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studies also incorporated strict selec-
tion criteria and did not examine the
influence of lifestyle-related factors
on treatment response. Furthermore,
there has only been one clinic-based
study in Australia, conducted in a single
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Objective:  To determine hepatitis C (HCV) treatment effectiveness and 
predictors of response in the “real-world” Australian clinic setting.

Design, setting and participants:  Patients with chronic HCV, who were HCV-
treatment-naive at enrolment, and were then treated with standard therapy 
(pegylated interferon- plus ribavirin), were recruited prospectively through a 
national network of 24 HCV clinics between April 2008 and December 2009. 
Patients were interviewed and a medical record review was conducted at 
enrolment and at routine follow-up clinic visits.

Main outcome measures:  Proportion of patients achieving a sustained 
virological response (SVR), predictors of SVR, and impact of treatment on 
biochemical markers of liver disease (alanine aminotransferase levels and 
aspartate aminotransferase-to-platelet ratio index scores).

Results:  The SVR by intention to treat was 60% (327/550). Infection with HCV 
genotype 2 or 3 (compared with genotype 1) was an independent predictor of 
SVR (odds ratio [OR], 2.45; 95% CI, 1.70–3.52), while HIV coinfection (OR, 0.28; 
95% CI, 0.10–0.82), cirrhosis (OR, 0.38; 95% CI, 0.18–0.81), and increased body 
mass index for � 30 kg/m2 v � 25 kg/m2 (OR, 0.58; 95% CI, 0.35–0.96) were 
independently associated with lower SVR. There was a significant improvement 
in biochemical markers of liver disease following SVR (P < 0.001).

Conclusions:  Our findings are similar to those seen in clinical trials, despite the 
inclusion of patients with a broad range of comorbid conditions such as injecting 
drug and alcohol use and psychiatric illness. They suggest that, with appropriate 
patient and infrastructure support, expansion of treatment services to the 
broader HCV-infected community is warranted.

Abstract
lin
eff
ferC
 ical trials have proven the

icacy of pegylated inter-
on- plus ribavirin for the

treatment of chronic hepatitis C virus
(HCV) infection.1-4 They also report
that a variety of patient and virological
factors influence treatment response,
in particular, HCV genotype and
extent of hepatic fibrosis. However,
trials typically employ strict patient
selection criteria and exclude patients
with a range of comorbid conditions
(such as HIV or hepatitis B coinfec-
tion, and drug- and alcohol-related
problems), which are frequent among
the HCV-infected population. In
addition, patients volunteering for tri-
als are probably more likely to adhere
to treatment because of greater moti-
vation and more intense monitoring
than would occur in the “real-world”
clinic setting.5

A few multiclinic observational
studies have been conducted to meas-
ure the real-world “effectiveness” of
HCV treatment.6-9 However, these

tertiary hospital clinic and before the
availability of pegylated interferon.5

The aim of our study was to deter-
mine treatment response rates and
predictors of response within a previ-
ously HCV-treatment-naive popula-
tion using data collected prospectively
from a large network of HCV clinics
across Australia that employ usual
care practices.

Methods

Patient selection

The Australian Chronic Hepatitis C
Observational Study (ACHOS)
recruitment and data collection

methods have been detailed previ-
ously.10 In brief, to provide broad
geographical and clinic type distri-
bution, the ACHOS included 24
clinics across four Australian states
and the Australian Capital Territory,
involving a variety of settings such as
major  metropoli tan hosp ita l s,
regional, drug dependency and pri-
mary care clinics, and correctional
centres. Patients were recruited pro-
spectively between April 2008 and
December 2009, based on eligibility
for subsidised HCV treatment under
the Section 100 — Highly Special-
ised Drugs Program.11 The Section
100 treatment eligibility criteria are
broad; treatment is available for all
patients aged � 18 years, provided
they are using effective forms of con-
traception and have compensated
liver disease.11 At the time of enrol-
ment into ACHOS, patients were
interviewed by the study coordinator
and/or investigator at each clinic and

their medical and pathology records
were also reviewed to obtain demo-
graphic, lifestyle and clinical infor-
mation. Follow-up visits were
according to routine clinical care
requirements, when data about
changes in treatment or reason for
treatment deferral, any liver-related
complications, and new pathology
test results were recorded.

