
                                                                    

University of Dundee

Adherence to sofosbuvir and velpatasvir among people with chronic HCV infection and
recent injection drug use
Cunningham, Evan B.; Amin, Janaki; Feld, Jordan J.; Bruneau, Julie; Dalgard, Olav

Published in:
International Journal of Drug Policy

DOI:
10.1016/j.drugpo.2018.08.013

Publication date:
2018

Licence:
CC BY-NC-ND

Document Version
Peer reviewed version

Link to publication in Discovery Research Portal

Citation for published version (APA):
, Cunningham, E. B., Amin, J., Feld, J. J., Bruneau, J., Dalgard, O., Powis, J., Hellard, M., Cooper, C., Read, P.,
Conway, B., Dunlop, A. J., Norton, B., Litwin, A. H., Hajarizadeh, B., Thurnheer, M. C., Dillon, J. F., Weltman,
M., Shaw, D., ... Grebely, J. (2018). Adherence to sofosbuvir and velpatasvir among people with chronic HCV
infection and recent injection drug use: The SIMPLIFY study. International Journal of Drug Policy, 62, 14-23.
https://doi.org/10.1016/j.drugpo.2018.08.013

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 22. May. 2023

https://doi.org/10.1016/j.drugpo.2018.08.013
https://discovery.dundee.ac.uk/en/publications/5a3167a8-6c18-4a09-9b90-fafdb6bd3030
https://doi.org/10.1016/j.drugpo.2018.08.013


1 

TITLE PAGE 

Adherence to sofosbuvir and velpatasvir among people with chronic HCV infection and 

recent injection drug use: the SIMPLIFY study 

Evan B. Cunningham
1
, Janaki Amin

1,2
, Jordan J Feld

3
, Julie Bruneau

4
, Olav Dalgard

5,6
, Jeff Powis

7
, 

Margaret Hellard
8,9

, Curtis Cooper
10

, Phillip Read
1,11

, Brian Conway
12

, Adrian J Dunlop
13,14

, Briana 

Norton
15

, Alain H. Litwin
15

, Behzad Hajarizadeh
1
, Maria Christine Thurnheer

16
, John F Dillon

17
, Martin 

Weltman
18

, David Shaw
19

, Philip Bruggmann
20

, Edward Gane
21

, Chris Fraser
22

, Philippa Marks
1
, Tanya L 

Applegate
1
, Sophie Quiene

1
, Sharmila Siriragavan

1
, Gail V. Matthews

1,23
, Gregory J Dore

1,23
 and Jason 

Grebely
1 
on behalf of the SIMPLIFY study group 

1
The Kirby Institute, UNSW Sydney, Sydney, Australia,

 2
Faculty of Medicine and Health Sciences, 

Macquarie University, Sydney, Australia, 
3
Toronto General Hospital, Toronto, 

4
Centre Hospitalier de 

l'Université de Montréal, Canada, 
5
Akershus University Hospital, Oslo, Norway,

 6
 Institute of Clinical 

Medicine, University of Oslo, Oslo, 
7
South Riverdale Community Health Centre, Toronto, Canada, 

8
The 

Burnet Institute, Melbourne, Australia, 
9
Department of Infectious Disease, The Alfred Hospital, Melbourne, 

Australia, 
10

Ottawa Hospital Research Institute, Ottawa, Canada, 
11

Kirketon Road Centre, Sydney, 

Australia, 
12

Vancouver Infectious Diseases Center, Vancouver, Canada,
 13

Drug & Alcohol Clinical 

Services, Hunter New England Local Health District, 
14

Centre for Translational Neuroscience and Mental 

Health, Hunter Medical Research Institute & University of Newcastle,
 15

Montefiore Medical Centre, New 

York, United States and Albert Einstein College of Medicine, New York, United States, 
16

Department of 

Infectious Diseases, Bern University Hospital, 
17

Ninewells Hospital and Medical School, University of 

Dundee, Dundee, United Kingdom, 
18

Nepean Hospital, Penrith, Australia,
 19

Royal Adelaide Hospital, 

Adelaide, Australia,
 20

Arud Centres for Addiction Medicine, Zurich, Switzerland, 
21

Auckland City Hospital, 

Auckland, New Zealand,
 22

Coolaid Community Health Centre, Victoria, Canada, 
23

St Vincent’s Hospital, 

Sydney Australia.  

© 2018. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/



 

2 

 

 

Corresponding Author: 

Evan Cunningham 

The Kirby Institute 

UNSW Sydney 

Wallace Wurth Building  

UNSW NSW 2052 Australia 

E-mail: ecunningham@kirby.unsw.edu.au 

 

Word count: 4138 

 

Tables and figures: 4 Tables, 4 Figures, and 2 supplementary tables 

 

Keywords: HCV, treatment, PWID, drug use, injecting drug users, compliance, OST, blister pack, 

stimulants, amphetamine, cocaine 

 

  

mailto:ecunningham@kirby.unsw.edu.au


 

3 

 

Abstract 

Background: This study investigated treatment adherence among people with recent injecting 

drug use in a study of sofosbuvir/velpatasvir therapy for HCV infection. Methods: SIMPLIFY is 

an international open-label, single-arm multicentre study that recruited participants with recent 

injecting drug use (previous six months) and chronic HCV genotype (G) 1-6 infection between 

March and October, 2016 in seven countries (19 sites). Participants received 

sofosbuvir/velpatasvir once-daily for 12 weeks administered in a one-week electronic blister pack 

(records the time and date of each dose) for 12 weeks. We evaluated non-adherence (<90% 

adherent) as measured by electronic blister-pack assessed using logistic regression and generalised 

estimating equations (continuous) with detailed analyses of dosing dynamics. Results: Among 

103 participants, 97% (n=100) completed treatment. Median adherence to therapy was 94%. 

