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carcinoma (C) liver-related mortality and (D) all-cause mortality among people with an HCV notification

in New South Wales, 2001-2017, n = 99,910
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Highlights
� Prior to the introduction of DAA therapy, the disease burden

of HCV was rising in New South Wales.

� DAA scale-up has had a major population-level impact on
HCV morbidity and mortality.

� The World Health Organization has set a 65% HCV mortality
reduction target by 2030.

� To achieve this target, enhanced efforts are required to
continue DAA scale-up.

� In the DAA era, the impact of heavy alcohol use on liver
disease should be monitored.
Maryam Alavi, Matthew G. Law, Heather
Valerio, ..., Christine Selvey, Jacob George,
Gregory J. Dore

Correspondence
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Lay summary
Rising hepatitis C-related morbidity and
mortality is a major public health issue.
However, development of highly effective
medicines against hepatitis C (called
direct-acting antivirals or DAAs) means
hepatitis C could be eliminated as a public
health threat by 2030. This study shows a
sharp decline in liver disease morbidity
and mortality since the introduction of
DAAs in New South Wales, Australia.
Despite this, heavy alcohol use remains
an important risk factor for liver disease
among people with hepatitis C. To ensure
that the benefits of new antiviral treat-
ments are not compromised, manage-
ment of major comorbidities, including
heavy alcohol use must improve among
people with hepatitis C.
Viral Hepatitis
All rights reserved. J. Hepatol. 2019, 71, 281–288



t
a

e
e

a
th
y

JOURNAL 
OF HEPATOLOGY

Research Article
Viral Hepatitis
Declining hepatitis C virus-rela
direct-acting antiviral therapy er

Maryam Alavi1,⇑, Matthew G. Law1, Heath
Behzad Hajarizadeh1, Christine Selv

1The Kirby Institute, UNSW Sydney, Sydney, NSW, Australia; 2Dep
Sydney, NSW, Australia; 3Communicable Diseases Branch, Heal

Westmead Millennium Institute, University of Sydne

Background & Aims: Population-level evidence for the impact
of direct-acting antiviral (DAA) therapy on hepatitis C virus
(HCV)-related disease burden is lacking. We aimed to evaluate
trends in HCV-related decompensated cirrhosis and hepatocel-
lular carcinoma (HCC) hospitalisation, and liver-related and
all-cause mortality in the pre-DAA (2001–2014) and DAA ther-

apy (2015–2017) eras in New South Wales, Australia.
Methods: HCV notifications (1993–2016) were linked to hospi-

tal admissions (2001–2017) and mortality (1995–2017). Seg-
mented Poisson regressions and Poisson regression were used
to assess the impact of DAA era and factors associated with
liver-related mortality, respectively.
Results: Among 99,910 people with an HCV notification, 3.8%
had a decompensated cirrhosis diagnosis and 1.8% had an HCC
diagnosis, while 3.3% and 10.5% died of liver-related and
all-cause mortality, respectively. In the pre-DAA era, the
number of decompensated cirrhosis and HCC diagnoses, and
liver-related and all-cause mortality consistently increased
(incidence rate ratios 1.04 [95% CI 1.04–1.05], 1.08 [95% CI
1.07–1.08], 1.07 [95% CI 1.06–1.07], and 1.05 [95% CI
1.04–1.05], respectively) over each 6-monthly band. In the DAA
era, decompensated cirrhosis diagnosis and liver-relatedmortal-
ity numbers declined (incidence rate ratios 0.97 [95% CI 0.95–
0.99] and 0.96 [95% CI 0.94–0.98], respectively), and HCC diagno-
sis and all-cause mortality numbers plateaued (incidence rate
ratio 1.00 [95% CI 0.97–1.03] and 1.01 [95% CI 1.00–1.02], respec-
tively) over each 6-monthly band. In the DAA era, alcohol-use
disorder (AUD) was common in patients diagnosed with decom-
pensated cirrhosis and HCC (65% and 46% had a history of AUD,
respectively). AUD was independently associated with liver-
related mortality (incidence rate ratio 3.35; 95% CI 3.14–3.58).
Conclusions: In the DAA era, there has been a sharp decline in
liver disease morbidity and mortality in New South Wales,
Australia. AUD remains a major contributor to HCV-related liver
disease burden, highlighting the need to address comorbidities.
Lay summary: Rising hepatitis C-related morbidity and
mortality is a major public health issue. However, development
of highly effective medicines against hepatitis C (called
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direct-acting antivirals or DAAs) means hepatitis C could be
eliminated as a public health threat by 2030. This study shows
a sharp decline in liver disease morbidity and mortality since
the introduction of DAAs in New South Wales, Australia. Despite
this, heavy alcohol use remains an important risk factor for liver
disease among people with hepatitis C. To ensure that the ben-
efits of new antiviral treatments are not compromised, manage-
ment of major comorbidities, including heavy alcohol use must
improve among people with hepatitis C.
� 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
The advent of highly curative, tolerable, short-duration direct-
acting antiviral (DAA) therapy for hepatitis C virus (HCV) infec-
tion has transformed clinical management, and provided great
optimism for the global HCV response.1 The World Health Orga-
nization (WHO) have developed a global health strategy on viral
hepatitis that incorporates key service and impact targets,
including declines in HCV-related mortality of 10% by 2020
and 65% by 2030.2

