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Background. With the advent of efficacious oral direct-acting antivirals (DAAs) for hepatitis C virus (HCV), identification of
characteristics associated with adherence is critical to treatment success. We examined correlates of sub-optimal adherence to HCV
therapy in a single-arm, multinational, clinical trial.

Methods. ACTG A5360 enrolled HCV treatment-naive persons without decompensated cirrhosis from 5 countries. All
participants received a 12-weeks course of sofosbuvir/velpatasvir at entry. In-person visits occurred at initiation and week 24,
sustained virologic response (SVR) assessment. Adherence at week 4 was collected remotely and was dichotomized optimal
(100%, no missed doses) versus sub-optimal (<100%). Correlates of sub-optimal adherence were explored using logistic regression.

Results. In total, 400 participants enrolled; 399 initiated treatment; 395/397 (99%) reported completing at week 24. Median age
was 47 years with 35% female. Among the 368 reporting optimal adherence at week 4 SVR was 96.5% (95% confidence interval [CI]
[94.1%, 97.9%]) vs 77.8% (95% CI [59.2%, 89.4%]) P value< .001. In the multivariate model age <30 years and being a US
participant were independently associated with early sub-optimal adherence. Participants <30 years were 7.1 times more likely
to have early sub-optimal adherence compared to their older counterparts.

Conclusions. Self-reported optimal adherence at week 4 was associated with SVR. Early self-reported adherence could be used
to identify those at higher risk of treatment failure andmay benefit from additional support. Younger individuals<30 years may also
be prioritized for additional adherence support.

Clinical Trials Registration. NCT03512210.
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BACKGROUND

In the past 2 decades, treatment options for hepatitis C virus
(HCV) have evolved with significant improvements in out-
comes. Direct-acting antivirals (DAAs) for HCV have trans-
formed care for persons with HCV globally [1]. This
breakthrough has not impacted global populations equitably.
The cost of treatment with DAAs is still a barrier to treatment
access worldwide with even certain states in the United States
having administrative barriers to treatment access [2–4].
ACTG 5360 “THE MINMON” trial was designed to reduce

in-person clinic visits, monitoring, and testing associated
with HCV therapy [5].
In most low- and middle-income countries (LMICs) the

World Health Organization (WHO) backed voluntary license
agreements addresses barriers associated with cost of DAA to
variable degrees [6].
The rationale for the MINMON approach was to remove

other cost barriers and improve treatment access by reducing

costly diagnostics to help improve global treatment uptake.

This was based on the hypothesis that reducing treatment

monitoring would not significantly impact safety, adherence,

and sustained virologic response (SVR). A prior study using

real world evidence (RWE) from HCV patients in 34 academ-

ic centers and community clinics in Italy showed high levels

of SVR even with lower levels of adherence [7]. An analysis

of the US Veterans Health Administration database had sim-

ilar findings. In those treated with sofosbuvir based regimens

SVR was not significantly different in those who only received
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50% of the recommended treatment compared to full course
treatment [8].

MINMONwas unique in enrolling participants from 5 coun-
tries on 4 continents. The trial also enrolled people with human
immunodeficiency virus (HIV, PWH) and people who
used drugs (PWUD), both important populations either poorly
represented or excluded from earlier simplification studies
[9, 10].

In this analysis, we examined the associations of self-reported
adherence with SVR, and correlates of sub-optimal adherence.

METHODS

Trial Design

ACTG 5360 (ClinicalTrials.gov: NCT03512210) was a phase IV
open label, single arm trial designed to evaluate the efficacy and
safety of a minimal monitoring strategy for HCV treatment.
The trial enrolled treatment-naive participants without decom-
pensated cirrhosis from 5 countries. The design eliminated on-
treatment study visits, laboratory monitoring, and in-person
adherence assessments. In addition, the use of sofosbuvir/
velpatasvir (SOF/VEL), a pangenotypic DAA pre-treatment
genotyping, was not required. FIB-4 score was used for liver
disease staging, and Child-Turcotte-Pugh (CTP) classification
to distinguish between compensated and decompensated cir-
rhosis in those with FIB-4 >3.25. After screening, participants
received all 84 tablets of SOF/VEL in three 28 pill bottles; the
first dose was observed. Participants were asked for preferred
mode of contact including the following: telephone, text mes-
sage, email, and WhatsApp (a social media platform).
Because of the minimal monitoring design, evaluations of ad-
herence such as pill counts, or electronic pill bottle monitoring
were not used. Adherence and tolerability were assessed using a
standardized questionnaire during treatment. At week 4, par-
ticipants were asked; “during the past 4 weeks, how much of
the study medication did you take?” Available responses were
“All, Most, Some, or None” (Supplementary documents). At
week 22 participants were contacted to schedule their week
24 SVR visit and were asked to update their preferred modes
of contact. At the week 24 visit, participants were asked on
what date they completed the 84-pill regimen. The trial proto-
col was approved by the institutional review boards/Ethics
Committees of all participating sites.

