres failed to show up in time to peripheral
units to refill their DAA prescription.

4. Discussion

The advent of evidence-based, simplified all-inclusive treatment
strategies using pan-genotypic regimens has revolutionized HCV
treatment in India. However, until recently, PWID were not offered
linked therapy and rehabilitation. Our study provides the largest
body of evidence till date to demonstrate the effectiveness of inte-
grated locally available, socially acceptable public healthcare to treat
HCV in PWID. Our data corroborates the findings of a recent meta-
analysis of smaller studies that suggest complete decentralization of
HCV testing and treatment for PWID is associated with improved
access to care and high cure rates [22]. It is the first study from the
Indian subcontinent that uses microelimination as a model for
targeting PWID to expand the successful public health campaign to
eliminate HCV.One of the main challenges is to train and counsel
medical workers to create an environment conducive to the attitudes
and needs of PWID. Since we already had experienced deaddiction
personnel, social workers, and counselors at these sites, we could
recruit and complete treatment for 86.7% as per the modified inten-
tion to treat analysis.

This PWID cohort was aged 18-39 years, which is a decade youn-
ger than individuals enrolled under the MMPHCRF [4]. Notably 443
(12¢7%) female and two transgender persons were also treated in the
programme. Prior studies from this region failed to record female
PWID deeming it a male phenomenon as they were based on respon-
dent surveys [23-26]. This gender bias is multifactorial. Firstly, these
patients may have admitted to the practice of IDU to seek the free-of-
charge HCV treatment available under the programme. Secondly,
female PWID reported narcotic misuse like tramadol or morphine
rather than synthetic drugs like heroin. It is a cultural practice to seek
injection therapy for evepn minor ailments in Punjab, which has con-
tributed to the spread of HCV [4]. Many also had additional confound-
ing factors like HCV positive partner (5%), unsafe medical practices
(14¢5%) or prior surgery (3¢5%). Prior epidemiological data has
focussed on synthetic drug users who also had concomitant sub-
stance abuse like alcohol, opioids etc which has missed the iceberg
phenomenon of IDU and gender disparity in the Punjab [26].

We observed that heroin was the most frequent abused drug, and
almost two-thirds of the population resorted to multiple drug use.
Global estimates show 82¢9% (76¢6�88¢9) of PWID predominantly
inject opioids and 33¢0% (24¢3�42¢0) inject stimulants [27]. In a New
York city study, heroin (97%), cocaine (44%), and crack cocaine (47%)
were the substances used. About 66% who reported oral non-medical
use of prescription opioids [28].

Furthermore, incarceration of PWID due to falling in with the
stringent laws of the land or the converse situation of new IDU in per-
sons serving time, is another source of micro-transmission [29]. To
this end, our model has evolved to screen and treat all incarcerated
individuals free of charge with expanded access to care to meet the
HCV Elimination Target by 2030 as mandated by the WHO.

Saraswati et al reported point prevalence rates of HIV, HBV, and
HCV as 25¢9 %, 9.7 % and 53¢7 %, respectively among 2,292 PWID from
Delhi [8]. In the Australian CEASE study, use of point-of-care dried
blood spot screening in people living with HIV, with subsequent link-
age to care resulted in an 86% DAA completion rate. This strategy is a
key focus of microelimination, i.e. screening and treating high risk
groups [30]. Our relatively low rate of HIV-HCV co infection of 9¢3% is
explained by the young age of our cohort or viral and host genetics. It
is possible that not enough time had elapsed for persons to have
acquired multiple infections. The low co-infection rate is also
explained as ours is a real world population cohort from Punjab as



Figure 2. Chronic Hepatitis C Elimination Strategy in India.
The National Viral Hepatitis Control Programme was launched in 2018 to meet the 2030 target for viral hepatitis elimination in India using public health infrastructure with

expansion of access to care, vaccination for hepatitis B, delivery of free-of-charge antiviral therapy for chronic hepatitis C and B, use of telemedicine tools to ensure specialist super-
vision, microelimination in subgroups like people who inject drugs (PWID), dialysis patients etc, improved biomedical waste disposal, blood banking safety, safety engineered syrin-
ges and collaboration with other health services.

Abbreviations: DCV, daclatasvir; HCV, hepatitis C virus; PWID, people who inject drugs; NVHCP, National Viral Hepatitis Control Programme; RBV, ribavirin; SOF, sofosbuvir; VEL,
velpatasvir.
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opposed to hospital PWID or deaddiction registries where high co
infection rates are reported [31].

