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Abstract
Patients’ experience during treatment may affect treatment adherence. Our aim was to assess the impact of patient-reported
outcomes (PROs) on adherence to different anti-hepatitis C virus (HCV) regimens.
Clinical, demographic, and PRO data (short form-36 [SF-36], chronic liver disease questionnaire-hepatitis C version [CLDQ-HCV],

functional assessment of chronic illness therapy-fatigue [FACIT-F], work productivity and activity impairment: specific health problem
[WPAI:SHP]) from 13 multinational clinical trials of anti-HCV treatment were available. Treatment adherence was defined as>80% of
prescribed doses taken.
Included were 4825 HCV patients. Regimens were grouped into: interferon- and ribavirin (RBV)-containing (±sofosbuvir [SOF]),

interferon-free RBV-containing (RBV+SOF± ledipasvir [LDV]), and interferon-free RBV-free (LDV/SOF). The adherence to these
regimens were 77.6%, 84.3%, and 96.2%, respectively (P<0.0001). Nonadherent patients were more likely to be unemployed and
to have a greater PRO impairment at baseline (up to �5.3% lower PRO scores, P<0.0001). During treatment with interferon- or
RBV-based regimens, nonadherent patients experienced lower PROs and had larger decrements from their baseline PRO scores. In
contrast, there were no significant declines in PRO scores (all P>0.05) for the small number of patients who were nonadherent to
LDV/SOF. In multivariate analysis, being treatment-naive, longer treatment duration, and receiving an interferon- or RBV-containing
regimen were associated with a lower likelihood of adherence (all P<0.003). Better baseline and on-treatment PRO scores were
associated with a higher likelihood of adherence to interferon and RBV.
The use of interferon and/or RBV, longer duration of treatment, and lower baseline and on-treatment PRO scores were linked to a

decreased likelihood of being adherent to interferon+RBV-containing or interferon-free RBV-containing antiviral regimens.
Interferon- and RBV-free regimens were associated with excellent adherence.

Abbreviations: CLDQ-HCV = chronic liver disease questionnaire-hepatitis C version, FACIT-F = functional assessment of
chronic illness therapy-fatigue, HCV = hepatitis C virus, HRQL = health-related quality of life, LDV = ledipasvir, OR = odds ratio, peg-
IFN = pegylated interferon, PRO = patient-reported outcome, RBV = ribavirin, SF-36 = short form-36, SOF = sofosbuvir, SVR =
sustained virologic response, WPAI:SHP = work productivity and activity impairment: specific health problem.
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1. Introduction

When treating patients with chronic hepatitis C, adherence to the
full treatment regimen is important to optimize the efficacy of the
antiviral therapy.[1,2] Although adherence may be assessed
differently, it is partly defined as taking all prescribedmedications
and attending all office visits.[1,2] For some treatment regimens,
adherence is defined as completion of at least 80% of treatment
and at least 80% receipt of the prescribed medications.[1–4]

Adherence is very important in clinical trials of new
medications aiming to achieve high efficacy.[5,6] Despite
pretreatment screening and close on-treatment monitoring,
adherence in clinical trials may still be limited due to the
treatment regimen side effects (ex. depression, fatigue, flu-like
symptoms, and anemia), which may alter patients’ ability to
remain adherent to their prescribed intervention.[7–9]

Adherence becomes even more critical when drugs are
approved and utilized in the real world setting. There are
multiple instances where the efficacy rates reported from clinical
trials are substantially reduced when drugs are released to clinical
practices.[10–13] This substantial drop in treatment success may be
due to not only treatment-associated side effects, but also
the complexity of a regimen (contains more than 1 drug, requires
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self-injections, requires modifications of behavior, or last for
more than 12 weeks), and patient-related characteristics.[12–14]

Patient-related factors that may negatively influence adherence
rates include less than 12 years of education, history of
incarceration, current alcohol and drug use, and failure to show
for follow-up appointments.[1–4,7,12,15–21] Other patient-related
factors potentially affecting adherence are associated with their
sense of well-being before and during treatment.[15,16,18,21]

The new interferon-free direct-acting antiviral-based regimens
reportedly have a substantially higher efficacy rate, an improved
side effect profile, and a less complex administration sched-
ule.[22,23] Therefore, these regimens are expected to have an
improved adherence rate. The aims of this study then were to:
determine the adherence rates for the different hepatitis C virus
(HCV) treatment regimens, including the new interferon- and
ribavirin (RBV)-free regiments; determine the impact of patient-
reported outcomes (PROs) to adherence to different anti-HCV
regimens; relate adherence to clinical outcomes and PROs; and
determine whether baseline PROswere predictive of adherence to
the treatment regimens.