Overall, 32% (n=33) were considered non-adherent (<90% adherence). Adherence significantly 

decreased over the course of therapy. Recent stimulant injecting (cocaine and/or amphetamines) at 

treatment initiation and during treatment was independently associated with non-adherence. 

Inconsistent dose timing (standard deviation of daily dose timing of ≥240 minutes) was also 

independently associated with non-adherence to therapy. Factors associated with inconsistent dose 

timing included lower levels of education and recent stimulant injecting. SVR was similar among 

adherent and non-adherent populations (94% vs. 94%, P=0.944). Conclusion: This study 

demonstrated high adherence to once-daily sofosbuvir/velpatasvir therapy among a population of 

people with recent injecting drug use. Recent stimulant injecting prior to and during DAA therapy 

and inconsistent dose-timing during treatment was associated with non-adherence. However, there 

was no impact of non-adherence on response to therapy, suggesting that adherence is not a 

significant barrier to successful DAA therapy in people with recent injecting drug use. 
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Introduction 

There is a significant burden of hepatitis C virus (HCV) infection among people who inject drugs 

(PWID) globally [1]. The World Health Organization has set a goal to eliminate HCV as a major 

global public health concern by 2030. Between 2015 and 2030, targets include reducing new 

infections by 80%, reducing HCV deaths by 65%, increasing HCV diagnoses from <20% to 90%, 

and increasing the number of eligible persons receiving treatment from <10% to 80% [2]. Given 

that 23% of new HCV infections occur among recent PWID globally [3], scale up of HCV therapy 

will be required among this population to achieve HCV elimination targets in many countries. 

While HCV therapy has been demonstrated to be safe and effective in PWID [4], some countries 

including certain states in the United States and a number of European countries continue to 

withhold HCV therapy from people with ongoing injecting drug use. These restrictions are 

implemented at the level of government policy for the reimbursement of HCV DAA therapies and 

are based in part on concerns of poor adherence to therapy [5-7].  

 

Studies in the interferon era demonstrated that treatment completion and adherence among recent 

PWID is comparable to people without recent injecting drug use [8, 9].[8, 9]. In the era of direct 

acting antiviral (DAA) therapy, studies have demonstrated that adherence to DAA therapy is high 

among people receiving opioid substitution therapy (OST) [10-15].[10-15]. However, there are 

limited data on adherence to DAA therapy among people with recent injecting drug use [4]. 

Further data is needed to fully understand HCV treatment adherence in the DAA era among recent 

PWID, including the evaluation of daily dosing dynamics and factors associated with adherence 

among people with recent injecting drug use. 

 

SIMPLIFY is an international multicentre, open-label phase 4 trial evaluating the efficacy and 

safety of a fixed-dose once-daily combination of sofosbuvir and velpatasvir for 12 weeks in 
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patients infected with HCV genotypes 1 through 4 with recent injecting drug use (in the last six 

months). Overall, 96%The primary study analysis demonstrated that 96% of the population 

completed therapy, the median adherence was 94% and the proportion who achieved SVR was 

94% [16].  

 

The aims of this analysis from the SIMPLIFY study were to further evaluate adherence to HCV 

DAA therapy and associated factors among PWID, evaluate dosing dynamics including 

consistency of dose timing and the change in adherence over the course of therapy, and compare 

adherence as measured by self-report and electronic blister-pack.  



 

6 

 

Methods 

Study design and participants 

In this international, multicentre, open-label phase 4 trial, we enrolled participants from 19 sites, 

in Australia (seven sites), Canada (six sites), New Zealand (one site), Norway (one site), 

Switzerland (two sites), the UK (one site), and the USA (one site). We recruited people from three 

drug treatment clinics, 12 hospital clinics, a private practice, and three community clinics [17]. 

 

Participants had to be >18 years of age, have chronic HCV genotypes 1-6 (but no patients with 

genotype 5 or 6 were enrolled), be naïve to NS5A-based HCV therapy, and have recent injecting 

drug use (self-reported injecting drug use within six months of enrolment). Participants with HIV 

infection and/or decompensated liver disease were excluded. Full eligibility criteria are provided 

in the study protocol as previously published [16]. 

 

All participants gave written informed consent before study procedures started. The study protocol 

was approved by St Vincent’s Hospital, Sydney Human Research Ethics Committee (primary 

study committee), and local ethics committees at all study sites, and was done according to the 

Declaration of Helsinki and International Conference on Harmonisation Good Clinical Practice 

guidelines. An independent data and safety monitoring board reviewed the progress of the study. 

 

Procedures 

Patients received a fixed-dose combination tablet containing 400 mg of sofosbuvir and 100 mg of 

velpatasvir, administered orally once daily for 12 weeks. Participants received all study drugs 

weekly in an electronic blister pack (Information Mediary Corporation, Ottawa, Canada) with an 

integrated sensor grid that recorded the time and date that each daily dose was punched out of the 

pack, thus allowing us to track medication adherence. Participants were instructed to maintain the 
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same daily dosing interval and if a dose was missed to take the dose as soon as possible on the 

same day. In cases of a missed day of treatment, participants were instructed not to double the 

next dose. Participants were given the equivalent of AUS$10 as an incentive to return the blister 

pack. Once the packs were returned, a specific reader was used to download data on adherence. In 

addition to blister-pack measurement, adherence was also measured by counting any pills 

remaining in the blister-pack when returned and through the completion of a self-reported 

adherence questionnaire every four weeks to record the number of missed doses in the last 28 

days. and the patient-reported reasons for missed doses.  

