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Background. Although rates of sustained virologic response (SVR) after hepatitis C virus (HCV) treatment with direct-acting 
antivirals (DAAs) surpass 90% in trials and some more “real world” settings, some patients, such as those with substance use disor-
ders, will be challenged to adhere to HCV care.

Methods. To assess the feasibility of 2 strategies for financially incentivizing adherence to HCV care, patients with a substance 
use history prescribed 12 weeks of a sofosbuvir-containing regimen were randomized to either fixed or lottery-based monetary 
incentives for attending clinic appointments, pill count adherence >90%, and SVR achievement. Electronic medication monitoring 
provided an objective measure of DAA adherence.

Results. Fifty-nine participants were randomized to the lottery (n = 31) or fixed-incentive (n = 28) arms. All 31 (100%) in the 
lottery arm and 24 of 28 (86%) in the fixed arm completed 12 weeks of therapy. By intent-to-treat, 93% in the lottery arm and 92% 
in the fixed arm achieved SVR (estimated difference: 0.5%; 95% confidence interval, −17.5 to 18.8). Overall, 92% of scheduled visits 
were attended without significant differences between arms. The mean adherence ratio (days with ≥1 bottle opening:monitored 
days) was 0.91 for lottery and 0.92 for fixed arms.

Conclusions. In this pilot, fixed- and lottery-based financial incentives were successfully implemented and accepted by patients 
with a substance use history. High levels of HCV therapy and care adherence, as well as rates of SVR, were observed. Financial 
incentives may be useful to support treatment adherence in patients with substance use disorders and should be tested in a larger, 
randomized, controlled trial.
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Direct-acting antivirals (DAAs) have revolutionized the man-
agement of hepatitis C virus (HCV) infection, the most prev-
alent chronic bloodborne pathogen in the United States. With 
sustained virologic response (SVR) rates of 85%–95%, these 
medications are potent but also very well tolerated and conveni-
ent, and the usual course of treatment is often 12 weeks [1–6].

In clinical trials and observational studies, failure to respond 
to DAA regimens has been ascribed to a number of factors 
including drug-drug interactions, host genetics, and inherent 
viral drug resistance [7, 8]. However, medication adherence has 

also been implicated in suboptimal HCV treatment outcomes, 
and, as the number of real-world patients who receive treatment 
increases, there are concerns that rates of virologic response will 
be lower than those observed in clinical research studies [9–15]. 
In particular, there are questions regarding the ability of those 
with substance abuse disorders to adhere to a full-course HCV 
therapy, given the social instability and mental health challenges 
that frequently characterize the lives of these individuals [14–16].

Studies conducted in the pre-DAA era examining an asso-
ciation between substance use and HCV treatment outcomes 
such as adherence, treatment discontinuation, and virologic 
response have produced mixed results [16]. Data regarding 
adherence to the newest DAAs are sparse. Pill count and elec-
tronic medication assessments during DAA clinical trials have 
found high adherence levels, even among the few participants 
with active substance use or who were receiving opioid substitu-
tion therapy [17–19]. To participate in clinical research studies, 
patients must meet criteria that are designed to exclude those at 
the highest risk of nonadherence, including heavy users of illicit 
substances. In one analysis, less than 10% of patients living with 
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HCV infection in Canada would meet eligibility criteria of 4 of 
the 5 major clinical trials that, by the end of 2015, had led to 
second-generation DAA approval, with most patients excluded 
due to active illicit substance use [20].

Observational studies examining prescription refills among 
HCV-infected patients receiving community care also demon-
strate high rates of adherence to newer DAA regimens [21, 
22]. Sustained virologic response rates approximating those 
reported from clinical trials have also been observed in such 
studies [21–23]. However, although such “real-world” experi-
ences are encouraging, these studies are also not without poten-
tial selection bias. Clinicians often are restrictive in their criteria 
for treatment eligibility, and many continue to deem patients 
with active substance use and mental health disorders as poor 
candidates for HCV therapy. Moreover, some state Medicaid 
programs make approval of HCV therapy coverage contin-
gent upon months of documentation abstinence. An analysis 
of HCV treatment outcome data from over 4000 patients in 
the Veterans Administration system, which generally has less 
restrictive criteria for HCV therapy, found SVR rates that were 
lower than those seen in clinical trials [11].

Expanding HCV therapy to “all-comers” will lead to the treat-
ment of a greater number of patients who may have difficulty 
adhering to medication and clinic visits [14–16]. Although the 
proportion of the estimated 4 million HCV-infected persons 
in the United States who may be suboptimally adherent to a 
DAA regimen is relatively small, the absolute number of such 
patients and the costs of treatment failure are not. At present, 
there is a limited evidence base on interventions that can sup-
port adherence to these medications, especially for individuals 
challenged with chronic or active substance use disorders [24], 
and although there have been calls by some HCV care providers 
for the integration of HCV care within primary care clinics and 
addiction treatment centers, models of such programs remain 
untested in controlled studies [25, 26].

In contrast, an approach that has been demonstrated in ran-
domized, controlled trials to positively influence health behav-
iors is financial incentivization [27–39]. Financial incentives 
using various strategies have been applied to promote weight 
loss, smoking cessation, tuberculosis treatment, and antiretro-
viral therapy [27–30]. Such incentivization may be effective not 
only through offsetting the cost of clinic attendance for patients 
but also by offering immediate rewards for behaviors that other-
wise have a delayed benefit [37]. In particular, financial incentive 
interventions have proven especially potent for achieving and 
maintaining sobriety and abstinence from substance use [30–39].

