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Abstract: Hepatitis C virus (HCV) is prevalent in people with mental health disorders, a priority
population to diagnose and cure in order to achieve HCV elimination. This integrated analysis pooled
data from 20 cohorts in seven countries to evaluate the real-world effectiveness of the pangeno-
typic direct-acting antiviral (DAA) sofosbuvir/velpatasvir (SOF/VEL) in people with mental health
disorders. HCV-infected patients diagnosed with mental health disorders who were treated with
SOF/VEL for 12 weeks without ribavirin as part of routine clinical practice were included. The
primary outcome was sustained virological response (SVR) in the effectiveness population (EP),
defined as patients with an available SVR assessment. Secondary outcomes were reasons for not
achieving SVR, characteristics of patients with non-virological failures, adherence, and time from
HCV RNA diagnosis to SOF/VEL treatment initiation. A total of 1209 patients were included; 142
did not achieve an SVR for non-virological reasons (n = 112; 83 lost to follow-up, 20 early treatment
discontinuations) or unknown reasons (n = 30). Of the 1067 patients in the EP, 97.4% achieved
SVR. SVR rates in the EP were ≥95% when stratified by type of mental health disorder and other
complicating baseline characteristics, including active injection drug use and antipsychotic drug use.
Of 461 patients with data available in the EP, only 2% had an adherence level < 90% and 1% had an
adherence level < 80%; all achieved SVR. Patients with mental health disorders can be cured of HCV
using a well-tolerated, pangenotypic, protease inhibitor-free SOF/VEL regimen. This DAA allows the

Viruses 2022, 14, 2493. https://doi.org/10.3390/v14112493 https://www.mdpi.com/journal/viruses

https://doi.org/10.3390/v14112493
https://doi.org/10.3390/v14112493
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/viruses
https://www.mdpi.com
https://orcid.org/0000-0001-6783-7604
https://orcid.org/0000-0002-0560-3260
https://orcid.org/0000-0002-3189-7557
https://orcid.org/0000-0001-6035-9953
https://doi.org/10.3390/v14112493
https://www.mdpi.com/journal/viruses
https://www.mdpi.com/article/10.3390/v14112493?type=check_update&version=3


Viruses 2022, 14, 2493 2 of 11

implementation of a simple treatment algorithm, with minimal monitoring requirements and fewer
interactions with central nervous system drugs compared with protease-inhibitor DAA regimens.

Keywords: HCV elimination; HCV; mental health disorders; real-world; sofosbuvir/velpatasvir

1. Introduction

Hepatitis C virus (HCV) infection is a major global health concern with significant
individual, societal, and economic impacts. The World Health Organization (WHO) has
set the goal of eliminating viral hepatitis as a major public health threat by 2030 [1,2]. The
achievement of this target has been met by many challenges, but the need to overcome these
challenges in a timely manner is crucial. Data modelling the global impact of COVID-19
on HCV elimination efforts suggest that a single year of delay in hepatitis elimination
programmes has the potential to result in tens of thousands of additional liver cancers
and deaths from HCV globally [3]. Now is an important time to prioritise HCV care,
with international guidelines recognising the need for improved access to care and cure in
various priority populations to achieve HCV elimination [4].

One such population is made up of those with mental health disorders. The prevalence
of psychiatric comorbidities is high in people with chronic HCV infection compared with
the general population [5]. In the USA, 67.1% of adults with HCV have been reported to
have mental health symptoms [6], and studies in Europe, North America and Australia
have reported the prevalence of HCV in patients with severe mental illness to be between
4.6% and 17.4% [5,7–10].

Historically, there has been reluctance to treat HCV in patients with comorbid mental
health disorders, largely due to the established association between interferon-based antivi-
ral therapy and significant psychiatric side effects, and perceived poor compliance [5,11].
However, current direct-acting antivirals (DAAs) are clinically effective (≥95% cure rates),
with favourable safety and tolerability profiles, low chance of late relapse following sus-
tained virological response (SVR) [4,12], and no negative effects on mental health [11,13–15].
Psychoactive drugs, including antipsychotics such as quetiapine, are commonly prescribed
in patients with mental health disorders [16–18]. Therefore, drug–drug interactions (DDIs)
are an important consideration in the management of HCV in people with mental health
disorders. DAAs and psychoactive drugs are extensively metabolised in the liver and
can affect the activity of drug-metabolising enzymes such as CYP450, leaving patients
at risk of increased comedication exposure and adverse events [18,19]. DAAs such as
sofosbuvir/velpatasvir (SOF/VEL) do not show DDIs with most antipsychotics or any
antidepressants [4,19]. These arguments should dismiss the negative historical perceptions
around treating HCV in individuals with mental health disorders and encourage prompt
treatment to support HCV elimination.

