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Abstract
Background & Aims—Patients with acute hepatitis C virus (HCV) infection that receive treatment
achieve high rates of sustained virological response (SVR), but few studies have examined outcomes
among injecting drug users (IDUs). We evaluated the efficacy of treatment of recent HCV infection
in IDUs with acute and early chronic HCV.
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Methods—We analyzed data from the Australian Trial in Acute Hepatitis C (ATAHC)—a
prospective study of the natural history and treatment outcomes of patients with recent HCV
infection. Participants eligible for the study had their first anti-HCV antibody positive test result
within the past 6 months and either acute clinical HCV within the past 12 months or documented
anti-HCV seroconversion within 24 months. Participants with HCV received pegylated interferon
(PEG-IFN)α-2a (180 μg/week, n=74); those with HCV/HIV co-infection received PEG-IFNα-2a
(180 μg/week) with ribavirin (n=35) for 24 weeks.

Results—From June 2004 to February 2008, 167 participants were enrolled in the ATAHC; 79%
had injected drugs in the previous 6 months. Among 74 with only HCV, the SVRs were 55% and
72% by intention-to-treat and per protocol analysis, respectively. In multivariate analyses, baseline
factors independently associated with lower SVR included decreased social functioning and current
opiate pharmacotherapy. Adherent participants had higher SVR rates (63% vs 29%, P=0.025). Of
the 35 participants with HCV/HIV co-infection, the SVRs were 74% and 75% by intention-to-treat
and per protocol analysis, respectively.

Conclusion—Treatment of recent HCV infection among IDUs, including those with HIV co-
infection, is effective. Strategies to engage socially marginalized individuals and increase adherence
should improve treatment outcomes in this population.
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Introduction
An estimated 75% of people with acute hepatitis C virus (HCV) infection progress to chronic
infection (1), and experience an increased risk of impaired quality of life (2) and progressive
liver disease (3). Several studies have demonstrated that treatment based on interferon-α in
acute HCV infection can yield much higher levels of sustained virological response (SVR)
than the treatment of chronic HCV infection (4-10).

While these findings are encouraging, questions remain about the most effective treatment
strategies in recent HCV infection. For example, data are very limited on the feasibility and
outcome of treatment for acute HCV in injecting drug users (IDU), even though they represent
the population group at greatest risk for infection in many countries. Most acute HCV treatment
studies have been performed in settings where injecting drug use is uncommon (4,8,10), or
have chosen to predominantly recruit participants whose infection was acquired through other
modes of percutaneous exposure (7,9).

Another important issue is timing: since the majority of people who spontaneously clear virus
following acute HCV infection do so within 16 weeks of symptomatic presentation (20 – 24
weeks following infection) (4,8,11), it appears reasonable to delay therapeutic intervention for
this time period to avoid unnecessary treatment (12,13). On the other hand, treatment strategies
for individuals with asymptomatic presentation but evidence of recent infection through anti-
HCV antibody seroconversion are less certain. Repeat HCV screening is common among IDUs,
but the variability of testing intervals means that many of those with diagnosed recent HCV
infection will have early chronic HCV infection.

The Australian Trial in Acute Hepatitis C (ATAHC) study was specifically designed to
investigate HCV treatment in people whose infection was recently acquired through injecting
drug use. Here we report on the treatment outcomes, and the role and predictors of treatment
adherence in determining these outcomes.
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Methods
Study design

ATAHC was a multicenter, prospective cohort study of the natural history and treatment of
recent HCV infection. Study recruitment commenced in June 2004 through an Australian
network of tertiary hospitals (n=13) and general practice/primary care clinics (n=3). Recent
infection included participants with either acute or early chronic HCV infection with the
following eligibility criteria:

First positive anti-HCV antibody within 6 months of enrolment; and either

a. Acute clinical hepatitis C infection, defined as symptomatic seroconversion illness or
alanine aminotransferase (ALT) level greater than 10 times the upper limit of normal
(>400 IU/mL) with exclusion of other causes of acute hepatitis, at most 12 months
before the initial positive anti-HCV antibody; or

b. Asymptomatic hepatitis C infection with seroconversion, defined by a negative anti-
HCV antibody in the two years prior to the initial positive anti-HCV antibody.

Other eligibility criteria included being age 16 years or above, having a negative pregnancy
test, and ability to provide written, informed consent. All participants with detectable HCV
RNA at screening or baseline were assessed for HCV treatment eligibility. HCV treatment was
not offered to people who had positive serology for anti-hepatitis A virus IgM, hepatitis B
surface antigen or anti-hepatitis B core IgM; concurrent additional causes of liver disease; or
other standard laboratory-based exclusion criteria for interferon therapy. Having received
investigational drugs within the previous 6 weeks was also an exclusion criterion for treatment.
Heavy alcohol intake and active illicit drug use were not exclusion criteria, however a drug
and alcohol assessment was performed for treatment suitability.