In this pilot study, we explored the feasibility of implementing 
financial incentives for DAA and clinic visit adherence among 
HCV-infected men and women with a history of substance use. 
Two commonly used strategies—fixed versus lottery-based 
incentives—on adherence to DAA adherence, routine HCV 
clinical care visits, and achievement of SVR were studied.

METHODS

Study Design and Participants

Participants in this single-center, randomized clinical trial were 
individuals age 18  years or greater with documented chronic 
HCV infection (HCV seropositive and detectable plasma HCV 
ribonucleic acid [RNA]) who were prescribed a 12-week course 
of a sofosbuvir-based HCV therapy regimen. At the time the 
study was developed and launched, sofosbuvir was the most 
commonly prescribed second-generation DAA approved for 
use in the United States. All participants had to self-report a 
history of substance use for at least 1 year in their lifetime, be 
English-speaking, and be able and willing to provide informed 
consent. All participants were patients of either the University 
of North Carolina (UNC) Infectious Diseases Clinic or Liver 
Center. Data were collected during routine clinic visits for HCV 
care. Hepatitis C virus treatment was selected by the partici-
pant’s clinician before study referral and entry/randomization. 
The research protocol, consent documents, and recruitment 
materials were approved by the UNC Institutional Review 
Board.

Study Arms

After consent, participants were randomized 1:1 to 1 of 2 study 
arms: either fixed or lottery-based financial incentives to rein-
force clinic attendance and medication adherence. The incen-
tive amount was chosen to offset clinic transportation costs 
as well as lost wages and also to appear large enough to moti-
vate health-seeking behavior. Those in the fixed-incentive arm 
received $40 for each scheduled HCV-related clinic appoint-
ment attended (or if rescheduled within 5 business days of their 
original appointment) and $20 for HCV medication pill count 
adherence of >90%. A bonus of $50 was provided for achieve-
ment of an undetectable HCV viral load at the end of treatment 
(EOT) and at 12 weeks postcompletion of treatment (ie, SVR). 
Incentives provided in the lottery-based incentive arm occurred 
on the same schedule as fixed incentives and for the same mile-
stones. However, participants in this arm were asked to draw a 
card from a bag to determine the amount they received for each 
milestone. Cards were printed with one of the following val-
ues: $10, $30, and $100. Participants who qualified for a clinic 
attendance lottery draw chose 1 card from a bag that contained 
cards with the following probabilities: 20% for $100, 30% for 
$30, and 50% for $10. Participants who qualified for a pill count 
adherence lottery draw chose 1 card from a bag that contained 
cards with the following probabilities: 10% for $50, 40% for $20, 
and 50% for $10. A  bonus of 2 lottery draws from the clinic 
attendance bag was provided for achievement of an undetect-
able HCV viral load at EOT and SVR. For both study arms, all 
financial incentives were provided in the form of cash and paid 
immediately, except for the incentive based on the achievement 
of SVR, which was paid after return of the determining HCV 
RNA result.
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Assessments and Outcomes

After the baseline visit, study visits were conducted on the same 
day that participants came for their routinely scheduled HCV-
related clinic appointments. These routine visits generally were 
scheduled monthly during the 12 weeks of active HCV therapy 
and then at EOT and 12 weeks posttreatment.

Surveys and Record Review
At baseline, demographic information, medical history, self-re-
ported alcohol and substance use (Alcohol Use Disorders 
Identification Test [AUDIT] [40], Drug Abuse Screen Test 
[DAST] [41], Texas Christian University Drug Screen-II [42]), 
and depression screening (Center for Epidemiologic Studies 
Depression Scale [CES-D] [43]) responses were collected by 
a research assistant via computer-assisted participant inter-
viewing (CAPI) using a web-based survey platform (Qualtrics, 
Provo, UT). At subsequent visits, alcohol, substance use, and 
depression surveys were administered. Medical records were 
reviewed to confirm clinic visit attendance and laboratory 
results. At the last study visit, semistructured interviews were 
conducted among 15 participants to obtain their perspectives 
regarding HCV treatment and the financial incentive strategy 
to which they were assigned.

Medication Adherence
Adherence to HCV medications was assessed using electronic 
medication monitoring (MEMSCap; WestRock Switzerland, 
Ltd) and pill count. For each participant, an electronic monitor-
ing device was placed on her/his sofosbuvir-containing medi-
cation bottle. The cap recorded the time and date of each bottle 
opening, and these data were downloaded at each visit during 
the treatment course. Participants were asked at each visit about 
use of the electronic cap, including diversion of pills from the 
monitored bottle to other containers or pill boxes. Cap opening 
data were used as a measure of medication adherence and were 
not shared with the participant, nor were cap data used to trig-
ger financial incentives. For pill counts, the number of tablets 
in each bottle of oral HCV medication were counted and the 
proportion of tablets present was compared with the proportion 
expected. The resultant ratio was categorized as <90% (subopti-
mal adherence), 90%–100% (optimal adherence), >100% (over 
adherence).

Plasma Hepatits C Virus Ribonucleic Acid
Quantitative HCV RNA measurements were conducted accord-
ing to standard of care as determined by the participants’ clini-
cians. Testing was conducted at the UNC McLendon Clinical 
Laboratories or commercial clinical laboratories, and results 
were abstracted from electronic medical records. An HCV RNA 
level obtained >8 weeks after completion of therapy was used to 
determine achievement of SVR.

