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Abstract
Background and Aims In 2016, direct-acting antiviral (DAA) treatment for hepatitis C (HCV) became available through 
Australia’s universal health care system, with the aim of HCV elimination. We report real-world effectiveness of DAA HCV 
treatment in Australia from a clinically well-informed cohort, enriched for cirrhosis and prior HCV treatment.
Methods 3413 patients were recruited from 26 hospital liver clinics across Australia from February 2016 to June 2020. 
Clinical history and sustained viral response (SVR) were obtained from medical records and data linkage to the Australian 
Pharmaceutical Benefits Scheme. Factors associated with SVR were assessed by multivariable logistic regression (MVR).
Results At recruitment, 32.2% had cirrhosis (72.9% Child Pugh class B/C), and 19.9% were treatment experienced. Of the 
2,939 with data, 93.3% confirmed SVR. 137 patients received second-line therapy. Patients with cirrhosis had lower SVR 
rate (88.4 vs. 95.8%; p < 0.001). On MVR, failure to achieve SVR was associated with Genotype 3 (adj-OR = 0.42, 95%CI 
0.29–0.61), male gender (adj-OR = 0.49, 95%CI 0.31–0.77), fair/poor adherence (adj-OR = 0.52, 95%CI 0.28–0.94), cirrhosis 
(adj-OR = 0.57, 95%CI 0.36–0.88), FIB-4 > 3.25 (adj-OR = 0.52, 95%CI 0.33–0.83) and MELD score ≥ 20 (adj-OR = 0.25, 
95%CI 0.08–0.80). Consistent results were seen in cirrhotic sub-analysis.
Conclusions Excellent SVR rates were achieved with DAAs in this real-world cohort of patients with chronic HCV infec-
tion. More advanced liver disease and clinician impression of poor adherence were associated with HCV treatment failure. 
Supports to improve liver fibrosis assessment skills for non-specialist DAA prescribers in the community and to optimize 
patient adherence are likely to enable more effective pursuit of HCV elimination in Australia.
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Introduction

In 2016, direct-acting antiviral (DAA) medication for Hep-
atitis C virus (HCV) became funded through Australia’s 
universal health care system, providing opportunity for 
safe, tolerable, and effective treatment of HCV infection 
[1]. Approximately 307,000 Australians were infected with 
HCV, like elsewhere in the Asia–Pacific a high proportion 
of genotype 3 (G3) contributing to the morbidity and mor-
tality of decompensated cirrhosis and hepatocellular carci-
noma (HCC) [1, 2]. At a population level, DAAs uptake in 
Australia has reduced rates of HCC-associated liver-related 
deaths by a third since 2015, and plateauing in HCV-asso-
ciated HCC [3].

DAA therapies are associated with very high rates of cure 
or sustained virological response (SVR, defined as an unde-
tectable HCV viral load at least 12 weeks after completion 
of DAA therapy) [4–11]. Data are still evolving regarding 
real-world outcomes in patients with advanced liver disease, 
multi-treatment failure, and cofactors for progression such 
as alcohol. Moreover, further data are needed on the efficacy 
of the adjunctive use of ribavirin for patients with cirrho-
sis, and how factors such as adherence, socio-demographic 
disadvantage, and concomitant medical conditions and co-
pharmacy may impact outcomes [12]. Population-based data 
lack clinical detail to inform clinical decision-making, yet 
cohort studies often suffer from bias, small numbers, and 
loss to follow-up. Here we report real-world effectiveness 
of DAA HCV treatment in Australia from a large, clinically 
well-informed cohort enriched for cirrhosis with population-
based data linkage.

Methods

Patient Ascertainment

The OPERA-C is a prospective study of people with HCV 
who received DAA therapy recruited from 26 hospital-
based liver clinics across Australia. Patient inclusion cri-
teria were age ≥ 18 years, HCV diagnosis confirmed on 
viral RNA using highly sensitive polymerase chain reac-
tion (PCR), and undertaking DAA therapy according to 
HCV treatment guidelines [13]. The most commonly assay 
used for diagnosis and monitoring of HCV infection was 
the Cobas® HCV test for use on the Cobas® 6800/8800 
systems with lower limit of detection of 15 IU/ml. After 
providing informed consent, clinical review occurred 
prior to initiation, typically at end of treatment (EOT), 
and 3 months post-treatment to determine SVR. Based on 
PBS-subsidised HCV medication data, during HCV treat-
ment patients were usually dispensed 4 weeks of medica-
tion at initiation with refills dispensed monthly.

The patient ascertainment flow is represented in Fig. 1. 
The primary outcome was SVR. In order to assess real-
life treatment outcomes, SVR was only assessed in those 
patients for whom treatment uptake was confirmed, follow-
up occurred, and SVR result could be established. Indi-
viduals without a definitive result were excluded (n = 183). 
Patients were considered non-SVR if HCV RNA was posi-
tive when tested within 12 weeks after end of treatment 
(EOT) [14]. For the purposes of the SVR analysis, if a 
patient died during therapy (n = 15), the patient was con-
sidered to not have attained SVR.

Fig. 1  Flow chart for patient inclusion in the analyses
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Data Collection and Measures

At recruitment, demographic and baseline clinical charac-
teristics were obtained from the patient’s medical records. 
Patients’ residential postcodes at enrolment were used to 
categorise their place of residence according to rurality of 
residence [15] and the Australian Bureau of Statistics Index 
of Relative Socioeconomic Advantage and Disadvantage 
[16]. Significant alcohol consumption was defined as ≥ 40 g 
of ethanol per day. Fibrosis evaluation and laboratory results 
were collected.