Trial Population

Participants were enrolled from 38 sites in the United States,
Brazil, South Africa, Thailand, and Uganda. PWH and
PWUD were included. Individuals with decompensated cir-
rhosis, active hepatitis B virus (HBV) coinfection based solely
on a positive HBV surface antigen (HBsAg), or who were
pregnant, or breast-feeding were excluded. For a more de-
tailed trial description and the full list of inclusion and

exclusion criteria see the primary manuscript and the full pro-
tocol (Supplementary documents) [5].

Outcome Measures

Self-reported adherence was collected remotely at 2-time
points, week 4 and week 24 (at SVR evaluation, scheduled
24 weeks from treatment initiation). Since very few participants
reported variations of imperfect adherence this outcome was
dichotomized (Supplementary Table 3). At week 4, self-
reported adherence categories were dichotomized into “early
optimal adherence” (participants reporting 100% SOF/VEL)
versus “early sub-optimal adherence’(participants reporting
<100% SOF/VEL). Those withmissing week 4 adherence infor-
mation were excluded from early optimal adherence analyses.
At the week 24 visit, timely treatment completion was defined
as completing all 84 tablets of SOF/VEL within 84± 7 days
based on date of last tablet reported. A composite measure of
adherence; “overall optimal adherence” was defined as taking
all medications at week 4 and completing treatment in a timely
manner. In sensitivity analyses, participants who had missing
week 4 adherence information at week 4 were classified as early
having sub-optimal adherence, and participants who failed to
return for week 24 were classified as having overall sub-optimal
adherence.
Adherence was compared within the following subgroups:

<30 years of age versus≥30 years, sex at birth, gender identity,
time since HCV diagnosis (≤1 year vs >1 year), stability of
participant preferred contact information, non-antiretroviral
(ART) polypharmacy (> 5 medications), currently prescribed
mental health medication, country, and HIV disease status,
drug injection, alcohol, cannabis, and other illicit substances.
SVR was defined as plasma HCV RNA less than the lower lim-
it of quantification of the assay measured at least 22 weeks
post-treatment initiation (and up to 76 weeks). Missing
HCV RNA result was defined as SVR non-response (ie, miss-
ing= failure).

Statistical Analysis

As specified by the primary analysis plan SVR was estimated
within groups defined by adherence using the method of bino-
mial proportions and nominal, 2-sided, 95% confidence intervals
(CI) usingWilson score method. Correlates of early sub-optimal
adherence, and separately overall sub-optimal adherence were
each investigated using multi-variate logistic regression.
Covariates with a P value <.20 from the global Wald χ2 test in
univariate models were included in multivariate logistic regres-
sion modeling utilizing exact methods, if necessary, for sparse
data, and a stepwise selection approach with an entry P value
of .10 and a selection level of .05. Two-way statistical interactions
between covariates in the resulting multivariate model were ex-
plored. All statistical analyses were performed using SAS version
9.4 (SAS institute, Cary, North Carolina, USA).
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RESULTS

Adherence to HCV Treatment by Selected Baseline Characteristics

Between October 2018 and July 2019, 400 participants enrolled
(and 399 initiated treatment) from 38 sites in 5 countries on 4
continents; Brazil (n= 2), USA (n= 31), Uganda (n= 1), South
Africa (n= 2), and Thailand (n= 2). Themedian age of the par-
ticipants was 47 years (IQR: 37, 57), 35% were female sex as-
signed at birth, with 6% self-identifying gender identity as
non-cisgender. Forty-one percent of participants were coin-
fected with HIV, and 14% reported current substance use at
baseline. Four individuals who could not be contacted at
week 4 were excluded from the analysis of early adherence
and considered to have sub-optimal overall adherence.
Among the 4 participants, 1 was lost to follow-up, 1 did not
complete treatment in a timely manner, that is, within 84± 7
days and the other 2 had timely treatment completion.
Self-reported early optimal adherence by remote contact was
high; 368/395 (93%) reported perfect adherence (taking 100%
SOF/VEL at week 4 (Table 1 and Supplementary Tables).
Early optimal adherence ranged from 84% (108 of 128) partic-
ipants in the United States, 87% (13 of 15) in Uganda, 98% (127
of 130) in Brazil, 98% (108 of 110) in Thailand, to 100% (12 of
12) in South Africa.

Within subgroups, the lowest reported early optimal adher-
ence was among individuals <30 years (24 of 32) (75%), those
with ongoing psychoactive medication use (52 of 60) (87%),
and those who reported current injection drug use (13 of 15)
(87%). Using the overall optimal adherence measure, 22 of 31
(71%) of the under 30-year-old age group reported overall op-
timal adherence and 324 of 361 (90%) among those 30 or older.
Self-reported early optimal adherence and the combination of
week 4 optimal adherence and retrospective report of timely
completion at week 24 overall optimal adherence, by different
subgroups, are shown in Table 1.