 

We assessed participants at screening, enrolment (baseline), weeks 2, 4, 8, and 12 (end) of 

therapy, and at weeks 16 (SVR4), 24 (SVR12), and 36 (SVR24) after the beginning of treatment. 

Participants also visited the study site weekly to receive their medication in the electronic blister 

pack. Study nurses and physicians provided services to reduce risk and harm (eg, access to sterile 

syringes, other injecting equipment, and opioid substitution therapy) as per standard of care in 

their country. 

 

Participants completed a self-administered questionnaire on a tablet computer at enrolment,  

baseline (start of treatment), every fourth week during treatment, and at 12 weeks after completing 

treatment. Participants received the equivalent of AUS$20 for their time and expenses. The 

questionnaires collected information on demographics (age, sex, ethnicity, employment status, 

education level, and housing status), drug and alcohol use, injecting risk behaviours, drug 

treatment, and health utility. To assess alcohol consumption, we used the Alcohol Use Disorders 

Identification Test–Consumption, which is derived from the first three questions of the full test; 

scores of 3 or more (women) and 4 or more (men) indicate hazardous consumption or active 

alcohol use disorders.  
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Outcomes 

The primary outcome of this analysis was treatment non-adherence, as measured by receiving 

<90% of doses to a maximum of one dose per day. consistent with previous studies into 

medication adherence [18, 19]. A secondary endpoint analysed in this study was inconsistent dose 

timing, as measured by a standard deviation of daily dose timing of ≥240 minutes and ongoing 

daily adherence. 

 

Daily adherence was measured by electronic blister-packs which recorded the date and time each 

dose of sofosbuvir/velpatasvir was removed. Each day was assigned 0 if no doses were removed 

from the blister-pack or was assigned 1 if at least one dose was removed from the blister-pack on 

an individual day of therapy. On days where more than one dose was removed, participants were 

assigned an adherence of 1 for the day. 

 

Weekly adherence to sofosbuvir/velpatasvir was calculated as the number of doses removed from 

a blister-pack in a given treatment week (to a maximum of seven) divided by seven days.  

 

Overall adherence was calculated by dividing the number of total doses removed from the blister-

pack (to a maximum of one per day) by the total number of expected doses (84 doses). Among 

individuals in whom therapy was extended, adherence was calculated as the proportion of 

expected doses received in the first 84 days of therapy. In the case of a damaged blister-pack from 

which data could not be retrieved, clinical pill count data was used. 

 

Self-reported overall adherence to sofosbuvir/velpatasvir therapy was calculated by subtracting the 

total number of missed doses reported by the participant in each four week period (three periods 
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over 84 days) from the total expected number of doses (n=84). The number of reported doses was 

then divided by the total expected number of doses (n=84). 

 

Inconsistent dose timing was determined by calculating the standard deviation in daily dose timing 

in minutes. The standard deviation of dose timing for each participant was then stratified by <240 

minutes and ≥240 minutes to represent consistent dose timing and inconsistent dose timing 

respectively. 

 

Statistical Analyses 

Daily blister-pack was assessed and the proportion of participants with overall adherence of <90% 

was calculated. Participants with <90% and ≥90% adherence were compared using Chi-square or 

Fisher’s exact test, as appropriate.  

 

Logistic regression was used to assess baseline predictors of <90% adherence (non-adherence) and 

dosing consistency. Factors hypothesised to be predictive of non-adherence and inconsistent dose 

timing were determined based on factors previously shown or hypothesised to be associated with 

adherence to HCV therapy. These predictors included age (stratified by median), sex, education, 

hazardous alcohol consumption at baseline, current OST at baseline, recent (past month) injecting 

drug use at baseline, recent heroin injecting at baseline, recent cocaine injecting at baseline, recent 

amphetamine injecting at baseline, recent stimulant (cocaine and/or amphetamine) injecting at 

baseline, and frequency of injecting drug use at baseline. Unadjusted logistic regression analyses 

were performed to estimate odds ratios (OR) and corresponding 95% confidence intervals (95% 

CI) to identify predictors of an overall adherence of <90% and inconsistent dose timing. All 

variables with p<0.20 in the unadjusted analyses were considered for multivariate logistic 

regression models using a backward stepwise approach and sequentially eliminated subject to the 
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result of a likelihood ratio test. Odds ratios and corresponding 95% confidence intervals were 

generated to identify on-treatment behavioural predictors of an overall adherence of <90%. 

 

Logistic regression was also used to assess on-treatment behavioural factors associated with non-

adherence. On-treatment behavioural factors hypothesised to be associated with non-adherence 

included hazardous alcohol consumption on treatment, OST on treatment, any injecting drug use 

on treatment, any heroin injecting on treatment, any cocaine injecting on treatment, any 

amphetamine injecting on treatment, any stimulant (cocaine and/or amphetamine) injecting on 

treatment, average dose timing on treatment, and consistency of dose timing on treatment. 

Unadjusted logistic regression analyses were performed to identify factors associated with an 

overall adherence of <90%. All variables with p<0.20 in the unadjusted analyses were considered 

for multivariate logistic regression models using a backward stepwise approach as above.  

 

Generalised estimating equation (GEE) analyses were used to investigate the change in adherence 

over the course of therapy and the impact of on-treatment behavioural factors on treatment 

adherence. GEE methods were used to account for the correlated nature of repeated measurements 

among individual participants and to provide a detailed time-updated analysis of ongoing 

treatment adherence. The impact of time on treatment was assessed by including day of treatment 

as a factor in GEE analyses with the effect reported per study week. On-treatment behavioural 

factors hypothesised to be associated with non-adherence included hazardous alcohol consumption 

on treatment, OST on treatment, any injecting drug use on treatment, any heroin injecting on 

treatment, any cocaine injecting on treatment, any amphetamine injecting on treatment, any 

stimulant injecting on treatment, and treatment duration. GEE models were specified using a 

gaussian family function. ORs with corresponding 95% CIs and p-values were calculated. All 
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variables with p<0.20 in the unadjusted analyses were considered for multivariate logistic 

regression models using a backward stepwise approach as above. 