To examine treatment outcomes,
the ACHOS cohort was restricted to
patients who were HCV-treatment-
naive at enrolment and were then
treated with s tandard therapy
(pegylated interferon- plus ribavi-
rin at doses determined by the treat-
ing  cl ini c ian) .  To  provide  an
unbiased selection of patients com-
men c in g  t r eat men t ,  w e  on ly
included patients with an actual
treatment stop date (if they com-
pleted the course) or a planned
treatment stop date (if they did not
complete the course) at least 28
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1 Selected baselin
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for the first time 
(n = 550)

Characteristic

Men

Median age at treatm

Median body mass ind

Australian born 

Hepatitis C infection-

Median duration, year

Cirrhosis

HCV genotype

1

2

3

Other (4, 6, 12)

Unknown

Lifestyle-related com
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History of other treate

HIV positive
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IQR = interquartile range
weeks (24 weeks to obtain sustained
virological response [SVR] plus 4
weeks to allow for delays in data
entry) before the study database
download date (12 August 2011).

Main treatment outcome

The main treatment outcome was
whether or not a patient achieved an
SVR, defined as undetectable HCV
RNA at least 12 weeks (with prefer-
ence to the result closest to 24
weeks) after treatment completion.
The analysis was by intention to
treat (ie, we included all patients
who received at least one dose of
therapy), and all missing SVR results
were coded as failures.

Statistical analysis

To examine the impact of treatment on
liver disease, we used the McNemar

test to compare pretreatment and
Week 24 after-treatment proportions
of patients with normal alanine
aminotransferase (ALT) levels (� 19
IU/L for women and � 30 IU/L for
men12) and with an APRI score
(aspartate aminotransferase-to-
platelet ratio index) � 0.5 (consist-
ent with no evidence of a significant
fibrosis13).

To determine independent predic-
tors of achieving an SVR, we per-
f o r m e d  m u l t i va r i a t e  lo g i s t i c
regression, including factors signifi-
cantly associated (P � 0.1) with an
SVR in the univariate analysis. Mod-
elling was performed using a step-
w i s e  b a c k w a r d  e l i m i n a t i o n
procedure, retaining only factors
that were significant at P � 0.05 in
the final model. A logistic regression
model, conditional on clinic site, was
also performed to ensure that results
were robust to possible differences
in patterns of treatment uptake
between sites.

The University of New South
Wales and the ethics committees
representing each of the clinics
granted ethics approval. All patients
provided written informed consent.

Results

There were 1260 patients enrolled in
ACHOS. Of these, 213 patients had
received treatment previously, 446 did
not receive treatment, 32 were treated
with regimens other than pegylated
interferon- plus ribavirin, and 19 had
insufficient follow-up to determine
their treatment outcome. This left a
subcohort of 550 patients for analysis.

Patient characteristics

Patients in the study cohort had a
range of lifestyle and clinical charac-
teristics that would have led to many
being excluded from clinical trials
(Box 1).

Treatment outcomes

Sustained virological response.
Evaluation of SVR was predominantly
based on a record in the ACHOS
database of an HCV RNA test result at
least 20 weeks after treatment (394,
71.6%). Thirty-one patients (5.6%)
had a record only for testing at 12

weeks after treatment, and 78 patients
(14.2%) were coded as treatment fail-
ures due to missing SVR data. Forty-
seven patients (8.5%) did not have
any recorded SVR virology results, but
SVR was noted in their medical
records and they were therefore coded
as having an SVR.

The overall SVR by intention to
treat was 59.5% (327/550). Patients
with genotype 1 infection had a
lower SVR (135/273, 49.5%) than
those with genotype 2 or 3 infection
(183/263, 69.6%).

Reasons for treatment discontinua-
tion. Seventy-five per cent (414/550)
of patients completed their treatment
course; 10.0% (55/550) stopped
because of non-response to treat-
ment, 6.4% (35/550) because of an
adverse event, and 4.7% (26/550) had
“patient’s decision” recorded as the
reason for stopping. A range of
adverse events were recorded, each
with a frequency of 4 or less.

Biochemical responses to therapy.
There was a significant improvement
in biochemical markers of liver dis-
ease following treatment, especially
in patients who achieved an SVR
(Box 2).

Predictors of treatment response.
Box 3 summarises the factors exam-
ined in the multivariate analysis (Sup-
plementary  Table 3  onl ine  at
mja.com.au provides the full list).
Notably, there was no association
between SVR and injecting drug use
status, alcohol consumption, tobacco
or cannabis smoking, or history of
psychiatric illness, although there was
a trend towards lower SVR in patients
with a non-depressive psychiatric ill-
ness or who were daily cannabis
smokers. In the multivariate analysis,
only lower body mass index (BMI),
genotype 2 or 3 infection and not
having HIV or cirrhosis remained
independent predictors of SVR (Box
3). In a post-hoc analysis of the 221
(40%) patients with a pretreatment
cholesterol level recorded, a value
> 5 mmol/L was associated with a
higher SVR, when adjusted for other
significant predictors (Box 3).

