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Abstract

Background and Aims: Direct-acting antivirals (DAAs) are almost exclu-

sively approved for the treatment of chronic HCV. This poses a significant

barrier to the treatment of recently acquired HCV because of the limited

access to DAAs. This review seeks to address this issue by synthesizing

evidence of the benefits and harms of immediate treatment after the

detection of recently acquired HCV in people at higher risk of infection.

Approach and Results: A systematic review and meta-analysis were con-

ducted reporting on populations with recently acquired HCV at higher risk of

infection. Studies were included if they assessed standard duration DAA

treatment regimens and reported on the benefits and harms of immediate

treatment (within one year of diagnosis). Outcomes included sustained viro-

logical response at 12 weeks post-treatment (SVR12), incidence, treatment

initiation and adherence, overtreatment, engagement in care, and adverse

events. Eight cohort studies, 3 open-label trials, and 1 case series study were

included, reporting on 2085 participants with recently acquired HCV infection.

No studies included a comparison group. Eight studies assessed DAA treat-

ment in either men who have sex with men or menwho have sex with menwith

HIV, 2 studies assessed treatment in people who inject drugs, and 2 among

people living with HIV. Immediate treatment of HCV was associated with a

pooled SVR12 of 95.9% (95% CI, 92.6%–99.3%). Three studies reported on

Abbreviations: ART, antiretroviral therapy; DAA, direct-acting antiviral; IFN, interferon; IVDU, intravenous drug use; MSM, men who have sex with men; OAT, opioid
agonist treatment; PLHIV, people living with HIV; PrEP, pre-exposure prophylaxis; PWID, people who inject drugs; STI, sexually transmitted infection; SVR, sustained
virologic response; WHO, World Health Organization.
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hepatitis C incidence, where most participants were treated in the chronic

phase of infection. A treatment completion rate of 100% was reported in 2

studies, and only 1 serious adverse event was described.

Conclusions: High rates of cure were achieved with the treatment of recently

acquired hepatitis C in people at higher risk of infection. Serious adverse

events were rare, highlighting individual benefits consistent with the treatment

of chronic hepatitis C. The impact of immediate treatment on HCV incidence

requires further evaluation.

INTRODUCTION

In 2016, the World Health Organization (WHO) set
targets to eliminate HCV infection as a major public
health threat by 2030.[1] An integral part of achieving
this goal is diagnosis and treatment: 80% of those
infected need to be diagnosed and 80% of those
diagnosed subsequently treated.[1] After HCV infection,
approximately one quarter of individuals will sponta-
neously clear the virus, but this clearance is less likely
in people with HIV/HCV coinfection.[2] Importantly,
individuals who clear HCV infection are not immune to
the virus, and those engaging in higher-risk behaviors,
such as people who inject drugs (PWIDs), men who
have sex with men (MSM), people in custodial settings,
and other higher-risk populations, are at greater risk of
reinfection. In MSM, a higher incidence of HCV infection
has been observed in those living with HIV and those
using HIV prophylaxis (pre-exposure prophylaxis).[3]

Injecting drug use and the sharing of injecting equip-
ment have been attributed to 43% of new HCV
infections.[4] Before the advent of direct-acting antivirals
(DAAs), less tolerable and longer duration interferon-
based therapies were the standard of care for HCV
treatment, meaning that people with recently acquired
HCV were often advised to defer treatment to avoid
unnecessarily treating those who may spontaneously
clear the virus.