Patients were followed up for 2 years to assess HCV treat-
ment and liver-related outcomes. The treating clinician was 
asked to provide a clinical impression of patient adherence 
to treatment, categorised as good, fair, or poor. Passive fol-
low-up occurred through data-linkage to the federal Pharma-
ceutical Benefits Scheme (PBS), the key government agency 
for subsidised medications in Australia. Complete dispens-
ing histories from May-2015 to Sept-2019 extracted from 
the PBS were used to identify subsidised use of medications 
including HCV treatments, diabetes medications, warfarin 
(to control for erroneous interpretation of INR in cirrhotic 
patients), and gastric acid-reducing therapies including pro-
ton pump inhibitors (PPI) and Histamine-2 receptor blockers 
(H2-RB).

Liver fibrosis and disease severity were comprehensively 
assessed using invasive and non-invasive indices. Data on 
the aspartate aminotransferase to platelet ratio index (APRI), 
liver stiffness measurement (LSM) by transient elastography, 
and Fibrosis-4 (FIB-4) were collected [17, 18]. LSM and 
FIB-4 were least penalised for missing data and utilised in 
multivariable analysis (MVA). Cirrhosis was defined based 
on biopsy, clinical (e.g. presence of portal hypertension), 
and non-invasive criteria. Pre-defined risk thresholds for 
non-invasive diagnosis of cirrhosis for TE [19] and FIB-4 
test [17] were based on prior studies. LSM < 8 kiloPas-
cals (kPa) was considered as no or minimal liver fibrosis, 
between 8 and 12.5 kPa moderate or advanced fibrosis, 
and LSM > 12.5 kPa considered cirrhotic. FIB-4 test value 
of > 3.25 was categorized as advanced fibrosis [17]. Sever-
ity of disease was classified at study recruitment using the 
Child–Pugh and MELD scores [20]. Child–Pugh score, 
MELD score, and FIB-4 test were calculated from values 
at the time of recruitment using the most recently available 
clinical and laboratory data.

Statistical Analysis

Analyses were conducted using Stata/SE (Version 15; Stata 
Corporation, College Station, TX). Descriptive analyses are 
presented as frequency (percentages, %), mean (standard 
deviation, SD), or median (interquartile range, IQR) value 
depending on data distribution. Unadjusted odds ratios 

(ORs) and their corresponding 95% confidence interval (CI) 
were estimated using logistic regression. Forward stepwise 
selection (p-value for addition < 0.10) was used to create a 
multivariable logistic regression model for the prediction 
SVR using variables that were found to have a p < 0.20 in 
univariate analysis. Final models were calibrated with Hos-
mer–Lemeshow test and Receiving Operator Characteristic 
curve, respectively. Sensitivity analyses were conducted by 
repeating the analyses excluding patients who had HCV 
treatment prior to DAA-era. Statistical significance was set 
at alpha = 0.05, and all p values were 2-sided.

Results

Data were available for 3596 patients recruited into the 
OPERA-C study from Feb-2016 to Jun-2020. We excluded 
474 patients (Fig. 1): 183 were excluded due to withdrawals, 
did not receive DAA therapy, or did not have at least one 
study follow up, while for 394 SVR was unknown (e.g. loss 
to follow up) and for 80 EOT was negative but SVR was 
not confirmed on PCR. Characteristics of the 3413 patients 
included in this analysis are shown in Table 1. Patients were 
on average 52 years old (SD = 10.5), predominantly male 
(66.0%), and 51.1% lived in the lowest two quintiles of area-
socioeconomic disadvantage. Diabetes was present in 25.4 
and 61.9% were overweight or obese.

A third of the cohort had cirrhosis (32.2%) at recruitment, 
(28.1% had Child–Pugh (CP) class A, 71.9% CP B/C. Key 
clinical characteristics are listed in Table 2. The laboratory 
measurements around the time of OPERA-C recruitment are 
available in Supplementary Table 1.

A fifth of patients had previous HCV treatment prior 
to DAA-era (n = 680), 75% were treated with pegylated or 
standard interferon ± RBV. Half were primary non-respond-
ers (to pre-DAA therapy), 39% relapsed and nine had docu-
mented SVR with reinfection presumed.

DAA therapy reflected regimen registration availability 
in Australia, with sofosbuvir/ledipasvir the earliest available 
and most common treatment regimen (39.5%) typically for 
G1, followed by sofosbuvir/daclatasvir (28.6%, typically for 
G3), and an increasing proportion of sofosbuvir/velpatasvir 
(17.7%) during the later recruitment period.

SVR

Of the 3413 patients who received HCV treatment, follow-
up data were available for 2,939 (Fig. 1; Table 2). 2741 
(93.3%) had a confirmed SVR result during the follow-
up period. Failure to achieve SVR included: 168 patients 
documented as relapse, 15 deceased prior to SVR, and 15 
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Table 1  Patient demographic 
and clinical characteristics at 
recruitment

Total
N = 3413

Age at enrolment (mean, SD) 51.9 (10.5)
Gender Female 1159 (34.0%)

Male 2254 (66.0%)
Country of birth a Australia 2720 (81.6%)

Overseas 613 (18.4%)
State (at recruitment) NSW-ACT 1504 (44.1%)

Qld 645 (18.9%)
South Australia 126 (3.7%)
Victoria and Tasmania 1025 (30.0%)
Western Australia 113 (3.3%)

Indigenous status b Indigenous 94 (2.8%)
Non-Indigenous 3285 (97.2%)

Socioeconomic status c Q1 most affluent 658 (19.3%)
Q2 477 (14.0%)
Q3 535 (15.7%)
Q4 626 (18.4%)
Q5 most disadvantaged 1114 (32.7%)