 

Statistically significant differences were assessed at p<0.05; p values are two-sided. All analyses 

were performed using the statistical package Stata v14.1 (College Station, TX, United States). 

 

Role of the funding source 

The study (including study medications) was funded by a research grant from Gilead Sciences. 

The sponsor (The Kirby Institute, UNSW Sydney) designed the study, collected the data, managed 

study samples, monitored study conduct and performed the statistical analysis. 
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Results 

Baseline characteristics 

Overall, 103 participants were enrolled in the study and initiated HCV therapy. The baseline 

demographic and behavioural characteristics of the participants are shown in Table 1. The median 

age was 48 years, 72% were male, and 48% reported an education level of high school or greater.  

 

Fifty-six percent of participants were receiving OST at baseline and 74% reported injecting drug 

use in the last month. Twelve percent of participants neither injected drugs in the last month nor 

were receiving OST at baseline. The drugs most commonly injected in the month prior to 

commencement of therapy were heroin (55%) and amphetamines (30%; Table 1). 

 

Treatment completion, adherence, and dosing patterns 

Overall, 97% (n=100) of participants completed treatment (Table 2). Reasons for not completing 

treatment were loss to follow-up (n=2) and death due to overdose (n=1).  

 

The overall daily blister-pack adherence was 94% (IQR 88-98%; Table 2 and Figure 1). 

Adherence was higher when measured by weekly blister-pack adherence (98%, IQR 94-100%) 

and self-reported adherence (99%, IQR 98-100%; Table 2 and Figure 2). Patient reported reasons 

for non-adherence were available in 81 instances over the course of therapy and included “Forgot” 

(n=54, 67%), “Inaccessible at time of dose” (n=14, 17%), “Lost pill(s)” (n=7, 9%), and “Other” 

(n=6, 7%). There were five instances of a damaged blister-pack from which electronic adherence 

data could not be obtained. In all cases of damaged blister-packs, no pills remained in the returned 

blister-pack and therefore these days with missing adherence data were counted as doses received. 

One participant had no available blister-pack data due to being lost to follow-up before the return 

of the first blister-pack. 
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By daily blister-pack measurement, the majority of participants missed at least one daily dose with 

88% missing at least one dose of scheduled therapy. The majority (54%) of participants missed 

between one and eight daily doses of sofosbuvir/velpatasvir therapy (Table 2) and 54% of 

participants missed no more than one consecutive day of therapy.  Eleven participants had at least 

one episode of nonadherence for ≥7 consecutive days with one participant having two episodes of 

nonadherence for ≥7 consecutive days. These episodes of nonadherence of ≥7 days occurred in 

four participants (4%) in the first six weeks of therapy and in eight participants (8%) in the last 6 

weeks of therapy. Individual examples of adherent and non-adherent participant’s dosing patterns 

are shown in Figure 3a and 3b respectively. 

 

Daily dose timing as collected by electronic blister-pack was tabulated to determine the average 

time of day during which participants took their dose (Table 2). The majority of participants, on 

average, took their daily dose in the morning or afternoon (5:00 AM–11:59 AM, 41%; 12:00 PM-

4:59 PM; 82, 41%). Daily dose timing was inconsistent, with only 24% (24 of 102) of participants 

with available blister-pack data demonstrating a standard deviation in dose time of less than 120 

minutes. Daily blister-pack adherence of ≥90% was reported in 100% (24 of 24), 77% (33 of 43), 

and 31% (11 of 35) of those with a standard deviation in dose time of less than 120 minutes, 120-

240 minutes, and ≥240 minutes respectively.  

Baseline predictors of overall blister-pack adherence 

The proportion of participants with <90% blister-pack adherence stratified by key behavioural and 

demographic characteristics is shown in Table 3. In unadjusted logistic regression analyses, the 

only baseline factor that was associated with non-adherence to therapy was injecting stimulants 

(cocaine and/or amphetamines) in the last month at baseline (OR 2.77, P=0.019; Table 3).  
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On-treatment behavioural predictors of overall blister-pack adherence 

The proportion of participants with <90% blister-pack adherence stratified by key on-treatment 

behavioural characteristics is shown in Table 4. In unadjusted logistic regression analyses, on-

treatment behavioural factors that were associated with non-adherence to therapy included 

amphetamine injecting during treatment, stimulant injecting during treatment, and a standard 

deviation of dose timing of ≥240 minutes. In adjusted analyses, behavioural factors which were 

associated with non-adherence to therapy were stimulant injecting on treatment (adjusted odds 

ratio [aOR] 3.33, P=0.023), and a standard deviation of dose timing of ≥240 minutes (aOR 12.57, 

P<0.001; Table 4).  

 

In GEE analyses past month stimulant injecting during treatment remained associated with daily 

nonadherence to therapy (aOR 2.13, P<0.001). Past month heroin injecting was also associated 

with daily nonadherence to therapy (aOR 1.78, P<0.001) in GEE analyses (Supplementary table 

1). 

 

Change in adherence over the course of therapy 

Change in adherence over the course of therapy is illustrated in Figures 2 and 4. In GEE analyses, 

later study visit was associated with non-adherence to therapy (per week; aOR 1.08, P<0.001; 

Supplementary table 1).  