People diagnosed with recent HCV infection at one of the participating sites who satisfied these
inclusion and exclusion study were invited to participate in the study, regardless of their or
their doctors’ intentions regarding treatment. Participants were followed from baseline at 4
weekly intervals to week 12, then at 12 weekly for up to 144 weeks.

All study participants provided written informed consent prior to study procedures. The study
protocol was approved by St Vincent’s Hospital, Sydney Human Research Ethics Committee
(primary study committee) as well as through local ethics committees at all study sites, and
was conducted according to the Declaration of Helsinki and ICH/GCP guidelines. The study
was registered with clinicaltrials.gov registry (NCT00192569).

HCV treatment and virological assessment
Participants who began HCV treatment received pegylated interferon-α2a (PEG-IFN) 180
micrograms weekly for 24 weeks. Due to non-response at week 12 in the initial two participants
with HCV/HIV coinfection, the study protocol was amended to provide PEG-IFN and ribavirin
combination therapy for 24 weeks in this group. Ribavirin was prescribed at a dose of
1000-1200 mg for those with genotype 1 infection and 800 mg in those with genotype 2/3.
Medical supervision of PEG-IFN injections was not mandatory but was available for use on a
case-by-case basis.

The presence of HCV RNA was assessed at all scheduled study visits (including screening,
baseline, week 4, 8, 12, and 24 on-treatment), with a qualitative HCV-RNA assay (TMA assay,
Versant, Bayer, Australia, lower limit of detection 10 IU/ml) and if positive a quantitative HCV
RNA assay (Versant HCV RNA 3.0 Bayer, Australia lower limit of detection 615 IU/ml). HCV
genotype (Versant LiPa2, Bayer, Australia) was assessed on participants found to be viremic
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at screening. A questionnaire was administered at screening and every 12 weeks through follow
up, to obtain information on injection of illicit drugs, social functioning (Opiate Treatment
Index Social Functioning Scale) (14) and psychological parameters [Mini-International
Neuropsychiatric Interview (M.I.N.I.) (15) and the Depression Anxiety Stress Scale
(DASS-21) (16)]. Adverse events were collected on all treated participants from the
commencement of treatment to week 48.

Study definitions
The presentation of recent HCV at the time of diagnosis was classified as either acute clinical
or asymptomatic infection. Acute clinical infection included those with either a documented
clinical history of symptomatic seroconversion illness and those without clinical symptoms
but with a documented peak ALT above 400 IU/ml at or prior to the time of diagnosis.
Participants with asymptomatic infection included participants with anti-HCV antibody
seroconversion but no acute clinical symptoms or documented peak ALT above 400 IU/ml.
The estimated date of infection for acute clinical infection was calculated as six weeks prior
to onset of seroconversion illness if present or six weeks prior to the first ALT reading above
400 IU/ml. The estimated date of infection for asymptomatic infection was calculated as the
mid-point between the last negative anti-HCV antibody and the first positive anti-HCV
antibody test result. For participants who were anti-HCV antibody negative and HCV RNA
positive at screening, the estimated date of infection was designated to be six weeks prior to
screening.

Adherence was defined as the receipt of at least 80% of scheduled PEG-IFN alfa-2a doses and
therapy for 80% of the scheduled treatment period. For participants in whom therapy was
terminated at 12 weeks due to virological non-response, the scheduled treatment period was
defined as 12 weeks. HCV relapse and breakthrough were distinguished from reinfection by
the detection of HCV viremia with a viral sequence that differed from that of the initial
infection, as confirmed by viral sequence analysis (17).

Study outcomes
Evaluation of HCV treatment response was based on intention-to-treat (ITT) analyses that
included all participants who received at least one injection of PEG-IFN therapy. Additional
per-protocol analyses included all adherent individuals with follow-up virological data (≥week
48). Primary endpoints for treatment were the proportion of participants with undetectable
qualitative HCV RNA rates at weeks 4 (rapid virological response, RVR), 12, 24 (end-of-
treatment response, ETR) and 48 (sustained virological response, SVR). If HCV RNA had not
been assessed at week 48, the result of next available HCV RNA assessment was used to
calculate SVR. HCV treatment outcomes were separately assessed in participants with and
without HIV infection.

Statistical analyses
Logistic regression analyses were used to identify predictors of HCV treatment response.
Potential predictors were determined a priori and included sex, age, weight, education,
employment, accommodation, social functioning, methadone or buprenorphine treatment,
mental health status (depression and suicidality, based on the MINI), ethnicity, injecting drug
use characteristics, alcohol consumption, estimated duration of HCV infection, presentation
(acute clinical, asymptomatic), peak and baseline ALT level, baseline HCV RNA levels and
HCV genotype. Social functioning was calculated using a validated scale from the Opiate
Treatment Index (14) that addresses employment, residential stability, and inter-personal
conflict. The scale also addresses social support, and the role of drug use in the participant’s
social networks, and a higher number means poorer functioning. This scale has been validated
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among opiate users in Australia (range, 0-48) (14). Current depression and suicide risk were
evaluated using the Mini-International Neuropsychiatric Interview (M.I.N.I.) (15).