SOF/VEL is a pangenotypic, panfibrotic, protease inhibitor-free, once-daily, single-
tablet regimen that can be taken with or without food and can be used for a fixed 12-week
treatment duration in all adult patients with chronic HCV, with limited need for pre-
treatment or on-treatment monitoring. These attributes support rapid treatment initiation
after diagnosis, as recommended by international guidelines, particularly for those acknowl-
edged to be less engaged in healthcare, including people with mental health disorders [4].
High rates of SVR across all HCV genotypes, in patients with or without compensated
cirrhosis and irrespective of human immunodeficiency virus (HIV) status or previous
treatment failure with interferon, ribavirin or protease inhibitors, have been reported in
clinical trials of SOF/VEL [20–23]. Similar findings have been reported in real-world cohort
studies across a range of clinical settings worldwide, including a large analysis of over
5000 patients [24,25].



Viruses 2022, 14, 2493 3 of 11

This integrated data analysis pooled data from 20 clinical cohorts across seven coun-
tries (Australia, Canada, Germany, Italy, Portugal, Spain, USA) to evaluate the real-world
effectiveness of a 12-week SOF/VEL regimen in people with mental health disorders.

2. Materials and Methods
2.1. Study Design

This analysis included adult patients diagnosed with mental health disorders, under
care in various settings. Some of the settings of care included were tertiary liver clinics,
community health centres, community outreach services, infectious diseases clinics, and
addiction and harm reduction centres. Mental health disorders were evaluated according
to standardised local procedures (e.g., ICD-9, ICD-10), determined from medical history
and medications, or defined at a physician’s discretion. Individuals infected with HCV
genotype 1–6, with or without compensated cirrhosis, who initiated treatment with a 12-
week SOF/VEL 400/100 mg regimen (without ribavirin) as part of routine clinical practice,
were eligible for inclusion. The full study methodology is available in previously pub-
lished retrospective analyses of the effectiveness of SOF/VEL in other special populations
(homeless and prison populations) [26,27]. Patients were managed and treated according
to local guidelines and standards of care. Adherence was assessed by the treating physician
according to the number of pills taken. Patients were categorised with an adherence level
of ≥90%, <90%, ≥80%, or <80%. This retrospective analysis was based on the secondary
use of data that were previously collected as part of routine clinical care and anonymised
prior to analysis.

2.2. Outcomes

Effectiveness, defined as SVR 12 or 24 weeks after the end of treatment, was assessed in
two populations. The overall population (OP) comprised all patients, including those with
a virological, non-virological, or unknown reason for not achieving SVR. The effectiveness
population (EP) included patients with an available SVR assessment and excluded patients
with a non-virological or unknown reason for not achieving SVR. Non-virological reasons
for not achieving SVR were defined as early treatment discontinuation, non-adherence
(where associated with a lack of SVR assessment), reinfection, loss to follow-up (LTFU),
death before SVR assessment, and consent withdrawal. Virological reasons for not achiev-
ing SVR were specified as virological breakthrough, non-response, or relapse, in cases
where this level of detail was available.

The primary outcome was SVR in the EP overall, and stratified by mental health
history, antipsychotic drug use, and injection drug use (IDU). Secondary outcomes were
reasons for not achieving SVR, characteristics of patients with non-virological failures,
adherence, and time from HCV RNA diagnosis to SOF/VEL treatment initiation.

2.3. Statistical Analyses

Descriptive characteristics were presented as the number (n) and percentage of patients
(%) for the categorical variables. Continuous variables were summarised as mean (standard
deviation; SD). Data were evaluated using descriptive statistics in R version 3.5.2.

3. Results

A total of 1209 patients with HCV infection and mental health disorders were treated
with SOF/VEL and comprised the OP in this integrated real-world analysis. A summary of
patient disposition is shown in Figure 1, and patient baseline characteristics are shown in
Table 1. Depression, anxiety and cognitive or psychiatric disorder were the most commonly
reported mental health disorders, with 24.7% (278/1125) of patients with available data
having two or more coexisting conditions. In 1010 patients where information on antipsy-
chotic drug use was available, 35.3% (357/1010) received treatment with antipsychotics,
predominantly quetiapine (n = 133). Where status was known, 55% (545/991) had a history
of IDU; 21.1% (209/991) were still actively injecting drugs. The EP included 1067 patients,



Viruses 2022, 14, 2493 4 of 11

after exclusion of patients who did not achieve SVR due to non-virological (n = 112) or
unknown reasons (n = 30).
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Figure 1. Flowchart of patients included in this real-world analysis. Effectiveness population includes
all patients with a valid SVR12/24 result available. Abbreviations: LTFU: loss to follow up; SVR:
sustained virological response.