Despite the clear benefits of DAA therapy through HCV infec-
tion cure, including improvements in quality of life,3 clinical tri-
als were not designed to evaluate potential longer-term clinical
benefits such as risk of decompensated cirrhosis, hepatocellular
carcinoma (HCC), liver-related death, and all-cause mortality.
The use of sustained virological response to define efficacy
and clinical benefit was based on observational studies that
demonstrated reductions in advanced liver disease complica-
tions and mortality in those achieving cure.4,5 The recent
Cochrane Collaboration review of DAA therapy6 and subsequent
commentary by review authors7 including statements that ‘‘the
clinical implications of achieving sustained virological response
are unclear” and that ‘‘there is insufficient evidence to judge if
DAAs reduce mortality or other liver related complications from
chronic hepatitis C” have created considerable controversy,8–10

but also highlight the need to provide further clinical and
population-level evidence of the impact of DAAs on morbidity
and mortality.

The Australian Government has provided unrestricted access
to subsidized DAA therapy for adults with chronic HCV infection
since March 2016. The program incorporates a broad prescriber
population, including general practitioners, and has no
019 vol. 71 j 281–288
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first-time decompensated cirrhosis and HCC hospital admission
is referred to as decompensated cirrhosis diagnosis and HCC
diagnosis, respectively. Liver-related mortality was defined by
death following a decompensated cirrhosis and/or HCC
diagnosis.

Exclusion criteria
Exclusion criteria were applied as follows: records where the
date of HCV notification occurred after censoring, including
post-mortem HCV notifications; HCV notifications prior to 1
January 1995, to reduce the number of people with an unrec-
orded initial infection pre-mandatory diagnosis notification;
records where date of death was prior to 1 January 2001, given
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restrictions based on liver disease stage, or drug and alcohol use.
In Australia, around 54,110 patients were treated over the per-
iod March 2016 to December 2017, equivalent to 24% of the
estimated population with chronic HCV infection (B. Hajariza-
deh, personal communication, February 2019). Importantly, in
relation to potential prevention of advanced liver disease com-
plications, an estimated 70% of Australian people with HCV-
related cirrhosis had received DAA therapy.11 DAA uptake in
New South Wales, where around one-third of the Australian
population reside, is consistent with the overall Australian
uptake; approximately 19,200 people were treated in 2016–
2017, equivalent to 24% of the estimated population with
chronic HCV infection (B. Hajarizadeh, personal communication,

February 2019).

The objective of this study was to utilise well established
hospitalisation records were not available prior to this date; and
records where date of decompensated cirrhosis diagnosis, HCC
diagnosis, or liver-related and all-cause mortality occurred
within 6 months of HCV notification, given potential for bias
towards higher diagnosis of end-stage liver disease and mortal-
ity in people with major morbidity.14

