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Background. Many clinicians and insurance providers are reluctant to embrace recent guidelines identifying people who inject 
drugs (PWID) as a priority population to receive hepatitis C virus (HCV) treatment. The aim of this study was to evaluate the efficacy 
of direct-acting antiviral (DAA) HCV therapy in a real-world population comprised predominantly of PWID.

Methods. A retrospective analysis was performed on all HCV-infected patients who were treated at the Vancouver Infectious 
Diseases Centre between March 2014 and December 2017. All subjects were enrolled in a multidisciplinary model of care, addressing 
medical, psychological, social, and addiction-related needs. The primary outcome was achievement of sustained virologic response 
(undetectable HCV RNA) 12 or more weeks after completion of HCV therapy (SVR-12).

Results. Overall, 291 individuals were enrolled and received interferon-free DAA HCV therapy. The mean age was 54 years, 88% 
were PWID, and 20% were HCV treatment experienced. At data lock, 62 individuals were still on treatment and 229 were eligible 
for evaluation of SVR by intent-to-treat (ITT) analysis. Overall, 207 individuals achieved SVR (90%), with 13 losses to follow-up, 7 
relapses, and 2 premature treatment discontinuations. ITT SVR analysis show that active PWID and treatment-naïve patients were 
less likely to achieve SVR (P = .0185 and .0317, respectively). Modified ITT analysis of active PWID showed no difference in achiev-
ing SVR (P = .1157) compared with non-PWID.

Conclusion. Within a multidisciplinary model of care, the treatment of HCV-infected PWID with all-oral DAA regimens is 
safe and highly effective. These data justify targeted efforts to enhance access to HCV treatment in this vulnerable and marginalized 
population.
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The global burden of hepatitis C virus (HCV) infection con-
tinues to rise, with core-transmitters such as people who inject 
drugs (PWID) making up the majority of incident (80%) and 
prevalent (60%) cases [1, 2]. Despite these facts, HCV treat-
ment programs for PWID have not yet been a major part of 
the response to the pandemic, with less than 10% of infected 
individuals belonging to this group having received HCV ther-
apy [3].

Historically, treatment consisted of injected interferon and 
oral ribavirin (RBV), with modest sustained virologic response 
(SVR) rates of 40%–50% and significant adverse effects such as 
anemia, flu-like symptoms, and psychiatric symptoms [4]. The 
advent of interferon-free direct-acting antiviral (DAA) thera-
pies has transformed HCV into an easily curable disease, with 

SVR rates as high as 95% [5, 6]. DAA regimens that are highly 
efficacious, well-tolerated, and relatively short in duration are 
now available for all HCV genotypes and for patient popula-
tions historically considered difficult to cure [7]. The ease of 
dosing, safety profile, and effectiveness of these agents provide 
an opportunity to expand the number of patients who can be 
treated for HCV [8]. In clinical trials involving PWID popula-
tions, these therapies are equally effective [9]. However, many 
providers remain reluctant to offer HCV therapy to PWID, 
citing concerns around treatment adherence, poorer outcomes 
compared with people who do not inject drugs, and the sub-
sequent risk of HCV reinfection [10, 11]. Post-treatment loss 
to follow-up (LTFU) in this population can be as high as 13% 
in some situations, highlighting another key challenge in this 
group [12].

It has been shown that multidisciplinary models of care are 
effective in treating HCV and other health and social issues 
in the PWID population, with relatively simple programs that 
can be established to engage PWID in care [13]. Furthermore, 
a model that successfully engages PWID in care can lead to 
high treatment uptake and reduction in the rate of reinfec-
tion [14]. Although clinical trials using all currently available 
interferon-free DAA regimens confirm high SVR rates, treat-
ment barriers in the real world may play an important role in 
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achieving HCV elimination by 2030 [15, 16]. It is often stated 
that clinical trials produce higher cure rates than what may be 
expected in practice given increased population heterogeneity 
and the lack of visit incentivization in the real world [17]. It is 
therefore critical to confirm the efficacy of DAAs in a real-world 
setting, especially in marginalized populations such as PWID, 
while ensuring that loss to follow-up (LTFU) is minimized and 
monitoring is in place to assess for re-infection. The aim of this 
analysis is to evaluate the safety and efficacy of currently avail-
able interferon-free DAA regimens for the treatment of HCV in 
a real-world population, consisting mostly of PWID.

