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Background. Eliminating hepatitis C virus (HCV) will require effective treatment delivery to persons with substance use dis-
orders (SUDs). We evaluated the relationship between ledipasvir/sofosbuvir treatment persistence (receiving 84 tablets), adherence,
and sustained virologic response (SVR) in persons with human immunodeficiency virus (HIV)/HCV coinfection.

Methods. Of the 144 participants with HIV/HCV and SUDs, 110 initiated a 12-week treatment course under 1 of 3 conditions
(usual care, peer mentors, and cash incentives). We used self-report, pharmacy pill counts, and expected date of refill to examine ad-
herence. Persistent participants were categorized as high adherence (taking >90% of doses) or low adherence (taking <90% of doses).

Results. Most participants persisted on treatment after initiation (n = 105), with 95% (n = 100) achieving SVR. One third (34%)
of participants had moderate/heavy alcohol use by the biomarker phosphatidylethanol ([Peth] >50 ng/mL), and 44% had urine tox-
icology positive for cocaine or heroin at enrollment. The proportion of persons with high adherence was 72% (n = 76), and the pro-
portion of persons with low adherence was 28%. Although low adherence was associated with moderate/heavy alcohol use by PEth
(relative risk = 2.77; 95% confidence interval, 1.50-5.12), SVR did not vary according to adherence (P =.702), and most participants

(97%) with low adherence achieved SVR.
Conclusions.

SUDs.
Keywords.

Treatment persistence led to high SVR rates among persons with HIV/HCV, despite imperfect adherence and

adherence; direct-acting antivirals; hepatitis C virus; substance use disorders; sustained virologic response.

Approximately 71 million people globally are living with hepa-
titis C virus (HCV) infection, 2.3 million of which are coinfected
with human immunodeficiency virus (HIV) [1]. Among this
coinfected population, more than half are persons who inject
drugs, and many have active substance use disorders (SUDs)
[2]. Persons with active HCV infection are at risk for life-
threatening liver disease, hepatocellular carcinoma, and remain
at risk for transmitting HCV infection [3, 4]. With the advent
of highly effective direct-acting antivirals (DAAs), the World
Health Organization established the goal of HCV elimination
by 2030 with targets to diagnose and treat HCV in 90% of those
infected and 80% of those eligible for treatment, respectively
[1]. In this context, treatment of persons with active SUDs has
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been prioritized by HCV treatment guidelines to prevent pro-
gressive liver disease and stem onward transmission [5, 6].

Direct-acting antivirals are proving to be just as effective in
populations of people who use drugs [7, 8], including those ac-
tively injecting and those on opioid-substitution therapy, com-
pared to patients without a history of injection drug use [9].
However, persons with HCV and SUDs can face substantial
barriers to curative treatment, including stigmatization within
the healthcare system, lack of access to substance use treat-
ment, and comorbid conditions such as depression [10-12].
Healthcare providers and systems may also obstruct treatment
by requiring evidence of treatment readiness, which may in-
clude documentation of abstinence from drug or alcohol use
and demonstration of compliance with scheduled visits [13, 14].
Obstacles related to treatment initiation and adherence could
be addressed by research demonstrating successful strategies
and outcomes.

In the SIMPLIFY study, the majority (97%) of persons
who inject drugs completed a 12-week course of sofosbuvir/
velpatasvir (SOF/VEL), and most (94%) achieved sustained
virologic response (SVR) despite less than perfect adherence
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to once-daily pill taking [15]. Similarly, the CHAMPS study
evaluated interventions to increase HCV treatment uptake and
cure among persons with HIV, HCV, and SUDs. In this study,
high rates of SVR were observed among persons who initiated
a 12-week course of ledipasvir/sofosbuvir (LVD/SOF), and the
most common reason for non-SVR was noninitiation of HCV
treatment (24% of all persons who consented to treatment did
not initiate) [16]. These studies suggest that the critical step in
the HCV care continuum for many persons with active HCV
infection is treatment initiation and introduces the possibility
that HCV treatment with DAAs may be forgiving of missed
doses. However, much of the research on HCV DAA efficacy in
people who use drugs (1) only includes participants with high
adherence, (2) has limited data on pill-taking adherence, or
(3) requires participants to be in treatment for SUDs [17-21].
There are limited data related to HCV treatment outcomes for
participants who complete treatment after the “expected” com-
pletion date. The aim of this secondary analysis is to examine
“persistence” with the entire 84 tablet/12-week HCV treatment
course and adherence to LDV/SOF (missed doses) and their re-
lationship with SVR among persons with HIV, HCV, and SUDs.