Statistical analysis
Among people with an HCV notification, trends in the numbers
and age-standardised incidence rates of decompensated cirrho-
sis and HCC diagnoses, and liver-related and all-cause mortality
were evaluated. Age-standardised incidence rates (per 100
person-years [PY]), and corresponding 95% CIs were calculated
assuming a Poisson distribution. Among people with a decom-
pensated cirrhosis diagnosis, diagnosis numbers and
age-standardised rates were evaluated overall and stratified by
history of alcohol-use disorder. The Australian Standard
Population 2013 was used for standardisation. Segmented
Poisson regressionmodels, fitting a second time trend parameter
using splines, were used to evaluate the effect of the DAA ther-
apy era on the number of decompensated cirrhosis diagnoses,
HCC diagnoses, and liver-related and all-cause mortality.15 Time
series approaches gave very similar results. However, Poisson
regressionwas preferred given it allowed easy calculation of pre-
dicted counts if DAAs had not been available. The data were split
into 6-monthly intervals and categorised as pre-DAA (1 January
2001 to 31 December 2014) or DAA (1 January 2015 to 31
December 2017). From late 2014 (prior to The Australian
Government-funded DAA program launch in March 2016),
access to DAAs was provided through pharmaceutical company
compassionate access programs, clinical trials, and generic
importation.16 Factors associated with liver-related mortality
were evaluated using unadjusted and adjusted Poisson regres-
sion analyses; covariates included year of birth, gender, hepatitis
B virus co-infection, alcohol-use disorder, and DAA era.

Alcohol-use disorder is a standard term used to define con-
tinued drinking despite adverse mental and physical conse-
quences.17 Liver-related consequences of alcohol use are not
included in the definition of alcohol-use disorder.17 A hospital
discharge diagnosis code (ICD-10) at any point prior to or at
the time of decompensated cirrhosis diagnosis and HCC diagno-
sis, or prior to liver-related and all-cause mortality was used to
infer the presence of alcohol-use disorder; coded in either the
principal or a secondary diagnosis field of a linked inpatient
hospital record. The set of relevant codes included: alcohol-
induced Pseudo-Cushing’s syndrome (E24.4), mental and beha-
vioural disorders due to use of alcohol (F10), degeneration of
nervous system due to alcohol (G31.2), alcoholic polyneuropa-
thy (G62.1), alcoholic cardiomyopathy (I42.6), alcoholic myopa-
HCV data linkage mechanisms in New South Wales, Australia,
a setting with high HCV diagnosis (estimated at 85% of the
chronic HCV population),12 to evaluate trends in HCV-related
hospitalisations for decompensated cirrhosis and HCC, and
liver-related and all-cause mortality in the pre-DAA and DAA
eras.

Materials and methods
Data sources and record linkages
The New South Wales Notifiable Conditions Information Man-
agement System (NCIMS) holds records of all individual with
positive HCV and hepatitis B virus serology tests, notified of
diagnoses via mandatory notification procedures, since 1991.
New South Wales Admitted Patient Data Collection covers all
inpatient admissions from all hospitals in New South Wales,
since 2001. Each hospitalisation record includes demographic,
administrative and diagnosis information coded at discharge
according to ICD-10. Information on all deaths registered in
New South Wales are held by the Registry of Births, Deaths
and Marriages, since 1993.13 Using demographic details (includ-
ing full name, gender, date of birth, and address), probabilistic
linkages of records between the NCIMS, hospitalisation, and
mortality datasets were undertaken by the New South Wales
Centre for Health Record Linkage.

Study period
HCV notifications were extracted for the study period between
1 January 1993 and 31 December 2016; linked hospitalisation
records were extracted for the study period between 1 January
2001 and 31 December 2017; and linked mortality records were
extracted for the study period between 1 January 1993 and 31
December 2017.

Study outcomes
The primary outcomes of interest were first-time hospitalisa-
tion due to decompensated cirrhosis and HCC, and liver-
related and all-cause mortality. A hospital discharge diagnosis
code (ICD-10) was used to infer diagnosis of decompensated cir-
rhosis and HCC; coded in either the principal or secondary diag-
nosis fields of a linked inpatient hospital record. The set of
relevant codes for decompensated cirrhosis diagnosis included:
ascites (R18), bleeding oesophageal varices (I85.0 and I98.3),
chronic hepatic failure (including hepatic encephalopathy)
(K72.1 and K72.9), alcoholic hepatic failure (K70.4), and hepa-
torenal syndrome (K76.7). The set of relevant codes for HCC
diagnosis included: liver cell carcinoma (C22.0). Hereafter, a
282 Journal of Hepatology 2019 vol. 71 j 281–288