Given the significantly improved tolerability of
DAAs, decreasing price, and increasing access to
therapy, the opportunity costs of immediate versus
delayed treatment of recently acquired infection have
become increasingly important. The joint guideline of
the American Association for the Study of Liver
Diseases and the Infectious Diseases Society of
America recommends that HCV treatment should be
initiated without waiting for possible spontaneous
clearance, which generally occurs within 6 months of
acute infection.[5] The rationale behind this recom-
mendation emphasizes that immediate treatment
reduces losses to follow-up and prevents transmission
to others from those with HCV infection risk factors.
The guideline of the European Association for the

Study of Liver[6] similarly highlights the risk of onward
transmission where the treatment of recently acquired
hepatitis C is delayed and recommends treatment with
a standard duration pangenotypic DAA regimen. In
addition to the population health benefit of preventing
onward transmission, individual benefits include earlier
access to cure and potential psychological benefits,
including those related to the stigma associated with
HCV infection. This is supported by the results of the
2021 International Network of People who Use Drugs
values and preferences survey, which found that the
overwhelming majority of participants were supportive
of being offered immediate treatment after HCV
diagnosis.[7]

Despite the expert societies like American Association
for the Study of Liver Diseases and European Associa-
tion for the Study of the Liver recommending against
delaying treatment of recently acquired HCV, DAAs are
currently almost exclusively approved by regulatory
bodies only for confirmed chronic HCV treatment and
registration studies for HCV drugs have been limited to
this population. This restriction poses a significant barrier
to the treatment of recently acquired hepatitis C because
of reduced access to DAAs. The question of treating
recently acquired hepatitis C is of critical importance
globally and is being actively considered by WHO in their
updated guideline development for viral hepatitis and key
populations, including PWIDs and MSM. Accordingly,
our systematic review aimed to review current evidence
related to the benefits and harms of immediate treatment
of recently acquired hepatitis C in people at higher risk of
infection and update the current body of evidence that
informs the timing of HCV treatment.

METHODS

A systematic review and meta-analysis were conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines for
reporting systematic reviews.[8] The review protocol was
registered prospectively (PROSPERO registration num-
ber 2021 CRD42021239375).
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Eligibility criteria

We included studies set in populations with recently
acquired hepatitis C (acquisition within 1 year of
diagnosis) at higher risk of infection. People at higher
risk included, but were not limited to, MSM, PWIDs,
transgender people, and people in custodial settings.
Studies were included if they assessed DAA treatment
among people identified as recently acquiring HCV
infection using licensed DAA regimens.[9] Studies
using short course duration DAA therapy for recent
HCV were excluded, as this review focused on
currently licensed treatment regimens. Studies without
a deferred treatment comparator group were eligible
for inclusion. Primary articles or conference abstracts
reporting on randomized controlled trials, cohort
studies, and case-control studies were included. In
studies where there were 2 treatment arms with
different DAA treatment lengths, outcomes for the
licensed duration arm were extracted. Studies pub-
lished from 2015 were included to reflect the earliest
availability of DAA regimens.

The case definition recommended by the European
AIDS Treatment Network (NEAT) Acute Hepatitis C
Infection Consensus Panel was used to define recently
acquired hepatitis C.[10] Recently acquired hepatitis C
refers to acquisition up to 1 year before diagnosis,
evidenced by any of the following:

� Positive HCV RNA or antigen test in an individual that
returned a negative antibody, RNA, or antigen result
within the preceding year (including instances where
this represents reinfection).

� Positive HCV RNA or antigen test and a current
negative HCV antibody test.

� Positive antibody, RNA, or antigen test and, within
the preceding year, clinical symptoms of acute
hepatitis (including jaundice) OR alanine transami-
nase 10 times the upper limit of normal for which non-
HCV causes of acute hepatitis were excluded.

The following outcomes were included as measures
of the benefits and harms of treatment of recently
acquired hepatitis C:

� Hepatitis C incidence
� Sustained virological response at 12 weeks post-

treatment (SVR12) (intention to treat was extracted or
calculated)

� Rates of treatment initiation
� Rates of overtreatment [ie, 1 minus (probability of

HCV persistence in the untreated group)]
� Adverse events
� Treatment completion (proportion of participants who

received at least 1 dose of treatment and went on to
complete the full course of prescribed treatment)

� Treatment adherence (engagement in care)

Studies were excluded if they included children or
had <15 participants in total or if they assessed the use
of pegylated interferon and/or ribavirin in combination
with DAAs.