Ninety four percent, that is, 154 of the 163 PWH reported
early optimal adherence; this was similar to those without
HIV (214 of 232) (92%). There was no difference in SVR by
HIV status. Current alcohol use was reported by 40% of the
study population, with 11 reporting daily use. Early optimal ad-
herence was reported by 144 of 157 (92%) of current alcohol us-
ers and 222 of 236 (94%) of past and non-users of alcohol. All
11 individuals reporting daily alcohol use reported early opti-
mal adherence to DAAs.

Reasons for Sub-Optimal Adherence in MINMON

Reasons for sub-optimal adherence were collected at week 4 by
remote contact and at the SVR visit. Reponses were entered
into the study database, during analysis similar responses
were combined. Among the 27 individuals who reported early
sub-optimal-adherence, 16 (59%) endorsed forgetting to take
medications and 4 (15%) endorsed not having their medica-
tions with them (Supplementary Table 4). The protocol offered

replacement for lost medications if reported within 14 days of
loss. Three participants reported losing their DAAs: 2 of these
cases occurred in the final month of treatment and the last bot-
tle in both cases were replaced following timely reporting; 1
case occurred during the first month of treatment and was
not reported promptly and thus not replaced. This participant
only completed 6 days of SOF/VEL therapy and was considered
<100% adherent. The 2 individuals who reported losing their
last bottles both reported 100% adherence at week 4; 1 complet-
ed treatment within 91 days, the other participant’s last dose
was at day 95, both achieved SVR.

Sustained Virologic Response

355 of 368, (96.5%) reporting early optimal adherence at week 4
achieved SVR: compared to 21 of 27 (77.8%) reporting early
sub-optimal-adherence P value <.001 (Figure 1). A sensitivity
analysis of SVR was done classifying the 4 individuals who
could not be reached at week 4 as non-adherent. The sensitivity
analysis results were similar with a SVR estimate of 96.5% for
optimal adherence versus 77.5 for sub-optimal P value <.001.
When considering adherence over the whole treatment period;
those with optimal overall adherence, 334 of 346 (96.5%)
achieved SVR compared to 42 of 46 (91.3%) reporting sub-
optimal adherence. (P-value= .1).

Correlates of Early Optimal Adherence

Adherence was lower among the US participants compared to
other regions (Table 1); 84% of US participants at week 4% and
79% for overall optimal adherence. In the adjusted analysis,
participants in Thailand, Brazil, South Africa, and Uganda re-
ported higher levels of optimal adherence at week 4 compared
to the those in the United States (P value <.01) (Figure 2). For
individuals <30 years old, optimal adherence was significantly
lower for both early and overall adherence, even after control-
ling for geographic location (Table 2). Among those reporting
current substance use, overall optimal adherence was signifi-
cantly lower (P value= .03) while the difference in early opti-
mal adherence was not significant (P value= .16). Reported
early optimal adherence levels were still relatively high, at least
87%, regardless of self-reported history of substance use
(Figure 3). The adjusted correlates model showed that individ-
uals<30 years were 7.1 times as likely to have early sub-optimal
adherence compared to older participants.

DISCUSSION

MINMON demonstrated that high levels of adherence and
SVR could be achieved using a minimal monitoring design
with only 2 in-person visits. In this analysis we showed that re-
motely captured self-reported early optimal adherence at week
4 was associated with SVR. Individuals reporting early optimal
adherence had an SVR of 96.5% compared to 77.8% for those
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Table 1. Participant Characteristics at Baseline by Adherence Status Based on Week 4 Adherence and Overall Adherence Based on Week 4 Status and
Retrospective Timely Treatment Completion

Participant Characteristics

Remotely Obtained on Treatment
Adherence at Week 4
(Early Adherence)

Overall Adherence Based on Remotely Obtained
Week 4 and Timely Treatment Completion

(Overall Adherence)

N

Self-reported 100%
SOF/VEL (Optimal

Adherence)
n/N (%)

Self-reported
<100% SOF/VEL

n/N (%) N

100% Week 4 Adherence and
Timely Treatment Completion
(Overall Optimal Adherence)

n/N (%)

<100% Week 4 Adherence and or
Non-timely Treatment Completion
(Overall Sub-optimal Adherence)

n/N (%)

Total Sample 395 368 27 392 346 46

Country

Brazil 130 127 (98) 3 (2) 130 120 (92) 10 (8)

South Africa 12 12 (100 0 (0) 12 10 (83) 2 (17)

Thailand 110 108 (98) 2 (2) 110 104 (95) 6 (5)