thy (G72.1), alcohol rehabilitation (Z50.2), and alcohol abuse
counselling and surveillance (Z71.4). Hereafter, having a history
of at least 1 alcohol-use disorder-related hospital admission is
referred to as alcohol-use disorder. To calculate age-
standardised incidence rates, and assess factors associated with
liver-related mortality, person-time at risk was defined to start
6 months post the date of HCV notification, and to end at which-
ever occurred first; death, or end of follow-up, assigned by year.
Given exclusion of records with decompensated cirrhosis and
HCC diagnoses, or liver-related and all-cause mortality within
6 months of HCV notification, person-time at risk has been
adjusted for all remaining records. Statistical analyses were car-
ried out in Stata version 14.

Results
Study participants
During 1995–2016, there were 99,910 people with an HCV noti-
fication in New South Wales. Median year of birth was 1967
(interquartile range 1959–1976), 64% were male, 19% had a his-
tory of alcohol-use disorder, and 11.3% (n = 11,388) died. During
2001–2017 (follow-up period), there were 4,433 (4.4%) people
with hospitalisation for end-stage liver disease, including
3,850 (3.8%) with decompensated cirrhosis, and 1,771 (1.8%)
with HCC. During follow-up, 3,278 people (3.3% of the study
population, and 74% of individuals with end-stage liver disease)
died following hospitalisation for end-stage liver disease and
therefore were classified as liver-related deaths (Table 1,
Table S1).

People with end-stage liver disease were more likely to be
male, older, and have a history of alcohol-use disorder, com-
pared to those without end-stage liver disease (Table S1).
Among people with end-stage liver disease, those with decom-
pensated cirrhosis had higher proportions of alcohol-use disor- is
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der throughout the study period (59–66%). The proportion of
people with HCC diagnosis and history of alcohol-use disorder
was consistently lower but increased over the study period
(23% in 2001–2003 to 46% in 2015–2017) (Table 1).

During hospitalisation follow-up (2001–2017), 10.5% of the
study population (n = 10,526) died. Among deceased individu-
als, median year of birth was 1959 (interquartile range 1951–

1966) and 71% were male. Overall, 38% had a history of
alcohol-use disorder; however, this proportion increased over
time, from 17% in 2001–2003 to 44% in 2015–2017 (Table S2).

Decompensated cirrhosis diagnosis numbers and rates,
overall and by alcohol-use disorder
Decompensated cirrhosis diagnosis numbers increased from
157 in 2004 to 274 in 2017 (p <0.001) (Fig. 1). Among people
with a history of alcohol-use disorder, decompensated cirrhosis
diagnosis numbers increased from 77 in 2004 to 171 in 2017
(p <0.001) (Fig. 2). Since 2004, overall age-standardised decom-
pensated cirrhosis incidence rates have declined (Fig. S1). The
decompensated cirrhosis incidence rate was consistently higher
for those with a history of alcohol-use disorder compared to
those without (Fig. 2).

Hepatocellular carcinoma diagnosis, liver-related mortality,
and all-cause mortality numbers and rates
HCC diagnosis numbers increased from 35 in 2004 to 165 in
2017 (p <0.001). Since 2004, age-standardised HCC incidence
rates have remained stable (Fig. 1, Fig. S1). Liver-related deaths
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increased from 98 in 2004 to 283 in 2017 (p <0.001). Since 2004,
age-standardised liver-related mortality incidence rates have
declined slightly. All-cause mortality numbers increased from
357 in 2004 to 1,001 in 2017 (p <0.001). Since 2004, age-
standardised all-cause mortality incidence rates have increased
(Fig. 3, Fig. S2).
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notification in New SouthWales, 2001–2017 (n = 99,910). (A) Decompensated
cirrhosis and (B) hepatocellular carcinoma diagnoses. DAA, direct-acting
antiviral; HCV, hepatitis C virus. (This figure appears in colour on the web.)
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2017 (n = 99,910). (A) Liver-related mortality and (B) all-cause mortality.
DAA, direct-acting antiviral; HCV, hepatitis C virus. (This figure appears in
colour on the web.)
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[95% CI 1.07–1.08], 1.07 [95% CI 1.06–1.07], and 1.05 [95% CI
1.04–1.05], respectively) over each 6-monthly band. The DAA
era had a substantial impact on trends in decompensated cir-
rhosis and HCC diagnoses and liver-related deaths, with slope
changes of 0.93, 0.93, 0.90, and 0.97, respectively. This corre-
sponds to declining incidence rate ratios for decompensated cir-