METHODS

Study Population

The CHAMPS study  (ClinicalTrials.gov  Identifier
NCT02402218) identified 194 people with HIV receiving HIV
care at the Johns Hopkins HIV clinic who had not engaged in
colocated HCV care within 8 months of entry. Eligible partici-
pants had chronic HCV genotype 1 infection and were HCV
treatment naive. Other inclusion criteria included the following:
age >18 years, CD4 count >100 mm’, estimated glomerular fil-
tration rate >30 mL/min/1.73 m?, no evidence of hepatocellular
carcinoma or decompensated liver disease, and life expectancy
greater than 2 years [16]. After informed consent, 144 partici-
pants were provided access to 12 weeks of once-daily LDV/SOF
at no cost (Harvoni; Gilead Sciences, Foster City, CA).

To evaluate strategies to facilitate treatment uptake and cure,
participants were randomized to 1 of 3 conditions: (1) usual care
(UQ), (2) UC plus peer mentor support (peer), and (3) UC plus
contingent cash incentive (cash). In brief, UC included linkage
to an HCV provider and access to a nurse-led multidisciplinary
team. In the peer group, trained peer mentors worked with par-
ticipants before, during, and after treatment, and participants in
the cash group received escalating incentives for visit attendance
(maximum total $220). Incentives were not linked to pill counts
or HCV response. Between August 2015 and October 2016, the
CHAMPS study enrolled and randomized 144 participants to re-
ceive 12 weeks of LDV/SOF under 1 of 3 conditions: usual care,
n = 36; peer mentor augmented care, n = 54; and cash incentive
augmented care, n = 54. Of the 110 of 144 (76%) participants
who initiated LDV/SOF, 100 (91%) achieved SVR; the SVR rate
was similar in persons assigned to each condition (usual care,

92%; peer mentor, 91%; and cash incentive, 90%). Detailed
methods and additional results are reported elsewhere [16].

Laboratory and Clinical Assessments

Laboratory monitoring included quantitative HCV ribonucleic
acid (RNA) (COBAS TagMan HCV Test v2.0; Roche Molecular
Systems Inc., Branchburg, NJ) at treatment weeks 0, 4, 8, 12, and
posttreatment weeks 6 and 12. At each visit, adverse effects and
medication adherence were assessed by the study coordinators.
CD4 cell count and HIV RNA level were measured at screening
and as clinically indicated. Liver elastography (FibroScan 502
Touch; Echosens North America, Waltham, MA) was per-
formed before HCV treatment and at posttreatment week 12.
Drug and alcohol use was assessed at each study visit by ques-
tionnaires, including the 10-question Alcohol Use Disorders
Identification Test (AUDIT) [22]. At study entry and treatment
week 6, drug use was measured by urine toxicology, and alcohol
use was measured by whole blood levels of phosphatidylethanol
(PEth) (USDTL, Des Plaines, IL) [23].

Study Outcomes

The primary endpoint of the CHAMPS study was LDV/SOF
initiation within 8 or 12 weeks of randomization (12 weeks if
changes in HIV antiretroviral medications were required). Of
the 144 participants randomized and provided access to HCV
treatment, 34 participants did not initiate HCV treatment and
were not considered in this adherence analysis. For the 110 parti-
cipants who initiated HCV treatment, key secondary endpoints
were SVR, HCV relapse, and HCV reinfection. Sustained
virologic response was defined as an undetectable HCV RNA
at 12 or more weeks after stopping LDV/SOF. Participants with
undetectable HCV RNA at the end of treatment and detect-
able HCV RNA at posttreatment weeks 6 or 12 were assessed
for HCV relapse versus reinfection using exposure history and
virus characteristics.