Rurality of residence d Major city 2529 (74.1%)
Inner regional 746 (21.9%)
Outer regional/Remote/Very remote 137 (4.0%)

Hepatitis B surface antigen e 49 (1.8%)
Hepatitis B surface antibody f 1115 (44.2%)
Hepatitis B core antibody g 687 (31.9%)
HIV h 27 (1.4%)
BMI  groupi Underweight/Normal 1057 (38.1%)

Overweight 972 (35.1%)
Obese 744 (26.8%)

Diabetes j 859 (25.4%)
Prescribed opiate substitute k 473 (14.7%)
Prescribed PPIs or H2-RBs 541 (17.1%)
Hepatocellular carcinoma 69 (2.0%)
Current alcohol consumption l Zero alcohol 1507 (58.8%)

 < 40 g/day 729 (28.4%)
≥40 g/day 327 (12.8%)

Liver fibrosis assessment 0.6 (0.4–1.3)
APRI (median, IQR) m ≤1 1972 (66.3%)
APRI groups  > 1 1004 (33.7%)
FIB-4 (median, IQR) n 1.6 (1.0–3.0)
FIB-4 groups No advanced fibrosis (FIB-4 ≤ 3.25) 2318 (77.9%)

Liver fibrosis FIB-4 > 3.25 656 (22.1%)
Liver stiffness (kPa) (median, IQR) o 7.5 (5.4–13.1)
Liver stiffness groups  < 8.0 kPa (minimal fibrosis) 1395 (54.7%)

8.0–12.5 kPa (moderate fibrosis) 487 (19.1%)
 > 12.5 kPa (advanced fibrosis/cirrhosis) 670 (26.3%)

Cirrhosis at enrolment p 1088 (32.2%)
Child–Pugh class q A 264 (28.1%)

B 666 (70.9%)
C 10 (1.1%)

MELD (median, IQR) r 7.7 (7.4–9.6)
Presence of complications d 73 (6.8%)
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remained positive at the EOT. Analyses of factors associated 
with SVR are presented in Tables 3 and 4.

In unadjusted analysis, SVR rates were 96.5% for G1, 
91.4% for G2, 88.7% for G3, 91.6% for G4, 5 and 5, and 
84.6% for patients with mixed genotype (p < 0.001). Patients 
infected with G3 HCV had lower rates of SVR than non-
G3 patients (88.7 vs. 95.8%, OR = 0.34, 95%CI 0.25–0.46; 
p < 0.001) (Table 3). For the 83 patients with genotypes 4 
(n = 42), 5 (n = 1) or 6 (n = 40) for whom SVR data was 
available, SVR rates were 90.5, 100 and 92.5%, respectively. 
Patients with mixed genotype infection overall did well 
(84.6%), although in seven patients with mixed genotype 1/3 
SVR was noted to be only 71.4% (all genotype 1/3 patients 
received sofosbuvir with either velpatasvir or daclatasvir). 
Regarding HCV treatment, SVR rates vary significantly 
according to the three main treatment groups, namely Sofos-
buvir/Ledispavir (96.1%), Sofosbuvir + Daclastavir (88.1%), 
Sofosbuvir/Velpatasvir (94.3%), and Glecaprevir/Pibrentas-
vir (97.6%; p < 0.001).

Patients with cirrhosis experienced lower rates of SVR 
than those without cirrhosis (88.4 vs. 95.8%; OR = 0.34, 
95%CI 0.25–0.46). Likelihood of SVR declined with higher 
MELD score (MELD ≥ 20, OR = 0.11, 95%CI 0.04–0.27); 
MELD 10–19 OR = 0.37, 95%CI 0.25–0.56) compared to 
patients with compensated cirrhosis MELD < 10. Other 
factors that showed differing rates of SVR on unadjusted 
analysis included more advanced liver fibrosis (whether 
measured by higher FIB-4 > 3.25 or LSM > 12.5 kPa), fair/
poor adherence, male gender, and history of being recently 
prescribed PPIs/H2-RBs (Table 3). Prior treatment was not 
associated with poorer SVR, irrespective of whether IFN-
based treatments or not.

Treatment Adherence

The treating clinician’s assessment of the patient’s adher-
ence was good for 90.0% and fair/poor for 10.0%. Patients 

with fair/poor adherence were younger (mean 49.2 years 
[SD = 10.4] vs. 52.6 years [SD = 10.2], p < 0.001) and more 
likely to reside in areas of more socioeconomic disadvan-
tage (63.6% non-adherent vs. 51.3% adherent, p < 0.001), 
in regional or remote areas (43.9% non-adherent vs. 25.6% 
adherent, p < 0.001), and have a history of being prescribed 
opioids (22.2 vs. 13.2%, p < 0.001). Patients who had at least 
one HCV treatment prior to DAA-era were less likely to 
have fair/poor adherence (16.0 vs. 20.8%, p = 0.037). Adher-
ence did not vary by gender (p = 0.58), alcohol consumption 
(p = 0.40), presence of cirrhosis (p = 0.097), and inclusion of 
RBV in the DAA regimen (p = 0.33).

Of the 183 patients classified as non-responders, 108 had 
adherence data. Of non-responders with adherence data, 22 
patients (20.4%) were noted to have fair/poor adherence, 
compared with a fair/poor adherence of 9.5% in patients with 
SVR (p < 0.0001). Interestingly, although poor adherence 
was over-represented in non-responders, overall SVR rates 
were still relatively high (90.7%, n = 235), but SVR rates 
declined along the gradient of good, fair or poor adherence, 
(SVR = 96.1% [2,230 out of 2,321], 94.9% [206 out of 217], 
69.1% [29 out of 42], respectively, p < 0.0001).