rhosis diagnoses and liver-related deaths during the DAA era
(0.97 [95% CI 0.95–0.99] and 0.96 [95% CI 0.94–0.98] over each
6-monthly band, respectively), and a plateau in HCC diagnoses
and all-cause mortality (incidence rate ratio over each 6-
monthly band 1.00 [95% CI 0.97–1.03] and 1.01 [95% CI 1.00–
1.02], respectively) (Table 2, Fig. 4, Fig. 5). Compared to

Table 2. Impact of direct-acting antiviral therapy on numbers of decompensated cirrhosis and hepatocellular carcinoma diagnoses, liver-related
mortality, and all-cause mortality.

Slope pre-DAAb Slope change Slope post-DAAc

IRR (95% CI) p IRR (95% CI) p

Decompensated cirrhosisa 1.04 (1.04–1.05) <0.001 0.93 (0.91–0.95) <0.001 0.97 (0.95–0.99)
Hepatocellular carcinomaa 1.08 (1.07–1.08) <0.001 0.93 (0.90–0.97) <0.001 1.00 (0.97–1.03)
Liver-related mortalitya 1.07 (1.06–1.07) <0.001 0.90 (0.88–0.92) <0.001 0.96 (0.94–0.98)
All-cause mortalitya 1.05 (1.04–1.05) <0.001 0.97 (0.95–0.98) <0.001 1.01 (1.00–1.02)

Data from people with an HCV notification in New South Wales, 2001–2017 (n = 99,910).
a Excluded if occurred within 6 months of HCV notification (n = 3,278).
b 2001–2014.
c 2015–2017. DAA, direct-acting antiviral; HCV, hepatitis C virus; IRR, incidence rate ratio. Segmented Poisson regression models, fitting a second time trend parameter
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HCV treatment outcomes, particularly in people with cirrhosis,
and the inability to use these therapies in those with decompen-

ment of those with more advanced liver disease, with an esti-
mated 70% of people with HCV-related cirrhosis having

declines in liver-related mortality to those demonstrated in

rt

CV
s.
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model-projected diagnoses and mortality numbers, in the DAA
era, an estimated 248 diagnoses of decompensated cirrhosis,
155 diagnoses of HCC, 434 liver-related deaths, and 372 all-
cause deaths were prevented. The largest reduction of decom-
pensated cirrhosis diagnoses was among older people (year of
birth earlier than 1967) and those with no history of alcohol-
use disorder. Females and older people (year of birth earlier
than 1967) showed the highest relative reduction in liver-
related mortality (Table S3).

Factors associated with liver-related mortality
In adjusted analyses, liver-related mortality was independently
associated with older age (year of birth earlier than 1967–
adjusted incidence rate ratio 4.52; 95% CI 4.06–5.03) and history
of alcohol-use disorder (adjusted incidence rate ratio 3.35; 95%
CI 3.14–3.58). The incidence of liver-related mortality signifi-
cantly declined in the DAA era (adjusted incidence rate ratio
0.06; 95% CI 0.06–0.07) (Table 3).

Discussion
Our study supports a major population-level impact of DAA ther-
apy onHCV-related liver diseasemorbidity andmortality, and all-
causemortality. Over the decade prior to the introduction of DAA
therapy in Australia, the numbers of people with HCV in New
South Wales hospitalised for decompensated cirrhosis, HCC, or
who died following these end-stage liver disease complications
or all-cause mortality increased by 2- to 3-fold. Between 2015
and 2017, declines of 21% and 17% in decompensated cirrhosis
diagnoses and liver-related deaths, respectively, and an 8% and
3% increase in HCC diagnoses and all-cause mortality (vs. an
expected 34% and 19% increase without DAA therapy introduc-
tion, respectively) clearly demonstrate the impact of DAA therapy
on advanced liver disease morbidity and mortality, and all-cause
mortality. Thedecline in liver-relateddeaths is considerablymore
markedwhen compared to the expected continued upward trend
fromthe interferon-based therapy era. The lower relativedeclines
in liver-relatedmorbidity andmortality amongpeoplewith a his-
tory of alcohol-use disorder, and the increasing proportion of peo-
ple with end-stage liver disease with a history of alcohol-use
disorder, highlights the need to enhance efforts to reduce the
impact of this major liver disease comorbidity.