Additional analyses were performed to evaluate time to clearance among treated and untreated
groups and the impact of treatment on clearance of HCV infection. Among untreated subjects,
spontaneous HCV clearance was defined as two consecutive negative qualitative tests for HCV
RNA over an interval of ≥4 weeks. The estimated date of spontaneous clearance was
determined by calculating the midpoint between the date of the last HCV RNA qualitative
positive test and first qualitative HCV RNA negative test. Among treated subjects, the
estimated date of initial HCV clearance (in those with subsequent SVR) was determined by
calculating the midpoint between the date of the last HCV RNA qualitative positive test and
first qualitative HCV RNA negative test. Kaplan-Meier analyses were used to estimate the time
to spontaneous HCV clearance and initial HCV clearance (in those with subsequent SVR). The
impact of treatment on HCV clearance was evaluated using Cox Proportional Hazards
Analyses, while adjusting for factors associated with spontaneous HCV clearance and SVR.
These factors included sex, age, history of injecting, estimated duration of HCV infection,
presentation (acute clinical, asymptomatic), peak ALT level, baseline HCV RNA levels, HCV
genotype and HIV infection.

The multivariate model for predictors of treatment response and HCV clearance were
determined using a forward stepwise approach, considering factors that were significant at the
0.10 level in univariate analysis. The final models included only factors that remained
significant at the 0.05 level. All analyses were performed using the statistical packages SAS
and STATA.

Results
Over the period June 2004 through February 2008, 200 people with recent HCV infection were
screened for potential inclusion in the study (Figure 1). Ultimately, 167 participants were
enrolled, through tertiary hospitals (n=150) or through general practice or primary care clinics
(n=17). Of those who consented to enrol four did not return for a subsequent baseline visit and
were excluded from further analysis, leaving a total participant population of 163.

Diagnosis of recent HCV infection was on the basis of acute clinical hepatitis in 61% (99 of
163), that included symptomatic seroconversion illness in 41% (67 of 163, including 36 with
jaundice) and ALT >400 IU/mL in 20% (32 of 163), respectively. Diagnosis of recent HCV
infection was on the basis of anti-HCV antibody seroconversion in the absence of an acute
clinical presentation in 39% (64 of 163). Overall, anti-HCV antibody seroconversion was
documented in 86% (n=140). The enrolment characteristics of treated (n=111) and untreated
(n=52) participants, with the latter group stratified by HCV RNA status (35 positive, 17
negative) at screening, are shown in Table 1.

For the majority of participants, injecting drug use was recorded as the most likely mode of
HCV acquisition (n=119, 73%). Other modes of reported HCV acquisition included male to
male sexual contact (n=24, 15%), heterosexual contact (n=5, 3%), body piercing (n=1, 1%),
medical procedure (n=1, 1%), occupational needle stick (n=1, 1%), tattoos (n=1, 1%) and other
forms of percutaneous exposure (n=1, 2%). In 6% of participants (n=10), no risk factor could
be identified.

The study population had a low proportion of participants who were in full- or part-time
employment (39%) or who had completed tertiary education (22%). Social functioning was
low, with a median score of 13 (interquartile range, IQR: 8-18; possible range 0 to 48). Overall,
125 (77%) participants had ever injected illicit drugs and 39 (24%) reported having ever
received methadone or buprenorphine treatment. Among participants who reported injection
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drug use ever, recent injecting was common, with 42% (53 of 125) injecting in the previous
month and an additional 37% (46 of 125) in the period one to six months prior to screening.
Among those having reported injecting drug use in the past 6 months, the drugs most often
injected were methamphetamine (48%) and heroin (39%).

HCV treatment uptake
As the 17 participants with undetectable HCV RNA at screening were ineligible for treatment,
the uptake of HCV treatment was 76% (111 of 146) among those who were eligible on the
basis of positive HCV RNA. Uptake was 76% (74 of 97) in participants without HIV and 76%
(37 of 49) among those with HIV infection.

Among those who were HCV RNA positive at screening or baseline and therefore potentially
eligible for treatment (n=146), untreated participants had slightly poorer social functioning (i.e
higher scores, 15 vs. 11), lower tertiary education (9% vs. 29%) and were less frequently in
full- or part-time employment (26% vs. 47%) when compared to treated participants. A greater
proportion of untreated participants also had current major depression (26% vs. 7%) and
reported injecting drug use in the last month (50% vs. 37%). Untreated participants had a shorter
estimated duration of infection at screening (19 vs. 25 weeks), lower peak ALT (393 vs. 479
IU/L) or screening ALT (104 vs. 185 IU/L) and lower median HCV RNA at screening (3.3 vs.
5.0 log10 HCV RNA).