METHODS

Setting and Design

In this retrospective cohort study, we extracted and analyzed 
data from a common database for all HCV-infected patients in 
our clinic, the Vancouver Infectious Diseases Centre (VIDC). 
Specifically, we included all patients documented to have started 
hepatitis C treatment between March 2014 and December 2017. 
Patients included in this study had to fulfill 2 main criteria: a 
positive test for HCV RNA at any point during their lifetime 
and initiation of a partial or complete course of HCV therapy. 
Patients were initiated on antiviral therapy based on a medical 
indication to do so: chronic detectable viremia and expectation 
of engagement in care for the duration of the proposed therapy. 
Patient willingness to receive treatment was evaluated qualita-
tively through consultation with infectious diseases specialists 
and on-site nurses. There were no specific age, ethnicity, or 
gender-related inclusion criteria. Individuals were classified as 
PWID if they had any history of injection drug use, and recent 
PWID if they had injected drugs in the last 6 months (verified 
by a urine drug screen and physician consultation). Regardless 
of drug use status, all HCV viremic patients were offered treat-
ment. The only case in which patients did not receive treatment 
was when patients refused HCV treatment. At the time of data 
lock (December 2017), HCV treatments were reimbursed in 
British Columbia if patients presented with fibrosis scores of 
F2-F4 and were given conditional access if comorbidities such 
as HIV, hepatitis B virus (HBV), chronic kidney disease, or 
other extrahepatic manifestations were present. Available treat-
ments included elbasvir/grazoprevir, sofosbuvir/velpatasvir, 
and sofosbuvir/ledipsvir. In a situation where government 
reimbursement was not possible, DAAs were acquired through 
private compassionate care programs or through private insur-
ers. In general, all patients treated at our center did not need to 
pay out of pocket for HCV treatment.

The Multidisciplinary Model and LTFU Management

All patients at the VIDC had access to comprehensive multidis-
ciplinary care with nursing, medical care (including infectious 
diseases specialty care), and logistic support, which we refer to 
as the “4-legged chair” model. This model addresses psychiatric, 

addiction-related, social, and medical needs in an integrated 
manner. Infectious diseases specialists managed patients’ med-
ical, addiction, and psychiatric needs, apart from methadone 
prescription, which requires additional licensing in the prov-
ince of British Columbia (patients requiring methadone were 
referred to partner physicians that work closely with our cen-
ter to maintain patients in care). Nurses and clinic staff assisted 
with any government forms patients needed help with. Patients 
were offered these services regardless of whether they were 
on HCV treatment. Patients had access to weekly educational 
support groups, as well as nutritional assistance and access to 
nonprescription medications at no charge. The support groups 
provide the ability to identify specific medical or social needs 
and have them addressed through personalized interactions 
with clinic staff. Before initiating treatment, patients were edu-
cated on HCV and their chosen regimen, and during their very 
first visit to our center, they received a FibroScan. Receiving 
a FibroScan during the first visit encourages engagement as 
patients feel that they are already on the way to receiving treat-
ment. During treatment, patients were well integrated into our 
model of care and were provided with assistance with forms and 
paperwork for social services such as housing, income assist-
ance, and nutritional support. Post-SVR, patients were followed 
up through standard of care, and attempts were made to fol-
low patients up every 6  months to monitor HCV reinfection 
and other comorbidities. Active injection drug users were fol-
lowed-up every 3  months or as needed. If a patient was sus-
pected to be LTFU, steps were taken to re-engage the patient in 
care and obtain SVR12 bloodwork, or to re-initiate treatment. 
These steps included contacting patients’ pharmacies, opiate 
substitution therapy (OST) providers, primary care physicians, 
and shelters. Once patients had been contacted, they were 
encouraged to attend VIDC and re-engage in care. On occasion, 
patients who had previously been LTFU were encountered at 
outreach events, and attempts were made to re-engage them in 
care. In this analysis, a patient is defined as LTFU if all avenues 
of engagement were exhausted and the patient did not attend 
VIDC within 6 months of their SVR12 time point.