Search strategy

We searched electronic journal databases, including
MEDLINE, Embase, Web of Science, and Cochrane
CENTRAL, on April 5, 2021. We restricted our search to
articles published from 2015 onward, reflecting the
earliest availability of DAAs. Search terms and syntax
were modified according to each database but included
combinations of medical subject headings and free text
related to the following (see supplementary material,
http://links.lww.com/HC9/A205, for full search details):

1. DAAs
2. Recent or acute hepatitis C infection

Reference lists of all relevant articles were reviewed
for additional studies. No restrictions were made on the
language of publication. Abstracts from the International
Conference on Health and Hepatitis Care in Substance
Users, the International Liver Congress, the Liver
Meeting, the International Symposium on Viral Hepatitis
and Liver Disease, the International AIDS Conference,
the International AIDS Society Conference on HIV
Science, and the Conference on Retroviruses and
Opportunistic Infections were also reviewed.

Studies were screened and managed using Covi-
dence (Veritas Health Innovation Ltd., Melbourne,
Australia). Titles and abstracts were independently
assessed by 2 reviewers (Niklas Luhmann and Lakshmi
Manoharan) against the predetermined inclusion cri-
teria. Full texts were obtained for articles appearing to
meet the inclusion criteria. Where full texts could not be
found or further data were required, study authors were
contacted up to 2 times.

Extraction and statistical analysis

Study characteristics and outcome data were extracted
and assessed independently by 2 reviewers using a
prepiloted standardized form on Microsoft Excel.
Authors were contacted up to 2 times to solicit missing
data. The risk of bias was assessed using a quality
assessment tool based on an adapted version of the
Joanna Briggs Institute checklist for case series
studies.[11] The main components of the assessment
were the inclusion and selection of study participants,
reporting of study characteristics and outcomes, and the
statistical analysis method used.

Random effects meta-analysis was conducted to
calculate pooled intention-to-treat SVR12 across risk
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populations. Because of the difficulty in disaggregating
the effects of acute versus chronic treatment on HCV
incidence, a meta-analysis of incidence was not
conducted. Statistical heterogeneity among studies
was assessed by calculating an I2 statistic, with an
I2> 50% considered a moderate or high level of
heterogeneity. A narrative synthesis of study charac-
teristics and other review outcomes was conducted.
All statistical analyses were performed using STATA
17 (StataCorp, College Station, TX). We assessed
the certainty of evidence using the GRADE
methodology.[12,13]

RESULTS

We identified 6013 studies; after discarding duplicates
(2177) and studies that did not meet our selection
criteria on abstract screening (3753), 83 full-text studies
were retrieved, of which a further 71 were excluded
(Figure 1). The 12 studies meeting our eligibility criteria
included studies published between 2018 and 2020. No
further eligible studies were detected from screening
reference lists.

Study characteristics

The 12 included studies reported on a total of 2085
individuals with recently acquired HCV infection and
comprised 8 cohort studies,[14–21] 3 open-label
trials,[22–24] and 1 case series study.[25] Nine studies
(66.7%) assessed immediate HCV treatment in either
MSM or MSM living with HIV, 2 studies included PWID
(16.7%), and 1 (8.3%) included a nonspecific sample of
people living with HIV (PLHIV). No studies were
undertaken in custodial settings, and none involved

participants that identified as sex workers or among
trans and gender-diverse people. No studies with a
deferred treatment comparator group were identified. All
studies were set in high-income countries. Study and
cohort characteristics are presented in Table 1.

Incidence

Three studies reported HCV incidence, assessing
treatment in MSM with HIV.[17,18,23] Two of these studies
reported a decrease in HCV incidence at the end of the
study period; a study nested in a Swiss cohort study,
which reported a decrease in incidence from 0.53/100
person years in 2014 to 0.12/100 person years in
2019[23] and a study set in the UK, which reported a
decrease from 11.28/1000 person years in 2016 to
4.63/1000 person years in 2018.[18] In contrast, a study
nested in a French cohort study found an increase in
incidence from 0.73/100 person years in 2015 to 1.25/
100 person years in 2018.[17] In all the 3 studies, a
minority of participants in each cohort (0.5–0.7%) were
treated in the acute HCV infection phase.