2. Methods

2.1. Study cohort

In this study, we analyzed PROs data collected as exploratory
endpoints in 13multicenter multinational phase 3 clinical trials of
sofosbuvir (SOF)-based regimens for treatment of chronic
hepatitis C (2012–2015).[22–29] Patients were treated with one
of the following regimens: SOF in combination with pegylated
interferon (peg-IFN) and RBV, peg-IFN+RBV, SOF+RBV, or a
fixed-dose combination of ledipasvir and SOF (LDV/SOF) with
or without RBV. Treatment duration ranged from 8 to 24 weeks.
The details and results of the clinical trials have been published

elsewhere.[23–29] Briefly, treatment regimens were assigned
randomly or selected based on patients’ treatment history and
HCV genotype, blinded or not to patients and providers. Enrolled
patients were of all HCV genotypes, they were treatment-naive or
-experienced, with or without compensated cirrhosis. Patients
with history of decompensated cirrhosis were excluded from
these studies. In 3 trials, patients with HCV–HIV coinfection
were enrolled.[23–29]

From the medical history collected at screening for all trials’
participants, we extracted history of depression or mood
disorders, fatigue or asthenia, anxiety or panic disorders, sleep
disorders or insomnia, and type 2 diabetes or hyperglycemia.
During treatment, adverse events were recorded as previously
described[29]; for the purpose of this study, we selected only
adverse events which were labeled as treatment related by the
investigators. Patients were presumed to have achieved sustained
virologic response (SVR-12) if they had undetectable HCV RNA
at posttreatment week 12.

2.2. Adherence

Across all trials, treatment adherence data were collected by
recording the total number of pills/doses dispensed and the total
number of pills/doses returned at monthly visits for each drug for
the entire treatment duration for all patients. The number of pills
taken was calculated by subtracting the number of pills returned
from the number of pills dispensed for each study drug.
Adherence was then calculated for each drug separately by
dividing the number of pills taken by the number of pills expected
to be taken during a specific period. In the current post-hoc
2

analysis, for multidrug regimens, the minimal adherence for a
patient was calculated as the minimum across all drugs used. A
binary adherence outcome was further introduced; a patient was
defined as adherent if their minimal adherence was at least 80%;
otherwise, a patient was considered to be nonadherent. A binary
adherence outcome for adherence to individual drugs was also
calculated similarly using the 80% threshold.
It is important to note that this definition of adherence does not

account for timing and causes of missed doses. Thus, patients for
whom the dose of RBV or peg-IFN was intentionally reduced per
protocol would still be deemed nonadherent to the regimen per
this analysis.
2.3. Patient-reported outcomes

In all but 2 trials, PROs were assessed using 4 separate
instruments (short form-36 [SF-36], chronic liver disease
questionnaire-hepatitis C version [CLDQ-HCV], functional
assessment of chronic illness therapy-fatigue [FACIT-F], and
work productivity and activity impairment: specific health
problem [WPAI:SHP]); in 2 trials, only SF-36 was administered.
Health utility was also measured using the SF-6D metric.[30–34]

These validated instruments were self-administered by patients
during treatment and follow-up visits prior to initiation of any
study-related activities for that visit while blinded to their most
recent HCV RNA test.
SF-36, a generic instrument that measures 8 health-related

quality of life (HRQL) domains (physical functioning, role
physical, bodily pain, general health, vitality, social functioning,
role emotional, and mental health) and provides 2 summary
scores which summarize the physical and mental aspects of
HRQL.[30]

The CLDQ-HCV is a disease-specific instrument aimed to
assess HRQL in patients with chronic HCV infection by
emphasizing the most frequently observed health impairment
features typical for these patients. It includes 4 individual HRQL
domains (activity/energy, emotional, worry, and systemic) which
are averaged to the total CLDQ-HCV score.[31]

The FACIT-F is a fatigue-specific PRO instrument which
includes 4 well-being domains (physical, emotional, social, and
functional), and a fatigue subscale.[32]

The WPAI:SHP is another PRO instrument which is used to
quantify impairment in patients’ daily activities and work
productivity. It includes the domains of work productivity
impairment (which is a sum of impairment in work productivity
due to absenteeism and due to decreased productivity while
working, or presenteeism; assessed only in employed patients),
and activity impairment (which is impairment in activities other
than work; assessed in all patients regardless of employment).[33]

The SF-6D health utility scores, which are preference-based
measures for health and are typically used for the calculation of
quality-adjusted years of life in economic analyses, were assessed
using the SF-36 instrument by a nonparametric Bayesian model
as previously reported.[34]
2.4. Statistical analysis

From the original trials, we merged treatment regimens into 3
treatment regimen groups based on the drugs used but regardless
of treatment duration: peg-IFN+RBV-containing (peg-IFN+
SOF+RBV, peg-IFN+RBV), IFN-free RBV-containing (SOF+
RBV, LDV/SOF+RBV), and IFN-free RBV-free (LDV/SOF).
Only time points consistently used across all trials were included



Table 1

Adherent and nonadherent patients: demographics and baseline clinical parameters.