Urine Toxicology Screening
At baseline and subsequent visits, participants were asked to 
provide urine to screen for the presence of cocaine, opiates, 
benzodiazepines, and amphetamines not expected to be present 
based on self-reported and medical record medication lists.

Statistical Methods

The primary aim of this study was to assess the feasibility of 
fixed versus lottery-based financial incentives to improve 
adherence to DAAs and to attendance at treatment-related vis-
its among HCV-infected patients with a substance use history. 
Feasibility was assessed by describing successful implementa-
tion of the interventions, study retention rates, and the comple-
tion of study assessments.

Medication adherence was assessed using pill count and elec-
tronic cap data as a secondary outcome. For electronic cap data, 
when the number of bottle openings matched or exceeded the 
expected dose frequency, adherence for the day was considered 
a success. An adherence ratio was calculated as the number of 
successful adherence days divided by the number of monitored 
days; HCV DAAs were prescribed to be taken once daily. The 
overall proportion of participants with an electronic cap adher-
ence level ≥90% and the difference in proportions between 
arms was estimated with a corresponding exact Chan and 
Zhang [44] 95% confidence interval (CI). Electronic cap data 
were analyzed using 2 approaches: (1) a conservative analysis 
in which no adjustment to the recorded data were made and (2) 
an adjudicated analysis in which the electronic cap data were 
censored based on participant self-report of nonuse of the cap.

An additional secondary aim of this study was to determine 
the proportion of participants who achieved SVR. An intent-
to-treat (ITT) analysis was complete-case and included all par-
ticipants who were randomized and who had an HCV RNA 
level obtained >8 weeks after the treatment regimen ended. 
A per-protocol (PP) analysis was also conducted and included 
participants in the ITT analysis sample who completed a 
12-week regimen, but unlike the ITT analysis it excluded par-
ticipants (n  =  5) whose treatment durations were modified 
during the study to either an 8- or 24-week course. The overall 
proportion of participants who achieved SVR was estimated 
with a corresponding exact Clopper-Pearson 95% CI [45]. The 
proportion of participants in each study arm who achieved SVR 
was calculated, and the difference in proportions between arms 
was estimated with a corresponding exact Chan and Zhang [44] 
95% CI.

The effect of substance use on the outcomes of interest was 
examined by the following: (1) estimating the proportion ratio 
(PR) for achievement of SVR among participants whose last 
on-study urine samples tested positive for substances of abuse 
versus those participants who tested negative for these sub-
stances and (2) estimating the PR for achievement of an adju-
dicated adherence level of ≥90% for those whose baseline urine 
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sample tested positive for substances of abuse versus those who 
tested negative. The last urine toxicology screen was used in 
the SVR analysis to represent substance use during the study 
period while minimizing missing data, and the baseline urine 
screen was used in the adherence analysis to measure sub-
stance use near the start of HCV treatment. Participants were 
excluded from these analyses if they were missing the relevant 
urine screen data, final SVR status, or adherence status. The 
PR was estimated with a corresponding exact Chan and Zhang 
[44] 95% CI. All statistical analyses were conducted in SAS ver-
sion 9.4 (SAS Institute, Cary, NC) or StatXact-11 (Cytel, Inc., 
Cambridge, MA), and a 2-sided 0.05 significance level was used 
for statistical inference.

RESULTS

Study Participants

Seventy patients were consented, screened, and entered into 
the trial (Figure 1). Of these, 11 were not enrolled, mostly due 
to an inability to receive payer approval for coverage of their 
prescribed DAA regimen. The remaining 59 participants were 

randomized to the lottery-based (n  =  31) or fixed incentive 
(n  =  28) study arms. The majority (68%) of the participants 
were men and the median age was 54 years; half were nonwhite 
(Table  1). One third (32%) were known to be human immu-
nodeficiency virus-coinfected, and 41% had a diagnosis of 
cirrhosis documented in the medical record. At baseline, 46% 
reported that they were actively using illicit substances. The 
CES-D scores indicated that clinical depression was prevalent, 
with 71% scoring above 16, a threshold used to indicate pres-
ence of clinical depression. Six (10%) of the particiants were 
classified at baseline as engaging in hazardous drinking based 
on an AUDIT score of 8 or greater. Hepatitis C virus genotype 
1 accounted for 90% of the infections. Approximately half the 
participants (47%) were prescribed the single tablet formulation 
of ledipasvir/sofosbuvir.

All 31 (100%) of those assigned to the lottery arm and 24 
of 28 (86%) assigned to the fixed-incentive arm completed a 
12-week course of therapy (Figure 1). Of the 4 who did not, 3 
had their treatment duration extended to 24 weeks by the clini-
cian (independent of virologic response or adherence concerns) 

70 Patients screened for
eligibility

59 Enrolled and
Randomized

31 assigned to Lottery
incentive

28 evaluable for SVR

26 achived SVR 24 achived SVR*

26 evaluable for SVR

3 without SVR determination
2 lost to follow-up
1 without HCV RNA

2 with detectable HCV RNA
1 <12 c/mL but detectable
1 >12 c/mL 

2 with detectable HCV RNA
1 <12 c/mL but detectable
1 >12 c/mL

2 without SVR determination
1 lost to follow-up
1 died before SVR visit

28 assigned to Fixed
incentive

11 were ineligible
8 never received HCV medications
2 prescribed 24 weeks of  HCV therapy
1 did not respond to invitation

Figure 1. Screening, randomization, and follow-up analyses. HCV, hepatitis C virus; RNA, ribonucleic acid; SVR, sustained virologic response.
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and 1 was only able to receive 8 weeks of therapy because the 
payer would not approve the planned final 4 weeks.