Adherence Monitoring

Participants received bottles containing 28 tablets of LDV/SOF
from the research pharmacists at the time of treatment initia-
tion and at treatment weeks 4 and 8. Medication adherence was
assessed using the dates the first and last pills were taken and via
self-reported number of missed doses (weeks 4, 6, 8, and 12).
Participants were instructed to return bottles to the pharmacy;
however, distribution of the next 28-day supply of LDV/SOF
was not contingent on the return of the previous bottle. At the
time of refill, if the patient had pills remaining, the doses were
returned to the participant to complete all 84 tablets of LDV/
SOEF. Participants who did not present for planned medication
refill were contacted by the clinical (clinicians, nurses, or phar-
macists) and study teams to facilitate treatment continuation,
regardless of intervention arm. Participants randomized to the
peer mentor condition had additional interactions with peers
focused on treatment persistence and adherence.
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Statistical Analysis
For this secondary analysis, treatment persistence was defined
as the receipt of 84 tablets of LDV/SOF (all 3 bottles) regardless
of how many days it took the participant to complete the treat-
ment course. Treatment persistence was assessed among par-
ticipants who initiated HCV treatment in the trial. Adherence
was assessed among participants with treatment persistence
using several methods including the following: (1) pharmacy-
recorded first and last date of treatment; (2) pharmacy bottle
(28 tablet) dispensing dates; and (3) patient self-report at week
6 and 12 study visits. The primary method for defining the ad-
herence groups was based on missed doses, calculated based
on the expected (84 days) versus the actual interval between
the pharmacy-recorded first and last date of treatment. Any
tablets returned to the pharmacy were also considered when
calculating missed doses. For example, a participant with a
pharmacy-reported end date on treatment day 88 instead of
on treatment day 84 was considered to have missed tablets
on 4 of the preceding 84 treatment days. A participant with
a pharmacy-reported end date on treatment day 84 was con-
sidered to have complete (100%) adherence. For participants
missing the treatment completion date, research staff contacted
participants within 3 days of the expected completion date to
obtain self-reported last dose, following up as needed.
Participants were categorized into high and low adherence
groups based on missed doses over the 12-week, 84-tablet treat-
ment course. High adherence was defined as missing 0-8 doses
(>90% adherence), and low adherence was defined as missing 9
or more doses of LDV/SOF (<90% adherence), consistent with
the existing HIV and HCV adherence literature [24-27].
Participant characteristics were compared across adherence
categories using x” tests for categorical variables and Wilcoxon
rank-sum tests for continuous variables. Relative risks (RRs)
were estimated using Poisson regression with robust variance
estimation. Variables such as “following a provider’s suggestion”
were included in the bivariate analysis based on a priori hypoth-
eses. Variables that were statistically significant (P < .05) in the
bivariate models were included in a multivariable model. In ad-
dition, SVR was compared across adherence categories using
a x’ test. The analysis was conducted using SAS software, ver-
sion 9.4 (SAS Institute Inc., Cary, NC) and STATA, version 14.2
(StataCorp LLC, College Station, TX). The CHAMPS study was
approved by the Johns Hopkins University School of Medicine
Institutional Review Board and conducted in accordance with
provisions of the Declaration of Helsinki and Good Clinical
Practice guidelines.

RESULTS

Treatment Nonpersistence

Of the 110 participants who started HCV treatment, 5
(4.5%) participants discontinued treatment after receiving
only 28 tablets of LDV/SOF (3 due to adverse events and 2

self-discontinued); none achieved SVR. The characteristics of
participants with nonpersistence are reported in Supplemental
Table 1.