Adherence>=80% Adherence<80% P All

N 4213 612 (12.7%) 4825
Age, years 52.1±10.0 51.7±9.9 0.30 52.1±10.0
Male gender 2783 (66.1%) 395 (64.5%) 0.46 3178 (65.9%)
Caucasian 3522 (83.6%) 498 (81.4%) 0.17 4020 (83.3%)
African-American 517 (12.3%) 75 (12.3%) 0.99 592 (12.3%)
Asian 93 (2.2%) 19 (3.1%) 0.17 112 (2.3%)
Enrolled in the U.S. 2856 (67.8%) 385 (62.9%) 0.0163 3241 (67.2%)
Employed 2220 (61.4%) 260 (51.8%) <0.0001 2480 (60.2%)
Cirrhosis 809 (19.2%) 119 (19.5%) 0.86 928 (19.3%)
Treatment-naive 2675 (63.5%) 448 (73.2%) <0.0001 3123 (64.7%)
HCV genotype 1 2751 (66.5%) 333 (55.5%) <0.0001 3084 (65.1%)
HCV genotype 2 409 (9.9%) 63 (10.5%) 0.64 472 (10.0%)
HCV genotype 3 942 (22.8%) 192 (32.0%) <0.0001 1134 (23.9%)
HCV genotypes 4, 5, 6 34 (0.8%) 12 (2.0%) 0.0060 46 (1.0%)
Baseline HCV RNA>6 log 10/mL 3316 (78.7%) 453 (74.0%) 0.0088 3769 (78.1%)
Baseline ALT>1.5�ULN 2258 (53.6%) 314 (51.3%) 0.29 2572 (53.3%)
Baseline hemoglobin, g/dL 14.7±1.3 14.4±1.4 <0.0001 14.7±1.3
BMI 27.4±5.1 27.0±5.1 0.09 27.4±5.1
History of type 2 diabetes 440 (10.4%) 59 (9.6%) 0.54 499 (10.3%)
History of anxiety 714 (16.9%) 110 (18.0%) 0.53 824 (17.1%)
History of depression 1107 (26.3%) 194 (31.7%) 0.0047 1301 (27.0%)
History of fatigue 533 (12.7%) 60 (9.8%) 0.0450 593 (12.3%)
History of sleep disorders 829 (19.7%) 120 (19.6%) 0.97 949 (19.7%)

ALT= alanine aminotransferase, BMI=body mass index, HCV=hepatitis C virus, RNA= ribonucleic acid, ULN=upper limit of normal.
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in this study: baseline (treatment day 1), treatment week 4, end of
treatment, and posttreatment follow-up weeks 4, 12, and 24.
All collected demographic and clinical parameters, as well as

PRO scores, health utilities, and respective changes (decrements
or improvements) from patients’ baseline levels were summarized
at all aforementioned study time points. All results were further
compared between adherent and nonadherent subjects for the
entire cohort as well as separately for the 3 treatment regimen
groups. These comparisons were made using Chi-square test (for
categorical parameters) or Kruskal–Wallis nonparametric test
(for continuous). The changes (decrements or improvements) in
HRQL and utilities from each patient’s baseline levels were
calculated for at each mentioned time point. A sign rank test for
matched pairs was used to determine the median changes.
Independent predictors of adherence were assessed using

multiple logistic regression with the treatment regimens and
treatment duration being tested as potential predictors. Bidirec-
tional stepwise selection of predictors with the significance level
of 0.05 for stay was used. The potential adherence predictors
used for the selection procedure included patients’ baseline
demographic parameters, clinical history, as well as baseline and
treatment-emergent PROs. All analyses were run in SAS 9.3 (SAS
Institute, Cary, NC).
The original studies were separately approved by each site’s

Institutional Review Board.
3. Results

3.1. Adherent and nonadherent patients
3.1.1. Patient characteristics. A total of 4825 HCV patients
with adherence and PRO data were included. Of all patients, 657
patients received IFN+RBV-containing regimens (peg-IFN+
RBV or peg-IFN+RBV+SOF), 3185 received IFN-free RBV-
containing (SOF+RBV or LDV/SOF+RBV) regimens, and 1493
received IFN-free RBV-free (LDV/SOF). The average proportion
3

of doses taken across all regimens ranged from 81.5% (peg-IFN+
RBV) to 97.5% (LDV/SOF). Furthermore, 87.3% of all patients
had the minimal adherence rate of at least 80% (further referred
to as adherent patients).
Patients who were adherent to anti-HCV treatment were, on

average, more likely to have been enrolled in the U.S., employed
at baseline, have HCV genotype 1, had higher baseline
hemoglobin, less baseline depression or fatigue, and were less
likely to be coinfected with HIV or to be treatment-naive (all P<
0.05). There was no difference in adherence rates based on age,
gender, or ethnicity (all P>0.05) (Table 1).