Study Variables

We obtained patients’ demographic characteristics, includ-
ing age and sex. Clinical and laboratory data included previ-
ous HCV treatment, liver fibrosis at baseline, baseline HCV 
RNA level, coinfection with HIV, HCV genotype, OST status, 
drug use, and other social and demographic variables. Stage 
of liver fibrosis was assessed by liver stiffness measurement 
(FibroScan). For liver stiffness measurements, the chosen cut-
offs for significant liver fibrosis and cirrhosis were 7.1 kPa and 
12.5 kPa, respectively.

Outcomes

The primary outcome of interest was undetectable virus (<12 
IU/mL) 12 weeks after the end of therapy (SVR). We also 
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assessed LTFU before the end of treatment and before the SVR 
time point.

Statistical Analysis

The intent-to-treat (ITT) outcome was SVR and included 
all patients. The modified intent-to-treat (mITT) outcome 
excluded patients who were LTFU after completing treatment, 
and per-protocol analysis excluded all LTFU and treatment dis-
continuations to evaluate the pure efficacy of DAAs. Treatment 
discontinuation was defined as taking minimum 1 tablet but 
not completing the planned treatment course. A  sample size 
calculation was not done because our intention was to cap-
ture all individuals who initiated HCV DAA therapy between 
March 2014 and December 2017. Bivariate analysis was done 
using the Fisher exact test for categorical data, and confidence 
intervals for proportions were expressed with 95% confidence 
using the Clopper-Pearson method. For all analyses, we used 
2-sided P values of .05 as the cutoff for statistically significant 
differences. All data management and analyses were performed 
using Software Package for the Social Sciences 25.0 (SPSS).

Ethics Approval

This study and patient data collection were approved by 
Chesapeake Institutional Review Board (IRB) Ethics Board and 
were annually renewed as required. Procedures followed were 
in accordance with the ethical standards of the Chesapeake 
IRB and the Helsinki Declaration. Patient’s written consent was 
obtained, and any identifying information was anonymized.

RESULTS

A total of 291 individuals initiated interferon-free DAA HCV 
therapy at the VIDC between May 1, 2014, and December 31, 
2017. The demographics of the cohort are outlined in Table 1. 
Notably, in this patient population, 256 (88%) were drug users, 
134 (46%) had actively used drugs in the past 6 months, 105 
(36%) were receiving opiate substitution therapy (OST), and 
36 (13%) presented with HIV co-infection. The most preva-
lent genotype was 1a, at 63%, and 64 (22%) individuals were 
assessed to have cirrhosis at baseline evaluation. With respect 
to individuals actively injecting drugs (n  =  134), 110 (82%) 
injected opiates, 60 (45%) injected cocaine and amphetamines, 
and 31 (24%) injected other/unknown substances (docu-
mented by urine drug screen). As of data lock (December 31, 
2017), 229 individuals were eligible for ITT analysis, whereas 
62 patients were still on treatment. Among those still on treat-
ment, 45 were on sofosbuvir (SOF)-based regimens, 1 was on 
glecaprevir/pibrentasvir, and 15 were on elbasvir (ELB)/graz-
oprevir (GRAZ). Between treatment initiation and the end of 
treatment (EOT), 4 individuals were suspected to be LTFU, and 
2 patients discontinued treatment due to psychiatric comorbid-
ities. Between the EOT and SVR time points, 9 individuals were 
suspected to be LTFU and 7 experienced viral relapses (there 
was 1 death post–HCV relapse unrelated to HCV treatment). 

Overall, 207 individuals achieved SVR, with an ITT SVR rate 
of 90%, an mITT SVR rate of 93%, and a per-protocol SVR rate 
of 96%. There were 2 deaths post-SVR, both due to unrelated 
extrahepatic comorbidities. There were no confirmed cases 
of reinfection via deep sequencing of genotypes (Figure  1; 
Table 2). The range of follow-up post-SVR (median) was 1–155 
(80) weeks. The prevalence of LTFU was 6% (n/N = 13/229). 
ITT SVR rates based on specific regimens ranged from 87% to 
94%. Of 7 relapses, 3 were with paritaprevir/ritonavir/ombitas-
vir plus dasabuvir (PRoD), 3 with sofosbuvir/ledipasvir (SOF/
LDV), and 1 with sofosbuvir/velpatisvir (SOF/VEL) (Table 2). 
Comparison of HCV regimens showed no significant difference 
in ITT SVR rates (Table 3). Stratified ITT SVR rates by key var-
iables show that active PWID were significantly less likely to 
achieve SVR (P =  .0185), and individuals with previous HCV 