Predictors of Virologic Response

In MVA, G3 (adj-OR = 0.42, 95%CI 0.29–0.61), male gen-
der (adj-OR = 0.49, 95%CI 0.31–0.77), fair/poor adherence 
(adj-OR = 0.52, 95%CI 0.28–0.94), the presence of liver cir-
rhosis (adj-OR = 0.57, 95%CI 0.36–0.88), markers of more 
advanced liver disease severity including higher FIB-4 
(FIB-4 > 3.25 (adj-OR = 0.52, 95%CI 0.33–0.83) and MELD 
score (MELD score ≥ 20, adj-OR = 0.25, 95%CI 0.08–0.80), 
decreased the likelihood of SVR (Table 3). While LSM was 
strongly associated with SVR in univariate analysis, in it 
was not associated with SVR (data not shown) on MVA 
as a continuous, ordinal, or binary variable. Repeating the 
analysis excluding patients who had HCV treatment prior to 

Data are presented as n (%) unless specified; amissing data for 80 patients; bmissing data for 34 patients; 
cmissing data for 3 patients; dmissing data for 1 patient; emissing data for 650 patients; fmissing data 
for 889 patients; gmissing data for 1259 patients; hmissing data for 1500 patients; imissing data for 640 
patients; jmissing data for 29 patients; kmissing data for 185 patients; lmissing data for 850 patients; mmiss-
ing data for 437 patients; nmissing data for 437 patients; omissing data for 861 patients; pmissing data for 
30 patients; qunable to calculate Child–Pugh score for 17 patients (on warfarin) and missing data for 131 
patients; rmissing data for 117 patients; smissing data for 17 patients; tmissing data for 21 patients

Table 1  (continued) Total
N = 3413

Ascites s Absent 1004 (93.7%)
Medically controlled 55 (5.1%)
Poorly controlled 12 (1.1%)

Encephalopathy t Absent 1050 (98.4%)
Medically controlled 17 (1.6%)
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Table 2  Hepatitis C virus 
assessment at recruitment and 
details of treatment with DAA 
therapy

a Missing data for 412 patients; bmissing data for 594 patients; cpatients may belong to more than one group 
unless specified, missing data for 3 patients; dexcluding Sofosbuvir + Ribavirin; emissing data for 359 
patients

Total
N = 3413

Genotype 1 1836 (53.8%)
2 161 (4.7%)
3 1279 (37.5%)
Genotype 4, 5 or 6 95 (2.8%)
 > 1 genotype 15 (0.4%)
genotype unknown 27 (0.8%)

Duration of HCV infection in years 
(mean, SD)a

22.7 (12.0)

Viral load IU/ml b 1,258,925 
(344,000–
3,714,272)

Mode of HCV Acquisition c

Injecting drug use 2303 (67.5%)
Tattoo 579 (17.0%)
Blood transfusion 295 (8.7%)
Sexual (only) 25 (0.7%)
Needle stick (only) 30 (0.9%)
Vaccine (only) 29 (0.9%)
Medical/dental procedure (only) 35 (1.0%)
Vertical transmission 21 (0.6%)

HCV treatment prior to DAA-era 680 (19.9%)
Regimen Pegylated or standard interferon ± RBV 510 (75.0%)

First generation PEGIFN/protease inhibitors 89 (13.1%)
DAA ± RBV 19 (2.8%)
RCT not brought forward or not otherwise specified 62 (9.1%)

Treatment response SVR (presumed re-infection) 9 (1.3%)
Relapse 265 (39.0%)
Non-responder 329 (48.4%)
Unknown 77 (11.3%)

HCV DAA therapy
Regimen Sofosbuvir/Ledipasvir 1348 (39.5%)

Sofosbuvir + Daclatasvir 976 (28.6%)
Sofosbuvir/Velpatasvir 605 (17.7%)
Sofosbuvir + Ribavirin 98 (2.9%)
Elbasvir/Grazoprevir 179 (5.2%)
Glecaprevir/Pibrentasvir 122 (3.6%)
Ombitasvir/Paritaprevir/Ritonavir/Dasabuvir 62 (1.8%)
Sofosbuvir/Velpatasvir/Voxilaprevir 7 (0.2%)
Miscellaneous DAAs 16 (0.5%)
Treatment included ribavirin d 90 (2.6%)

SVR/non-SVR confirmation cohort N = 2939
Treatment response SVR 2741 (93.3%)

Relapse 168 (5.7%)
Deceased prior to SVR 15 (0.5%)
End of treatment positive 15 (0.5%)

Treatment adherence e Good 2321 (90.0%)
Fair/poor 259 (10.0%)
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DAA-era led to similar results, although the effect sizes were 
generally smaller (Supplementary Table 2). In MVA, a his-
tory of being prescribed PPIs/H2-RBs was below the statisti-
cal significance threshold (OR = 0.69; 95%CI 0.45–1.05).