3.1.2. Adherence versus sustained virologic response.
Assessing each regimen separately, adherent patients had higher
SVR-12 rates than nonadherent patients. The SVR rates for
patients adherent to peg-IFN+RBV-based regimens were 85.9%
versus 74.8% in the nonadherent group (P=0.0015). Further-
more, SVR rates in patients adherent to IFN-free RBV-containing
regimens were 85.4% versus 79.1% in the nonadherent group
(P=0.0016). Finally, SVR rates in patients adherent and
nonadherent to IFN-free and RBV-free (LDV/SOF) regimens
were 97.1% versus 82.5%, respectively (P<0.0001). Table 2
describes the treatment, side effects, and SVR in adherent and
nonadherent patients with significant differences noted between
the groups with the nonadherent group experiencing more side
effects and were more likely to be treated with PEG-IFN therapy.

3.1.3. Adherence versus baseline patient-reported out-
comes. Baseline PRO scores for patients who would be adherent
or nonadherent to their treatment are summarized in Table 3. As
shown, nearly all PROs were substantially lower in patients who
had less than 80% of minimal adherence to the regimen; the
average difference was 3.3% on a normalized 0% to 100% scale,
the maximum was 5.3% for role physical of SF-36 (P<0.0001).
Only baseline scores for self-reported work productivity,
emotional well-being of FACIT-F, and worry of CLDQ-HCV
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Table 2

Treatment, side effects, and SVR in adherent and nonadherent
patients.

Adherence
>=80%

Adherence
<80% P

Treatment regimen
IFN+RBV (±SOF) 510 (12.5%) 147 (24.5%) <0.0001
IFN-free (LDV/)SOF+RBV 2131 (52.3%) 397 (66.1%) <0.0001
IFN-free RBV-free LDV/SOF 1436 (35.2%) 57 (9.5%) <0.0001

Treatment-related adverse events
Blood-related/anemia 190 (4.5%) 151 (24.7%) <0.0001
Fatigue 1365 (32.4%) 280 (45.8%) <0.0001
Flu-like symptoms 283 (6.7%) 75 (12.3%) <0.0001
Gastrointestinal 1060 (25.2%) 214 (35.0%) <0.0001
Musculo-skeletal 490 (11.6%) 105 (17.2%) 0.0001
Nervous system 1085 (25.8%) 194 (31.7%) 0.0018
Psychiatric 1014 (24.1%) 188 (30.7%) 0.0004
Skin and subcutaneous tissue 837 (19.9%) 159 (26.0%) 0.0005
Other 1088 (25.8%) 283 (46.2%) <0.0001
No adverse events 1505 (35.7%) 124 (20.3%) <0.0001

LDV= ledipasvir, IFN= interferon, RBV= ribavirin, SOF= sofosbuvir, SVR= sustained virologic
response.

Table 3

Baseline patient-reported outcomes in adherent and nonadherent
HCV patients.

PRO (range)
Adherence
>=80%

Adherence
<80% P

SF-36: physical functioning (0–100) 81.5±22.8 77.1±25.8 0.0006
SF-36: role physical (0–100) 77.2±26.8 71.9±29.2 0.0001
SF-36: bodily pain (0–100) 72.7±25.5 68.4±27.9 0.0016
SF-36: general health (0–100) 64.4±22.0 61.4±22.4 0.0023
SF-36: vitality (0–100) 60.8±23.0 57.9±23.2 0.0036
SF-36: social functioning (0–100) 80.1±24.8 74.7±27.4 <0.0001
SF-36: role emotional (0–100) 81.8±24.5 77.2±26.4 <0.0001
SF-36: mental health (0–100) 73.1±18.8 69.7±20.6 0.0006
SF-36: physical component
summary (25–60)

50.4±8.8 48.8±9.9 0.0011

SF-36: mental component
summary (15–62)