HCV treatment outcomes
Due to the different treatment regimens employed, treatment outcomes were assessed
separately for HCV mono-infected receiving PEG-IFN monotherapy (n=74) and the HCV/HIV
co-infected participants receiving PEG-IFN and ribavirin combination therapy (n=35). The
initial two participants with HCV/HIV co-infection treated with PEG-IFN monotherapy were
excluded from outcome analyses (both were non-responders at week 12).

Among treated participants, those with HCV/HIV co-infection were older, more likely to be
male (100% vs. 62%), and more likely to have acquired HCV through sexual contact (63% vs.
5%), and had better social functioning [i.e lower scores, 8 vs. 14 (Table 2)].

As shown in Figure 2, 77% of HCV mono-infected participants (57 of 74) received at least
80% of PEG-IFN alfa-2a doses and therapy for 80% of the scheduled treatment period.
Adherence to therapy was not achieved in 23% (17 of 74). These subjects discontinued
treatment prematurely, either due to side effects (n=4); death (n=1); lost to follow-up or
unwillingness to continue in the study (n=8); late discontinuation at 15 weeks with virological
non-response (n=1); and testing HCV RNA positive at screening but negative at treatment
commencement (2 participants following week 2 injection; and 1 participant following week
6 injection).

In HCV mono-infected participants, 46% (34 of 74) and 66% (49 of 74) had undetectable HCV
RNA (<10 IU/mL) at weeks 4 and 12, respectively, and an ETR was achieved in 69% (51 of
74). Among adherent participants with follow-up virological data (per protocol analysis group)
(n=50), 41 (82%) achieved an ETR (Figure 3). SVR was 55% by intention-to-treat and 72%
by per protocol analysis.

In univariate analysis, SVR occurred more frequently in people with better social function (i.e.
lower scores); not currently receiving methadone or buprenorphine treatment; and not having
used injecting drugs ever (Table 3). Although participants reporting ever having injected drugs
had a lower frequency of SVR than those who never injected (48% vs. 91%, P=0.030), SVR
was not associated with either the duration of abstinence from injecting drug use or the
frequency of injecting drug use at baseline among those who injected (Table 3).
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There was no association between baseline HCV RNA (P=0.93) or HCV genotype (P=0.65)
and SVR. However, among the per protocol group, a trend towards lower SVR was seen in
those with genotype 1 and high baseline viral load (HCV RNA ≥400,000) (54%) compared to
those with genotype 1 with low baseline viral load (HCV RNA <400,000) and genotypes 2/3
with low (<400,000) and high (HCV RNA ≥400,000) baseline viral load (75%, 80%, 75%,
respectively) (P=0.61).

In multivariate analysis, the only factors associated with SVR were social functioning
(OR=0.21, 95% CI=0.07-0.64, P=0.009) and drug dependency treatment (OR=0.12, 95%
CI=0.02-0.54, P=0.004). Participants with higher social functioning scores and no history of
drug dependency treatment had higher SVR. In a further analysis, only including participants
who had ever injected drugs (n=63), the same two factors were associated with SVR (data not
shown).

Further analyses assessed the role of treatment adherence and injection drug use during
treatment as predictors of SVR in HCV mono-infected participants. The SVR rates were higher
among adherent participants (63% vs. 29%, P=0.025). Among those reporting ever having
injected drugs (n=63), the SVR rate was similar for those who said that they had and not injected
during treatment (59% vs. 53%, P=0.76) and was not related to frequency of injecting.

Among HIV/HCV co-infected participants treated with PEG-IFN and ribavirin (n=35), 91%
(32 of 35) were at least 80% adherent. Two of the other three stopped treatment prematurely
as a result of side effects (n=2), and the third stopped treatment after the week 2 injection
because the baseline HCV RNA turned out to be negative, despite the screening assessment
having been positive. Undetectable HCV RNA (<10 IU/mL) was achieved in 34% and 91%
at weeks 4 and 12, respectively. At the end of treatment, HCV RNA was undetectable in 80%
(Figure 3). SVR was 74% by intention-to-treat and 75% by per protocol analysis. There was
no association between baseline HCV RNA or HCV genotype and SVR.