After completion of treatment, 2 of 31 participants (6%) in 
the lottery arm and 1 of 28 (4%) in the fixed-incentive arm were 
lost to follow-up before ascertainment of SVR. In addition, 1 
participant in the lottery arm did not have an SVR measure-
ment (HCV RNA at 8 weeks posttreatment was undetetcable), 
and in the fixed-incentive group 1 participant died of carcinoma 
of the lung before the planned SVR visit.

Financial Incentives

The mean financial incentive per visit provided to participants 
was $71 (standard deviation [SD] = $18) in the lottery arm and 
$67 (SD = $9) in the fixed-incentive arm. The mean total finan-
cial incentive received was $259 (SD = $74) in the lottery arm 
and $239 (SD = $58) in the fixed-incentive arm.

Perceptions Regarding Financial Incentives

Fifteen participants (8 in the fixed-incentive arm and 7 from 
lottery arm) completed a semistrucutred qualitative interview. 
Participants expressed general satisfaction with their assigned 
incentive strategy. The majority of the fixed-incentive arm par-
ticipants states they preferred the dependability of a predeter-
mined amount and appreciated knowing how much they would 
receive for completing treatment objectives. Those randomized 
to the lottery generally found this strategy to be “fun,” and they 

Table 1. Participant Characteristics

Lottery Fixed Overall

Sex, n 31 28 59

Male 23 (74%) 17 (61%) 40 (68%)

Female 8 (26%) 11 (39%) 19 (32%)

Ethnicity, n 31 28 59

Hispanic/Latino 0 (0%) 1 (4%) 1 (2%)

Other 31 (100%) 27 (96%) 58 (98%)

Race, n 31 28 59

White/Caucasian 18 (58%) 11 (39%) 29 (49%)

Black/African American 12 (39%) 13 (46%) 25 (42%)

Indian (American) 0 (0%) 1 (4%) 1 (2%)

Mixed 1 (3%) 2 (7%) 3 (5%)

Latin 0 (0%) 1 (4%) 1 (2%)

Age (years), n 31 28 59

Median (Q1, Q3) 55 (50, 60) 54 (50, 58) 54 (50, 60)

Mean (SD) 55 (9) 53 (10) 54 (9)

Income, n 31 28 59

$0–$20 000 24 (77%) 17 (61%) 41 (69%)

$21 000–$40 000 3 (10%) 5 (18%) 8 (14%)

$41 000–$60 000 4 (13%) 1 (4%) 5 (8%)

$61 000–$80 000 0 (0%) 1 (4%) 1 (2%)

Refused 0 (0%) 4 (14%) 4 (7%)

Highest Level of Education, n 30 28 58

No. missing 1 0 1

Middle school (Jr. High) or less 4 (13%) 0 (0%) 4 (7%)

Some high school, no diploma 7 (23%) 5 (18%) 12 (21%)

High school graduate/GED or 
equivalent

11 (37%) 12 (43%) 23 (40%)

Junior (2 year) college 1 (3%) 1 (4%) 2 (3%)

Technical/trade/vocational school 0 (0%) 3 (11%) 3 (5%)

Some college (4-year college or 
university)

3 (10%) 5 (18%) 8 (14%)

College graduate (4-year college or 
university

2 (7%) 1 (4%) 3 (5%)

Postcollege/graduate 1 (3%) 1 (4%) 2 (3%)

Don’t know 1 (3%) 0 (0%) 1 (2%)

Health Insurance Status, n 31 28 59

Insured 25 (81%) 21 (75%) 46 (78%)

Uninsured 6 (19%) 7 (25%) 13 (22%)

Housing Statusa, n 31 28 59

Stable 18 (58%) 21 (75%) 39 (66%)

Unstable 13 (42%) 7 (25%) 20 (34%)

HCV-RNA (log10 IU/mL), n 31 27 58

No. missing 0 1 1

Median (Q1, Q3) 6.27 (5.67, 
6.64)

6.06 (5.22, 
6.42)

6.12 (5.66, 
6.53)

Mean (SD) 6.14 (0.75) 5.95 (0.69) 6.05 (0.72)

Liver Cirrhosis, n 31 28 59

Yes 11 (35%) 13 (46%) 24 (41%)

No 19 (61%) 15 (54%) 34 (58%)

Unknown 1 (3%) 0 (0%) 1 (2%)

HCV Genotype, n 31 28 59

1 26 (84%) 27 (96%) 53 (90%)

2 5 (16%) 1 (4%) 6 (10%)

Documented HIV Status, n 31 28 59

Positive 9 (29%) 10 (36%) 19 (32%)

Negative 11 (35%) 10 (36%) 21 (36%)

Unknown 11 (35%) 8 (29%) 19 (32%)

CES-D Score, n 31 28 59

Lottery Fixed Overall

Median (Q1, Q3) 22 (17, 30) 19 (15, 25) 21 (15, 27)

Mean (SD) 24 (10) 21 (9) 23 (10)

Current Drug-Use Statusb, n 31 28 59

Active 12 (39%) 15 (54%) 27 (46%)

Not Active 19 (61%) 13 (46%) 32 (54%)

Current Drug(s) Used, n 31 28 59

Marijuana 11 (35%) 10 (36%) 21 (36%)

Hallucinogens 2 (6%) 1 (4%) 3 (5%)

Cocaine/crack 5 (16%) 7 (25%) 12 (20%)