US 128 108 (84) 20 (16) 125 99 (79) 26 (21)

Uganda 15 13 (87) 2 (13) 15 13 (87) 2 (13)

Age at enrollment

<30 y 32 24 (75) 8 (25) 31 22 (71) 9 (29)

≥30 y 363 344 (95) 19 (5) 361 324 (90) 37 (10)

Sex at birth

Female 138 130 (94) 8 (6) 136 123 (90) 13 (10)

Male 257 238 (93) 19 (7) 256 223 (87) 33 (13)

Gender identity

Cisgender 374 348 (93) 26 (7) 371 327 (88) 44 (12)

Transgender spectrum 21 20 (95) 1 (5) 21 19 (90) 2 (10)

Time from HCV diagnosis

≤1 y 110 99 (90) 11 (10) 110 95 (86) 15 (14)

>1 y 285 269 (94) 16 (6) 282 251 (89) 31 (11)

HIV status

HIV-1 not present 232 214 (92) 18 (8) 229 200 (87) 29 (13)

HIV-1 present 163 154 (94) 9 (6) 163 146 (90) 17 (10)

Self-reported IDU status

Current 15 13 (87) 2 (13) 15 10 (67) 5 (33)

Previous 120 109 (91) 11 (9) 118 104 (88) 14 (12)

Never/not evaluated 260 246 (95) 14 (5) 259 232 (90) 27 (10)

Self-reported Alcohol use

Current, daily 11 11 (100) 0 (0) 11 10 (91) 1 (9)

Current, not daily 146 133 (91) 13 (9) 145 125 (86) 20 (14)

Previous/never 236 222 (94) 14 (6) 234 209 (89) 25 (11)

Not evaluated 2 2 (100) 0 (0) 2 2 (100) 0 (0)

Self-reported cannabis use

Current/previous 190 169 (89) 21 (11) 187 159 (85) 28 (15)

Never/not evaluated 205 199 (97) 6 (3) 205 187 (91) 18 (9)

Self-reported substance usea

Current 54 49 (91) 5 (9) 53 42 (79) 11 (21)

Previous/never/not
evaluated

341 319 (94) 22 (6) 339 304 (90) 35 (10)

Ongoing psychoactive medication useb

Yes 60 52 (87) 8 (13) 58 46 (79) 12 (21)

No 335 316 (94) 19 (6) 334 300 (90) 34 (10)

Non-ART polypharmacyc

≥5 Medications 55 51 (93) 4 (7) 54 46 (85) 8 (15)

<5 medications 340 317 (93) 23 (7) 338 300 (89) 38 (11)

In this table individuals with missing data on adherence at week 4 remote contact and treatment completion are excluded.

Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HIV-1, human immunodeficiency virus type 1; IDU, injection drug use; SOF/VEL,
sofosbuvir/velpatasvir.
aDrug use was collected using the World Health Organization (WHO) Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) Questionnaire. Current use is defined as
self-reported use at least once in the past 3 months prior to study entry. Substance use defined as any current or previous usage of amphetamines, hallucinogens, cocaine, opioids, or
sedatives. Two participants were not evaluated for drug use at study entry due to site error and participant declining.
bOngoing psychoactive medication use was defined as use of any medication prescribed for any diagnosis. Anti-addiction and anticonvulsant medications are excluded from psychoactive
medications.
cProphylaxis for HIV is included as 1 medication; antiretrovirals (ARVs) are excluded from non-ART polypharmacy.
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reporting early sub-optimal adherence An analysis of RWE
across 34 academic and community centers in Italy on 365
HCV patients without advanced fibrosis by Fabbiani et al [7]
reported similar results, with an SVR of 99.1% in patients
who completed ≥4 weeks of DAAs versus 50% in those with
<4 weeks; P= .003. These results suggest early treatment ad-
herence in HCV treatment is critical for treatment success.
Another study on intrahepatic viral kinetics during HCV treat-
ment in genotype 1a patients using paritaprevir/ritonavir, om-
bitasvir, dasabuvir, plus ribavirin revealed rapid viral clearance
in >90% of infected hepatocytes in the first 7 days of DAA
treatment [11]. These findings suggest patients might benefit
from interventions focused on maximizing adherence during
the first weeks of treatment.