Under the NVHCP, it is cost-saving to tackle PWID as a source of
new HCV transmission regardless of current drug use once they are
linked to harm reduction, deaddiction and OST services [32]. In the
ENHANCE study from Iran, the on site rapid HCV test, confirmatory
HCV RNA estimation, liver fibrosis assessment, provision of DAAs and
follow up for treatment completion was assessed with a cure rate of
89% in PWID. This study also highlights the need for integrated care
[33]. Our drug adherence rate was robust with 80¢1% adhering to the
protocol overall with cure rates of 90% which is comparable to our
data on non PWID groups. Therefore withholding DAA therapy in fear
of treatment interruption is not a rational approach for HCV manage-
ment in PWID [34,35]. Furthermore, even in the difficult-to-treat pop-
ulation reporting to the hub, with 56% treatment-experienced cases, 2
(0.63%) with decompensated cirrhosis, 284 (88¢7%) completed treat-
ment,221 (77¢9%) reported for SVR -12, with 172 (78%) attained SVR-
12.Recently the SIMPLIFY trial reported an SVR-12 rate of 94% with
SOF/VEL in 103 currently injecting PWID [12], irrespective of IDU
before or during therapy. Median adherence was 94% as compared to
our real world cohort of 3477 individuals with 80¢1% adherance.
Treatment interruptions are more common in PWID compared to
those who do not inject drugs in our published cohort of 48,088 per-
sons (15¢7 % versus 12¢1%; P=0¢043); however, SVR-12 rates were
similar (91¢1% versus 92¢6% P=0¢053) [4]. Our data may can be used to
formulate policies to reduce HCV transmission in India, such as
expansion of the blood banking protocols, biomedical waste disposal,
safety engineered syringes, upscaling of OST, microelimination
campaigns in incarcerated individuals and ‘treatment as preven-
tion’ in high-risk groups. (Figure 2) DAAs alone are the most
cost-effective intervention. However, with criminal justice sys-
tem-related costs, DAA and OST/syringe exchange programmes
implemented together become the most cost-effective interven-
tion [36]. Supplementary Table 2 shows comparable studies in
the PWID population which have used microelimination as a
means to control HCV infection.

Although on univariate analysis prior treatment failure predicted
non-response, no independent predictor of therapy failure was iden-
tified on multivariate analysis. Macías et al. found that the primary
reasons for non-response are continued drug abuse and treatment
dropouts [37]. Microelimination strategies should tailor therapy
based on modelling analysis and involve all stakeholders to ensure
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that the treatment strategy can be modified in a dynamic and itera-
tive manner to correct the course and improve outcomes [38].

Our team analysed the barriers to the microelimination strategy in
the PWID cohort and we report treatment adherence of 80¢5%. How-
ever, our SVR-12 assessment rate was 73¢0% in the per protocol anal-
ysis and only 1552 (54¢9%) of all enrolled patients who were initiated
on treatment reported for the SVR-12 test. This means a large number
of patients did not return for SVR-12 testing despite completing ther-
apy, which is the main limitation. This can be compared with the
SVR-12 capture rates of other PWID programmes (Supplementary
Table 2). The Australian multicentric trial by Morris et al with 476
patients had cure rate of 98% but offered therapy to only those likely
to complete treatment [39]. The Iranian study by Alavi et al had an
SVR12 capture rate of 73% and cure rate of 82.8% [33].

Our data remains invaluable in either scenario, as this is a real-
world analysis from a public health perspective, involving multiple
sites, with integrated healthcare interventions. Young PWID may not
have been motivated enough to report for the SVR-12 test even
though they completed treatment. This issue of attrition and data
loss is due to interruption in the completion of data uploads at the
peripheral sites. Due to the COVID-19 related interruptions, we have
been unable to capture complete SVR-12 data, which is a major limi-
tation. The missing data, including drug use patterns, needs to be
updated once our healthcare personnel are redirected from the press-
ing duties of the COVID-19 related patient care, testing and vaccina-
tion drives. Since this real world cohort has evolved over time, and
treatment protocols modiefied in a dynamic way based on efficacy
and modelling data, it is not possible to perform efficacy studies or
subgroup analyses due to the population heterogeneity.

We noted higher number of treatment interruptions in our PWID
subset as compared with our main population (18¢5 vs 12¢1%).[4] Many
cases of interruptions were due to patients missing their monthly pre-
scription refill. Some interrupted therapy as they were enrolled in
unregulated private deaddiction centres which did not allow them to
report for the prescription on time. Lastly, some patients were less
motivated and continued IDU or relapsed soon after treatment initia-
tion. These factors drive home another, important aspect that needs to
be considered while interpreting our results which show that although,
more than 90% of the population under study achieved SVR-12 in the
per protocol and modified ITT analysis, specifically on ITT analysis the
SVR-12 rates was only 49.5%. These observations are driven by consid-
eration of all treatment interruptions as failures which should be
acknowledged in a real world setting and forms the major challenge in
the PWID population. Strategies to reduce treatment interruptions
include better education strategies for patients and caregivers, involve-
ment of the family to monitor therapy, and regular audits of the treat-
ment sites [10]. Social support from the family and the project linked
deaddiction centres and needle exchange programmes can motivate
the patients to be compliant to therapy.36-39 Therefore, assessment and
integration of OST, needle and syringe exchange services, rehabilitation
centres, and peer outreach programs need to be upscaled in India to
optimize HCV care in PWID [10-12].

In conclusion, our microelimination campaign strategy demon-
strates the real world feasiblity to treat CHC in PWID with excellent
cure rates using a cost effective integrated public health approach
with all oral DAA regimens,. Although, treatment interruptions still
remain a major challenge in the PWID population, our model using a
telemonitored integrated PWID microelimination approach combin-
ing public health services, speciality HCV therapy and deaddiction
treatment adds to the growing evidence of feasibility of optimization
of care to the PWID population.
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