Adherence Among Participants With Treatment Persistence

Among participants with treatment persistence (n = 105, 96%),
most were male (59%), black (92%), and not employed (81%)
with a median age of 55 years (Table 1). The median time to
complete the 84-day treatment course was 85 days (range, 76 to
127 days) (Table 2).

The SVR rate among participants who persisted on treatment
with LDV/SOF was 95% (100 of 105). Of those with non-SVR, 3
participants had virologic failure, 1 had HCV reinfection (HCV
genotype 1 subtype change after documentation of negative
HCV RNA posttreatment), and 1 died of unknown causes be-
fore the SVR assessment.

Among the 105 participants that persisted on HCV treat-
ment, 76 (72%) had high adherence (median number of missed
doses = 1; interquartile range [IQR] = 0-3; range = 0-8) and
29 (28%) had low adherence (median number of missed
doses = 14; IQR = 12-17; range = 9-43). In addition, adher-
ence to daily pill taking was not associated with SVR because
28 of the 29 participants (97%) in the low adherence category
achieved SVR (P = .70) (Figure 1). The participant in the low
adherence group that did not achieve SVR experienced HCV
relapse after having taken 66 tablets over the 84-day period.
He was retreated 18 months later and achieved SVR (partici-
pant No. 4, see Supplemental Table 1). The 2 participants in the
high adherence group that did not achieve SVR due to virologic
failure were not retreated as of >2 years poststudy (participant
No. 2 [deceased] and No. 5, see Supplemental Table 1).

Whereas participants with high adherence were consistent
with their pill taking behavior over each treatment interval
(weeks 4 and 8), those in the low adherence group demonstrated
inconsistent pill taking behavior over time with the second and
third bottles based on pharmacy bottle (28 tablet) dispensing
dates (Table 2). Among participants with low adherence, 31% (9
of 29) were 3 or more days late for their second bottle of LDV/
SOEF, and 45% (13 of 29) were 3 or more days late for the third
bottle. In contrast, among the adherent participants, only 1% (1
of 76) was 3 or more days late for the second bottle of LDV/SOF,
and 7% (5 of 76) were 3 or more days late for their third bottle.
All measures outlined in Table 2 were generally consistent in
separating participants into low and high adherence groups.

Alcohol and Drug Use

Among the 105 persistent participants, 98 had blood alcohol ex-
posure quantified at study entry; more than one third (n = 33)
of these had PEth blood tests >50 ng/mL, consistent with mod-
erate to heavy alcohol consumption over the preceding 14 days
[28]. Moderate to heavy alcohol use was significantly associ-
ated with nonadherence to the treatment course and remained

HCV Treatment Adherence Among PWUD « JID 2022:225 (1 March) « 905


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab477#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab477#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab477#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab477#supplementary-data

201 = u 'shemje Jo Ajjensn yum , ¢Ajjoex® suoisabons s,1epiaoid INOA Mmoj|0f NOA Op USLO MOH,, PaIBMSUY,

‘swis|qoud Jley} spuels

-I9pUN pUE SUS1SI| OYM SUOBWIOS puUE 1SN Asy) 8U0BWIOS BARY sluediolled JBL18ym SSISSe SUONSaND "SE< 9109S WO 1oys Se paulyap 1oddns ybly ‘eg 1ioddng [BUOIIOWT ‘0'ZA W04 1UOYS WS1SAS UOIBULIOJU| JUSUWISINSES|A| SSW00INQO parioday-lusied,
‘91 81008 se paulysp uoissaidep dAiloe !8jeds ABojoiepid] uoissaide( 4oy s1elue),
‘(e1edepow ‘z pue ybiy ‘g) siuedionued g Buissiw (g0l = u Joj parodal XO1N,

‘(MmO] | ‘e1esepow ‘g ybiy ‘p) siuedionted £ Buissiw 86 = U 10} paniodal y13d,

onsiaorIRYD Paljioads syl yum siuedionied o Jequunu [B10) 8y} Jo 8dualaype mol/ybiy yum uontodoid syl Jussaidal sebejusdiad oyl ‘SUWIN|Od ,80UaI8ypy MO, PUE ,8ousiaypy YbiH, 8yl 104 (%) u ale pauodal siaquinu ‘p:

‘|opOW 8|GELIBAINNW BY). Ul PAPN[OUI 91oM Paijioads 3SU 9ANE[e) B YlIM SONSLBI0eIeYD AlUQ,

‘(seberusolad mol ‘al)
0ads 8sIMmIaUI0 SSoluN,

‘(sebejusdiad uwinjod ‘al) sjuedionied Jo Jaquinu [B10) B} JO DlISLIBIOBIBYD Paldads 8yl Yim uonuodoid sy Jussaidel sebejusdiad 8yl ‘uwN|od ,[e10],, 8Yl J04 (%) U 818 paliodal siaquunu ‘paijioads asIMIBU10 SSajun,

‘loueyis|Apneydsoyd ‘Y134 angsojos/iinsedipal 4OS/AQT ‘ebuel s|iuenbisiul ‘Y| ‘0|eds ABojoluepid3] uoisselde 104 s191U8)) ‘Q-S3D) (1S81 UOIRDIIIUSPI SISPIOSIP 8SN [0Y0d[e ‘| |dNY SUOieIASIgay

(86°0-¢C°0) 9¥'0
(S€°1-€2°0) 99°0
L

(L0°L-1€°0) 95°0
L

(80°G-8¥'L) ¥.'C
L

(#79°0-8L°0) €0
(#0°L-8L°0) #7770
L

(66'0-¥76°0) 960
(§8°0-7C°0) G0
L

(952-89°0) ZE'L
L

(99°2-69°0) 9¢'L
3

(¢ST-vL'0) 9€'L
3

(98°2-18°0) 29’
L

(S£°6-19'1) ¥0'€
L

(#0'2-8€°0) 68°0
L

(98'L-£2°0) LLO
L

(8L'2-€9°0) LL'L
3

(¢0'1-56°0) 86°0
(19°1-97°0) 98°0
3

(08'2-0%°0) 90°L
(£8°€-£9°0) 09'L
L

(6'12) 9l
(812) &
(9°€9) £

(0¥-02) 0€
(8'8l)clL
(G'LY) £L

(£°0¢€) 6L
(e'€2) oL

(8¢ 8
(962) LT

(L've) Gl
(0°G2) v

(0ze) oL
(r'vz) 6l

(G°GL) £L
(679L) LL

(0'G2) &
(z82) ve

(8'92) 9z
(§ze) €

(coe) el
(8'Gz) 9l

(126-6'L9) L'¥S
(§Gz) €L
(9'62) 9l

(1'€2) 6
(6'%€) Gl
(£'12) G

(1'84) LS
(czo) el
(7'9¢€) ¥

(0v-62) 8¢
(c'L8) 2
(§'849) vC

(€'69) €V
(L'9r) €€

(¢°99) §1
rv) 19

(6°99) 6C
(0°6z) zv

(0°€9) £L
(9°6Z) 69

(§'8v) 9l
(1°€8) ¥

(0°G2) G1L
(814) 19

(cen 1L
(G29) G

(8'69) 0€
(¢vL) 9r

(0°09-0'L9) 1G9
(G'v) 8¢
(7'0L) 8¢

(6'92) 0€
(199) 8¢
(€'8L) 8l

(CUYARA
(£11) 8L
(870L) LL

(0v-¥2) 9¢
(6°09) ¥9
(l'e€) Ly

(0'69) 29
0'Ly) ev

6'L2) €T
(1'8s) z8

0ty vv
(0°99) 99

(£°92) Le
(€vL) 8L

(Lee) ee
(€'99) 59

(0'6L) 0T
(0'L8) 98

(7°26) L6
(92)8

(6'0Y) €V
(1'69) 29

(€'6G-1'19) 67

(98v) LG
(7'L9) 7S

(lze) 6e
0'Ly) ev
(6'L2) €C

shemie/Ajlensn
Sawilawos
INEISINEVEIN]
,Suonsebbng s,18pir0id Moj|04
(HO1) uelpsin
€63 YbiH
€€> MO
sHoddng |euonowy
91< d-S30
91> a-s3D
,uoissaida(
SOA
ON
ul0J8H o auied0)) 1oday-}es
BAIISOd
anneboN
,UI0JaH 10 8uled0) 10} XO1N
snopJezey
SNopJezeyuoN
(LIanwy) @sn [0yod)y Hoday-j|es
Jw/Bu 0g< Wiad
Jw/Bu 0g> yiad
pOSN 10YodY
paiojdwg
paAoidwaun
snjels uswAoidwy
oe|g
oe|g 10N
aoey
olewo
ETEN]
PEI
(HO1) uelpsin
ga<
§9>
aby
Ysed
JEEH]
ale) |ensn
sdnolug juswieal|

H([eAIB1U] B0USPIUOD %GB) ISty SAne|aY palsnipy

(IeA181U] B0USPHUOD %GB) ISIY SAneldY palsnipeun