During the interferon-based therapy era, a very small pro-

Table 3. Unadjusted and adjusted factors associated with liver-related mo

Characteristics Liver-related mortalitya n (%)

Year of birth, median
≥1967 365 (1)
<1967 2,913 (6)

Sex
Female 830 (2)
Male 2,448 (4)

Hepatitis B virus co–infection
No 3,083 (3)
Yes 195 (5)

History of alcohol–use disorder
No 1,430 (2)
Yes 1,848 (10)

DAA era
No 2,354 (<1)
Yes 924 (<1)

Data from people in New South Wales, 2001–2017 (n = 99,910).
a Excluded if occurred within 6 months of HCV notification. aIRR, adjusted IRR; H
mortality were evaluated using unadjusted and adjusted Poisson regression analyse
portion (1–2%) of Australians with chronic HCV infection

286 Journal of Hepatology 2
received HCV therapy each year.11 This low uptake, suboptimal

ality among people with an HCV notification.

IRR 95% CI aIRR 95% CI P

1.00 – 1.00 – –
8.35 7.50–9.31 4.52 4.06–5.03 <0.001

1.00 – 1.00 – –
1.65 1.53–1.78 1.10 1.02–1.17 0.010

1.00 – 1.00 – –
1.55 1.35–1.78 1.18 1.04–1.33 0.012

1.00 – 1.00 – –
5.57 5.20–5.96 3.35 3.14–3.58 <0.001

1.00 – 1.00 – –
0.03 0.03–0.04 0.06 0.06–0.07 <0.001

, hepatitis C virus; IRR, incidence rate ratio. Factors associated with liver-related
sated cirrhosis, meant the burden of advanced liver disease
morbidity and mortality continued to rise with the ageing
chronic HCV infection population.18 Despite the limitations of
the interferon-based therapy era, the age-standardised inci-
dence rates for HCV-related decompensated cirrhosis had
declined slightly over the period 2004 to 2015, although HCC
incidence rates were stable. Some decline in trends in alcohol
use in Australia is a potential explanation for a reduction in
individual-level risk of decompensated cirrhosis.19,20

The Government-funded DAA program has transformed HCV
clinical management in Australia, with HCV treatment increas-
ing from 1–2% per year in 2004–2015 to 24% over the 2016–
2017 period, and cure rates rising to above 95%.11 Major
changes in HCV models of care have also been implemented,
with a large proportion of people with chronic HCV now treated
in primary care.11 Although there have been no liver disease-
based restrictions on DAA therapy access, there clearly has been
some prioritisation, by patients, clinicians, or both, for treat-
received treatment by the end of 2017.11 The Australian
Government-funded DAA program commenced in March 2016.
There was, however, DAA access for people with cirrhosis from
late 2014 through 2015, via pharmaceutical company access
programs, DAA clinical trials, and generic importation, provid-
ing treatment to 4,340 people in Australia, including 1,200 peo-
ple in New South Wales.16 Overall, an estimated 7,045 people
with HCV-related cirrhosis in New South Wales received DAA
therapy between 2015 through 2017 (B. Hajarizadeh, personal
communication, February 2019). The estimated 434 liver-
related deaths prevented in New South Wales in 2015–2017
could be largely attributed to treatment of this advanced liver
disease population.

Mathematical models of the Australian HCV epidemic and
introduction of DAA therapy had predicted a decline in
advanced liver disease morbidity and mortality, even with
lower DAA treatment levels than experienced in 2016–2017.21

More recent Australian mathematical modelling, incorporating
known DAA treatment uptake in 2015–2017, predicted similar
our study.22 These models also predicted a relatively greater ini-
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tial impact on decompensated cirrhosis burden compared to
HCC. Despite some initial controversy around HCC risk follow-
ing DAA therapy, our recent systematic review and meta-
analysis estimated a 70% reduction in HCC risk among people
with HCV-related cirrhosis following cure from either

interferon-based or DAA therapy.23 Among people with com-
pensated cirrhosis and DAA-based cure, the risk reduction for

decompensated cirrhosis would appear to be even greater,
resulting in a more marked decline in disease burden.