Table 1. Demographics of Total Cohort on Interferon-Free DAA Therapy

Baseline Characteristics All-Oral Therapy

Patients, n 291

Mean age (SD), y 54 (10)

Female sex, n (%) 78 (27)

Homeless, n (%) 36 (12)

Method of engagement, n (%) 200 (64)

 Referral from another physician 68 (23)

 Community pop-up clinics 5 (2)

 Prison 18 (7)

 No data

PWID, n (%) 256 (88)

Active drug use (past 6 mo), n (%) 134 (46)

 Opiates 110 (82)

 Cocaine 60 (45)

 Amphetamines 60 (45)

 Other 22 (17)

 Unknown 9 (7)

Active drug use during treatment, n (%) 90 (31)

Any alcohol use, n (%) 86 (29)

OST prescription, n (%) 105 (36)

 Methadone 84 (80)

 Buprenorphine/naloxone 11 (10)

 Other 10 (10)

HIV co-infection, n (%) 36 (13)

HCV genotype, n (%) 183 (63)

 1a 22 (8)

 1b 19 (7)

 2 65 (22)

 3 2 (1)

 4

Stage of liver disease, n (%)

 No or mild fibrosis (F0-F1) 124 (42)

 Mild or advanced fibrosis (F2-F3) 85 (29)

 Cirrhosis (F4) 64 (22)

 No data 18 (7)

HCV treatment experienced, n (%) 59 (20)

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; OST, opiate substitution 
therapy; PWID, people who inject drugs.
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treatment experience were significantly more likely to achieve 
SVR (P  =  .0317). Analysis showed that sex, age, OST status, 
fibrosis level, HIV status, and drug use during treatment were 
not significant factors in achieving SVR (Figure  2; Table  4). 
Further analysis into the active PWID cohort showed that those 
who injected in the past 6 months achieved an SVR rate of 84%. 
Individuals in this cohort made up 70% of all observed LTFU, 
100% of all discontinuations, and 86% of all relapses. Of 9 LTFU 
among active PWID, 4 occurred pre-EOT and 5 post-EOT (all 

post-EOT LTFU had an undetectable viral load at EOT). An 
mITT analysis gives an SVR rate of 88% in this cohort, and 
there was no significant difference in cure rates between mITT 
rates of active and non-active PWID (P = .1157) (Table 5).

DISCUSSION

This study presents real-world data on the efficacy of interfer-
on-free DAA HCV therapy in a vulnerable population, 88% of 
whom were identified as PWID. With an overall ITT SVR rate 

Intent-to-treat
population (n = 229)

EOT RNA available
(n = 223)

SVR (n = 207)

Patients initiating all-oral teatment
(n = 291)

Lost to follow-up (n = 4)

Lost to follow-up (n = 9)

Death post-SVR (n = 2)

Reinfection (n = 0)

Relapse (n = 7)
Postrelapse death (n = 1)

Discontinuation due to psychiatric
comorbidities (n = 2)

Still on
treatment

(n = 62)

SOF/VEL (n = 41)
SOF/LDV (n = 5)
G/P (n = 1)
ELB/GRAZ (n = 15)

Regimen distribution:

Figure 1.  Flow diagram showing patients with available data and various outcomes.

Table 2. Overall SVR Rate and SVR Rates Per Regimen

Completed Regimens  
and Available SVR12 Value HCV Cure ITT SVR, % 95% CI mITT SVR, % Per-Protocol SVR, % Relapse LTFU/DC

Overall 229 207 90 86–94 93 96 7 13/2

 PRoD 80 73 88 83–96 95 96 3 3/1

 ELB/GRAZ 31 27 87 71–95 95 100 0 4/0

 SOF/LDV 58 51 88 77–94 91 94 3 4/0

 SOF/VEL based 32 30 94 80–98 94 97 1 0/1

 Other regimens 28 26 93 77–98 93 100 0 2/0

RBV based 96 88 92 84–96 94 97 3 4/1

Abbreviations: DC, discontinuation; ELB/GRAZ, elbasvir/grazoprevir; ITT, intent-to-treat; LDV, ledispasvir; LTF, lost to follow-up; mITT, modified intent-to-treat; PRoD, paritaprevir/ritonavir/
ombitasvir plus dasabuvir; RBV, ribavirin; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatisvir.
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of 90%, an mITT SVR rate of 93%, and a low rate of LTFU of 
6%, these data provide evidence to support expansion of HCV 
treatment programs among PWID, as recommended by the 
most current guideline documents [18, 19].