SVR12

Eight studies that included a total of 595 participants
with recently acquired hepatitis C reported SVR12 in
MSM, PLHIV, and PWID.[15,16,19–22,24,25] Pooled SVR12
across all risk groups was 95.9% (95% CI, 92.6%–

99.3%; I2= 61.3%) (Figure 2). Within 7 MSM studies
(n= 271), the pooled SVR12 was 96.9% (95% CI,
93.1%–100%), within 3 studies, including PLHIV
(n= 124), the pooled SVR12 was 97.0% (95% CI,
90.7%–100%), and within 1 study including PWID
(n= 46), the pooled SVR12 was 80.4% (95% CI,
66.1%–90.6%).

Treatment initiation, completion, and
adherence

One study reported treatment initiation among MSM
living with HIV.[14] In this study, 13.6% (6/44) of patients
with recently acquired HCV infection-initiated treatment
within 6 months of diagnosis. However, it was not
reported whether treatment was made available to all
participants. Treatment completion was an outcome in 2
studies, both reporting 100% completion rates among
27 PLHIV[24] and 25 MSM.[25] Two studies reported on
adherence. One study found 81% (22/26) adherence
among PLHIV,[24] where nonadherence was classified
as one or more missed doses in the 4 days preceding
the end-of-treatment study visit. In the second study,[22]

adherence was reported by the risk group: 79% (36/46)
in PWID, 85% (55/65) in MSM, and 81% (48/59) in

F IGURE 1 Schematic diagram of search results and screening
process. Abbreviation: DAA, direct-acting antiviral.
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TABLE 1 Study characteristics

Cohort characteristics (%)

References Country Study type Risk group

Sample size (n
with recent HCV

infection)
No. treated
infections DAA regimen(s) IVDU OAT ART PrEP

Boesecke et al[14] Austria, Denmark, France,
Germany, Great Britain,
Spain

Prospective
cohort

MSM w/HIV 464 47 Not specified 1.1 NR NR NA

Braun et al[24] Switzerland Open-label trial MSM w/HIV 30 23 Not specified 13.6 NR 99.4a N/A

Cannon et al[16] UK Retrospective
cohort

MSM, PWID 57 56 Not specified 55.5 NR NR NR

Chromy et al[17] Austria Prospective
cohort

MSM w/HIV 62 38 SOF/LDV, 2D/3D,
GRZ/ELB,
SOF/VEL, G/P

8.0 NR NR N/A

Cotte et al[18] France Retrospective
cohort

MSM w/HIV 619 141 Not specified 8.3 NR 97.5 N/A

Garvey et al[19] UK Retrospective
cohort

MSM w/HIV 378 51 Not specified NR NR 89 N/A

Girometti et al[20] UK Retrospective
cohort

MSM 60 28 SOF/LDV, SOF/
VEL, SOF/DCV

30 NR NR 70b

Gómez- Ayerbe
et al[22]

Spain Prospective
cohort

MSM w/HIV 40 40 SOF/VEL, SOF/
LDV, GRZ/ELB,
GLE/PIB

NR NR 100 N/A

Huang et al[21] Taiwan Retrospective
cohort

MSM w/HIV 225 57 SOF/VEL, GRZ/
ELB, SOF/LDV,
SOF/DCV,

NR NR NR N/A

Matthews et al[23] Australia, Canada, New
Zealand, Germany,
Netherlands, Switzerland,
UK, USA

Open-label trial MSM, PWID,
PLHIV

99 95 SOF/VEL 22 6 100 48b

Naggie et al[25] USA Open-label trial PLHIV 27 27 SOF/LDV 4 NR 100 N/A

Palaniswami et al
[26]