In MVA restricted to patients with cirrhosis, male gen-
der (adj-OR = 0.38, 05%CI 0.20–0.74), G3 (adj-OR = 0.48, 

95%CI 0.30–0.78), FIB-4 > 3.25 (adj-OR = 0.56, 95%CI 
0.32–0.98) and MELD score (adj-OR = 0.91, 95%CI 
0.85–0.96; Table 4) decreased the likelihood of SVR. There 
was a strong association between MELD ≥ 20 and not 
achieving SVR (adj-OR = 0.13, 95%CI 0.04–0.50). Other 
variables of note that did not meet statistical significance 

Table 3  Logistic regression analysis of factors associated with SVR among the whole cohort (n = 2939)

*Odds ratios calculated per 10 unit change in values

No SVR SVR Unadjusted Adjusted
N = 198 N = 2741 OR (95%CI) OR (95%CI)

Age at enrolment (years) (mean, 
SD)

54.41 (9.11) 52.61 (10.25) 0.98 (0.97–0.99) –

Gender Female 42 (4.2%) 962 (95.8%) Ref Ref
Male 156 (8.1%) 1779 (91.9%) 0.50 (0.35–0.70) 0.49 (0.31–0.77)

Country of birth Australia 155 (6.7%) 2159 (93.3%) Ref –
Overseas 42 (7.6%) 514 (92.4%) 0.88 (0.62–1.25)

Socioeconomic status Q1 most affluent 38 (6.6%) 539 (93.4%) Ref –
Q2 23 (5.4%) 401 (94.6%) 1.23 (0.72–2.10)
Q3 39 (8.5%) 421 (91.5%) 0.76 (0.48–1.21)
Q4 50 (9.1%) 499 (90.9%) 0.70 (0.45–1.09)
Q5 most disadvantaged 48 (5.2%) 879 (94.8%) 1.19 (0.83–2.00)

Rurality of residence Major city 158 (7.3%) 2020 (92.7%) Ref –
Inner regional 34 (5.3%) 603 (94.7%) 1.39 (0.95–2.03)
Outer regional to very remote 6 (4.8%) 118 (95.2%) 1.53 (0.67–3.55)

Genotype not G3 77 (4.2%) 1776 (95.8%) Ref Ref
G3 121 (11.3%) 949 (88.7%) 0.34 (0.25–0.46) 0.42 (0.29–0.61)

HCV treatment prior to DAA-era No 154 (6.6%) 2163 (93.4%) Ref –
Yes 44 (7.1%) 578 (92.9%) 0.94 (0.66–1.32)

Diabetes Absent 139 (6.4%) 2026 (93.6%) Ref –
Present 59 (7.8%) 695 (92.9%) 0.81 (0.59–1.11)

Prescribed opiate substitute No 155 (6.5%) 2247 (93.5%) Ref –
Yes 27 (7.1%) 351 (92.9%) 0.90 (0.59–1.37)

Prescribed PPIs or H2-RBs No 137 (6.0%) 2141 (94.0%) Ref Ref
Yes 49 (10.0%) 439 (90.0%) 0.57 (0.41–0.81) 0.69 (0.45–1.05)

Albumin (g/L) 37.19 (5.59) 39.63 (6.31) 1.08 (1.06–1.11) –
Platelets  (109/L) 174.65 (90.41) 207.11 (84.41) 1.05 (1.03–1.07)* –
Bilirubin (umol/L) 17.74 (19.73) 12.37 (9.74) 0.78 (0.71–0.85)* –
Creatinine (umol/L) 74.04 (25.34) 74.49 (33.89) 1.00 (0.86–1.05)* –
ALT (U/L) 98.94 (95.48) 85.62 (82.82) 0.98 (0.97–0.99)* –
Hemoglobin(g/L) 144.60 (17.53) 147.35 (16.65) 1.10 (1.01–1.02)* –
FIB-4 groups FIB-4 <  = 3.25 86 (4.4%) 1873 (95.6%) Ref Ref

FIB-4 > 3.25 77 (13.1%) 510 (86.9%) 0.30 (0.22–0.42) 0.52 (0.33–0.83)
Liver stiffness groups  < 8.0 kPa 44 (3.7%) 1131 (96.3%) Ref –

8.0–12.5 kPa 29 (6.8%) 396 (93.2%) 0.53 (0.33–0.86)
 > 12.5 kPa 62 (10.3%) 538 (89.7%) 0.34 (0.23–0.50)

MELD (median, IQR) 7.50 (6.43–10.20) 7.21 (6.43–8.07) 0.87 (0.83–0.91) 0.94 (0.89–0.99)
Treatment adherence Good 91 (3.9%) 2230 (96.1%) Ref Ref

Fair/poor 24 (9.3%) 235 (90.7%) 0.40 (0.25–0.64) 0.52 (0.28–0.94)
Cirrhosis at enrolment Absent 82 (4.2%) 1,849 (95.8%) Ref Ref

Present 114 (11.6%) 872 (88.4%) 0.34 (0.25–0.46) 0.57 (0.36–0.88)
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were a history of prior PPIs/H2-RBs use (adj-OR = 0.60, 
95%CI 0.36–1.00, p = 0.052) and higher ALT (adj-
OR = 0.98, 95%CI 0.95–1.00, p = 0.052).

Among cirrhotic patients, there was a trend toward 
positive association with RBV treatment and SVR 

(adj-OR = 2.91, 95%CI 0.97–8.73, p = 0.057). The majority 
of cirrhotic patients taking RBV had G3 infection (64%). 
To further explore this, the MVA was restricted to G3 
patients with cirrhosis adjusting for gender, MELD score, 
and FIB-4 (variables found significant in the all genotype 

Table 4  Logistic regression analysis of factors associated with SVR among patients with cirrhosis (n = 986)

*Odds ratios calculated per 10 unit change in values

No SVR SVR Unadjusted Adjusted
N = 114 N = 872 OR (95%CI) OR (95%CI)

Age at enrolment (years) (mean, SD) 56.43(7.64) 55.94 (8.25) 0.99 (0.97–1.02) –
Gender Female 17 (6.4%) 247 (93.6%) Ref Ref