These data reproduce the SVR rates reported in post hoc 
analyses of patients enrolled in the registrational studies of the 
DAA regimens that we utilized [20, 21]. They reproduce the 
SVR rates (90%–95%) obtained in the only preregistrational 

study allowing participation of active PWID (C-EDGE 
CO-STAR) and the SVR rate [22]. They reproduce the SVR 
rate (94%) of the SIMPLIFY study of sofosbuvir/velpatasvir, 
conducted exclusively among recent or current PWID [23, 
24]. And, importantly, the rigorous patient retention strate-
gies we have employed have produced LTFU rates lower than 
those reported in real-world cohorts of non-PWID popula-
tions. Anecdotally, since the data lock that preceded this ana-
lysis, 9/13 LTFU individuals have been re-engaged in care, 
producing a residual LTFU rate of 2% (n/N  =  4/229). This 
suggests that a multidisciplinary approach to managing social, 
psychiatric, medical, and addiction-related needs could be a 
highly relevant strategy to engage patients in care and re-en-
gage those who were LTFU [25]. In fact, the use of multidisci-
plinary systems is key to addressing addiction-related needs, 
as treatment o f PWID in nonmultidisciplinary settings is not 
recommended given the diversity of their needs [26]. Of 3 
deaths (all occurring post-EOT), 1 was due to an opiate over-
dose, highlighting the high-risk nature of this population and 
the critical need for enhanced post-treatment follow-up.

To our knowledge, there have been no real-world studies 
comparing the efficacy of interferon-free DAA therapies in 
the PWID population. Given the size of our cohort, we chose 

Table 3. Comparison of HCV Regimens

Regimen Compared With: P Value

PRoD ELB/GRAZ .4968

SOF/LDV .5756

SOF/VEL based 1.000

Other regimens 1.000

ELB/GRAZ SOF/LDV 1.000

SOF/VEL based .4258

Other regimens .6732

SOF/LDV SOF/VEL based .7133

Other regimens .7187

SOF/VEL Other regimens 1.000

Abbreviations: ELB/GRAZ, elbasvir/grazoprevir; LDV, ledispasvir; PRoD, paritaprevir/ritona-
vir/ombitasvir plus dasabuvir; SOF, sofosbuvir; VEL, velpatisvir.

ITT SVR n/N = 207/229

n/N = 154/175

n/N = 53/54

n/N = 53/54

n/N = 183/200

n/N = 41/46

n/N = 57/68

n/N = 93/98

n/N = 83/87

n/N = 92/109

n/N = 135/146

n/N = 72/83

n/N = 15/18

n/N = 192/211

n/N = 53/60

n/N = 154/169

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

90%

88%

98%

92%

83%

89%

84%

95%

95%

84%

92%

87%

83%

91%

88%

91%

No

No

Yes

Yes

No

Yes

No

Yes

<40

Female

Male

Se
x

A
ge

O
ST

Fi
br

os
is

H
IV

A
ct

iv
e

PW
ID

T
re

at
m

en
t

ex
pe

ri
en

ce

>40

F4

F2-F3

F0-F1

Figure 2. Stratified intent-to-treat sustained virologic response rates by key variables.
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to compare, in an exploratory fashion, the SVR rates obtained 
with PRoD, ELB/GRAZ, SOF/LDV, and SOF/VEL, and we did 
not detect any significant differences in the efficacy of these 
regimens. Del Rio-Valencia et  al. found a significant differ-
ence in SVR rates comparing SOF/LDV and SOF/daclatasvir 
(DCV), with SOF/DCV proving to be more effective in gen-
otype 3 patients [27]. However, using SOF/LDV in patients 
with genotype 3 is an off-label utilization, hence the low SVR 
rates [18]. This suggests that when treating HCV infection 
among PWID, health care providers should feel comfortable 
prescribing any of the available DAA regimens as long as they 
are being used according to label indications.