Heroin 2 (6%) 2 (7%) 4 (7%)

Street methadone 0 (0%) 1 (4%) 1 (2%)

Prescription painkillersc 1 (3%) 7 (25%) 8 (14%)

Methamphetamines 2 (6%) 0 (0%) 2 (3%)

Stimulants 2 (6%) 1 (4%) 3 (5%)

Tranquilizers/sedatives 1 (3%) 1 (4%) 2 (3%)

Regimen, n 31 28 59

Ledipasvir/sofosbuvir 14 (45%) 14 (50%) 28 (47%)

Ribavirin, ledipasvir/sofosbuvir 1 (3%) 0 (0%) 1 (2%)

Ribavirin, sofosbuvir 5 (16%) 1 (4%) 6 (10%)

Ribavirin, sofosbuvir, interferon 3 (10%) 1 (4%) 4 (7%)

Ribavirin, sofosbuvir, simeprevir 1 (3%) 1 (4%) 2 (3%)

Sofosbuvir, simeprevir 7 (23%) 11 (39%) 18 (31%)

Abbreviations: CES-D, Center for Epidemilogical Studies Depression; GED, General 
Education Diploma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; RNA, ribo-
nucleic acid; SD, standard deviation.
aHousing stability was defined as owning or renting a house or apartment.
bCurrent was defined to be in the past month.
cNarcotics available by prescription.

Table 1. Continued
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stated that they liked the chance involved, comparing it to being 
at “the fair.” When asked which incentive strategy to offer future 
patients, 75% of the fixed-incentive arm interviewees recom-
mended the fixed-incentive, and 71% of the lottery arm inter-
viewees recommended the lottery.

Hepatitis C Virus Study Visit and Medication Adherence

Rates of attendance of scheduled clinic visits for HCV care are 
listed in Table 2. Overall, 92% of scheduled visits were attended 
(including 95% of the week 12 EOT visits and 88% of SVR 
visits), and there was no statistically significant difference in 
missed visits between the study arms. Both the median and 
mean number of clinic visits attended was 4 in each study arm 
(for both lottery and fixed incentives; SD = 1).

Electronic medication monitoring estimated a mean adher-
ence ratio (days with ≥1 bottle opening:monitored days) of 
0.91 overall (0.91 for lottery and 0.92 for fixed incentive) in 
the adjudicated analysis, excluding those without reliable cap 
data (eg, those who used a pill box) (Figure  2). Adherence 
of 90% or greater as estimated by electronic monitoring was 
achieved by 72.4% of particiants including 70% of the lottery 
and 75% of fixed incentive participants (estimated difference 
of −5.0%; exact 95% CI, −28.2 to 19.1). Adherence results were 
very similar in the conservative, unadjudicated analysis (data 
not shown). Participants brought medication bottles to 85% of 
scheduled clinic visits for pill counts, and less than 10% had 
estimated adherence fall below 90% at any monthly visit.

Rates of Sustained Virologic Response 

In the ITT analysis, 92.9% of the lottery arm and 92.3% of the 
fixed-incentive arm achieved SVR (estimated difference of 
0.5%; 95% CI, −17.5 to 18.8). The PP analysis yielded similar 
results (Table 3).

Substance Use Screening at Baseline, During and After Hepatitis C Virus 
Treatment

Fifty-five of 59 participants (93%) had at least 1 urine speci-
men submitted for toxicology. At baseline, 10 of 48 (21%; 19% 
of lottery, 23% of fixed) providing urine screened positive for 
substances of abuse. During the trial, a positive toxicology 
screen was detected at least once in 31% of the 55 participants 
providing a urine sample, balanced evenly between the lottery 
(9 of 29) and fixed-incentive (8 of 26) arms. At the last visit at 
which a urine specimen was provided, 14 of the 55 (25%) par-
ticipants tested positive: 28% in the lottery arm and 23% in the 
fixed-incentive arm.

The estimated relative proportion achieving SVR was not sig-
nificantly different between those who had and did not have a 
positive urine test at baseline or the last screen (PR = 1.13; 95% 
CI, 0.83–1.35). Likewise, the baseline toxicology result was not 
associated with achieving >90% HCV medication adherence 
(PR = 1.09; 95% CI, 0.48–1.51).

DISCUSSION

Financial incentives to encourage participation and adherence 
in HCV care among patients with a history of substance abuse 
were found to be feasible in this pragmatic pilot study. More 
than 90% of treatment-related visits were attended, and there 
was a low rate of study withdrawal. In addition, we observed 
high rates of both adherence to HCV DAA medication and care 
visits, with on average over 90% of prescribed doses of sofos-
buvir-containing regimens taken during the 12-week course of 
therapy, according to electronic medication monitoring. Given 
this, it is unsurprising that 92% of participants achieved SVR. 
Most importantly, study participants found the study proce-
dures and both financial incentives acceptable and feasible.