Of clinical and public health importance, those with hospital-
isations for alcohol-use disorder had a markedly higher risk of
decompensated cirrhosis and a less marked decline in the DAA
therapy era. This lower relative decline could relate to lower
DAA uptake, continued disease progression despite DAA therapy,
or both. Further, compared to liver-related mortality, the impact
of DAA therapy on all-causemortality has been lower. These find-
ings highlight the importance of more effective management of
alcohol dependency and other liver disease comorbidities. A
recent study estimated that at least half of excess mortality for
people with chronic HCV in the United States was related to

health risk behaviours including alcohol use, cigarette smoking,
physical inactivity, unhealthy diet, and illicit drug use.24
The impact of the DAA therapy era on liver disease burden
has been demonstrated in a few other studies, including Euro-
pean and North American evidence for liver disease regression
and delisting of HCV-related liver transplant candidates.25,26 A
recent study of death certificate data in the United States also
demonstrated a decline in HCV-related mortality in the DAA
era.27 The age-standardised HCV-related mortality increased
2.0% per year over the period 2007 to 2013, followed by a
6.4% per year decline over the period 2014 to 2016.27 The study

did not link diagnoses or notifications of HCV to death registries,

but relied on reporting of HCV and liver disease as primary or
secondary causes of death.

There are several limitations to our study that should be con-
sidered. First, HCV notifications in New South Wales are largely
laboratory-based following anti-HCV antibody diagnosis. Thus,
at least 25% of HCV notifications are likely to have had unde-

tectable HCV RNA at diagnosis, consistent with spontaneous
clearance. Second, decompensated cirrhosis and HCC events

are based on coding for first hospitalisations, and predisposed
to misclassification bias. A Canadian validation study of admin-
istrative data (based on ICD-10 codes) versus tertiary care hep-

atology clinic has demonstrated 90% sensitivity and 88%
specificity for diagnosis of decompensated cirrhosis and 78%

sensitivity and 99% specificity for diagnosis of HCC through
administrative data.28 In New South Wales, our previous linkage
studies have included validation of HCC events with the New
South Wales cancer Registry with 89% concordance.29 Valida-
tion with clinic-based cohorts for diagnosis of decompensated
cirrhosis or HCC was not undertaken. Third, our liver-related
mortality was based on deaths following hospitalisations for
decompensated cirrhosis or HCC, and therefore excludes liver-
related deaths which occurred without a prior hospitalisation.
Information on cause-specific mortality from death certificates
will be available in the future, but there are also limitations
with cause of death ascertainment. Fourth, the definition of
alcohol-use disorder relying on administrative data has clear
limitations. A previous validation study of administrative data
(based on ICD codes) versus chart notations has demonstrated
68% sensitivity and 97% specificity for diagnosis of heavy alcohol
Journal of Hepatology 2
intake.30 Given high specificity of the definition using adminis-
trative data, the estimated impact of alcohol-use disorder on
liver-related morbidity and mortality is thought to be robust;31

nevertheless, the current study has potential under-
ascertainment of alcohol-use disorder diagnosis. Finally,
individual-level data on antiviral therapy was not available. In
New South Wales, between 1997 and 2017, an estimated
37,000 people with HCV infection received antiviral therapy
(B. Hajarizadeh, personal communication, February 2019). The
specific impact of interferon-based and DAA therapies on mor-
bidity and mortality will be further evaluated when
individual-level data is available for linkage. Further, this will
allow evaluation of DAA uptake among those with and without
a history of alcohol-use disorder.

In conclusion, we have demonstrated a major DAA era
population-level impact on liver disease morbidity and mortal-
ity, and all-cause mortality among a large population with diag-
nosed HCV in New South Wales, Australia. Enhanced efforts are
required to continue DAA scale-up, if the WHO target of 65%
HCV-mortality reduction is to be achieved by 2030.
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