4(6Z = ) 80UBIBYPY MO

o9 = u) souBIBYPY YBIH

#(S0L = U) [B10L

soljsieloeiey)

J0S/AQ1 }0 $)33\-Z] 03 32UII3YPRUON YHAN PAIRIJ0SSY S10)0e4 pue sjuedionied Apms jo sonsuajoeieyy °| ajqel

225 (1 March) « Ward et al

906 « JID 2022



Table 2. Pill Taking Behavior of Participants That Persisted on Treatment

Pill Taking Behavior Total N = 105 High Adherence N = 76 Low Adherence N = 29 PValue
Median days to complete treatment (IQR) 85 (84-93) 84 (84-86) 98 (95-101) <.0001
Range of days to complete treatment 76-127 76-92 76-127
Pharmacy Report Days Overdue for 2nd Bottle <.0001
0-2 95 (90.5) 75 (98.7) 20 (69.0)
3-5 2 (1.9 0 2(6.9)
6-8 4 (3.8) 1(1.3) 3(10.3)
>9 4 (3.8) 0 4(13.8)
Pharmacy Report Days Overdue for 3rd Bottle <.0001
0-2 87 (82.9) 71 (93.4) 16 (65.2)
3-5 2 (1.9 1(1.3) 1(3.5)
6-8 6 (5.7) 4 (5.3) 2 (6.9)
>9 10 (9.5) 0 10 (34.5)
Self-Report Missed Doses Week 6° .02
0-2 101 (97.1) 76 (100.0) 25 (89.3)
3-5 2(1.9) 0 2(7.1)
6-8 0 0 0
>9 1(1.0) 0 1(3.6)
Self-Report Missed Doses Week 12° .003
0-2 92 (88.5) 72 (94.7) 20 (71.4)
3-5 6 (5.8) 3(3.9) 3(10.7)
6-8 4(3.9) 0 4 (14.3)
>9 2 (1.9 1(1.3) 1(3.6)

Abbreviations: IQR, interquartile range.
°N = 104.

statistically significant in the multivariable model (crude
RR = 3.04, confidence interval [CI] = 1.61 to 5.75; adjusted
RR =2.74, CI = 1.48 to 5.08). When measured by AUDIT, risky
alcohol use over the past 12 months among participants was
lower (27 of 105; 26% overall; 10 of 62; 16% among males; 17 of
43; 40% among females) and was not associated with adherence
(RR = 1.52, CI = 0.81 to 2.86) (Table 1). Furthermore, 44% (44
of 100) of participants had a positive urine toxicology screening
indicating recent cocaine or heroin use at study entry. Detection
of heroin or cocaine by urine test was also not significantly asso-
ciated with nonadherence (RR = 1.36, CI = 0.74 to 2.52). Similar

Sustained virologic response

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

Percentage achieving SVR

High Low

<9 missed doses =9 missed doses

Adherence category

Figure 1.  Adherence to Daily Pill Taking was Not Associated with SVR.

results were obtained for self-reported cocaine or heroin use in
the past 30 days (RR = 1.36, CI = 0.69 to 2.66) (Additional drug
and alcohol use data reported in Supplemental Table 2).