In MINMON, the proportion of individuals who reported
completing treatment was high and comparable to other stud-
ies (96%–99%) [12, 13]. The high SVR observed among those
reporting sub-optimal adherence mirrors RWE suggesting
that successful treatment with potent DAAs may be achieved
with lower levels of adherence[7, 14–16]. This was seen in the
SIMPLIFY study, a trial among recent people who inject drugs
(PWID). Another secondary analysis of pooled data from 8
phase 3 clinical trials using the pangenotypic DAA glecapre-
vir/pibrentasvir with a sample size of 2091 confirmed this find-
ing. In this study any history of alcohol use was associated with
a odds ratio of 2.38 (95% CI 1.13–5.01) of being non-adherent
to HCV therapy [17]. Among those who were non-adherent

SVR was 87% compared with 98% for those who were adherent
(P< .001). Our results and prior studies support a global imple-
mentation of HCV treatment using less intense monitoring,
with a focus on viral hepatitis C elimination. The minimal
monitoring approach tested in MINMON is especially suited
for LMIC settings with limited provider and health system ca-
pacity, similar models have been used in countries like Egypt
and Australia [18, 19]. The model also has some intrinsic ad-
herence benefits—the provision of all 84 tablets on day 1 re-
duced the risk of non-adherence from prescription refill
delays and other logistical barriers impacting medication avail-
ability. The use of multiple means of contacting participants
probably improved the ability to reach participants leading to
better engagement and thus improved ability to ascertain SVR.
The 95% SVR ofMINMON and high levels of adherence with

a cost sensitive client-centered strategy questions the utility of
costly, time and resource intensive adherence monitoring and
interventions utilized in prior HCV treatment protocols and
programmatic rollouts. In MINMON, a low contact reduced
monitoring approach to HCV treatment, self-reported week 4
optimal adherence was high even in those reporting substance
use (Figure 3). The high rate of optimal adherence (> 87%) in
all substance use categories challenges the utility of administra-
tive barriers to treatment access based on substance use used
in some jurisdictions [20, 21]. Remote participant adherence us-
ing varied modes of contact based on individual preference ap-
peared effective in maintaining high levels of adherence and

Figure 1. Showing SVR estimates by self-reported week 4 adherence, 100% versus <100%. Self-reported sub-optimal adherence at week 4 was highly predictive of
treatment failure. In this study adherence data were collected by self-report, information collected was not confirmed by pill count or any other validated means of adherence
determination. SVR was 96.5% (95% CI: [94.1–97.9]) in those reporting sub-optimal adherence at week 4 versus 77.8% (95% CI: [59.2–89.4]) for those reporting sub-optimal
(P< .001). The upper estimate excluded those who could not be reached at week 4 from analysis and the lower estimate assumed they were non-adherent. The result was
unchanged even after including those who could not be reached at week 4 remote contact as non-adherent. Abbreviations: CI, confidence interval; SVR, sustained virologic
response.
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Figure 2. Showing univariate and adjusted odds of early sub-optimal adherence by participant characteristics. Univariate analysis (A) suggests that younger individuals
<30 years at time of enrollment, participants in the United States and those with current psychoactive prescriptions were more likely to have early sub-optimal adherence. In
the adjusted correlates model (B) only age and geographic location were associated with early sub-optimal adherence. On account of variations in health systems and hep-
atitis C access by country and region the significantly reduced adherence in US/North American partcipants is difficult to interpret. In this figure Africa is the combination of
participants from South Africa and Uganda, United States is the only country in North America, Brazil is the only country in South America, and Thailand represents Asia.
Abbreviations: CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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study retention in both the US and LMIC settings. Optimal ad-
herence was lower for US participants compared to non-US
groups, but no significant difference in SVR was noted. The low-
er level of adherence in US participants may be secondary to
higher likelihood of selection of highly motivated patients in
LMICs with relative lack of access to HCV DAAs compared to
the United States during the study period (2018/2019).
Differences in cultural acceptability of reporting non-adherence
may have played a role in the observed results.

MINMON showed that self-reported optimal adherence at
week 4 was highly predictive of SVR. Not all studies have found
correlations with adherence and SVR with DAA therapy for
HCV. Some prior studies found early treatment discontinua-
tion to be the strongest predictors of not achieving SVR
[22, 23]. In SIMPLIFY almost all participants who completed
treatment achieved SVR, except for 3, 2 of whom were lost to
follow-up and 1 who did not have a sample taken at end of
treatment [15]. This result almost mirrors MINMON, with
99% completing treatment, and returning for SVR evaluation,
except for 3, 2 were lost to follow-up and 1 had a sample taken
prior to the protocol defined SVR evaluation window.

Ourmultivariate model identified age<30 years as one of the
most important predictors of self-reported sub-optimal adher-
ence. The finding of lower treatment adherence in younger pa-
tients has been reported in other studies including among

patients with HIV and type I diabetes [24, 25]. Other than
country of residence, none of the other variables, such as sex
at birth, HIV status, history of substance abuse, daily alcohol
or marijuana use were shown to be independently associated
with non-adherence.
The data suggest that younger persons, that is, <30 years

could be prioritized for adherence interventions to maximize
SVR. Strategies such as treatment adherence applications
which provide reminders, use of peer mentors and mobile
phone-based counseling interventions which have been used
in PWH could be utilized in such populations [26, 27].