 

Baseline predictors of inconsistent dose timing 

The proportion of participants with blister-pack data with a standard deviation of dose timing of 

≥240 minutes stratified by key behavioural and demographic characteristics is shown in Table 5. 
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In unadjusted analyses participants with less than high school education were more likely to take 

their dose at inconsistent times. In adjusted analyses, baseline factors which were associated with 

inconsistent dose timing were less than high school education (aOR 2.77, P=0.025) and recent 

stimulant injecting (aOR 2.43, P=0.048; Supplementary Table 2). 

 

Impact of DAA adherence on sustained virologic response 

There were no cases of virological failure or virological relapse among participants in this study 

[16]. There was no difference in SVR among those with sofosbuvir/velpatasvir adherence ≥90% 

(94%, 66 of 70) as compared to those with sofosbuvir/velpatasvir adherence of <90% (94%, 31 of 

33, P=0.944). There was also no statistically significant difference in the proportion achieving 

SVR between those with (93%, 85 of 91) and without missed doses during therapy (100%, 12 of 

12, P=0.359). However, compared to the proportion with SVR in those patients who received all 

12 weeks of therapy (9897%, 97 of 99100), participants who did not complete therapy (0%, 0 of 

43) had a significantly lower likelihood of achieving SVR due to loss to follow-up or death 

(P<0.001). Of the 11 participants with at least one episode of nonadherence for ≥7 consecutive 

days, nine (82%) completed treatment and there were no cases of virological failure. 
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Discussion 

This study investigated adherence to once-daily sofosbuvir/velpatasvir therapy for HCV infection 

among a cohort of people with recent injecting drug use. A high adherence to therapy was 

observed overall, but treatment adherence declined during therapy. Recent stimulant injecting at 

the time of treatment initiation was associated with non-adherence to therapy. During treatment, 

stimulant injecting and inconsistent dose timing were associated with non-adherence. Adherence 

did not impact response to therapy. These data demonstrate that adherence to HCV DAA therapy 

among PWID can occur concurrently with ongoing injecting drug use. However, recent stimulant 

injecting prior to and during therapy was associated with non-adherence to therapy.  

 

The overall median adherence to sofosbuvir/velpatasvir was high at 94%.% as measured by 

electronic blister pack with higher adherence as measured by self-report, consistent with a recent 

study of HCV DAA therapy which monitored adherence using measured using medication event 

monitoring system (MEMS) caps [20]. However, 88% of participants missed at least one dose of 

therapy, with the majority only missing between one and eight doses. The adherence observed in 

this study is higher than adherence observed in studies of interferon-based therapies among PWID 

[9, 18][9, 21] and similar to what has been observed in previous studies of HCV DAA therapy 

among people receiving OST [19-24].[20, 22-26]. This similarity was observed despite the strict 

definition of adherence used in this study based on data collection using an electronic blister-pack. 

It is likely that the weekly contact with healthcare providers and the use of a blister-pack for the 

administration of therapy may have assisted with improving adherence. However, despite 

imperfect daily adherence and the inconsistent adherence patterns observed, treatment completion 

and response to therapy was high with 96% of participants completing therapy and 94% of all 

participants achieving an SVR with no virological failures [16]. All treatment failures were due to 

treatment non-completion and post-treatment loss to follow-up. One hundred percent of 
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participants who completed treatment and attended their SVR12 visit achieved an SVR. There was 

no impact of non-adherence on SVR. Episodes of non-adherence of ≥7 consecutive days which 

occurred in 11 participants did not impact the proportion achieving SVR. These data suggests that 

once-daily sofosbuvir/velpatasvir is a robust regimen with some forgiveness in terms of the level 

of adherence required to achieve an SVR.  

  

Recent stimulant injecting prior to and during treatment was associated with non-adherence to 

therapy. Although previous studies in the interferon era demonstrated that recent injecting drug 

use at baseline was not associated with reduced adherence to HCV therapy [8, 9, 23, 25-32][8, 9, 

25, 27-34] or treatment completion [9, 25, 27, 33][9, 27, 29, 35], many of these studies were 

limited by small sample sizes, were conducted at a single centre, and were retrospective (without 

standardized collection of drug use data). More recent studies conducted in the DAA era have 

demonstrated an association between recent drug use and reduced adherence to HCV therapy in 

people with a history of injecting drug use [22, 24].[20, 26]. This study of people with recent 

injecting drug use is consistent with these findings and provides novel data to demonstrate that the 

type of drug injected, specifically stimulants, may have an impact on adherence to DAA therapy 

among recent PWID. Although non-adherence did not impact SVR in this study, interventions to 

improve adherence may be needed in the context of shortened treatment where the impact of non-

adherence may be amplified.  

 

Very little is known about the dosing dynamics of HCV treatment among PWID. In this study, 

electronic blister-pack monitoring of therapy allowed for detailed analysis of dosing dynamics 

including episodes of nonadherence, dose timing and the consistency of dose timing. Analyses of 

episodes of nonadherence demonstrated that consecutive missed doses were common with 46% of 

participants having at least one episode of nonadherence longer than a single day and 11% of 
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participants missing at least seven consecutive days of therapy. The method of evaluating 

adherence to HCV therapy using an electronic blister pack is novel, providing considerable insight 

into adherence in this setting and may have applications in other settings (for HCV treatment and 

adherence to therapies for other conditions). Given the lack of virologic failure in this study it is 

apparent that these brief episodes of non-adherence did not impact SVR. Further, even among 

people with >7 consecutive missed doses, there were no cases of virological relapse or non-

response. Further research is needed to fully understand the impact of missed doses of therapy 

(particularly extended periods of missed doses) on treatment outcomes and to determine the 

threshold at which SVR is hampered.  