The conditional logistic regression
model stratified by clinic showed
similar results to the multivariate

e characteristics of patients in the 
ic Hepatitis C Observational Study treated 
with pegylated interferon- plus ribavirin 

No.

344  (62.5%)

ent, years 46 (IQR, 39–52)

ex, kg/m2 25 (IQR, 23–29)

419 (76.2%)

related

s 19 (IQR, 10–27)

35 (6.4%)

273 (49.6%)

31 (5.6%)

232 (42.2%)

13 (2.4%)

1 (0.2%)

orbid condition

e 374 (68.0%)

 use 29 (5.3%)

y treatment 72 (13.1%)

ncy treatment 91 (16.5%)

mption � 20g/day 198 (36.0%)

mption > 20g/day 35 (6.4%)

 use 291 (52.9%)

s use 49 (8.9%)

bis use 96 (17.5%)

ression 123 (22.4%)

d psychiatric illness 65 (11.8%)

17 (3.1%)

13 (2.4%)

. ◆
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analysis described above (data not
shown), indicating that there were
no significant differences in the pat-
terns of treatment response between
clinics.

Restricting the analysis to the 273
patients with genotype 1 infection
produced similar results to the model
with all genotypes combined; inde-
pendent predictors of SVR were
lower BMI (odds ratio [OR], 2.40;
95% CI, 1.19–4.84; for � 25 kg/m2 v
� 30 kg/m2) and female sex (OR, 1.94;
95% CI, 1.14–3.28). Having cirrhosis
(OR, 0.12; 95% CI, 0.03–0.56) or HIV
coinfection (OR, 0.11; 95% CI, 0.01–
1.00) was associated with lower SVR.
In contrast, for the 263 patients
infected with genotype 2 or 3, only
being HBcAb positive (OR, 0.48; 95%
CI, 0.24–0.94) and current daily
tobacco smoking (OR, 0.40; 95% CI,
0.20–0.80; for current v past daily
smokers) were independently associ-
ated with lower SVR. SVR for geno-
type 2 or 3 infection showed no trend
by BMI, but there was a trend
towards lower SVR in patients with
cirrhosis (OR, 0.68; 95% CI, 0.24–
1.95) or HIV coinfection (OR, 0.49;
95% CI, 0.13–1.93).

Discussion

In our Australian cohort of patients
treated for the first time with
pegylated interferon- plus ribavirin,
60% achieved an SVR. Patients with
genotype 1 infection had a lower
SVR (50%) than patients infected
with genotype 2 or 3 (70%). Other
independent predictors of non-SVR
included HIV coinfection, cirrhosis
and increased BMI, but there was
some variation in the importance of
these predictors by genotype. For
patients who achieved an SVR, we
were able to show a significant
improvement in biochemical markers
of liver disease at 24 weeks after
treatment. Although our findings
were consistent with clinical trial
data1-4 and observational multiclinic
studies in other countries,6-9 they are
even more encouraging. This is
because, unlike other studies to date,
we included patients with a range of
medical and lifestyle-related comor-

bid conditions, based on Australia’s
broad eligibility criteria for treat-
ment.11 By including such patients
we were able to show that drug- and
alcohol-related factors and psychiat-
ric illness were not significant
impediments to successful treatment
outcomes.

In  pivotal  cl ini ca l  tr ia ls  o f
pegylated interferon- plus ribavi-
rin, SVRs were 54%–56% overall,
46%–52% for genotype 1, and 76%–
84% for genotype 2 or 3 infection.1-4

Although our response rates for
genotype 2 and 3 are slightly lower
than these figures, all are within the
range of those reported in real-
world multiclinic studies conducted
in North America and Europe,6-9

and a previous Australian study in
one large tertiary clinic.5 Response
rates in these studies were more
varied (48%–68% overall, 34%–56%
for genotype 1, and 65%–89% for
genotype 2 or 3 infection), reflecting
differences in patient mix and treat-
ment practices, which highlights the
importance of real-world, country-
specific, estimates.