Limitations of This Analysis

These findings need to be interpreted with caution. Many of the
LMICs in this trial had very limited access to DAAs possibly al-
lowing selection of more motivated participants. With the min-
imal monitoring nature of the intervention, no direct measures
(such as pill count or directly observed therapy [DOT]) for col-
lecting adherence data nor any electronic adherence monitor-
ing were used. All adherence data were based on self-report
and as such may be subject to memory and recall bias.
Because Week 4 adherence data were captured in real-time,
this outcome may be less subject to retrospective bias. Week
4 adherence is based on each participant’s response to ques-
tionnaire and relies on the participant’s understanding of the

Figure 3. Showing optimal adherence at week 4 by different categories of substance use. Substance use in this study was collected at baseline and screening using
questionnaires. All data on substance use were obtained by participant self-report. No attempt was made to confirm this with urine or serum substance abuse testing.
Drug use was collected using the WHO ASSIST Questionnaire. Alcohol use history was collected using a modified AUDIT screening tool. The most common substance
used other than tobacco was alcohol, 85% of all participants reported either current or prior use. Other substances reported were, cannabis, 48%, cocaine 37%, amphet-
amines 32%, opioids 25%, sedatives 19% and other hallucinogens 20%. These percentages include both prior and current use. For all the substances current use is defined as
any use within the past 3 months. Daily use data were only collected on alcohol on account of known recommendations by some prior and current treatment guidelines
suggesting possible association with poor SVR adherence and SVR outcomes. All daily alcohol users reported 100% adherence at week 4. This finding must be interpreted
with caution as the numbers were small, only 11 participants reported daily alcohol use, for detailed numbers see Table 1. This chart only includes data on individuals with
adherence data from week 4 remote contact. Abbreviations: ASSIST, Alcohol, Smoking and Substance Involvement Screening Test; AUDIT, Alcohol Use Disorders Ident-
ification Test; IV, intravenous; SVR, sustained virologic response; WHO, World Health Organization.
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question and self-report, which is often subject to a ceiling ef-
fect. In our regression analysis some of the subgroups were
small, and associations between OPTIMAL adherence and
SVR were sensitive to how the small numbers of participants
stopping treatment early and/or missing data were handled.

CONCLUSION

Treatment barriers continue to limit uptake of HCV treatment
in both high income and LMIC. A minimal monitoring ap-
proach with only 2 in-person visits, reduced laboratory testing,
and a week 4 adherence assessment had high treatment com-
pletion and SVR. The remotely obtained week 4 adherence
was a strong predictor of SVR. Implementing the MINMON
strategy may overcome many of the structural barriers imped-
ing access to HCV treatment globally. Treatment programs
should consider incorporating early remote adherence assess-
ment and providing additional support for those reporting sub-
optimal adherence. Younger individuals (<30 years), and indi-
viduals with current prescriptions of psycho-active drugs may
benefit from additional adherence support.
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authors, so questions or comments should be addressed to the correspond-
ing author.

Notes
Acknowledgments. The authors thank people living with hepatitis C vi-

rus (HCV) worldwide, especially the ACTG A5360 participants, who gra-
ciously participate in research studies globally, and the clinical and
research personnel at the participating sites. They would also like to ac-
knowledge the ACTG leadership, the hepatitis transformative science
group of the ACTG, and the statistical and data management center of
the ACTG for their continued support and guidance. They also acknowl-
edge the contributions of all members of the ACTG A5360 team who over-
saw the implementation of this trial.
Disclosure. L. S. was employed by the National Institute of Allergy and

Infectious Diseases (NIAID) at the time this research was conducted but
is currently employed by Gilead Sciences, Inc.
Financial support. This publication was supported by the NIAID of the

National Institutes of Health (NIH) under award number UM1 AI068634,
UM1 AI068636, and UM1 AI106701. Additional funding support and
study product was provided by Gilead Sciences, Inc. M. S. was partially sup-
ported by the National Institute of Drug Abuse (NIDA) under a Midcareer
Investigator Award in Patient-Oriented Research K24DA034621.
Potential conflicts of interest. L. A. S. reports being an employee of

Gilead Sciences, Inc, and owning stock in Gilead Sciences and Vaxart
Inc. L. A. S. reports leadership as the Chair of Academy Council for
Racial Equity of American Academy of HIV Medicine.
D. B. reports research grants fromGilead Sciences paid to institution and

is Co-Chair for Infectious Diseases Society of America (IDSA), American
Association for the Study of Liver Diseases and Infectious Diseases
Society of America (AASLD-IDSA) HCV Guidance Panel.
B. L. reports Leadership or fiduciary role in other board, society, com-

mittee, or advocacy group as a member of AASLD-IDSA guidance panel.
B. K. reports being an employee of Gilead Sciences, Inc, and owning

stock.