 

In logistic regression analyses participants with inconsistent dose timing were more likely to be 

non-adherent to therapy. Lower education levels and recent stimulant injecting were found to be 

associated with inconsistent dose timing. Similar to the analysis of factors associated with non-

adherence, this finding suggests that interventions to enhance treatment adherence among 

participants with stimulant injecting may be needed. In particular, interventions which aid in 

consistent dose timing among this population could be beneficial. However, the improved 

adherence among the group with consistent dose timing may have been a result of unmeasured 

factors and therefore further research is needed to understand if interventions to improve 

consistency in dose timing could result in improved adherence. 

 

The measurement of adherence by electronic blister-pack also allowed for a detailed investigation 

of the change in adherence over the course of therapy. Later time points during therapy were 

independently associated with reduced daily adherence, consistent with a recent study of inner-

city patients in the United States which demonstrated a decrease in adherence to DAA therapy 

over the course of treatment [22].[20]. Given the high potency of many modern DAA regimens, 
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there have been a number of recent studies investigating shortened HCV DAA therapy [34-

36].[36-38]. This finding of decreased treatment adherence over the course of therapy suggests 

that these efforts to shorten therapy could potentially result in increased overall treatment 

adherence among PWID.  

  

This study had some limitations. Despite the robust measurement of treatment adherence using 

electronic blister-packs to record the date and time of doses, this measurement relied on the 

accurate usage of the device. In some instances, multiple pills were removed on one day followed 

by missed doses on subsequent days. By daily blister-pack adherence, this would have only 

counted as one dose given that dosing is meant to be daily. If the previously removed pill was 

taken on a subsequent day, this dose would not be recorded by the blister-pack. As a result, daily 

blister-pack adherence likely represents an underestimation of the true adherence to therapy. 

Conversely, weekly blister-pack adherence assumes that the patient took all pills removed in a 

given week when this may not be the case (e.g. multiple pills removed on the last day of the week 

before the blister-pack was retuned). As a result, weekly blister-pack adherence likely 

overestimates the true treatment adherence. Thus, true adherence probably exists somewhere 

between daily and weekly blister-pack measurements. Despite this, daily blister-pack 

measurement is a significantly more robust method for measuring adherence when compared to 

clinical pill count or self-report and provides interesting insights into the dosing dynamics of 

PWID. Although SIMPLIFY is an international study, these results cannot necessarily be 

generalised to the wider PWID population. Patients were treated at hospital-based HCV clinics, 

community-based drug treatment clinics, and community health centres experienced in HCV care 

in PWID. Furthermore, HIV-infected people were excluded from this study and the study 

population consisted of a high proportion of people on OST. As such, patients recruited into this 

study likely represent a somewhat selected population of PWID who are engaged with health 
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services and is not necessarily generalisable to treatment in other settings. or among populations 

with a differing prevalence of OST. These results also cannot necessarily be generalised to other 

DAA regimens which may require more complex dosing or increased pill burden and may have a 

lower barrier to resistance. Lastly, treatment adherence is a highly complex phenomenon that may 

be influenced by a number of unmeasured factors including the effect of close monitoring of 

adherence, as was done in this trial. Further, although the incentive given for return of the blister 

pack was not directly tied to a participant’s adherence, this incentive may have indirectly 

encouraged greater adherence to therapy. Despite these limitations this study represents a highly 

detailed and robust investigation of treatment adherence among a population of PWID with recent 

injecting drug use. 

 

Despite intermittent and consecutive days of nonadherence, SVR remained high with no cases of 

virological failure or viral relapse, demonstrating that there is some forgiveness with a regimen of 

once- daily sofosbuvir/velpatasvir [16]. However, further research is needed to investigate the 

impact of adherence to HCV DAA therapies on response to therapy in larger, more diverse studies 

of recent PWID and with other HCV regimens. Taken together, these data support the inclusion of 

PWID in HCV treatment strategies, which will be essential for achieving HCV elimination targets 

in many countries.
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Table 1: Participant baseline characteristics of all participants in the SIMPLIFY study 

Characteristic, n (%) Overall (n=103) 

Age, median (25%, 75%) 48 (41, 53) 

Male sex 74 (72) 

High school or greater education 49 (48) 

Any injecting drug use in the last month  
 

    Heroin 57 (55) 

    Cocaine 13 (13) 

    Amphetamines 31 (30) 

Any poly-drug injecting in the last month 40 (39) 

    Heroin and stimulant 15 (15) 

Single drug injecting in the last month  

    Only heroin 24 (23) 

    Only cocaine 3 (3) 

    Only amphetamines 10 (10) 

Injecting drug use frequency in the last month  
 

    Never 27 (26) 

    <daily 49 (48) 

    >daily 27 (26) 

Opioid substitution treatment (ever) 84 (82) 

OST and recent injecting (past month) at baseline 
 

    No OST, no recent injecting 12 (12) 

    No OST, recent injecting 33 (32) 

    OST, no recent injecting 15 (15) 

    OST, recent injecting 43 (42) 

Study site distribution 
 

    Australia/New Zealand  43 (42) 

    North America  40 (39) 

    Europe 20 (19) 
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Table 2: Treatment adherence and dosing patterns among all participants in the SIMPLIFY 

study 

Variable 
Overall (n=103) 

n (%) 

Treatment completion 100 (97) 

Missed doses of sofosbuvir/velpatasvir as measured by 

electronic blister-pack, n (%)  

    No missed doses (100%) 12 (12) 

    1-4 missed doses (95-<100%) 36 (35) 

    5-8 missed doses (90-<95%) 20 (19) 

    9-17 missed doses (80-<90%) 17 (17) 

    ≥18 missed doses (<80%) 18 (17) 

Longest episode of non-adherence*  

    1 day 44 (43) 

    2 days 19 (18) 

    3 days 3 (3) 