USA Case series MSM w/HIV 25 25 SOF/LDV 48 NR 96 N/A

aEver on antiretroviral therapy.
bOf HCV negative participants.
Abbreviations: ART, antiretroviral therapy; DAA, direct-acting antiviral; DCV, daclatasvir; ELB, elbasvir; GLE, glecaprevir; GRZ, grazoprevir; IVDU, i.v. drug use; LDV, ledipasvir; MSM, men who have sex with men; OAT, opioid
agonist treatment; PIB, pibrentasvir; PLHIV, people living with HIV; PrEP, pre-exposure prophylaxis; PWID, people who inject drugs; SOF, sofosbuvir; VEL, velpatasvir.
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PLHIV. In this study, adherence was measured by
questionnaire and pill count and defined as the
completion of ≥ 95% of scheduled doses.

Adverse events and overtreatment

Adverse events were reported in 4 studies[16,22,24,25]1
only 1 serious adverse event was described (rhabdo-
myolysis), [22] whereas all other adverse events were
classified as grade 3 or less or considered minor.
Adverse event rates ranged from 22% (21/95) to 36%
(9/25). No studies included a comparator group, so
overtreatment was unable to be calculated.

Risk of bias and certainty of evidence
assessment

The risk of bias was classified as low across the
studies, whereas the GRADE certainty of the evidence
was very low across all study outcomes (Supplemental
material, http://links.lww.com/HC9/A205). All studies
reported clear inclusion criteria; however, only half of
the studies reported consecutive enrollment of partic-
ipants. All studies used reliable and valid methods for
measuring recent HCV infection. There was a limited

characterization of participant risk behavior in some
studies; however, most studies reported study-specific
outcomes clearly, and statistical analysis was appropriate
across all studies.

DISCUSSION

This systematic review found that standard duration
DAA treatment initiated without delay in recently
acquired HCV infection was associated with high rates
of cure, consistent with those seen for treatment of
chronic hepatitis C in similar risk groups.[26] This high
rate of cure was evident across key risk populations of
MSM, PWID, and PLHIV. No studies were set in
populations in custodial settings, those identifying as
sex workers, or among trans or gender-diverse people.
There were a low number of treatment-related adverse
events reported, and these events were overwhelmingly
minor. There is still little population-level data to draw
inferences on changes in HCV incidence as a direct
result of the treatment of recently acquired HCV
infection; no studies directly compared immediate to
delayed treatment. Our review findings suggest signifi-
cant individual-level and potential population-level
benefits that support the use of DAAs for recent HCV
infection and argue for a change in global guidelines

F IGURE 2 Meta-analysis of SVR12 by population risk group. Abbreviations: DL, Dersimonian-Laird; MSM, men who have sex with men;
PLHIV, people living with HIV; PrEP, pre-exposure prophylaxis.
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and regulatory conditions that currently restrict hepatitis
C treatment among people with recently acquired HCV
infection.

Improved identification and treatment of recently
acquired HCV infection may bring benefits to the
individual by facilitating cure as soon as possible after
diagnosis and reducing the risk of loss to follow-up
before treatment, as well as reducing morbidity
associated with progression to chronic infection. There
is also a broader population-level treatment-as-preven-
tion benefit from curing an individual as soon as
possible by reducing the period of time for which an
individual is infectious and, in turn, reducing the risk of
onward HCV transmission. The 3 studies that reported
on incidence were nested in large cohorts of MSM in
which treated acute infections made up a minority of
treated patients, and most patients were treated in the
chronic phase of infection. Two studies demonstrated a
reduction in HCV incidence, and 1 reported an increase
in incidence. As treating chronic HCV infection can also
reduce incidence,[26,27] it was not possible to identify the
distinct effect of treating acute versus chronic infection
on incidence in these cohorts. However, modeling
studies support a likely reduction in HCV incidence as
a result of immediate treatment.[28] This is further
supported by several cost-effectiveness models set in
both high-income and low-income settings, which
demonstrate that the treatment of recently acquired
HCV infection is cost saving.[28–31]