Rates of HCV-related clinical care and medication adher-
ence and SVR achievement were similar with the 2 strategies 

Table 2. Scheduled Visit Attendance

Lottery Fixed Overall P Value

Weed 2 Visit, n 19 10 29 .592

Attended 17 (89%) 8 (80%) 25 (86%)

Missed Visit 2 (11%) 2 (20%) 4 (14%)

Week 4 Visit, n 21 23 44 .222

Attended 19 (90%) 23 (100%) 42 (95%)

Missed Visit 2 (10%) 0 (0%) 2 (5%)

Week 6 Visit, n 12 6 18 >.999

Attended 12 (100%) 6 (100%) 18 (100%)

Week 8 Visit, n 15 14 29 >.999

Attended 13 (87%) 13 (93%) 26 (90%)

Missed Visit 2 (13%) 1 (7%) 3 (10%)

Week 12 Visit, n 30 27 57 .599

Attended 29 (97%) 25 (93%) 54 (88%)

Missed Visit 1 (3%) 2 (7%) 3 (5%)

Week 24 Visit, n (SVR) 31 28 59 >.999

Attended 27 (87%) 25 (89%) 52 (88%)

Missed Visit 4 (13%) 3 (11%) 7 (12%)

Abbreviations: SVR, sustained virologic response. 
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Figure 2. Adjudicated analysis of hepatitis C virus medication adherence (elec-
tronic cap). *One lottery arm participant was excluded from the adjudicated elec-
tronic medication cap analyses due to inconsistent use of the electronic cap during 
treatment (participant was also using a pillbox).
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of financial incentives tested: 1 based on a lottery and the other 
a fixed schedule of payments. There were no significant differ-
ences between the study arms in the proportion who dropped 
out or were lost to follow-up, suggesting that both strategies 
were acceptable to patients. Furthermore, under the conditions 
studied, the costs of each approach were similar.

Because the convenience, tolerability, and potency of treat-
ment for HCV have increased, it can be argued that there is little 
need to incentivize adherence to HCV medications or clinical 
supervision. However, as HCV care expands to include those 
who were previously considered poor candidates for treatment, 
including those with active substance use and mental health 
disorders, the extremely high SVR rates seen in clinical trials of 
these medications may be lower in more real-world conditions 
among patients faced with barriers to entering and persisting 
in care. Given the high cost of HCV DAAs, the investment of 
a fraction of this expense to support treatment adherence and 
completion for even a small number of patients at risk for viro-
logic failure may be cost-saving. It is notable that during this 
pilot, half of the participants were actively using substances of 
abuse at baseline.

Lottery-based incentives have been used to support a number 
of other health behaviors including smoking cessation, weight 
loss, cancer screening, and antiretroviral therapy. Moreover, 
these incentives may be particularly effective for individuals, 
such as those with serious substance use disorders, who tend 
toward risk-taking endeavors [29, 33]. In this pilot comparison 
with predictable financial incentives, the lottery-based strategy 
seemed to be as acceptable and effective for promoting HCV 
treatment. Qualitative data collected at the end of the trial found 
that participants from both study arms had favorable views of 
the financial incentives as a tool to support HCV treatment, and 
those in the lottery-based arm found the strategy to be novel 
and, even, fun.

In preparation for a future randomized controlled trial, the 
primary foci of this pilot study were to examine the feasibility 
of delivering financial incentives for HCV patients and patients 
with substance abuse issues and ensure that the study proce-
dures and incentives were acceptable to patients; therefore, 
all participants received financial incentives. The influence of 
financial incentives on the clinical outcomes of interest cannot 
be determined from this study, because there was no nonincen-
tivized control group. Any future randomized controlled trial 
should compare one of these financial strategies to standard of 

care in an appropriately at-risk population to determine the effi-
cacy and effectiveness of this intervention.

In addition to a design that precludes the determination of 
the effectiveness of financial incentives for HCV care and med-
ication adherence, the interpretation of this study should also 
take into account that it was conducted at a single academic 
medical facility in the southeastern United States and may not 
generalize to other settings and locations. For this preliminary 
investigation of financially incentivizing HCV care, we included 
patients with current and previous abuse of a variety of sub-
stances. The outcomes we observed may have been different in 
cohorts with higher rates of active abuse of cocaine, metham-
phetamines, and/or opiods. Likewise, in this relatively small 
pilot, opportunities for analyses by subgroups such as gender, 
ethinicity, and race were not possible. Furthermore, there are 
well described limitations of both pill count and electronic 
monitoring for estimating medication adherence [46]. We 
applied both a conservative (unadjudicated) and more liberal 
(adjudicated) approach to the analysis of electronic medication 
adherence data and found the differences between these analy-
ses to be small. Substance use was assessed by self-report, which 
may suffer from social desirability bias. Finally, although urine 
toxicology was performed, which is a strength, participants did 
not always provide a requested urine specimen at each visit and 
therefore there are missing data; however, 55 of 59 participants 
provided at least 1 single urine specimen for toxicology testing 
at some point during the trial.

CONCLUSIONS

In conclusion, 2 different incentive strategies were successfully 
implemented with patients with a history of substance use dis-
orders. High levels of adherence to newer DAAs for HCV and 
to HCV clinical care were observed. These results support the 
further testing of financial incentives for HCV treatment with 
a controlled design, especially in patients with substantial chal-
lenges to adherence due to substance abuse disorders.

Acknowledgments
We are grateful for the collaboration of the staff at the University of North 

Carolina (UNC) Infectious Diseases Clinic and Liver Center and the gener-
ous contribution of the study participants. 

Financial support. Research funding was provided by the National 
Institute of Allergy and Infectious Diseases-sponsored AIDS Clinical 
Trials Group (grant UM1 AI068636), the National Institute of Drug 
Abuse (including mentoring grant K24 DA037101; to D.  A.W.), the 
National Institute of Diabetes and Digestive and Kidney Diseases (grant 

Table 3. Sustained Virologic Response by Study Arm

Endpoint N Pooled Proportion (Exact CI) Lottery Fixed Difference (Exact CI)

Intent to treat 54 92.6% (82.1–97.9) 26/28 (92.9%) 24/26 (92.3%) 0.5 (−17.5 to 18.8)

Per-protocol 50 92.0% (80.8–97.8) 26/28 (92.9%) 20/22 (90.9%) 1.9 (−16.0 to 23.8)

Abbreviations: CI, confidence interval. 