Table 1. Baseline demographics and clinical characteristics.

Characteristics Overall Population
(N = 1209)

Effectiveness Population
(n = 1067)

Age, years, mean (SD) * 53.4 (13.4) 54.2 (13.7)

Sex, male, n (%) 730 (60.4) 595 (55.8)

Fibrosis stage, n (%)

F0–F2 647 (53.5) 559 (52.4)
F3 169 (14.0) 151 (14.2)
F4 261 (21.6) 202 (18.9)
Unknown 132 (10.9) 155 (14.5)

Treatment history, n (%)

Treatment-naïve 1047 (86.6) 920 (86.2)
Treatment-experienced

(DAA-naïve) 162 (13.4) 147 (13.8)

HCV, n (%)

GT1 532 (44.0) 482 (45.2)
GT2 199 (16.5) 185 (17.3)
GT3 385 (31.8) 319 (29.9)
GT4–6 69 (5.7) 61 (5.7)
GT mixed/unknown 24 (2.0) 20 (1.9)

Injection drug use, former or
current,
n (%)

Yes 545 (45.1) 424 (39.7)
Active drug use, n (%) 209 (17.3) 134 (12.6)

No 446 (36.9) 386 (36.2)
Unknown 218 (18.0) 257 (24.1)
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Table 1. Cont.

Characteristics Overall Population
(N = 1209)

Effectiveness Population
(n = 1067)

Type of mental health
disorder †, n (%)

Anxiety 467 (38.6) 406 (38.1)
Depression 505 (41.8) 443 (41.5)
Bipolar disorder 99 (8.2) 85 (8.0)
Cognitive or psychiatric

disorder 440 (36.4) 386 (36.2)

Unspecified ‡ 7 (0.6) 6 (0.6)

Number of specified mental
health disorders §

1 847 (70.1) 764 (71.6)
2 249 (20.6) 207 (19.4)
3 29 (2.4) 25 (2.3)

Use of 1 or more antipsychotic
drugs, n (%)

Yes 357 (29.5) 317 (29.7)
Quetiapine ‖ 133 (11) 116 (10.9)
Aripiprazole ‖ 41 (3.4) 34 (3.2)
Clozapine ‖ 26 (2.2) 22 (2.1)
Paliperidone ‖ 27 (2.2) 26 (2.4)

No 653 (54.0) 575 (53.9)
Unknown 199 (16.5) 175 (16.4)

Adherence ¶

≥90% 512 (96.6) 451 (97.8)
<90% 18 (3.4) 10 (2.2)
≥80% 519 (97.9) 456 (98.9)
<80% 11 (2.1) 5 (1.1)

Time from HCV RNA
diagnosis to SOF/VEL
treatment start, mean (SD),
days **

156 (607) 152 (625)

Time from HCV RNA
diagnosis to SOF/VEL
treatment start, days, n (%) #

<1 30 (3.6) 27 (3.6)
≤7 54 (6.5) 49 (6.4)
≤30 195 (23.3) 182 (23.9)
≤90 510 (60.9) 463 (60.9)
>90 327 (39.1) 297 (39.1)
Unknown 372 (30.8) 307 (28.8)

* Data available for 1120 patients in the OP and 994 patients in the EP. † Including patients for whom information
on the specific mental health disorder was reported (OP: n = 1202; EP: n = 1061). Overlap between mental health
disorders was possible. ‡ Patients flagged as having a mental health disorder where a specific disorder was not
reported. § Number of mental disorder categories which the patient belongs to; e.g., a patient with paranoia
and dementia will belong to one category (cognitive or psychiatric disorder), while a patient with anxiety and
depression will belong to two. ‖ These medications are specifically selected as they were of interest; however,
others are included. ¶ Percentage calculated using the number of patients with adherence information available
as the denominator (OP: n = 530; EP: n = 461). # Percentage calculated using patients with time-to-treatment data
available as denominator (OP: n = 837; EP: n = 760). ** Data available for 837 patients in the OP and 760 patients
in the EP. Abbreviations: DAA: direct-acting antiviral; EP: effectiveness population; GT: genotype; OP: overall
population; SD: standard deviation; SOF/VEL: sofosbuvir/velpatasvir.
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3.1. Effectiveness