We also compared the impact of estimated duration of infection at the commencement of
treatment on subsequent SVR in HCV mono-infected and HIV/HCV co-infected groups.
Among HCV mono-infected participants, SVR was highest in those with an estimated duration
of infection of 27 to 52 weeks (73%, 27 of 37), but was reduced both in those with a duration
> 52 weeks (40%, 8 of 20) and in those with a duration of ≤ 26 weeks (35%, 6 of 17). The
proportion with ≥80% adherence was 65%, 86% and 70% in those with an estimated duration
of infection of ≤ 27 weeks, 27 to 52 weeks and >52 weeks respectively. Similarly the proportion
receiving all PEG-IFN injections (24 in total) was 35%, 70% and 45% in those same groups
respectively. In contrast, among HIV/HCV co-infected participants, SVR was similar within
estimated duration of infection groups of ≤ 26 weeks (67%, 10 of 15), 27 to 52 weeks (73%,
11 of 15) and > 52 weeks (100%, 5 of 5).

Among the combined per protocol group (n=82; HCV=50, HCV/HIV=32), we observed 20
participants with ‘virological failure’, including 11 with non-response, 1 with viral
breakthrough and 8 with viral relapse.

Safety
Adverse events are shown in Table 4. Three deaths occurred among treated participants in this
study. The one death during IFN-based treatment occurred at week 4 of therapy, in a man whose
cause of death was reported as methamphetamine toxicity with a contribution of
arrhythmogenic right ventricular dysplasia. At baseline, he was assessed as having major
depressive symptoms but no suicidality. He had no reported history of injection drug use and
the mode of HCV acquisition was recorded as unknown. The other two deaths occurred at 3
and 4 months following treatment completion respectively, with the cause of death given as
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carbon monoxide toxicity with combined drug effect (amphetamines and three-prescribed
medications, including methadone) in one and electrocution in the other. The post-mortem
toxicology report in this third case also revealed ongoing polydrug use (ethanol,
methamphetamine, methylenedioxymethamphetamine and cannabinoids.) Both cases
demonstrated no major depressive symptoms or suicide risk at baseline.

Impact of treatment on HCV clearance
Among the 146 participants with detectable HCV RNA at screening or baseline, 35 were not
treated for HCV infection and 12 (34%) of these demonstrated spontaneous HCV RNA
clearance. As the untreated participants differed from the treated participants, particularly with
respect to factors associated with spontaneous HCV RNA clearance (lower screening HCV
viral load, shorter estimated duration of infection), adjusted analyses were undertaken to
examine the impact of treatment on clearance. In the treated group, only participants who
subsequently achieved a SVR were considered to have HCV RNA clearance. The Kaplan Meier
analysis of the impact of treatment on HCV RNA clearance among untreated (n=34) and treated
(n=106) participants positive for HCV RNA at screening is shown in Figure 4. In Cox
Proportional Hazards Analyses, treatment was independently associated with HCV RNA
clearance (HR=4.20, 95% CI=1.96-9.00, P<0.0001) after adjusting for sex, age, history of
injecting, estimated duration of HCV infection, clinical presentation, peak ALT level, baseline
HCV RNA levels, HCV genotype and HIV infection.

Discussion
This study has found that treatment for recent HCV infection is effective in people whose
infection was acquired through injecting drug use, even in those with HIV co-infection. Further,
it appears that treatment with PEG-IFN alone remains effective when commenced at up to 12
months post-HCV infection. ATAHC is the largest study to examine treatment outcomes for
recently acquired HCV among people who inject drugs. It is also the first study to examine
outcomes in substantial populations with and without HIV co-infection, and the first to evaluate
HCV treatment outcomes across a broad definition of recent HCV infection which
encompasses acute and early chronic disease.

An overall intention-to-treat SVR rate of 55-74% with PEG-IFN-based therapy for 24 weeks
is very encouraging, given the assumptions that are often made about the feasibility of treatment
in this population, and the relatively long estimated duration of HCV infection at treatment
initiation. The SVR rate of 74% for HIV/HCV co-infected participants who received PEG-IFN
and ribavirin combination therapy was particularly impressive. There was a relatively lower
SVR rate of 55% among HCV mono-infected participants, largely related to social factors
(poorer social functioning leading to sub-optimal treatment adherence). In addition, PEG-IFN
monotherapy may have been sub-optimal for some HCV mono-infected participants including
those with genotype 1 and high HCV viral load or duration of HCV infection greater than 12
months.

Previous PEG-IFN (12 – 24 weeks) based studies in acute HCV infection have shown
somewhat higher SVR rates of 57 – 88% (4,6-8,10,18,19). ATAHC differs from most of these
investigations in the predominantly injecting drug use related acquisition of the study
population and the relatively late enrolment of the participants in the course of their infection.
In other studies, mainly made up of cases of acute symptomatic infection, enrolment was within
a median of 12 weeks, and many cases may have spontaneously cleared virus, even without
being treated. In contrast the median estimated duration of HCV infection at treatment
commencement was around 30 weeks in ATAHC, after the time when spontaneous clearance
is believed to occur (20).
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Adherence clearly plays an important role. In ATAHC, treatment response among HCV mono-
infected participants varied considerably by adherence grouping and the overall SVR of 55%
was lower than the rate from a recently reported Italian study (n=46, 26 IDU, SVR=72%)
(18), in which all injections were medically supervised and adherence was close to 100%. HCV
treatment adherence is predictive of chronic HCV treatment outcomes, both in the non-IDU
and IDU population (21,22). In ATAHC poor “adherence” largely related to loss to follow-up
rather than either missed doses or dose reductions, therefore strategies to improve engagement
for socially marginalized individuals commenced on HCV treatment are required.