Our study confirms that a range of
patient and viral factors are impor-
t an t  p red i c to rs  o f  t r ea t men t
response. Cirrhosis and genotype 1
infection have consistently been
reported as strong predictors of
non-response. In our cohort, both
these factors were significant, along
with HIV coinfection and BMI. HIV
coinfection is infrequently reported
as a predictor of non-response in

multiclinic studies, either because
these  patients  are spec if ical ly
excluded or because the number of
patients with coinfection is too
small to detect an association.
Despite the low prevalence in our
study, HIV coinfection remained a
significant independent predictor of
non-response, consistent with find-
ings from clinical trials specifically
examining HIV-coinfected cases,
which report SVR rates that are
10%–20% lower than for HCV-
monoinfected patients.14-15 A signif-
icant inverse correlation between
BMI and SVR has been reported in
other clinic-based studies. We found
this association applied only to gen-
otype 1 infection. Few clinic-based
studies have examined genotype-
specific models and findings have
been mixed.7-9

Although not a prespecified cov-
ariate, there was a strong association
between cholesterol levels and treat-
ment response in the 40% of patients
with pretreatment data. Other stud-
ies have reported that high choles-
terol levels are associated with higher
SVR.16-17 However, the underlying
reasons for this association are
unclear.17

A unique aspect of our study was
that we prospectively measured pre-
treatment injecting drug- and alco-
hol- re lated  fac tors ,  in clud ing
psychiatric illness, as well as can-
nabis and tobacco smoking status,
and examined their independent
impact on treatment response.

2 Proportion of patients with normal results before and after treatment, by 
biochemical marker and sustained virological response (SVR)

Proportion normal* 

No. of 
patients

Before 
treatment (%)

24 weeks after 
treatment (%)†

P (before v after 
treatment)

ALT

No SVR 122 3.3% 6.6% 0.375

SVR 287 5.9% 78.0% < 0.001

Total 409 5.1% 56.7% < 0.001

APRI‡

No SVR 107 34.6% 35.5% 0.886

SVR 235 42.6% 88.9% < 0.001

Total 342 40.1% 72.2% < 0.001

ALT = alanine aminotransferase. APRI = AST-to-platelet ratio index. AST = aspartate 
aminotransferase. *ALT � 19 IU/L for women, � 30 IU/L for men;12 APRI � 0.5. † >10 weeks and result 
closest to Week 24 after treatment ceased. ‡ APRI score = ([AST/ULN]/platelet count) x 100, where 
AST is in U/L, platelet count is x 109, and ULN = 40 U/L.13 ◆
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When controlling for other factors,
current injecting drug or alcohol use,
psychiatric illness, and cannabis or
tobacco smoking were not signifi-
cantly associated with lower treat-
ment response rates. These are
encouraging findings and add to
existing evidence that such patients
may be successfully treated.18 How-
ever, our previous study showed that
patients with drug and alcohol-
related problems were less likely to
be treated.10 Therefore, patients cur-

rently receiving treatment represent
a select group. The high treatment
uptake reported in our previous
study (42%),10 and the favourable
treatment response in the current
study, suggest that with appropriate
patient and infrastructure support,
expansion of treatment services to
the broader HCV-infected commu-
nity is warranted.

An important finding is that
patients who achieved an SVR also
had significantly improved markers

of liver disease. In patients with an
SVR, there was a 13-fold increase in
the proportion with a normal ALT
level and a twofold increase in nor-
mal APRI scores. Previous clinical
trials and cohort studies have shown
an association between SVR and
normalisation of ALT levels as well as
a correlation with improved histolog-
ical activity.3,5,6,19 We were also able
to show an improvement in APRI
scores, consistent with regression of
liver disease.20

3 Selected univariate and multivariate predictors of a sustained virological response (SVR) to hepatitis C treatment with 
pegylated interferon- plus ribavirin* (n = 550)

* Full results are provided in Supplementary Table 3 at mja.com.au. Note: Supplementary Table 3 is reproduced as supplied by the authors and has not been 
edited by the MJA. † Adjusted for other significant predictors of SVR included in the final model (body mass index, cirrhosis, HIV status, hepatitis C genotype; 
Hosmer–Lemeshow goodness-of-fit test for final model, P = 0.725). ‡ P overall for linear trend. § P overall for heterogeneity. ¶ Results for these categories 
were included in most frequent category for analysis. ** Post-hoc analysis; result closest to but within the year prior to commencing treatment. ◆