Male 97 (13.4%) 625 (86.6%) 0.44 (0.26–0.76) 0.38 (0.20–0.74)
Country of birth Australia 91 (11.6%) 692 (88.4%) Ref –

Overseas 23 (12.2%) 165 (87.8%) 0.94 (0.58–1.54)
Socioeconomic status Q1 most affluent 19 (10.6%) 160 (89.4%) Ref –

Q2 12 (8.9%) 123 (91.1%) 1.22 (0.57–2.60)
Q3 23 (14.3%) 138 (85.7%) 0.71 (0.37–1.36)
Q4 29 (15.9%) 153 (84.1%) 0.63 (0.34–1.16)
Q5 most disadvantaged 31 (9.5%) 297 (90.5%) 1.14 (0.62–2.08)

Rurality of residence Major city 90 (11.8%) 673 (88.2%) Ref –
Inner regional 21 (11.0%) 170 (89.0%) 1.08 (0.65–1.79)
Outer regional to very remote 3 (9.4%) 29 (90.6%) 1.29 (0.39–4.33)

Genotype not G3 39 (7.2%) 500 (92.8%) Ref Ref
G3 75 (16.9%) 370 (83.1%) 0.38 (0.26–0.58) 0.48 (0.30–0.78)

HCV treatment prior to DAA-era No 83 (12.0%) 608 (88.0%) Ref –
Yes 31 (10.5%) 264 (89.5%) 1.16 (0.75–1.80)

Diabetes Absent 77 (11.7%) 579 (88.3%) Ref –
Present 35 (11.5%) 286 (88.5%) 1.03 (0.68–1.56)

Prescribed opiate substitute No 95 (12.0%) 696 (88.0%) Ref –
Yes 16 (10.6%) 135 (89.4%) 1.16 (0.66–2.02)

Prescribed PPIs or H2-RBs No 71 (10.3%) 616 (89.7%) Ref Ref
Yes 35 (14.6%) 205 (85.4%) 0.68 (0.44–1.04) 0.60 (0.36–1.00)

Albumin (g/L) 35.44 (6.22) 37.32 (7.26) 1.05 (1.02–1.08) –
Platelets  (109/L) 131.48 (78.53) 148.56 (74.87) 1.04 (1.01–1.07)* –
Bilirubin (umol/L) 23.25 (24.06) 16.49 (12.50) 0.80 (0.72–0.89)* –
Creatinine (umol/L) 71.90 (16.98) 76.12 (50.07) 1.04 (0.96–1.12)* –
ALT (U/L) 112.69 (87.29) 96.56 (85.80) 0.98 (0.96–1.00)* 0.98 (0.95–1.00)
Hemoglobin(g/L) 142.38 (18.58) 144.37 (19.15) 1.05 (0.95–1.16)* –
FIB-4 groups FIB-4 ≤ 3.25 28 (7.2%) 360 (92.8%) Ref Ref

FIB-4 > 3.25 69 (14.6%) 403 (85.4%) 0.45 (0.29–0.72) 0.56 (0.32–0.98)
Liver stiffness groups  ≤12.5 kPa 9 (9.0%) 91 (91.0%) Ref –

 > 12.5 kPa 62 (10.5%) 530 (89.5%) 0.84 (0.41–1.76)
Treatment adherence Good 62 (7.9%) 721 (92.1%) Ref Ref

Fair/poor 9 (12.3%) 64 (87.7%) 0.61 (0.29–1.29) 1.06 (0.39–2.85)
Treatment included ribavirin No 110 (12.0%) 809 (88.0%) Ref Ref

Yes 4 (6.0%) 63 (94.0%) 2.14 (0.76–5.99) 2.91 (0.97–8.73)
Child–Pugh score (mean, SD) 6.89 (1.04) 6.80 (0.70) 0.86 (0.66–1.12) –
MELD (median, IQR) 10.22 (5.04) 8.78 (2.89) 0.91 (0.86–0.95) 0.91 (0.85–0.96)
Presence of complications at enrolment Absent 98 (10.8%) 806 (89.2%) Ref –

Present 14 (20.6%) 54 (79.4%) 0.47 (0.25–0.87)
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SVR/cirrhosis model). In this subgroup, RBV use was sug-
gestive of better response though did not achieve statistical 
significance (adj-OR = 2.91, 0.96–2.81, p = 0.058).

In MVA, SVR rates vary significantly according to the 
three main treatment groups (p = 0.008). To explore the 
association between SVR and the somewhat heterogeneous 
treatment regimens included here, the MVA was repeated 
also including a variable categorizing treatment regimens 
as AASLD-approved regimens [21] (Sofosbuvir/Velpatasvir, 
Sofosbuvir + Ribavirin, Glecaprevir/Pibrentasvir, and Sofos-
buvir/Velpatasvir/Voxilaprevir; n = 635) vs non-standard 
therapy (n = 2304). In these analyses, AASLD-approved 
regimen use was suggestive of better response among cir-
rhotic patients though did not achieve statistical significance 
(adj-OR = 1.78, 0.94–3.35, p = 0.075), with no association 
with SVR among the whole study cohort (adj-OR = 1.32, 
0.83–2.10, p = 0.238).