Poorer social functioning and current drug dependency treatment were the only factors
associated with lower SVR among HCV mono-infected participants in this study. The social
functioning scale employed in this study addresses major aspects of social integration such as
employment, residential stability, inter-personal conflict, social support and the involvement
of the participant in drug using networks. The results from this aspect of the study are novel
and suggest this social functioning scale may be a useful tool for future studies of illicit drug
users to assess suitability for treatment initiation. Although current opioid maintenance
treatment was associated with reduced response rates to therapy, the numbers of participants
in this group was small and further investigations of the involvement of the impact of this
variable on SVR are required.

ATAHC suggests that a delay in commencement of treatment until such time as spontaneous
viral clearance is unlikely, does not seem to adversely influence treatment effectiveness in this
population. Although delayed commencement (20 weeks versus 8-12 weeks following acute
HCV presentation) produced a lower SVR (76% versus 92-95%) in a prior randomized
controlled trial, this was conducted in a largely non-IDU population (4). Estimated duration of
HCV infection at commencement of treatment was not a predictor of treatment response in
ATAHC in multivariate analysis, however, within the HCV mono-infected population, lower
SVR rates were seen among participants with short (≤26 weeks) and longer (>52 weeks)
durations of infection. Poorer responses in the most prolonged duration group may reflect sub-
optimal therapy with PEG-IFN monotherapy, particularly given the favourable responses in
the HIV/HCV co-infected group. On the other hand, poorer responses in the short duration of
infection group may be driven by poorer adherence among individuals who more recently
acquired HCV infection.

For people with both HIV infection and recently acquired HCV, the SVR rate following PEG-
IFN and ribavirin combination therapy (74%) confirms the favourable preliminary data
reported on the initial 22 co-infected participants (23). The SVR is higher than other acute
HCV studies among co-infected populations with study populations above n=20 (59-61%)
(24,25), and considerably higher than that reported for chronic HCV studies of PEG-IFN and
ribavirin therapy in this population (26-40%) (26,27). It also suggests that 24 weeks is adequate
therapy for both acute and early chronic HCV infection, irrespective of HCV genotype and
baseline HCV viral load.

Despite the somewhat poorer treatment outcomes in HCV mono-infected participants
compared to other acute HCV treatment studies, the ATAHC study demonstrates that in a
setting of predominant injecting drug use HCV acquisition participants with acute and early
chronic HCV infection can be effectively treated. Although the ATAHC study did not contain
a randomized control arm without treatment, the comparison of HCV viral clearance among
treated and untreated groups with adjustment for baseline factors associated with clearance
provided further evidence of the beneficial impact of early therapeutic intervention. Improved
strategies are required to select participants for treatment initiation and to enhance treatment
adherence and follow-up, including the potential of supervised therapy, case management, and
peer-based support. Ways to improve and support IDUs social functioning prior to
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commencing treatment should be explored. Drug rehabilitation and harm reduction strategies
that reduce rates of injecting drug use and HCV exposure during injecting also need to be the
focus of an overall strategy to enhance HCV treatment outcomes among IDUs, both in the
acute and chronic HCV infection setting. Finally, a randomized controlled trial of PEG-IFN
versus PEG-IFN and ribavirin therapy in this study population would appear justified based
on the basis of the data reported here.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overview of study population. At least 1 dose of PEG-IFN was administered to 111
participants. Two HCV/HIV co-infected participants received PEG-IFN monotherapy (both
non-responders) prior to a protocol amendment in which HCV/HIV participants then received
PEG-IFN and ribavirin combination therapy.
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Figure 2.
Overview of HCV mono-infected participant population.
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Figure 3.
Response rates in A) HCV mono-infected participants and B) HCV/HIV co-infected
participants in the total study population (intent-to-treat) and per-protocol population.
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Figure 4.
Time to HCV RNA clearance among treated and untreated participants in ATAHC study
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Table 1

Enrolment characteristics of participants (n=163)

Total study population Treated

Untreated

HCV RNA
positive at
screening

HCV RNA
negative at
screening

Total participants, (n) 163 111 35 17

Male, n (%) 116 (71%) 83 (75%) 23 (66%) 10 (59%)