49.5±10.3 47.9±11.2 0.0036

FACIT-F: physical well-being (0–28) 23.4±5.1 22.3±5.6 <0.0001
FACIT-F: emotional well-being (0–24) 18.3±4.3 17.9±4.3 0.0752
FACIT-F: social well-being (0–28) 21.1±6.2 19.9±6.7 0.0001
FACIT-F: functional well-being (0–28) 20.3±6.1 19.1±6.4 0.0002
FACIT-F: fatigue (0–52) 39.3±11.6 37.2±12.5 0.0004
FACIT-F: total (0–160) 122.4±27.0 116.5±29.2 <0.0001
CLDQ-HCV: activity/energy (1–7) 5.36±1.35 5.13±1.46 0.0020
CLDQ-HCV: emotional (1–7) 5.44±1.20 5.25±1.29 0.0022
CLDQ-HCV: worry (1–7) 5.50±1.26 5.41±1.28 0.08
CLDQ-HCV: systemic (1–7) 5.10±1.28 4.86±1.35 0.0003
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were not different between adherent and nonadherent patients
(P>0.05).
CLDQ-HCV: total (1–7) 5.35±1.12 5.16±1.19 0.0011
WPAI:SHP: work productivity (1–0) 0.108±0.206 0.118±0.204 0.37
WPAI:SHP: absenteeism (1–0) 0.026±0.120 0.026±0.099 0.15
WPAI:SHP: presenteeism (1–0) 0.082±0.155 0.092±0.153 0.31
WPAI:SHP: activity (1–0) 0.174±0.257 0.200±0.268 0.0296
SF-6D health utility (20–100) 70.904±14.622 67.862±14.558 <0.0001

CLDQ-HCV=chronic liver disease questionnaire-hepatitis C version, FACIT-F= functional assessment
of chronic illness therapy-fatigue, HCV=hepatitis C virus, PRO=patient-reported outcome, SF-36=
short form-36, WPAI:SHP=work productivity and activity impairment: specific health problem.
3.2. Adherent and PROs by treatment group

Expectedly, treatment-emergent decrements in PROs were
substantially greater in nonadherent subjects (P<0.0001,
Table 3). The magnitudes of these decrements, however, varied
greatly depending on the particular regimen.

3.2.1. Peg-IFN+RBV-containing regimens. In subjects who
received peg-IFN+RBV-containing regimens (N=657), the
average adherence rate was the lowest of all treatment regimens
(87.6%), and thus, only 77.6% were minimally adherent to their
regimens. Analyzing the data by treatment duration, adherence
also tended to be lower in patients who received 24 weeks of peg-
IFN+RBV: 72.1% versus 78.8% in 12 weeks (P=0.12).
However, adherence to the individual drugs did not differ
between peg-IFN and RBV (P>0.05).
Baseline PROs were generally lower in patients who would be

nonadherent (Supplementary Table 1, http://links.lww.com/MD/
B124). During treatment, some adverse events, including anemia,
fatigue, gastrointestinal symptoms, or nervous system disorders,
were experienced more frequently by nonadherent subjects, but
the overall adverse event rate was high in both groups receiving
peg-IFN+RBV (Supplementary Table 1, http://links.lww.com/
MD/B124). Further, all patients receiving peg-IFN+RBV
experienced substantial declines in their PROs (up to �22.8%,
P<0.0001). However, nonadherent patients showed consistently
lower PRO scores during treatment and after treatment than the
adherent group (Fig. 1A, Supplementary Figure 1A, http://links.
lww.com/MD/B124). These trends continued despite achieving
SVR (Fig. 1A).

3.2.2. IFN-free RBV-containing regimens. The minimal ad-
herence rate to the IFN-free RBV-containing regimens was, on
average, 91.3%, and, using the 80% threshold, 84.3% were
deemed adherent. There was substantial variability between the
individual drugs: on average, the adherence rate to SOF or LDV/
SOF was 4.1% to 4.4% higher than adherence to RBV (all P<
0.0001). Additionally, there was a notable variability between
4

treatment durations. In particular, subjects who received 24
weeks of SOF+RBV (±LDV) were substantially less adherent
than patients who received 12 or 16 week regimens: 79.2%
versus 88.8% in 16 weeks, 87.1% in 12 weeks, and 89.3% in 8
weeks (P<0.0001).
At baseline, patients who would adhere to treatment with an

IFN-free RBV-containing regimens were more likely to be
Caucasian, enrolled in the U.S., employed, and had a higher
baseline hemoglobin. They were also less likely to have a history
of depression or be treatment-naive (Supplementary Table 1,
http://links.lww.com/MD/B124). From all the treatment-emer-
gent adverse events, only anemia and fatigue were significantly
different between adherent and nonadherent patients: 6.1%
versus 23.7% and 36.1% versus 43.1%, respectively (both P<
0.01) (Supplementary Table 1, http://links.lww.com/MD/B124).
Also, despite similarity of baseline clinical variables, the baseline
PROs, as well as on-treatment and post-SVR PRO scores were
consistently lower in nonadherent patients (Fig. 1B, Supplemen-
tary Figure 1B, http://links.lww.com/MD/B124).