Retreatment

Data about DAA-retreatment were available for 137 patients: 
123 did not have SVR after the first treatment, with 114 
definitely completing first-line HCV treatment. Twelve 
patients had SVR after the first HCV DAA treatment and 
were presumed to have re-infection, for 1 patient SVR 
was unknown and 1 patient had a HCV PCR at EOT posi-
tive. Individuals requiring retreatment were more likely to 
be male (76.6%; p = 0.007), G3 (62.0%; p < 0.001), those 
with recognised fair/poor adherence (29.4%; p < 0.001) and 

cirrhotic (49.6%; p < 0.001). Treatment and retreatment regi-
mens were reflective of PBS-funded availability, with most 
retreated patients having received first-line NS5A/NS5B 
combination (N = 123, 89%) such as ledipasvir or daclatasvir 
or velpatasvir combined with sofosbuvir (Fig. 2).

Among patients with post-retreatment results, three broad 
treatment strategies were used with variable SVR rates: (a) 
Re-use of the same dual agent regime (n = 37 with treatment 
response data); (b) switch or add a different class of dual 
therapy agents (n = 11); or (c) triple therapy (n = 49) (Fig. 2). 
Overall, confirmed SVR for second-line treatment was 78%, 
7% were negative at the EOT (but not confirmed SVR), and 
15% non-SVR. SVR for the different treatment regimens is 
available in Supplementary material (e.g. SVR rate reached 
75% for patients who received NS5A/NS5B first-line and 
were retreated with the same NS5A/NS5B regimen).

Discussion

Australia has used universal healthcare funding to improve 
DAA access for Australians with chronic HCV. Increas-
ingly, HCV treatment is being undertaken by general prac-
titioners rather than liver specialists [22]. These changes 
provide novel opportunities for HCV elimination, but also 
new challenges to ensure optimal care for individuals with 
advanced liver disease. High rates of SVR in DAA treat-
ment and retreatment of patients were demonstrated. Liver 
fibrosis and/or cirrhosis decreased the likelihood of SVR 

Fig. 2  Clinical characteristics and details of HCV treatment for 137 patients who received second-line DAA therapy
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throughout the spectrum from significant liver fibrosis to 
decompensated liver disease. While some of the identified 
predictors of HCV treatment failure have been reported by 
other real-world DAA treatment studies (e.g. male gender 
[7, 9] presence of cirrhosis [7–9] G3 [8]), novel findings are 
discussed below.

A key strategy in Australia’s HCV elimination efforts 
is the broadening of the DAA prescriber base to include 
general or family medicine practitioners. To do so safely 
requires knowledge and accessibility to liver fibrosis assess-
ment to rule out cirrhosis. The presence of more advanced 
fibrosis (as measured by FIB-4), the presence of cirrhosis, 
and the severity of cirrhosis (as measured by Child–Pugh or 
MELD score), all remained important predictors of treat-
ment response in this cohort. While a few real-world HCV 
cohorts assessed FIB 4 score of patients [8, 9], its effect on 
the rate of SVR was not reported. Interestingly, the FIB 4 
score—a desk-top, non-invasive, inexpensive, and simply 
calculated score was strongly associated with SVR while 
transient elastography, after adjustment for clinical factors, 
was not. Non-specialist family medical practitioners pre-
scribing DAA therapy have free access to such online cal-
culators. Transient elastography, on the other hand, remains 
restricted to hospital-based clinics and fee-for-service com-
munity radiology services. Thus, to improve expansion of 
general medical practitioner community DAA prescribers, 
greater emphasis could be placed on developing liver fibrosis 
assessment skills using accessible tools such as FIB-4. Alter-
natively, patients with FIB-4 > 3.25 had approximately 50% 
(adjusted) risk of not achieving SVR compared to patients 
with lower scores. These patients may benefit from the 
added inputs of specialist HCV treatment centers or hepatol-
ogy clinics, where more resources may be available to sup-
port adherence, review concomitant medications or exclude 
cirrhosis more definitively, in order to optimise SVR rates.

Interestingly, cirrhotic patients on gastric alkalinizing 
therapy (PPI/H2-RB) appeared to have 40% lower odds 
of achieving SVR, marginally outside statistical signifi-
cance thresholds in this subgroup analysis (adj-OR = 0.60, 
95%CI 0.36–1.00; p = 0.052). Any possible association was 
less apparent in the overall cohort (adj-OR 0.69, 95%CI 
0.45–1.05; p = 0.080). Other real-world cohorts have found 
limited effect of these agents on HCV treatment outcomes, 
though, in one study, a similar sub-group analysis found 
an impact on SVR of higher PPI doses in cirrhotic patients 
[23]. Another original feature of our study was the use of 
PBS data to identify a group of patients who have or are 
at risk of acid reflux symptoms. Through PBS linkage we 
assessed whether patients had been prescribed these agents 
within the 5 years of recruitment, not limiting this to noted 
active prescription at the time of the HCV therapy. This may 
identify a group of patients who have, or are at risk of acid 
reflux symptoms and seek over-the-counter alkalizing agent 

treatments. While most clinics specify the need to defer 
timing or de-escalate PPI doses, other gastric alkalinizing 
agents may be “off the radar” and used by patients in order 
to manage symptoms when avoiding PPI. These may still 
impair SVR efficacy. Discussion around PPI use on HCV 
treatment should include a broader discussion of gastric acid 
symptom management, particularly for cirrhotic patients, to 
avoid inadvertently affecting treatment outcomes.

Retreatment has poorer SVR outcomes with overall 
rates of 78%. For a very small group of patients, despite the 
clinician’s impression of good adherence, multi-exposure 
DAA therapy results in sub-optimal outcomes at the third 
or fourth line of therapy. This stresses that key opportunity 
for cure is the first treatment in DAA-naïve patients, sup-
porting adherence to optimize outcomes. Retreatment with 
the same NS5A/5B dual therapy resulted in unacceptably 
low rates of SVR (67%). In environments where triple-agent 
DAA therapy is not available, class switching and adjunctive 
therapy may be one strategy to increase SVR. Other stud-
ies have suggested benefit from the use of RBV in patients 
with cirrhosis and G3 infection [24]. These data continue 
to emerge but do raise the possibility of additional clinical 
benefit from the use of RBV among this difficult to treat 
group with G3 or cirrhosis. While limited by small numbers, 
though ultimately the absence of statistical significance sug-
gests any effect size may be minor.