Age (yrs), mean/SD 34.3 ± 9.9 34.5 ± 10.4 34.9 ± 8.9 31.9 ± 8.5

Weight (kg), mean/SD 73.2 ± 14.1 72.6 ± 11.7 70.6 ± 12.8 82.7 ± 24.5

BMI (kg/m2), mean/SD 24.0 ± 4.3 23.7 ± 3.3 23.3 ± 4.1 27.7 ± 8.1

Caucasian ethnicity, n (%) 149 (91%) 99 (89%) 34 (97%) 16 (94%)

Tertiary education or greater, n
(%)

35 (22%) 32 (29%) 3 (9%) 0 (0%)

Full-time or part-time
employment, n (%)

63 (39%) 52 (47%) 9 (26%) 2 (12%)

Methadone or buprenorphine
treatment

 Ever (not current) 17 (10%) 12 (11%) 4 (11%) 1 (6%)

 Current 22 (14%) 12 (11%) 6 (17%) 4 (24%)

Social functioning score, median
(IQR)

13 (8-18) 11 (6-17) 15 (10-19) 18 (13-20)

Current major depression, n (%) 19 (12%) 8 (7%) 9 (26%) 2 (12%)

Injecting drug use ever, n (%) 125 (77%) 84 (76%) 30 (86%) 11 (65%)

 Last time injected, n (%)¥

  Within the last month 53 (42%) 31 (37%) 15 (50%) 7 (64%)

  1 and 6 months ago 46 (37%) 35 (42%) 9 (30%) 2 (18%)

  >6 months ago 25 (20%) 18 (21%) 5 (17%) 2 (18%)

Estimated duration of infection at
screening (wks), median (range)

25 (6-74) 25 (6-74) 19 (7-62) 26 (15-66)

Presentation of recent HCV, n
(%)

 Acute clinical (symptomatic) 67 (41%) 46 (41%) 12 (34%) 9 (53%)

 Acute clinical (ALT >400 IU/
mL)

32 (20%) 24 (22%) 6 (17%) 2 (12%)

 Asymptomatic seroconversion 64 (39%) 41 (37%) 17 (49%) 6 (35%)

Symptoms and signs in acute
clinical (symptomatic) cases, n
(%)*

 Jaundice 36 (54%) 24 (52%) 5 (42%) 7 (78%)

 Nausea 45 (67%) 29 (63%) 8 (67%) 8 (89%)

 Abdominal pain 42 (63%) 30 (65%) 8 (67%) 4 (44%)

 Hepatomegaly 16 (24%) 11 (24%) 4 (33%) 1 (11%)

HIV infection, n (%) 50 (31%) 37 (33%) 12 (34%) 1 (6%)

ALT (IU/L)

 Peak ALT prior to enrolment,
median (IQR)

468 (175-1206) 479 (207-1179) 393 (114-1174) 382 (44-2206)
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Total study population Treated

Untreated

HCV RNA
positive at
screening

HCV RNA
negative at
screening

 ALT at screening, median
(IQR)

118 (52-312) 185 (70-403) 104 (39-155) 27 (20-49)

HCV RNA (IU/L)

 Log10 HCV RNA - screening,
median

4.5 5.0 3.3 <1.0

 <400,000 IU/mL, n (%) 119 (73%) 73 (66%) 29 (83%) 17 (100%)

HCV genotype, n (%)

 Genotype 1 76 (47%) 63 (57%) 13 (37%) 0 (0%)

 Genotype 2 6 (4%) 4 (4%) 2 (6%) 0 (0%)

 Genotype 3 56 (34%) 40 (36%) 16 (46%) 0 (0%)

 Genotype 4 1 (1%) 0 (0%) 1 (3%) 0 (0%)

 Genotype missing 24 (15%) 4 (4%) 3 (9%) 17 (100%)

₤
includes 4 participants with missing data,

†
at time of screening,

*
denominator is in total number of people reporting documented illness,

¥
among those having reported injecting ever,

IQR, interquartile range.
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Table 2

Baseline characteristics among treated HCV and HCV/HIV infected participants with recently acquired HCV
infection (n=109)€

HCV infected HCV/HIV infected

Total participants, (n) 74 35

Male, n (%) 46 (62%) 35 (100%)

Age (yrs), mean/SD 31.0 ± 9.0 42.0 ± 9.5

Age category (yrs)

 ≤ 25 18 (24%) 1 (3%)

 26 – 30 21 (28%) 4 (11%)

 31 – 40 24 (32%) 9 (26%)

 > 40 11 (15%) 21 (60%)

Weight (kg), mean/SD 69.5 ± 11.8 78.1 ± 9.2

BMI (kg/m2), mean/SD 23.0 ± 3.6 24.7 ± 2.3

Caucasian ethnicity, n (%) 63 (85%) 34 (97%)

Tertiary education or greater, n (%) 13 (18%) 17 (49%)