Healthcare Provider Suggestions

Many participants with high adherence reported usually or al-
ways following a provider’s suggestion exactly (57 of 74, 77%)
compared to participants with low adherence (16 of 28, 57%).
The risk of nonadherence was 54% lower in participants who
reported usually or always following a provider’s suggestions
compared to those who indicated that they never/rarely follow
a provider’s advice (adjusted RR = 0.46, CI = 0.22 to 0.98).

Depression and Emotional Support

By the Centers for Depression Epidemiology Scale (CES-D),
59% (62 of 105) of participants had evidence of depressive
symptoms; this was not associated with adherence (P = .41).
Relatedly, 61% (64 of 105) of participants reported high emo-
tional support (having someone they trust and someone who
listens and understands their problems) at study entry. The risk
of nonadherence was 55% lower in participants who expressed
high levels of emotional support from friends and family com-
pared to those with low support (crude RR = 0.45, CI = 0.24 to
0.85). However, after adjusting for following a provider’s sug-
gestions, a high level of emotional support was protective but no
longer statistically significantly related to adherence (adjusted
RR = 0.56, CI = 0.31 to 1.01), indicating that these measures of
support and trust are related.
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DISCUSSION

In the CHAMPS study cohort, the primary reason for non-SVR was
noninitiation of LDV/SOF (34 of 44 with non-SVR) [16]. Among
the remaining 10 participants who initiated HCV treatment but did
not achieve SVR, half (5 of 10) of the non-SVR were due to par-
ticipants not completing the full 12-week course (nonpersistence).
Among the 105 participants who persisted on treatment, 95%
achieved SVR, and SVR rates were similar in patients with high
and low adherence (95% vs 97%, respectively). Taken together, our
data indicate that SVR can be achieved with 12 weeks of LDV/SOF
despite imperfect adherence, indicating that the HCV treatment
regimen may be forgiving of missed doses. These observations
have important implications for HCV treatment strategies, espe-
cially among people who use drugs, and the concept of treatment
readiness for these relatively short, finite courses of oral therapy.
Consistent with the current literature, we found detection of heroin
or cocaine by urine test was also not significantly associated with
nonadherence, indicating the emphasis should be on linkage to
HCV care and treatment initiation, despite perceived barriers to ad-
herence such as substance use disorders [17, 29-31].

After initiation, ensuring treatment persistence, or the continua-
tion of treatment in persons who report missed doses or are late in
refilling medications, is key. Our data underscore the important role
pharmacists can play in monitoring HCV treatment persistence as
part of routine care [32]. Late or missing refills should prompt ur-
gent intervention and collaboration among the patient’s care team
to ensure that the treatment course continues until completion.
Hepatitis C virus treatment prescribers should develop strategies
along with the patient to facilitate treatment persistence, such as
seamless prescription refills and continuation of treatment during
hospitalization or incarceration [5, 6, 33, 34].

Our findings also support the treatment of persons actively
using drugs and alcohol. Although moderate/heavy alcohol use
was associated with a greater risk of nonadherence, this did not
impact SVR. A related analysis by Irvin et al [35] found that
heavy alcohol use (PEth >50 ng/mL) was not associated with
failure to initiate HCV treatment or failure to achieve SVR
among the CHAMPS study cohort. Therefore, if a participant’s
alcohol use disorder can be identified, HCV treatment provides
an opportunity for providers to educate patients about the effect
of alcohol on advancing liver disease and fibrosis.