3.2.3. IFN-free RBV-free regimens. The minimal adherence
rate to IFN-free RBV-free regimen (LDV/SOF) was the highest of
all the regimens: 97.5% on average, and 96.2% of patients were
adherent above 80%. Furthermore, adherence rates did not vary
between treatment durations with LDV/SOF (8, 12, or 24 weeks:
P=0.18).
Unlike other regimens, in patients receiving IFN- and RBV-free

regimens (LDV/SOF), there was very little difference in the
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CLDQ-HCV: adherent CLDQ-HCV: non-adherent
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End of treatment SVR-12 SVR-24

C

Figure 1. PROs in HCV patients adherent and not adherent to (A) IFN+RBV-containing regimens; (B) IFN-free RBV-containing regimens; and (C) IFN-free RBV-free
regimens. CLDQ-HCV=chronic liver disease questionnaire-hepatitis C version (the total score for the instrument), FACIT-F= functional assessment of chronic
illness therapy-fatigue, FS= fatigue scale of FACIT-F, HCV=hepatitis C virus, IFN= interferon, MCS=mental component summary of SF-36, PCS=physical
component summary of SF-36, PRO=patient-reported outcome, RBV= ribavirin, SF-36=short form-36.
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clinical parameters and PRO scores between the adherent and
nonadherent groups (Supplementary Table 1, http://links.lww.
com/MD/B124). The only adverse event which was significantly
higher in the nonadherent group was flu-like symptoms: 5.3%
versus 1.2% (P=0.0086).
During treatment, patients experienced some improvement in

their PRO scores (Fig. 1C, Supplementary Figure 1C, http://links.
lww.com/MD/B124). Surprizingly, these improvements were
slightly higher in nonadherent subjects: average +4.1%, max
+10.9% in adherent versus average +7.4%, and max +15.3% in
nonadherent (P=0.0033 for the max improvement in activity of
WPAI:SHP). Furthermore, greater improvements in nonadherent
subjects were observed starting as early as treatment week 4:
average +3.9%, max +10.7% versus average +2.1%, and max
+7.9% (P up to 0.0035). Some of these differences persisted after
achieving SVR: average +5.4%, max +12.8% in adherent versus
average +7.5%, and max +17.0% in nonadherent (P<0.05 for
vitality, emotional well-being, and fatigue scale).

3.2.4. Predictors of adherence to anti-HCV treatment.
Independent predictors of being minimally adherent were
5

assessed using different pools of candidates, for all patients
and by treatment regimens separately (Table 4).
Of baseline clinical parameters, being treatment-naive, and

having a history of depression were consistently associated with
lower adherence (Table 4). On the other hand, treatment-related
factors driving lower adherencewere receiving an IFN-containing
(odds ratio [OR]=0.125) or an RBV-containing (OR=0.25)
regimens as well as longer treatment duration (OR=0.976 per
each additional week) (all P<0.003) (Table 4). The treatment-
related adverse events that were independently associated with
lower adherence included treatment-induced anemia (OR=
0.21), clinically-overt fatigue (OR=0.82), and having an episode
of gastrointestinal system disorder such as nausea and vomiting
(OR=0.76) (Table 4).
For the baseline PROs, having a higher physical well-being

score (FACIT-F) was independently associated with having a
higher adherence rate after adjustment for clinical and treatment-
related factors: OR=1.040 (1.022–1.059) (P<0.0001) per each
additional point for the PROwhich ranges from 0 to 28 (Table 4).
On the other hand, for the end-of-treatment PROs, adherence
was associated with a greater improvement in the bodily pain
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Table 4

Independent predictors of adherence to anti-HCV treatment.

Predictor Odds ratio Lower 95% CI Upper 95% CI P

Baseline clinical predictors only
Regimen: IFN+RBV 0.125 0.091 0.171 <0.0001
Regimen: IFN-free RBV 0.246 0.188 0.322 <0.0001
Duration, per week 0.976 0.961 0.991 0.0024
HIV coinfection 0.501 0.397 0.632 <0.0001
Treatment-naive 0.672 0.553 0.817 <0.0001
History of depression 0.761 0.627 0.922 0.0054

Baseline clinical predictors and baseline PROs
Regimen: IFN+RBV 0.104 0.073 0.148 <0.0001
Regimen: IFN-free RBV 0.213 0.157 0.288 <.0001
Duration, per week 0.975 0.957 0.993 0.0061
HIV coinfection 0.489 0.383 0.625 <0.0001
Treatment-naive 0.676 0.547 0.834 0.0003
FACIT-F: PWB, per 1 point 1.040 1.022 1.059 <0.0001

Baseline clinical predictors and treatment-related adverse events
Regimen: IFN+RBV 0.196 0.140 0.273 <0.0001
Regimen: IFN-free RBV 0.317 0.240 0.418 <0.0001
Duration, per week 0.974 0.958 0.990 0.0013
HIV coinfection 0.458 0.361 0.582 <0.0001
Treatment-naive 0.704 0.576 0.859 0.0006
History of depression 0.791 0.648 0.965 0.0208
Adverse event: anemia 0.207 0.161 0.265 <0.0001
Adverse event: fatigue 0.824 0.680 0.998 0.0477
Adverse event: gastrointestinal 0.765 0.627 0.934 0.0085