8 • OFID • Wohl et al

K23 DK089004; to D. E.), the UNC Chapel Hill AIDS Clinical Trials Unit 
(grant UM1 AI069423), and the UNC Center for AIDS Research (grant 
P30 AI50410).

Potential conflicts of interest. All authors: No reported conflicts of 
interest. 

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed. 

References
1. Feld JJ, Kowdley KV, Coakley E, et  al. Treatment of HCV with ABT-450/  

r-ombitasvir and dasabuvir with ribavirin. N Engl J Med 2014; 370:1594–603.
2. Manns M, Pol S, Jacobson IM, et al. All-oral daclatasvir plus asunaprevir for hep-

atitis C virus genotype 1b: a multinational, phase 3, multicohort study. Lancet 
2014; 384:1597–605.

3. Bourlière M, Bronowicki JP, de Ledinghen V, et  al. Ledipasvir-sofosbuvir with 
or without ribavirin to treat patients with HCV genotype 1 infection and cirrho-
sis non-responsive to previous protease-inhibitor therapy: a randomised, dou-
ble-blind, phase 2 trial (SIRIUS). Lancet Infect Dis 2015; 15:397–404.

4. Roth D, Nelson DR, Bruchfeld A, et al. Grazoprevir plus elbasvir in treatment-na-
ive and treatment-experienced patients with hepatitis C virus genotype 1 infec-
tion and stage 4-5 chronic kidney disease (the C-SURFER study): a combination 
phase 3 study. Lancet 2015; 386:1537–45.

5. Feld JJ, Jacobson IM, Hézode C, et al. Sofosbuvir and velpatasvir for HCV geno-
type 1, 2, 4, 5, and 6 infection. N Engl J Med 2015; 373:2599–607.

6. AASLD-IDSA. Recommendations for testing, managing, and treating hepatitis C. 
Available at: http://www.hcvguidelines.org. Accessed 11 November 2016.

7. Backus LI, Boothroyd DB, Phillips BR, Mole LA. Predictors of response of US 
veterans to treatment for the hepatitis C virus. Hepatology 2007; 46:37–47.

8. Mathes T, Antoine SL, Pieper D. Factors influencing adherence in hepatitis-C 
infected patients: a systematic review. BMC Infect Dis 2014; 14:203.

9. Evon DM, Golin CE, Fried MW, Keefe FJ. Chronic hepatitis C and antiviral treat-
ment regimens: where can psychology contribute? J Consult Clin Psychol 2013; 
81:361–74.

10. Lo RV III, Teal V, Localio AR, et al. Relationship between adherence to hepatitis 
C virus therapy and virologic outcomes: a cohort study. Ann Intern Med 2011; 
155:353–60.

11. Backus LI, Belperio PS, Shahoumian TA, et al. Real-world effectiveness of ledipas-
vir/sofosbuvir in 4365 treatment-naive, genotype 1 hepatitis C-infected patients. 
Hepatology 2016; 64:405–14.

12. Petersen T, Townsend K, Gordon LA, et al. High adherence to all-oral directly 
acting antiviral HCV therapy among an inner-city patient population in a phase 
2a study. Hepatol Int 2016; 10:310–9.

13. Grebely J, Alavi M, Micallef M, et al. Treatment for hepatitis C virus infection 
among people who inject drugs attending opioid substitution treatment and com-
munity health clinics: the ETHOS study. Addiction 2016; 111:311–9.

14. Grebely J, Robaeys G, Bruggmann P, et al. Recommendations for the management 
of hepatitis C virus infection among people who inject drugs. Int J Drug Policy 
2015; 26:1028–38.

15. Grebely J, Haire B, Taylor LE, et al. Excluding people who use drugs or alcohol 
from access to hepatitis C treatments—Is this fair, given the available data? J 
Hepatol 2015; 63:779–82.

16. Hellard M, Sacks-Davis R, Gold J. Hepatitis C treatment for injection drug users: 
a review of the available evidence. Clin Infect Dis 2009; 49:561–73.

17. Grebely J, Dore GJ, Zeuzem S, et al. Efficacy and safety of sofosbuvir/velpatasvir 
in patients with chronic hepatitis C virus infection receiving opioid substitution 
therapy: analysis of phase 3 ASTRAL trials. Clin Infect Dis 2016; 63:1479–81.

18. Grebely J, Mauss S, Brown A, et al. Efficacy and safety of ledipasvir/sofosbuvir 
with and without ribavirin in patients with chronic HCV genotype 1 infection 
receiving opioid substitution therapy: analysis of phase 3 ION trials. Clin Infect 
Dis 2016; 63:1405–11.

19. Younossi ZM, Stepanova M, Henry L, et al. Adherence to treatment of chronic 
hepatitis C: from interferon containing regimens to interferon and ribavirin free 
regimens. Medicine (Baltimore) 2016; 95:e4151.

20. Saeed S, Strumpf EC, Walmsley SL, et al. How generalizable are the results from 
trials of direct antiviral agents to people coinfected with HIV/HCV in the real 
world? Clin Infect Dis 2016; 62:919–26.