    4 days 9 (9) 

    5 days 2 (2) 

    6 days 3 (3) 

    ≥7 days 11 (11) 

Median on-treatment sofosbuvir/velpatasvir adherence 

percent  

    Patient report 99 (98-100) 

    Blister-pack, weekly 98 (94-100) 

    Blister-pack, daily 94 (88-98) 

Dose timing* 
 

    Morning (5:00AM-11:59AM) 42 (41) 

    Afternoon (12:00PM-4:59PM) 42 (41) 

    Evening (5:00PM-12:00AM) 17 (17) 

    Night (12:00AM-4:59AM) 1 (1) 

Consistency in dose timing (standard deviation in 

minutes)*  

    <120 24 (24) 

    ≥ 120-<240 43 (42) 

    ≥ 240 35 (34) 

*Among those with available blister-pack data (n=102) 
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Table 3: Unadjusted baseline factors associated with overall treatment adherence of <90% 

among all participants in the SIMPLIFY study (n=103). 

  

Sofosbuvir/velpatasvir 

adherence of ≥90% (%; 

n=70)
 a
 

Sofosbuvir/velpatasvir 

adherence of <90% (%; 

n=33)
 a
 

OR (95% CI) P 

Age (years) 
   

   ≤41 17 (61) 11 (39) 1.00 - 

   >41 53 (71) 22 (29) 0.64 (0.26-1.59) 0.337 

Gender 
    

   Female 23 (79) 6 (21) 1.00 - 

   Male 47 (64) 27 (36) 0.45 (0.16-1.25) 0.128 

Education 
    

   <High school 37 (70) 16 (30) 1.00 - 

   High school or greater 33 (66) 17 (34) 1.19 (0.52-2.73) 0.679 

Hazardous alcohol consumption 
  

   No 56 (66) 29 (34) 1.00 - 

   Yes 14 (78) 4 (22) 0.55 (0.17-1.83) 0.331 

Current OST 
   

   No 32 (71) 13 (29) 1.00 - 

   Yes 38 (66) 20 (34) 1.30 (0.56-3.01) 0.547 

Injecting (last month) 
   

   No 20 (74) 7 (26) 1.00 - 

   Yes 50 (66) 26 (34) 1.49 (0.56-3.97) 0.430 

Frequency of injecting (last month) 
  

   Never 20 (74) 7 (26) 1.00 - 

   Less than daily 31 (63) 18 (37) 1.66 (0.59-4.69) 0.339 

   Daily or greater 19 (70) 8 (30) 1.20 (0.36-3.97) 0.761 

Heroin injecting (last month) 
  

   No 33 (72) 13 (28) 1.00 - 

   Yes 37 (65) 20 (35) 1.37 (0.59-3.18) 0.461 

Cocaine injecting (last month) 
  

   No 64 (71) 26 (29) 1.00 - 

   Yes 6 (46) 7 (54) 2.87 (0.88-9.36) 0.080 

Amphetamine injecting (last month) 
 

   No 53 (74) 19 (26) 1.00 - 

   Yes 17 (55) 14 (45) 2.30 (0.95-5.54) 0.064 

Stimulant injecting (last month) 
 

   No 47 (77) 14 (23) 1.00 - 

   Yes 23 (55) 19 (45) 2.77 (1.18-6.50) 0.019 
a 
Percentages represent row percentages 
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Table 4: Unadjusted and adjusted analysis of on-treatment factors associated with overall treatment adherence of <90% among all participants in the 

SIMPLIFY study (n=103). 

 

Sofosbuvir/velpatasvir 

adherence of ≥90% (%; 

n=70)
a
 

Sofosbuvir/velpatasvir 

adherence of <90% 

(%; n=33)
a
 

OR (95% CI) P aOR  (95% CI) P 

Hazardous alcohol consumption while on treatment 
 

     No 53 (65) 29 (35) 1.00 - - - 

   Yes 17 (81) 4 (19) 0.43 (0.13-1.40) 0.161 - - 

OST while on treatment 
   

    No 33 (80) 8 (20) 1.00 - - - 

   Yes 37 (62) 23 (38) 2.56 (1.01-6.51) 0.048 - - 

Injecting while on treatment 
  

     No 12 (67) 6 (33) 1.00 - - - 

   Yes 58 (70) 25 (30) 0.86 (0.29-2.55) 0.789 - - 

Heroin injecting while on treatment 
  

     No 33 (75) 11 (25) 1.00 - - - 

   Yes 37 (65) 20 (35) 1.62 (0.68-3.88) 0.278 - - 

Cocaine injecting while on treatment 
 

     No 62 (71) 25 (29) 1.00 - - - 

   Yes 8 (57) 6 (43) 1.86 (0.59-5.91) 0.293 - - 

Amphetamine injecting while on treatment 
 

     No 51 (77) 15 (23) 1.00 - - - 

   Yes 19 (54) 16 (46) 2.86 (1.19-6.90) 0.019 - - 

Stimulant injecting while on treatment 
 

     No 44 (80) 11 (20) 1.00 - - - 

   Yes 26 (57) 20 (43) 3.01 (1.27-7.14) 0.012 3.39 (1.19-9.67) 0.023 

Dose timing (average) 
   

      Morning (5:00AM-11:59AM) 31 (74) 11 (26) 1.00 - - - 

    Afternoon (12:00PM-4:59AM) 25 (60) 17 (40) 2.11 (0.84-5.30) 0.842 - - 

    Evening (5:00PM-12:00AM) 13 (76) 4 (24) 0.87 (0.23-3.23) 0.832 - - 

    Night (12:00AM-4:59AM) 1 (100) 0 (0) * * - - 

Consistency in dose timing (standard deviation in minutes) 