In the overall EP, SVR was 97.4% (1039/1067), with SVR rates ≥ 95.3%, irrespective of
the specific mental health disorder, or the presence of baseline factors that could complicate
HCV cure, including active IDU and antipsychotic drug use (Figure 2). SVR was achieved
in 100% of patients who received treatment within 1 day (27/27) or 1 week (49/49) of
diagnosis, in 97.6% (452/463) of patients who received treatment within 90 days and in
95.6% (284/297) of patients who received treatment more than 90 days after diagnosis.
Adherence data were available for 461 patients in the EP. Of this group, 2.2% (10/461) of
patients had an adherence level < 90% and 1.1% (5/461) had an adherence level <80%;
all achieved SVR. In patients where the adherence level was unknown, 96.9% (587/606)
achieved SVR. Virological reasons for not achieving SVR were reported for 2.6% (28/1067)
of patients, predominantly due to relapse (25/28).
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Figure 2. SVR in the effectiveness population, stratified by type of mental health disorder and com-
plicating baseline characteristics. * For 21 patients in the EP, aggregated data for SVR were provided,
without breakdown for anti-psychotic drug use. Abbreviations: EP: effectiveness population; SVR:
sustained virological response.

3.2. Non-Virological and Unknown Reasons for Not Achieving SVR

In the OP, the predominant reasons for not achieving SVR were non-virological (9.3%;
112/1209), with 74.1% of these (83 patients) LTFU after treatment completion. Other non-
virological reasons were early treatment discontinuation (17.9%; 20/112), non-adherence
(3.6%; 4/112), reinfection (0.9%; 1/112) and death (3.6%; 4/112). Table 2 describes the
baseline characteristics of patients who experienced a non-virological failure, including
those who were LTFU. Unknown reasons were reported for 2.5% (30/1209) of patients.
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Table 2. Baseline demographic characteristics of patients who did not achieve SVR due to non-
virological reasons, including those LTFU.

Characteristics Non-Virological
Failures (n = 112) *

Patients LTFU
(n = 83) †

Sex, male, n (%) 69 (61.6) 54 (65.1)

Fibrosis stage, n (%)
F0–F2 64 (57.1) 54 (65.1)
F3 11 (9.8) 8 (9.6)
F4 17 (15.2) 9 (10.8)
Unknown 20 (17.9) 12 (14.5)

Treatment history, n (%)
Treatment-naïve 93 (83.0) 70 (84.3)
Treatment-experienced

(DAA-naïve) 7 (6.2) 7 (8.4)

HCV, n (%)
GT1 41 (36.6) 34 (41.0)
GT2 11 (9.8) 6 (7.2)
GT3 45 (40.2) 35 (42.2)
GT4–6 6 (5.4) 5 (6.0)
GT mixed/unknown 9 (8.0) 3 (3.6)

Injection drug use, former or
current, n (%)

Yes 72 (64.3) 63 (75.9)
Active drug use, n (%) 43 (38.4) 36 (43.4)

No 9 (8.0) 7 (8.4)
Unknown 31 (27.7) 13 (15.7)

Use of 1 or more antipsychotic
drugs, n (%)

Yes 28 (25.0) 21 (25.3)
No 48 (42.9) 35 (42.2)
Unknown 36 (32.1) 27 (32.5)

* A total of 83 (74.1%) LTFU, reinfection in 1 (0.9%), early discontinuation in 20 (17.9%), non-adherence in 4 (3.6%)
and death in 4 (3.6%). † LTFU is a subset of non-virological reasons for not achieving SVR. Abbreviations: DAA:
direct-acting antiviral; GT: genotype; LTFU: loss to follow up; SVR: sustained virological response.

4. Discussion

In this large integrated real-world data analysis, high cure rates were achieved with
a regimen of SOF/VEL for 12 weeks in people experiencing mental health disorders,
supporting the journey towards HCV elimination by addressing high-priority populations
with HCV. These findings are in line with cure rates in more general populations in both
clinical trials and real-world settings [20,21,24]. Cure rates in this analysis were high,
irrespective of type of mental disorder, and despite the presence of factors historically
considered complications for HCV cure, such as injection drug and antipsychotic use.
This analysis adds to the growing body of evidence for the effectiveness of DAAs in
HCV patients with mental health disorders [28]. This is the largest analysis to date of the
effectiveness of SOF/VEL in this priority population, and results are in line with those
reported in a smaller retrospective chart review in 579 patients with HCV and a mental
health disorder, substance use, or both [28]. Moreover, in the current analysis, data on
specific antipsychotic medications used, medication adherence, and time-to-treatment
were captured.