Stratified SVR rates by key variables and comparison of these 
variables show that treatment-experienced patients were signif-
icantly (P = .0317) more likely to achieve SVR. In most cases, the 
prior regimens included interferon, and most cases were viro-
logic relapses. This population may have an enhanced response 
to subsequent therapy, from a biologic perspective [28, 29].  
There may also be a motivational component to succeed in the 
setting of prior failure of a regimen with major adverse events 
[4]. This may have enhanced commitment to the current course 
of treatment and enhanced adherence, leading to the slightly 
higher SVR rates we observed.

More active PWID (those injecting in the past 6  months) 
were also significantly less likely to achieve SVR compared with 
less active PWID (P = .0185). This did not relate to virologic fail-
ure, but LTFU. No significant difference between the 2 groups 
was observed on mITT analysis (P  =  .1157). This highlights 
the critical need to address LTFU in populations such as these, 
particularly those who are injecting drugs during treatment, 
as 89% of those who were LTFU belonged to this subgroup. It 
is worth noting that those who were LTFU post-EOT all had 

undetectable viral loads, confirming cure and demonstrating 
the efficacy of DAA therapy even in the setting of active drug 
use during treatment. This can be achieved when multidiscipli-
nary systems are implemented and active approaches to mini-
mize LTFU are in place.

This study has some limitations. Patients were not randomly 
selected to receive HCV treatment or to be integrated into our 
multidisciplinary model of care. It is possible that the patients 
on whom we report were more highly motivated to receive 
treatment and that they are not completely representative of the 
PWID population as a whole. Conversely, due to fear of stig-
matization, it may be that recreational drug use was under-re-
ported in some cases and that some patients were misclassified 
as non-recent PWID. If this is the case, the significance of our 
results would be further enhanced. Finally, this is a single-arm, 
noncomparative analysis. It is not possible to evaluate which of 
the components of our model contributed directly to its suc-
cess. It could be worthwhile to conduct a randomized study to 
address this issue to inform public health policy around more 
widespread implementation of HCV treatment programs in this 
population.

In conclusion, HCV treatment delivered to PWID within 
a multidisciplinary program of care to address medical, social, 
psychological, and addiction-related aspects of care leads to 
very high SVR rates and very low rates of LTFU, irrespective of 
the DAA regimen prescribed. Our findings add to the body of 
knowledge supporting the expansion of HCV treatment pro-
grams in this vulnerable population, which includes a high num-
ber of core-transmitters of the infection. Approaches such as ours 
will be essential to the achievement of the goals of the World 
Health Organization to eliminate HCV as a public health con-
cern by 2030 [16].

Table 4. Significance of ITT SVR Rates by Key Variables

Variable P Value (ITT Analysis)

Sex Male .4426

Age >40 .3928

<40

OST Yes .1685

No

Active PWID Yes .0185

No

Fibrosis F0-F1 .061421

F2-F3

F4

HIV Yes .3022

No

Treatment experience Yes .0317

No

Drug use during treatment Yes .8182

No

Abbreviations: active PWID, injected drugs in past 6 months; ITT, intent-to-treat; OST, opi-
ate substitution therapy; PWID, people who inject drugs.

Table 5. Active PWID Subanalysis

Active PWID (n = 109) Value

SVR, n (%) 92 (84)

Non-SVR, n (%) 17 (16)

Reason for non-SVR

LTFU (% of all LTFU) 9 (70)

D/C (% of all D/C) 2 (100)

Relapse (% of all relapse) 6 (86)

LTFU in active PWID (n = 9)

Pre-EOT LTFU, n (%) 4 (44)

Post-EOT LTFU, n (%) 5 (66)

Undetectable HCV RNA at EOT, n (%) 5 (100)

mITT SVR in active PWID, % 88

P value (vs mITT in nonactive PWID) .1157

Injection during treatment, n (%) 8 (89)

Abbreviations: active PWID, injected drugs in past 6 months; D/C, discontinuation; EOT, 
end of treatment; ITT, intent-to-treat; LTFU, lost to follow-up; mITT, modified intent-to-
treat; OST, opiate substitution therapy; PWID, people who inject drugs; SVR, sustained 
virological response.
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