SVR Univariate analysis Multivariate analysis†

Predictor No Yes OR (95% CI) P P overall OR (95% CI) P P overall

Sex

Men 152 192  (55.8%) 1 1

Women 71 135 (65.5%) 1.50 (1.05–2.15) 0.025 1.43 (0.98–2.08) 0.065

Age group at treatment start

< 35 years 30 60 (66.7%) 1 1

35–44 years 60 98 (62.0%) 0.82 (0.47–1.41) 0.465 0.016‡ 0.93 (0.53–1.64) 0.527 0.198‡

45–54 years 99 139 (58.4%) 0.70 (0.42–1.16) 0.173 0.89 (0.52–1.52) 0.517

� 55 years 34 30 (46.9%) 0.44 (0.23–0.85) 0.015 0.59 (0.30–1.19) 0.297

Body mass index

� 25 kg/m2 86 164 (65.6%) 1 1

25–< 30 kg/m2 75 98 (56.6%) 0.69 (0.46–1.02) 0.063 0.008‡ 0.71 (0.47–1.08) 0.110 0.028‡

� 30 kg/m2 46 48 (51.1%) 0.55 (0.34–0.89) 0.014 0.58 (0.35–0.96) 0.033

Unknown 16 17 (51.5%)

HIV positive

No 103 169 (62.1%) 1 1

Yes 11 6 (35.3%) 0.33 (0.12–0.93) 0.035 0.28 (0.10–0.82) 0.020

Unknown 109 152 (58.2%)

Duration of infection

< 10 years 42 84 (66.7%) 1 1

10–19 years 57 91 (61.5%) 0.80 (0.49–1.31) 0.374 0.016‡ 0.83 (0.49–1.40) 0.480 0.101‡

� 20 years 116 137 (54.2%) 0.59 (0.38–0.92) 0.020 0.66 (0.41–1.07) 0.095

Missing 8 15 (65.2%)

Cirrhosis

No 186 301 (61.8%) 1 1

Yes 22 13 (37.1%) 0.37 (0.18–0.74) 0.005 0.38 (0.18–0.81) 0.011

Unknown 15 13 (46.4%)

HCV genotype

1 138 135 (49.5%) 1 1

2 or 3 80 183 (69.6%) 2.36 (1.65–3.35) < 0.001 < 0.001§ 2.45 (1.70–3.52) < 0.001 < 0.001§

Other 4 9 (69.2%) 2.32 (0.70–7.70) 0.170 2.25 (0.66–7.65) 0.196

Unknown¶ 1 0

Cholesterol level**

� 5 mmol/L 73 98 (57.3%) 1 1

> 5 mmol/L 9 41 (82.0%) 3.39 (1.55–7.42) 0.002 4.07 (1.78–9.29) 0.001

Unknown 141 188 (57.1%)
10) · 4 June 2012
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There are a number of limitations with
our study. First, the representativeness of
our cohort in terms of all patients receiv-
ing treatment in Australia is unknown,
as there is no register of clinics pro-
viding HCV treatment. However, the
relatively large number and diversity
of clinics included should enhance
representativeness. Second, we did
not measure any on-treatment fac-
tors including changes in drug and
alcohol use, drug doses or treatment
compliance. Third, the sample size
for some categories, such as current
injecting drug use and > 20 g/day of
alcohol, may have been too small to
detect any differences. However,
there was no trend towards lower
SVR rates in these groups. Fourth, we
were unable to measure some poten-
tial pretreatment predictors of
response (eg, detailed biochemical
profiles, and host genetic markers of
treatment response, in particular,
IL28B genotype21) as this was an
observational study. Tests for IL28B
genotype are now available in Aus-
tralia, and their widespread use is
expected. Therefore, future observa-
tional studies should be able to
examine this factor.

In addition to host genetic testing,
new direct-acting antiviral (DAA)
agents are becoming available. Two
DAA agents — the protease inhibi-
tors boceprevir and telaprevir — have
been licensed in the United States
and Europe,22 and in Australia. In
Phase 3 clinical trials, the addition of
these therapies increased treatment
efficacy for treatment-naive geno-
type 1 patients by up to 30%.23,24

Further DAA agents are in clinical
development, including polymerase
and NS5A inhibitors that have cross-
genotype activity.25 Our current
study provides valuable baseline data
for comparison with the real-world
effectiveness of these agents once
they are widely available in Austral-
ian clinics.

In conclusion, treatment response
rates in the real-world Australian
clinic setting are in concordance with

those seen in clinical trials, despite
the inclusion of patients with a broad
range of comorbid conditions. Our
findings provide valuable baseline
data to measure the impact of immi-
nent changes in patient management
and suggest that expansion of treat-
ment services to the broader HCV-
infected community is warranted.
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