In line with the established, favourable safety and tolerability profile of SOF/VEL as a
protease inhibitor-free DAA, only 20 individuals discontinued SOF/VEL treatment early,
and an adherence level ≥ 90% was reported in 512 patients (of 530 patients with adherence
information available in the OP) [20,21,24]. Moreover, the low rates of non-adherence seen
in this analysis with a simple SOF/VEL regimen (only 11 patients with <80% adherence in
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the OP) can address the historical reluctance to treat HCV patients with comorbid mental
health disorders.

The question that often remains in the journey towards HCV elimination is why
certain patients do not reach SVR due to non-virological reasons, including LTFU. In the
low number of patients not achieving SVR in this current analysis, the main reason for
not achieving SVR was LTFU. Table 2 demonstrates that reasons for LTFU are likely to be
multifactorial, as shown previously in other priority populations, such as in those who
use or inject drugs [29–31], making it difficult to predict who might be at risk of non-
virological failure. However, as data emerge supporting flexibility in the timing of SVR
assessment [32,33], and guidelines suggest that SVR assessment can be omitted altogether in
certain patients [4], LTFU rates could become less clinically important when simplification
of the HCV pathway and treatment at a population level is the focus to achieve HCV
elimination. Moreover, as all LTFU in this analysis occurred after treatment completion, it is
likely that most of these patients would have been cured given the large body of evidence
about high SVR rates achieved with SOF/VEL.

One important consideration in treating patients with HCV and mental health disor-
ders is the potential for DDIs, since co-administration of DAAs and central nervous system
(CNS) drugs is common. In this real-world analysis, around a third of patients with data
available were receiving antipsychotics during SOF/VEL treatment (Table 1), which is in
line with recent findings in several European cohorts of patients receiving pangenotypic
DAAs where CNS drug use was reported [17,34,35]. Results from previous real-world
studies have shown that DDI risk is higher in patients treated with glecaprevir/pibrentasvir
(GLE/PIB) versus SOF/VEL, for patients receiving antipsychotics [17,35]. The use of simple
DAA regimens requiring minimal monitoring not only offers the possibility of treating all
HCV patients with mental health disorders but also enables the opportunity for a rapid
treatment start after diagnosis and implementation of test-and-treat strategies, through de-
centralisation of care and task-sharing to non-specialists, including mental health providers,
as supported by the international AASLD/ALEH/APASL/EASL joint call to action [36].
This real-world analysis demonstrates that rapid treatment start is feasible in patients with
mental health disorders, as all patients who were treated within 1 week or even 1 day
of diagnosis achieved SVR. However, it also demonstrates that further action is needed
to implement test-and-treat strategies and rapid treatment initiation in all patients, as
treatment was initiated after more than 90 days in 39% of patients.

This analysis has the usual limitations associated with retrospective real-world data
analyses. As this analysis included multiple sites with different recording strategies, not
all data were available for all patients. However, overall SVR remained high despite
missing values for characteristics such as cirrhosis status, genotype, IDU and type of
mental health disorder, minimising the impact of these missing data. The characteristics of
patients demonstrate that a diverse population was included in this analysis, minimising
the concern of selection bias. Finally, DDI information for CNS drugs was not collected;
however, few clinically relevant interactions would have been expected for SOF/VEL with
these drugs, based on international treatment guidelines and the University of Liverpool
Hep Drug Interaction Checker [4,19].

As this analysis was conducted in cohorts from developed countries, whether the find-
ings are translatable to developing countries could be considered a limitation. However, a
recent study in a diverse population of 399 patients with HCV from high-, middle- and low-
income settings (Brazil, South Africa, Thailand, Uganda, and the USA) has demonstrated
the effectiveness and feasibility of a minimal monitoring approach with SOF/VEL [37].

5. Conclusions

This large real-world analysis demonstrates that HCV can successfully be cured in
the high-priority population of patients with mental health disorders, using a simple,
well-tolerated, pangenotypic, protease inhibitor-free SOF/VEL regimen. SOF/VEL sup-
ports advances towards HCV elimination by allowing the implementation of a simplified
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treatment algorithm, with minimal monitoring requirements and fewer DDIs with CNS
drugs compared with protease-inhibitor DAA regimens, therefore enabling a test-and-treat
strategy and rapid treatment start, irrespective of the clinical setting.
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