Clinical predictors and end-of-treatment PROs
Regimen: IFN+RBV 0.100 0.067 0.149 <0.0001
Regimen: IFN-free RBV 0.183 0.130 0.257 <0.0001
HIV coinfection 0.438 0.338 0.568 <0.0001
Treatment-naive 0.730 0.582 0.915 0.0063
SF-36: BP, per 1 point 1.009 1.005 1.014 <0.0001
FACIT-F: SWB, per 1 point 1.017 1.001 1.034 0.0378

Clinical predictors and end-of-treatment changes in PROs
Regimen: IFN+RBV 0.102 0.069 0.150 <0.0001
Regimen: IFN-free RBV 0.186 0.134 0.258 <0.0001
HIV coinfection 0.425 0.331 0.545 <0.0001
Treatment-naive 0.795 0.640 0.986 0.0371
SF-36: BP, per 1 point 1.005 1.001 1.010 0.0146

BP=bodily pain of SF-36, CI= confidence interval, FACIT-F= functional assessment of chronic illness therapy-fatigue, HCV=hepatitis C virus, HIV=human immunodeficiency virus, IFN= interferon, PRO=
patient-reported outcome, PWB=physical well-being of FACIT-F, RBV= ribavirin, SF-36= short form-36, SWB= social well-being of FACIT-F.
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(higher score equals less pain) and an increased social well-being
score (Table 4).
The PRO-based adherence predictors for the IFN+RBV-

containing regimens studied separately included higher baseline
role physical score and lower worry score (more worry), as well
as higher end of treatment role physical and a greater
posttreatment increase in the worry score. Treatment duration
was, in fact, associated with lower adherence to IFN-free RBV-
containing regimens only (OR=0.976 [0.955–0.997] per week),
and the PRO-based predictors were limited to baseline and end of
treatment social well-being, end of treatment physical well-being
and bodily pain, and treatment-emergent increase in vitality. No
consistent PRO-based predictors of adherence to IFN-free RBV-
free LDV/SOF were found.
Finally, of all the studied predictive models, the greatest

concordance was observed for adherence being predicted by a
combination of baseline clinical factors, treatment-related factors
(drugs, duration), and treatment-related adverse events: C=
74.3%. Concordance for prediction of adherence by clinical and
treatment-related factors accompanied by PROs ranged
from 70.3% to 73.4% in all patients, from 55.3% to 62.8%
in the IFN+RBV-containing study arm, from 60.4% to 65.4% in
6

the IFN-free RBV-containing arm, and not available in IFN-free
RBV-free arm due to limited sample size.

3.2.5. Adherence to SOF and LDV/SOF used in different
regimens. In addition to the minimal-across-drugs adherence in
different multidrug anti-HCV regimens which was the primary
study outcome, we also studied adherence to the individual DAAs
which were used as parts of different regimens, with the aim to
assess whether the regimen would affect the adherence to the
studied DAAs. As a result, after adjustment for the duration of
treatment, the proportion of patients adherent to SOF while
receiving peg-IFN+RBV+SOF and receiving SOF+RBV was not
significantly different: 96.5% versus 94.6% (P=0.09). There
were also no treatment-related adverse events associated with
adherence to SOF (all P>0.05). Finally, the adherence rates to
LDV/SOF were also identical regardless of the regimen (P=0.86
between RBV-free LDV/SOF and LDV/SOF+RBV).
4. Discussion

The purpose of the study was to assess factors associated with
adherence to the different anti-HCV treatment regimens available
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on the market today to include the new IFN- and RBV-free
regimens. We also aimed to assess the relationship between PROs
and adherence to these regimens.
Our study showed that the best adherence profile was seen with

the treatment regimens that were free of both IFN and RBV (LDV/
SOF). The regimens with the worst adherence profile and the
highest number of side effects were those containing both IFN and
RBV. Indeed, receiving IFN+RBV or RBV only was consistently
associatedwith lower adherence rateswithORs ranging from0.10
to 0.13 and from 0.18 to 0.25, respectively. Our findings support
the belief that adherence is adversely affected as the number of side
effects, the complexity of the treatment regimen, and the duration
of treatment increase. In fact, we have found that it was treatment-
induced anemia and the resulting fatigue which were the most
consistent predictors of nonadherence to treatment.
Additionally, we identified several baseline patient-related

factors associated with lower adherence to treatment. These
included having a history of depression and being treatment-
naive. These findings reaffirm previous research indicating that
patients with significant psychiatric issues are less adherent to
treatment regimens especially if they receive regimens (IFN and/
or RBV) associated with significant psychiatric side
effects.[9,13,35–37] Other studies have found treatment-naive
patients are less likely to be adherent to treatment with IFN
and RBV due to their inability to cope with the treatment side
effects, especially fatigue, given the required duration of
treatment.[38,39] Findings such as these have important clinical
implications, as RBV-containing regimens may remain the
preferred treatment for the most difficult to treat patients, such
as those who are treatment-experienced with advanced fibrosis.
The primary aim of this study was to assess the relationship