21. Trombatt WD, Koerner PH, Craft ZN, et al. Retrospective analysis of the medi-
cation utilization and clinical outcomes of patients treated with various regimens 
for hepatitis C infection. J Pharm Pract 2016; 30:154–61.

22. Lai JB, Witt MA, Pauly MP, et al. Eight- or 12-week treatment of hepatitis C with 
ledipasvir/sofosbuvir: real-world experience in a large integrated health system. 
Drugs 2017; 77:313–8.

23. Ford MM, Johnson N, Desai P, et al. From care to cure: demonstrating a model 
of clinical patient navigation for hepatitis C care and treatment in high-need 
patients. Clin Infect Dis 2017; 64:685–91.

24. Meyer JP, Moghimi Y, Marcus R, et al. Evidence-based interventions to enhance 
assessment, treatment, and adherence in the chronic Hepatitis C care continuum. 
Int J Drug Policy 2015; 26:922–35.

25. Bruggmann P, Litwin AH. Models of care for the management of hepatitis C virus 
among people who inject drugs: one size does not fit all. Clin Infect Dis 2013; 
57(Suppl 2):S56–61.

26. Milne R, Price M, Wallace B, et al. From principles to practice: description of a 
novel equity-based HCV primary care treatment model for PWID. Int J Drug 
Policy 2015; 26:1020–7.

27. Volpp KG, Gurmankin Levy A, Asch DA, et al. A randomized controlled trial of 
financial incentives for smoking cessation. Cancer Epidemiol Biomarkers Prev 
2006; 15:12–8.

28. Thomas JL, Luo X, Bengtson J, et al. Enhancing Quit & Win contests to improve 
cessation among college smokers: a randomized clinical trial. Addiction 2016; 
111:331–9.

29. Volpp KG, John LK, Troxel AB, et al. Financial incentive-based approaches for 
weight loss: a randomized trial. JAMA 2008; 300:2631–7.

30. Petry NM, Weinstock J, Alessi SM, et al. Group-based randomized trial of contin-
gencies for health and abstinence in HIV patients. J Consult Clin Psychol 2010; 
78:89–97.

31. Sorensen JL, Haug NA, Delucchi KL, et al. Voucher reinforcement improves med-
ication adherence in HIV-positive methadone patients: a randomized trial. Drug 
Alcohol Depend 2007; 88:54–63.

32. Carroll KM, Nich C, Petry NM, et al. A randomized factorial trial of disulfiram 
and contingency management to enhance cognitive behavioral therapy for 
cocaine dependence. Drug Alcohol Depend 2016; 160:135–42.

33. Kimmel SE, Troxel AB, French B, et al. A randomized trial of lottery-based incen-
tives and reminders to improve warfarin adherence: the Warfarin Incentives 
(WIN2) Trial. Pharmacoepidemiol Drug Saf 2016; 25:1219–27.

34. Bock NN, Sales RM, Rogers T, DeVoe B. A spoonful of sugar: improving adher-
ence to tuberculosis treatment using financial incentives. Int J Tuberc Lung Dis 
2001; 5:96–8.

35. Kirby KN, Petry NM. Heroin and cocaine abusers have higher discount rates for 
delayed rewards than alcoholics or non-drug-using controls. Addiction 2004; 
99:461–71.

36. Rigsby MO, Rosen MI, Beauvais JE, et al. Cue-dose training with monetary rein-
forcement: pilot study of an antiretroviral adherence intervention. J Gen Intern 
Med 2000; 15:841–7.

37. Loewenstein G, Brennan T, Volpp KG. Asymmetric paternalism to improve 
health behaviors. JAMA 2007; 298:2415–7.

38. Petry NM, Carroll KM. Contingency management is efficacious in opioid-de-
pendent outpatients not maintained on agonist pharmacotherapy. Psychol Addict 
Behav 2013; 27:1036–43.

39. Branson CE, Barbuti AM, Clemmey P, et al. A pilot study of low-cost contingency 
management to increase attendance in an adolescent substance abuse program. 
Am J Addict 2012; 21:126–9.

40. Babor TF, Higgins J, Saunders J, Monteiro M. AUDIT: The Alcohol Use 
Disorders Identification Test. Guidelines for Use in Primary Care. World Health 
Organization, Department of Mental Health and Substance Dependence. 
Available at: http://whqlibdoc.who.int/hq/2001/WHO_MSD_MSB_01.6a.pdf. 
Accessed 1 November 2016.

41. Skinner HA. The drug abuse screening test. Addict Behav 1982; 7:363–71.
42. Knight K, Simpson DD, Hiller ML. Screening and referral for substance-abuse 

treatment in the criminal justice system. In: Leukefeld CG, Tims FM, Farabee D, 
eds. Treatment of Drug Offenders: Policies and Issues. New York: Springer; 2002: 
pp 259–72.

43. Radloff LS. The CES‐D scale: a self‐report depression scale for research in the 
general population. Appl Psychol Meas 1977; 1:385–401.

44. Chan IS, Zhang Z. Test-based exact confidence intervals for the difference of two 
binomial proportions. Biometrics 1999; 55:1202–9.

45. Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated in the 
case of the binomial. Biometrika 1934; 26:404–13.

46. Levin JB, Sams J, Tatsuoka C, et al. Use of automated medication adherence mon-
itoring in bipolar disorder research: pitfalls, pragmatics, and possibilities. Ther 
Adv Psychopharmacol 2015; 5:76–87.

http://www.hcvguidelines.org
http://whqlibdoc.who.int/hq/2001/WHO_MSD_MSB_01.6a.pdf