This review assessed the use of licensed, standard
duration DAA regimens in recently acquired HCV
infection. It is possible that treating people with recently
acquired HCV infection immediately may allow a short-
ening of the duration of treatment, as has been seen
using interferon-based treatments.[32–35] If shorter DAA
courses for recently acquired HCV infection are shown
to be effective and are approved, the reduced pill
burden, greater patient acceptability, and savings on
drug costs of shorter regimens may enhance the
desirability of immediate treatment. Several recent
studies have examined whether shorter course DAA
therapy could be used in this setting with variable
results.[23,36,37] Although many of the nonrandomized
studies showed high levels of SVR, [36,37] the only
randomized study (REACT) in this setting, comparing 6
to 12 weeks of sofosbuvir/velpatasvir, did not demon-
strate that the shortened treatment was noninferior
compared with the standard duration arm.[22] Never-
theless, despite a higher rate of relapse in the short 6-
week arm of this study, treatment was shown to be safe
and well adhered to in this patient population.

As no studies included a comparator group, over-
treatment after a recent infection (ie, treating someone
who might have gone on to spontaneously clear) was
unable to be calculated. Nevertheless, inherent within
an early treatment strategy is the possibility of over-
treatment, as approximately one quarter of individuals

will spontaneously clear the virus.[38] Spontaneous
clearance largely occurs in the acute (initial six months)
phase of HCV infection, with a median clearance of 16.5
weeks.[2] Although there are some predictors of
spontaneous clearance (female gender, those with
genotype 1 infection, and symptomatic hepatitis),[2]

most individuals go on to chronic infection. Importantly,
people living with HIV are less likely to clear the virus
spontaneously.[39] HIV-positive MSM have an increased
risk of HCV infection,[3] and PWID have traditionally
been harder to engage in care, so the opportunity to
commence treatment immediately, if available, could be
critical for these populations. Furthermore, as the cost
of DAA therapies decreases, particularly in low-income
and middle-income countries,[9] the economic burden of
overtreatment reduces and may be outweighed by the
benefits of treating recently acquired HCV infection.

Several limitations must be acknowledged in this
review. Firstly, a direct comparison between immedi-
ate and deferred treatment in a real-world cohort was
not possible as we did not find any comparative
studies. Second, we were unable to disaggregate any
effect of the treatment of acute hepatitis C on
incidence from the effect of treating chronic hepatitis
C. Third, the reporting of study cohort characteristics
varied across studies, which made accurate compar-
isons of study populations challenging. Fourth, there
was relatively limited evidence from cohorts of PWID,
and no studies involved key risk groups of incarcer-
ated people, transgender people, and sex workers.
Finally, all studies were set in high-income countries,
and findings may not be directly applicable to low-
income settings where drug access and testing
availability are more constrained.

This is the first systematic review assessing treat-
ment outcomes using licensed standard duration
regimens for recently acquired HCV infection in
higher-risk populations. Study findings suggest an
individual-level benefit of early DAA treatment, including
high cure rates. Although the effect on the incidence of
treating recently acquired HCV infection relative to
chronic infection has not been measured directly,
modeling suggests early treatment would reduce
HCV incidence and be cost saving. Real-world cost-
effectiveness and feasibility studies would be beneficial
to further strengthen the case for the treatment of
recently acquired HCV infection. These results highlight
the need for comparison studies assessing immediate
and delayed treatment, effects on other outcomes such
as incidence and reinfection, as well as studies of early
DAA treatment, which include other risk groups. Treat-
ment of recently acquired HCV may prove to be an
important aspect of achieving global HCV elimination
goals, and these review findings are being used as
evidence toward updated WHO-consolidated guidelines
on HIV, viral hepatitis and STI prevention, diagnosis,
treatment, and care for key populations.
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