between adherence and PROs at baseline as well as the effect of
treatment induced PRO changes. We showed that for patients
who received PEG-IFN+RBV-containing regimens, the major
drivers of nonadherence were lower baseline and on-treatment
physical health-related scores. In particular, lower Role Physical
scores were independently associated a higher chance of being
nonadherent. For patients who received the IFN-free but RBV-
containing regimens, a higher baseline and on-treatment social
well-being scores were associated with a greater chance of being
adherent, suggesting the importance of having a good social
network available when undergoing treatment.
A surprizing but intriguing finding was that PROs affect

nonadherence differently in those who received LDV/SOF
compared to the IFN- and/or RBV-containing regimens.
Although patients who were nonadherent to the IFN- and/or
RBV-containing regimens experienced lower PRO scores in
comparison to adherent patients, patients who were nonadherent
to LDV/SOF experienced earlier and better PRO improvement.
One can hypothesize that regimens which lack side effects and
quickly improve patients’ experience as seen with these regimens
may give patients a false sense of security so that they either stop
treatment early or not take as much of their prescribed
medication. These data support the need for practitioners to
emphasize the importance of completing the prescribed regimens
regardless of how well their patients may be feeling to avoid the
building of resistance to the new drug regimens or relapsing.[40]

In addition to adherence to a regimen, we also have studied
adherence to individual drugs when used in different regimens. It
is interesting that adherence to SOF and LDV/SOF was not
affected when these drugs were used in combination with peg-
interferon or RBV; however, adherence to SOF was still lower in
longer regimens. In fact, what did vary in terms of adherence was
7

adherence to different drugs (IFN vs RBV vs SOF±LDV), and, as
a result, to regimens that contained those drugs, but not
adherence to the same DAA drugs used in different regimens.
It is important to note that adherence has clinically significant

consequences. In fact, regardless of the regimen used, those who
were nonadherent had lower SVR rates. This indicates that even
in the era of newDAA regimens, adherence will remain of utmost
importance. This will be especially significant, as more of the new
regimens are dispersed in community-based clinical practices.
Given that, we believe that making sure that practitioners are
aware that even the newer drugs will require strict adherence and
therefore, practitioners’ oversight, is indeed critical. Nevertheless,
we have to emphasize that the actual rate of nonadherence with
the IFN- and RBV-free regimen was very low (<4%) which
continues to attest to the superiority of such regimens.
Our study is also the first to provide adherence rates across

several different treatment groups to include the new 2nd
generation DAAs. In particular, our findings highlight the
difficulties patients face when treated for HCV to include the
many treatment-induced issues such as depression. These
difficulties emphasize that patients be evaluated to receive the
shortest and most easily administered treatment regimen if a cure
is the goal of treatment. The availability of new IFN-free and
RBV-free treatments may offer patients a less complex and more
easily administered regimen which, as noted in this and prior
studies, improves PROs as early as 4 weeks into treatment.
Themajor limitationof the study is the sourceof the data. Indeed,

our data were from clinical trials which had strict enrollment
criteria, exclusion of patients with comorbidities, and close
monitoring during treatment and in follow-up. Therefore, we
most likely over-estimated the adherence rates, althoughwedid not
necessarily introduce any bias to its drivers such as clinical
predictors, baseline, and on-treatment PROs. Another limitation is
that different treatment regimens were purposefully tested in
different HCV populations, which may have resulted in an
additional bias. In particular, IFN-free RBV-containing regimens
were, by design, administered to subjects who had a higher rate of
cirrhosis or had already failed an IFN-based or a 1st generation
DAA-based regimen. Further, we did not have access to
information related to timing and reasons for nonadherence in
nonadherent subjects which may have resulted in patients who
were receivedprotocol-drivendose reductionofRBVandPEG-IFN
being labeled as nonadherent. One can argue that this approach is
still accurate, since reduced dose regimens were associated with a
decrease in SVR rates. Finally, we did not have access to a number
of potentially important socio-economic factors which are known
to influence adherence to any long-term treatment, such as the level
of education, social history, occupation, or marital status.
In conclusion, we found that patients who received interferon-

and RBV-free SOF-based HCV treatments had high adherence
rates and consequently higher SVR rates regardless of the
duration of treatment. These findings are very encouraging as
they provide further evidence that these regimens are well-
tolerated, carry high adherence rates compared to the older
treatment regimens, demonstrate improved PROs, and result in
high cure rates. Pragmatic trials of the new anti-HCV regimens
are urgently needed to confirm the adherence rates in real world
practices and in all HCV subpopulations.
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