Similarly, we did not find an association between
nonadherence and active cocaine or heroin use. This is con-
sistent with findings from the primary manuscript that the pro-
portion of participants initiating LDV/SOF and achieving SVR
did not vary by active drug use [16]. In the ANCHOR study,
people who inject drugs (PWID) and have HCV and an opioid
use disorder were offered buprenorphine while initiating treat-
ment for HCV [36]. The majority of PWID achieved SVR (82%)
after apparent treatment persistence (84% completed all 3 bot-
tles of SOF/VEL). Sustained virologic response was not associ-
ated with on-treatment drug use or imperfect daily adherence,

defined as finishing treatment >7 days after the anticipated end
date. Sustained virologic response was associated with com-
pleting >2 bottles of SOF/VEL and receiving opioid agonist
treatment at week 24. Further research should develop the HCV
care delivery model that coadministers HCV DAA therapy with
medication-assisted therapy for opiate or alcohol use disorders.
Integrated programs that concurrently treat HCV and sub-
stance use disorders may increase HCV treatment persistence
and reduce the risk of HCV reinfection and liver damage in per-
sons with SUDs [32, 37-40].

In our study, usually or always following a provider’s sugges-
tion was significantly associated with a participant’s adherence.
Following a provider’s suggestion can be interpreted as a sign
of trust within the patient-provider relationship [41]. Trust and
rapport have been shown to improve health outcomes across
disease states and have been linked to improved medication
initiation and adherence for HIV treatment [42-44]. In our
study population of primarily black patients, this is important
to understand in the context of the medical mistrust and racism
that black communities experience when accessing healthcare
[45], which has been shown to negatively influence medica-
tion adherence [46, 47]. Our findings indicate that when pa-
tients view their providers as a trusted source of information
and advice, positive health behaviors may follow. Therefore, it
is important to help providers continue to build trust with pa-
tients regardless of race or substance use disorder history while
also addressing the mistrust their patients may have from past
experiences. As related to HCV, providers must remove judg-
ment from their practice by not withholding HCV medication
prescriptions from their patients with SUDs. Instead, providing
SUD treatment concurrently with HCV treatment as described
above could give their patients a pathway to treatment success
[36].

There are several important limitations to our study. First,
this was a single-site study of persons engaged in comprehensive
HIV care; therefore, results may not be generalizable to other
settings with fewer resources or patients who are monoinfected
with HCV. Second, although adherence was measured in mul-
tiple ways, including both subjective and objective measures,
obtaining an accurate assessment of adherence is difficult; there-
fore, we report on adherence over the course of treatment and
cannot report a specific number of consecutive days or weeks of
missed doses that impacts SVR. Daily adherence is also difficult
to assess even using more sophisticated technology, such as elec-
tronic blister packs, because these can be easily tampered with
[48]. Wearable digital adherence monitoring technology could
have been useful in this high-risk population to alert pharma-
cists and providers in real-time when a patient disengages from
care [49]. Finally, we did not study HCV regimens with shorter
durations, such as 8 weeks; however, a pooled analysis of ad-
herence to 8 weeks of glecaprevir/pibrentasvir suggests that pa-
tients may achieve SVR despite missed doses [50]. Real-world
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studies are needed to confirm these observations with other
HCV regimens, including SOF/VEL [36].

CONCLUSIONS

This study aimed to characterize adherence to HCV treatment
with ledipasvir/sofosbuvir among persons with HIV who use
drugs that had not been engaged in HCV care. Overall, HCV
treatment adherence was not associated with SVR, because
most of the participants in the low adherence category still
achieved cure; this indicated that HCV treatment regimen may
be forgiving of missed doses. As such, treatment should not be
withheld from patients with substance use disorders despite its
association with nonadherence. Instead, HCV treatment may
be an ideal time to screen for alcohol use disorder and engage
patients in SUD treatment. In this era of HCV treatment, pa-
tient persistence may be more attainable with help from a
knowledgeable, trustworthy, and supportive treatment team of
pharmacists and providers. Additional research should define
the limitations of DAA persistence to create treatment courses
that are highly effective and manageable for patient populations
with competing sociomedical priorities.
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