S. S. declares grants and study products to the institution from Gilead
Sciences related to the submitted work as well as grants and study product
to the institution from Gilead Sciences and Abbott Laboratories not related
to the submitted work, including NIDA, NIH, USA (paid to institution),
Elton John AIDS Foundation (paid to institution), PEPFAR/USAID
(paid to institution), John C Martin Foundation (paid to institution), sup-
port for attending meetings and/or travel from Gilead Sciences (participa-
tion in liver conference in Italy), and honoraria from Gilead Sciences.
Furthermore, S. S. reports Leadership or fiduciary role in other board, so-
ciety, committee or advocacy group as Board of Directors for Serious Fun
Children’s Network, USA, and a member of the Board of Trustees for YR
Gaitonde Medical Educational and Research Foundation, India, and re-
ceipt of equipment, materials, drugs, medical writing, gifts, or other servic-
es for Gilead Sciences (donations of study products), and Abbott
Laboratories (donation of study products).
M. S. declares grants to his institution from Gilead Sciences, AbbVie,

Janssen, and Assembly Biosciences outside of the submitted work, personal
consulting fees from AbbVie, Aligos, GSK, Virion, Gilead Sciences,
Assembly Biosciences, Arbutus, Virion, Antios, GlaxoSmithKline, Precision
Biosciences and Viiv, has received honoraria from Practice Point
Communication; including Participation on a Data Safety Monitoring
Board or Advisory Board for Gilead, AbbVie, and ImmunoCore, and is a
member of the Editorial Board Journal of Viral Hepatitis, Wiley.
G. K. R. declares grants to his institution from Gilead Sciences, Citius

Pharmaceuticals, Pfizer, Emergent BioSolutions, and Leonard Meron
Bioscience, outside of the submitted work, and consulting fees from
Teradyne Inc, Massachusetts Executive Office of Energy and Environmental
Affairs, andMassachusetts Interscholastic Athletic Association, and is amem-
ber of the DHHS OI Guidelines Committee. Furthermore, G. K. R. reports
Participation on a Data Safety Monitoring Board or Advisory Board for
ENding subClinical Heart failure using an Aldosterone and Natriuretic pep-
tide Targeted treatMENmT in HIV (ENCHANTMENTHIV Study). All oth-
er authors report no potential conflicts.
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. Asselah T, Marcellin P, Schinazi RF. Treatment of hepatitis C virus infection with

direct-acting antiviral agents: 100% cure? Liver Int 2018; 38:7–13.
2. Lin M, Kramer J, White D, et al. Barriers to hepatitis C treatment in the era of

direct-acting anti-viral agents. Aliment Pharmacol Ther 2017; 46:992–1000.
3. Liu L,DaftaryMN,AlzahraniMS,OhaneleC,ManenoMK. Barriers to the treatment

of hepatitis C among predominantly African American patients seeking care in an
urban teaching hospital in Washington, DC. J Natl Med Assoc 2021; 113:147–57.

4. Borda JP, Friedman HL, Castaño GA, Rodríguez HA, Muñoz CF, Tofighi B.
Barriers to HIV and hepatitis C care for people who inject drugs in Colombia.
AIDS Care 2022; 34:633–8.

5. Solomon SS, Wagner-Cardoso S, Smeaton L, et al. A minimal monitoring ap-
proach for the treatment of hepatitis C virus infection (ACTG A5360
[MINMON]): a phase 4, open-label, single-arm trial. Lancet Gastroenterol
Hepatol 2022; 7:307–17.

6. World Health Organization. Progress report on access to hepatitis C treatment:
focus on overcoming barriers in low- and middle-income countries. No.
WHO/CDS/HIV/18.4. World Health Organization, 2018. Available at: https://
apps.who.int/iris/handle/10665/260445. Accessed 17 December 2022.

7. Fabbiani M, Lombardi A, Colaneri M, et al. High rates of sustained virological re-
sponse despite premature discontinuation of directly acting antivirals in
HCV-infected patients treated in a real-life setting. J Viral Hepat 2021; 28:558–68.

8. Butt AA, Yan P, Shaikh OS, Chung RT, Sherman KE, ERCHIVES study.
Treatment adherence and virological response rates in hepatitis C virus infected
persons treated with sofosbuvir-based regimens: results from ERCHIVES. Liver
Int 2016; 36:1275–83.

9. Dieterich DT. A simplified algorithm for the management of hepatitis C infection.
Gastroenterol Hepatol (N Y) 2019; 15(5 Suppl 3):1–12.

10. Majethia S, Lee IH, Chastek B, et al. Economic impact of applying the
AASLD-IDSA simplified treatment algorithm on the real-world management of
hepatitis C. J Manag Care Spec Pharm 2022; 28:48–57.