      <240 12 (34) 23 (66) 1.00 - - - 

    ≥ 240 58 (87) 9 (13) 12.35 (4.59-33.24) <0.001 12.44 (4.37-35.41) <0.001 
 a 

Percentages represent row percentages; *Insufficient numbers for inclusion in logistic regression 
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Figure 1: Daily adherence to sofosbuvir/velpatasvir therapy as measured by weekly-

administered electronic blister-packs. Rows represent individual participants and columns 

represent days of therapy. Green boxes represent a dose received, with light green boxes 

indicating a damaged blister-pack where clinical pill count data was used. Yellow boxes 

represent no dose received on that treatment day and white boxes represent early treatment 

discontinuation or death. Published with permission from [16].  
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Figure 2: Mean 4-weekly treatment adherence over time stratified by self-reported adherence 

(red), weekly assessed blister-pack adherence (blue), and daily assessed blister-pack adherence 

(yellow). 
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Figure 3: Examples of daily adherence to treatment among four adherent (>=90%) participants (a) and four nonadherent (<90%) participants (b). 

All patients achieved SVR. 
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Figure 4: Mean daily treatment adherence to sofosbuvir/velpatasvir therapy over the 84 day 

treatment course among all participants in the SIMPLIFY study. 
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Supplementary table 1: GEE analysis of factors associated with daily non-adherence to therapy 

as measured by electronic blister-pack among all participants in the SIMPLIFY study with 

available blister-pack data (n=102). 

 

  
Unadjusted 

OR  
95% CI P 

Adjusted 

OR  
95% CI P 

Hazardous alcohol consumption 
    

   No 1.00 - - - - - 

   Yes 1.43 0.92-2.24 0.113 - - - 

Current OST 
     

   No 1.00 - - - - - 

   Yes 1.11 0.79-1.56 0.544 - - - 

Injecting (last month) 
     

   No 1.00 - - - - - 

   Yes 1.57 1.17-2.11 0.002 - - - 

Frequency of injecting (last month) 
    

   Never 1.00 - - - - - 

   Less than daily 1.56 1.16-2.10 0.003 - - - 

   Daily or greater 1.68 1.09-2.60 0.019 - - - 

Heroin injecting (last month) 
    

   No 1.00 - - - - - 

   Yes 1.44 1.10-1.89 0.008 1.78 1.34-2.35 <0.001 

Cocaine injecting (last month) 
    

   No 1.00 - - - - - 

   Yes 0.91 0.56-1.49 0.719 - - - 

Amphetamine injecting (last month) 
    

   No 1.00 - - - - - 

   Yes 1.97 1.48-2.62 <0.001 - - - 

Cocaine or amphetamine injecting (last month) 
   

   No 1.00 - - - - - 

   Yes 2.07 1.57-2.74 <0.001 2.13 1.62-2.81 <0.001 

Time since treatment initiation 
     

   Per week 1.07 1.05-1.10 <0.001 1.08 1.06-1.11 <0.001 
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Supplementary table 2: Unadjusted and adjusted analysis of baseline factors associated with a standard deviation of dose timing of ≥240 minutes 

among all participants in the SIMPLIFY study with available blister-pack data (n=102). 

  
Standard deviation of dose timing 

of <240 minutes (%; n=67) a
 

Standard deviation of dose timing 

of ≥240 minutes (%; n=35)
 a
 

OR (95% CI) P aOR (95% CI) P 

Age (years)   
     

   ≤41 14 (52) 13 (48) 1.00 - - - 

   >41 53 (71) 22 (29) 0.45 (0.18-1.10) 0.081 - - 

Gender 
      

   Female 49 (67) 24 (33) 1.00 - - - 

   Male 18 (62) 11 (38) 1.25 (0.51-3.05) 0.628 - - 

Education 
      

   High school or greater 37 (76) 12 (24) 1.00 - - - 

   <High school 30 (57) 23 (43) 2.36 (1.01-5.52) 0.047 2.77 (1.14-6.72) 0.025 

Hazardous alcohol consumption 
     

   No 54 (64) 30 (36) 1.00 - - - 

   Yes 13 (72) 5 (28) 0.69 (0.23-2.13) 0.521 - - 

Current OST 
      

   No 33 (73) 12 (27) 1.00 - - - 

   Yes 34 (60) 23 (40) 1.86 (0.80-4.34) 0.151 - - 

Injecting (last month) 
      

   No 16 (59) 11 (41) 1.00 - - - 

   Yes 51 (68) 24 (32) 0.68 (0.28-1.70) 0.413 - - 

Frequency of injecting (last month) 
     

   Never 16 (59) 11 (41) 1.00 - - - 

   Less than daily 34 (71) 14 (29) 0.6 (0.22-1.61) 0.309 - - 

   Daily or greater 17 (63) 10 (37) 0.86 (0.29-2.56) 0.78 - - 

Heroin injecting (last month) 
     

   No 30 (65) 16 (35) 1.00 - - - 

   Yes 37 (66) 19 (34) 0.96 (0.42-2.19) 0.928 - - 

Cocaine injecting (last month) 
     

   No 59 (66) 30 (34) 1.00 - - - 

   Yes 8 (62) 5 (38) 1.23 (0.37-4.08) 0.736 - - 

Amphetamine injecting (last month) 
     

   No 51 (71) 21 (29) 1.00 - - - 

   Yes 16 (53) 14 (47) 2.13 (0.88-5.12) 0.093 - - 

Stimulant injecting (last month) 
    

   No 44 (72) 17 (28) 1.00 - - - 

   Yes 23 (56) 18 (44) 2.03 (0.88-4.66) 0.097 2.43 (1.01-5.85) 0.048 
a 
Percentages represent row percentages
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