Full-time or part-time employment, n (%) 26 (35%) 24 (69%)

Methadone or buprenorphine treatment

 Ever (not current) 12 (16%) 0 (0%)

 Current 12 (16%) 0 (0%)

Social functioning score, median (IQR) 14 (9-19) 8 (4-13)

Current major depression, n (%) 7 (10%) 1 (3%)

Mode of infection, n (%)

 Injecting drug use 62 (84%) 13 (37%)

 Sexual exposure with person(s) of same sex 1 (1%) 22 (63%)

 Sexual exposure with person(s) of opposite sex 3 (4%) 0 (0%)

 Other 13 (18%) 1 (3%)

Injecting drug use ever, n (%) 63 (85%) 19 (54%)

 Age at first injection drug use, mean/SD¥ 23.0 ± 8.5 33.8 ± 10.3

 Last time injected, n (%)†, ¥

  Within the last month 27 (43%) 4 (21%)

  1 and 6 months ago 25 (40%) 9 (47%)

  >6 months ago 11 (18%) 6 (32%)

 Drug(s) most frequently injected, (%)†, ₤ Opiates (50%) Methamphetamine (87%)

Number of days drinking in last month, mean/SD† 5.6 ± 6.7 7.4 ± 8.9

Estimated duration of infection (wks), median (range)

 Screening 28 (7-74) 17 (6-64)

 Baseline 34 (18-84) 30 (10-93)

Presentation of recent HCV, n (%)†

 Acute clinical (symptomatic) 30 (41%) 15 (43%)

 Acute clinical (ALT >400 IU/mL) 13 (18%) 11 (31%)

 Asymptomatic seroconversion 31 (42%) 9 (26%)
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HCV infected HCV/HIV infected

Symptoms in acute clinical (symptomatic) cases, n (%)†, *

 Jaundice 18 (60%) 6 (40%)

 Nausea 20 (67%) 9 (60%)

 Abdominal pain 19 (63%) 11 (73%)

 Hepatomegaly 8 (27%) 3 (20%)

ALT (IU/L)

 Peak prior to screening, median (IQR) 427 (182-1161) 557 (286-1151)

 At screening, median (IQR) 132 (64-312) 254 (131-630)

 At baseline, median (IQR) 120 (52-215) 130 (99-422)

HCV RNA (IU/L)

 Log10 HCV RNA - baseline, median 5.0 5.8

 <400,000 IU/mL, n (%) 52 (70%) 16 (46%)

HCV genotype, n (%)

 Genotype 1 41 (54%) 19 (56%)

 Genotype 2 1 (1%) 3 (8%)

 Genotype 3 29 (39%) 12 (34%)

 Missing 3 (4%) 1 (3%)

€
two HCV/HIV co-infected participants receiving PEG-IFN monotherapy are excluded from this analysis,

†
at time of screening,

*
denominator is in total number of people reporting documented illness,

¥
among those having reported injecting ever

₤
among those having injected in the last 6 months
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Table 4

Adverse events among treated HCV and HCV/HIV infected participants with recently acquired HCV infection
(n=109)

HCV infected PEG-IFN α2a
(n=74)

HCV/HIV infected PEG-IFN α2a
+ ribavirin (n=35)

Adverse event grade* N % N %

Grade 1 70 94.6 35 100.0

Grade 2 54 73.0 31 88.6

Grade 3 28 37.8 25 71.4

Grade 4 3 4.1 1 2.9

Most frequent adverse event
(>10% of patients)¶

Fatigue 59 79.7 32 91.4

Headache 57 77.0 27 77.1

Irritability 51 68.9 30 85.7

Myalgia 53 71.6 25 71.4

Insomnia 48 64.9 29 82.9

Anxiety 44 59.5 27 77.1

Disturbance in attention 41 55.4 27 77.1

Arthralgia 41 55.4 23 65.7

Injection site reaction 45 60.8 19 54.3

Nausea 39 52.7 24 68.6

Dry skin 37 50.0 25 71.4

Abdominal pain 37 50.0 22 62.9

Cough 34 45.9 25 71.4

Anorexia 37 50.0 21 60.0

Pruritus 37 50.0 20 57.1

Pyrexia 33 44.6 22 62.9

Diarrhoea 35 47.3 19 54.3

Dizziness 32 43.2 20 57.1

Dyspnoea 28 37.8 24 68.6

Weight decreased 28 37.8 24 68.6

Pain 29 39.2 22 62.9

Chills 27 36.5 16 45.7

Alopecia 31 41.9 10 28.6

Asthenia 22 29.7 19 54.3

Dermatitis 22 29.7 11 31.4

Depression 17 23.0 4 11.4

*
participants can be counted in ≥1 grade,

¶
Adverse events reported according to MeDRA preferred terms.
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