Other real-world studies of patients with HCV in the 
Asia–Pacific region [7, 9, 10] and elsewhere [11] did not 
assess the effect of treatment adherence on SVR rates. One 
exception was a Taiwanese study [8] reporting that DAA 
adherence less than 60% was the most important factor 
associated with treatment failure (add-OR = 117.1, 95%CI 
52.4–261.3). In our study, lower adherence was significantly 
associated with poorer treatment outcomes. A profile of poor 
adherence includes younger age, socioeconomic disadvan-
tage, residence outside major city areas, and a history of 
being prescribed opioids. Given poorer SVR results in sub-
sequent treatment, optimising adherence in first-line treat-
ment is vital to ensure the best outcome for patients. Engag-
ing patients with their treatment journey using all available 
patient supports including nursing staff, family doctors, 
social workers, and community groups may benefit patients 
at higher risk of non-adherence. As treatment expands into 
the community, particularly in high-risk transmission com-
munities, predicting patients at risk of non-adherence risk 
may enable intensifying supports available for them. Ensur-
ing prescribers are adequately resourced to support patients 
via nurses and phone supports may be one way to optimize 
adherence.

The study’s strength included a large multicenter cohort 
design enriched for patients with cirrhosis and G3 infec-
tion, consistent with Asia–Pacific’s high prevalence of G3. 
Available data included comprehensive assessment for liver 
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fibrosis and cirrhosis using validated invasive and non-inva-
sive tests, and well characterised liver disease with MELD 
and Child–Pugh score. Additionally, linked population-
based prescribing data was used to verify medications. This 
linkage process demonstrated that acid-neutralising therapy 
prescription may be associated with lower SVR rates in 
patients with cirrhosis. Opioid prescription was not asso-
ciated with lower SVR, but was associated with clinician 
impression of poorer adherence.

Among the limitations, while this was a large multicenter 
study, our findings may not be generalizable to all Austral-
ians with HCV, in particular patients treated in community 
clinics or living in more remote areas. Loss to follow-up 
remains an ongoing challenge, even with population link-
age. For a small number of patients, EOT results were used 
to extrapolate SVR, though conversion to SVR (for EOT 
positive) and relapse (for EOT negative) is well described. 
Adherence was assessed using the clinician’s impression. 
While such subjective method of assessment of medication 
adherence is less reliable compared to other methods (e.g. 
quantitative pill-counting assessments), low cost, simplicity, 
and real-time feedback have contributed to its common use 
in clinical practice. While the relatively poor sensitivity and 
specificity of such method can lead to bias, [25] interestingly 
EOT (e.g. pre-SVR result) impression of adherence had a 
robust consistent “dose-responsive” association with lower 
adherence and lower SVR, and is ultimately the only “meas-
ure” clinicians have available in practice. A measure of the 
patient’s impression of adherence would have provided some 
counterpoint to the clinician’s impression.

A persisting “blind spot” of HCV therapy is demonstrated 
for patients with G3 and cirrhosis. A role for adjunctive 
RBV to improve SVR for these patients remains appeal-
ing, however, a statistically significant effect was not dem-
onstrated. Interpretation of possible small effect size from 
RBV should be interpreted with caution due to the small 
number of patients. Further data in better powered sample 
size are needed for this important patient group. Identifying 
a “risk profile” of poor adherence—younger people from 
lower socio-economic backgrounds, possibly with poorer 
health literacy and the presence of opioid replacement may 
be features to help identify those who may benefit from pre-
treatment counseling, in order to optimise SVR for first-
line therapy. This cohort has been recruiting since the DAA 
availability through hospital-based liver clinics, however, 
over this time, a shift to community prescribing has gradu-
ally increased [22]. In Australia, HCV treatment for patients 
with cirrhosis occurs in established in liver clinics. Moving 
forward, this cohort may capture less of the dynamic epide-
miology of HCV incidence and prevalence, as treatments 
move to the community. Importantly, this cohort is enriched 
for “hard” end-points of HCV-associated liver disease, such 
as decompensation and liver cancer.

The OPERA-C study is ongoing and SVR data reported 
here included only patients for whom follow-up data was 
available at the time of data extraction. Further follow-
up for SVR and other survival outcomes is anticipated to 
improve when further time for SVR follow-up occurs. After 
adjustment for other factors on multivariable models, poor 
adherence was a consistent predictor of non-SVR. Given 
this, it may be that improving patient targeted supports to 
help optimize adherence for those most risk (e.g. younger, 
treatment naïve, and non-cirrhotic patients), could improve 
SVR outcomes. More advanced liver disease was associ-
ated with non-SVR, and as non-specialist DAA prescribers 
in the community increase, efforts to improve liver fibrosis 
assessment skills and universal coverage to improve access 
for liver fibrosis testing maybe enabling at a nation-level 
for more effective pursuit of HCV elimination in Australia. 
Longer-term follow-up for outcomes such as survival, 
liver cancer, and retreatment rate will be available for the 
OPERA-C cohort through the data-linkage process over 
time. These will provide further insights into longer impli-
cations of universal coverage for HCV therapy including the 
relative benefits and costs to the community.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10620- 022- 07483-y.
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