11. Balagopal A, Smeaton LM, Quinn J, et al. Intrahepatic viral kinetics during
direct-acting antivirals for hepatitis c in human immunodeficiency virus

Adherence in MINMON: A Hepatitis C Trial • CID • 9

http://academic.oup.com/ehjcr/article-lookup/doi/10.1093/cid/ciad034#supplementary-data


coinfection: the AIDS Clinical Trials Group A5335S sub study. J Infect Dis 2020;
222:601–10.

12. 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.

13. Rockstroh JK, Lacombe K, Viani RM, et al. Efficacy and safety of glecaprevir/
pibrentasvir in patients coinfected with hepatitis C virus and human immunode-
ficiency virus type 1: the EXPEDITION-2 study. Clin Infect Dis 2018; 67:1010–7.

14. Cunningham EB, Hajarizadeh B, Amin J, et al. Adherence to once-daily and
twice-daily direct-acting antiviral therapy for hepatitis C infection among people
with recent injection drug use or current opioid agonist therapy. Clin Infect Dis
2020; 71:e115–24.

15. Grebely J, Dalgard O, Conway B, et al. Sofosbuvir and velpatasvir for hepatitis C
virus infection in people with recent injection drug use (SIMPLIFY): an open-
label, single-arm, phase 4, multicenter trial. Lancet Gastroenterol Hepatol 2018;
3:153–61.

16. Cunningham EB, Amin J, Feld JJ, et al. Adherence to sofosbuvir and velpatasvir
among people with chronic HCV infection and recent injection drug use: the
SIMPLIFY study. Int J Drug Policy 2018; 62:14–23.

17. Brown A, Welzel TM, Conway B, et al. Adherence to pan-genotypic glecaprevir/
pibrentasvir and efficacy in HCV-infected patients: a pooled analysis of clinical
trials. Liver Int 2020; 40:778–86.

18. El-Akel W, El-Sayed MH, El Kassas M, et al. National treatment programme of
hepatitis C in Egypt: hepatitis C virus model of care. J Viral Hepat 2017; 24:262–7.

19. Pedrana AE, Sacks-Davis R, Doyle JS, Hellard ME. Pathways to the elimination of
hepatitis C: prioritising access for all. Expert Rev Clin Pharmacol 2017; 10:1023–6.

20. Jatt LP, Gandhi MM, Guo R, et al. Barriers to hepatitis C direct-acting antiviral
therapy among HIV/hepatitis C virus-coinfected persons. J Gastroenterol
Hepatol 2021; 36:1095–102.

21. Koren DE, Zuckerman A, Teply R, Nabulsi NA, Lee TA, Martin MT. Expanding
hepatitis C virus care and cure: national experience using a clinical pharmacist–
driven model. Open Forum Infect Dis 2019; 6:ofz316.

22. de Ávila Machado MA, De Moura CS, Klein M, et al. Direct-acting antivirals for
hepatitis C: predictors of early discontinuation in the real world. J Manag Care
Spec Pharm 2019; 25:697–704.

23. Patel K, Zickmund SL, Jones H, et al. Determinants of hepatitis C treatment ad-
herence and treatment completion among veterans in the direct acting antiviral
era. Dig Dis Sci 2019; 64:3001–12.

24. Hinkin CH, Hardy DJ, Mason KI, et al. Medication adherence in HIV-infected
adults: effect of patient age, cognitive status, and substance abuse. AIDS 2004;
18:S19–25.

25. Huang YM, Shiyanbola OO, Chan HY, Smith PD. Patient factors associat-
ed with diabetes medication adherence at different health literacy levels: a
cross-sectional study at a family medicine clinic. Postgrad Med 2020; 132:
328–36.

26. Duggal M, Chakrapani V, Liberti L, et al. Acceptability of mobile phone-based
nurse-delivered counseling intervention to improve HIV treatment adherence
and self-care behaviors among HIV-positive women in India. AIDS Patient
Care STDS 2018; 32:349–59.

27. Whiteley LB, Olsen EM, Haubrick KK, Odoom E, Tarantino N, Brown LK. A re-
view of interventions to enhance HIV medication adherence. Curr HIV/AIDS
Rep 2021; 18:443–57.

10 • CID • Sowah et al


	Perspectives on Adherence From the ACTG 5360 MINMON Trial: A Minimum Monitoring Approach With 12 Weeks of Sofosbuvir/Velpatasvir in Chronic Hepatitis C Treatment
	BACKGROUND
	METHODS
	Trial Design
	Trial Population
	Outcome Measures
	Statistical Analysis

	RESULTS
	Adherence to HCV Treatment by Selected Baseline Characteristics
	Reasons for Sub-Optimal Adherence in MINMON
	Sustained Virologic Response
	Correlates of Early Optimal Adherence

	DISCUSSION
	Limitations of This Analysis

	CONCLUSION
	Supplementary Data
	Notes
	References


