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Temporal trends in the numbers and age-standardised rates of decompensated cirrhosis,
hepatocellular carcinoma and liver mortality 2003-2017

Highlights Lay summary

� The World Health Organization has set a 65% HBV

mortality reduction target by 2030.

� Since the early 2000s, diagnoses of decompensated
cirrhosis and HCC increased, but age-standardised
incidence rates decreased.

� Age-standardised liver mortality rates decreased
from 2.64 in 2003 to 0.97 per 1,000 person-years
in 2017.

� Late HBV notification declined from 41% and 40%
during 2001-2009 to 28% and 26% in 2010-2018,
respectively.

� Hepatitis C co-infection and alcohol-use disorder
are key modifiable risk factors associated with HBV
disease burden.
https://doi.org/10.1016/j.jhepr.2022.100552
Rising hepatitis B-related morbidity and mortality is a
major public health concern. However, the develop-
ment of highly effective medicines against hepatitis B
virus (HBV) has brought renewed optimism for its
elimination by 2030. This study shows a steady
decline in HBV-related liver morbidity and mortality
in New South Wales, Australia. Moreover, late hepa-
titis notification has also declined, allowing in-
dividuals with HBV to have access to timely antiviral
treatment. Despite this, hepatitis C co-infection and
alcohol use disorder are key modifiable risk factors
associated with HBV disease burden. To attain the
desired benefits from highly effective antiviral treat-
ment, managing comorbidities, including hepatitis C
and high alcohol use, must improve among in-
dividuals with hepatitis B.
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Background & Aims: Population-level trends and factors associated with HBV-related decompensated cirrhosis (DC), he-
patocellular carcinoma (HCC), and liver-related mortality are crucial to evaluate the impacts of therapeutic interventions.
Methods: Trends in HBV-DC and -HCC diagnoses and liver-related mortality in New South Wales, Australia, were determined
through linkage of HBV notifications (1993-2017) to hospital admissions (2001-2018), mortality (1993-2018), and cancer
registry (1994-2014) databases. Late HBV notification was defined as notification at or within 2 years of a DC or HCC diagnosis.
Cox proportional-hazards regression and multivariable logistic regression analyses were performed to evaluate associated
factors.
Results: Among 60,660 people with a HBV notification, 1,276 (2.0%) DC and 1,087 (1.8%) HCC diagnoses, and 1,219 (2.0%) liver-
related deaths were documented. Since the early 2000s, the number of DC and HCC diagnoses increased; however, age-
standardised incidence decreased from 2.64 and 1.95 in 2003 to 1.14 and 1.09 per 1,000 person-years in 2017, respectively.
Similarly, age-standardised liver mortality decreased from 2.60 in 2003 to 1.14 per 1,000 person-years in 2017. Among people
with DC and HCC diagnoses, late HBV notification declined from 41% and 40% between 2001-2009 to 29% and 25% in 2010-
2018, respectively. Predictors of DC diagnosis included older age (birth <1944, adjusted hazard ratio [aHR] 2.06, 95% CI
1.57–2.69), alcohol use disorder (aHR 4.82, 95% CI 3.96–5.87) and HCV co-infection (aHR 1.88, 95% CI 1.53–2.31). Predictors of
HCC diagnosis included older age (birth <1944, aHR 3.94, 95% CI 2.91–5.32) and male sex (aHR 3.79, 95% CI 3.05–4.71).
Conclusion: In an era of improved antiviral therapies, the risk of HBV-related liver morbidity and mortality has declined. HCV
co-infection and alcohol use disorder are key modifiable risk factors associated with the burden of HBV.
Lay summary: Rising hepatitis B-related morbidity and mortality is a major public health concern. However, the development
of highly effective medicines against hepatitis B virus (HBV) has brought renewed optimism for its elimination by 2030. This
study shows a steady decline in HBV-related liver morbidity and mortality in New South Wales, Australia. Moreover, late
hepatitis notification has also declined, allowing individuals with HBV to have access to timely antiviral treatment. Despite
this, hepatitis C co-infection and alcohol use disorder are key modifiable risk factors associated with HBV disease burden. To
attain the desired benefits from highly effective antiviral treatment, managing comorbidities, including hepatitis C and high
alcohol use, must improve among individuals with hepatitis B.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Worldwide, chronic hepatitis B (CHB) is a significant public
health threat.1,2 The World Health Organization (WHO) esti-
mated that around 296 million people were living with CHB in
2019, with an estimated 820,000 deaths attributed to HBV-
associated end-stage liver disease (ESLD),3 most notably
decompensated cirrhosis (DC) and hepatocellular carcinoma
Keywords: DC; HCC; hepatitis B; late HBV notification; liver disease; liver mortality;
population-level; record linkage; risk factors; cause of death.
Received 9 February 2022; received in revised form 1 July 2022; accepted 19 July 2022;
available online 6 August 2022
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(HCC).1,3,4 Given the availability of highly effective antiviral reg-
imens,5 the WHO has defined a set of targets for eliminating HBV
as a public health threat by 2030, including a 65% reduction in
mortality.2 While enhanced HBV diagnosis and timely linkage to
care are required to achieve the WHO elimination targets, in
many countries, including Australia, HBV diagnosis and treat-
ment uptake remain suboptimal.6 Further, the impact of the
existing HBV programs is unknown in most settings, given
limited capacity for evaluation of HBV liver disease burden at the
population level.

Over their lifetimes, 15%–40% of people with CHB develop
cirrhosis, liver failure, or HCC, and 15–25% are at risk of dying
secondary to HBV-related ESLD.7 The 5-year survival rate is 14-
45% after DC 8 and 18-20% after HCC.9 The prolonged subclinical
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period and suboptimal screening can lead to late HBV diagnosis
resulting in ESLD. Although potent and highly effective nucle-
os(t)ide analogue (NA) therapy reduces the risk of liver disease
progression,10 late hepatitis notification leads to a potential
missed opportunity, limiting the chances of preventing hepatic
carcinogenesis or fibrosis.11–13 Moreover, other factors including
alcohol use disorder (AUD), ageing, suboptimal treatment up-
take, and HBV/HCV co-infection contribute to higher risk of liver
morbidity and mortality.14 In Australia, the epidemiology of HBV
is complex, with a high prevalence among migrants from high-
or intermediate HBV prevalence countries and Aboriginal or
Torres Strait Islander peoples.15,16 Over the past two decades,
remarkable strides have been made in increasing HBV diagnosis,
vaccination and treatment uptake 17 and understanding the
epidemiology, risk factors, and molecular profiles of HBV-related
DC and HCC.18 However, enhanced HBV diagnosis and treatment
uptake are needed if Australia is to achieve the WHO 2030
elimination targets.6

Australia is among the few countries with established na-
tional surveillance systems and mandatory HBV notification,
thus providing an opportunity to evaluate HBV-related liver
disease burden by linking notifications with hospitalisation and
mortality databases.11,19 This study aimed to evaluate trends and
factors associated with HBV-related DC and HCC diagnoses, along
with trends in liver-related mortality. Further, we assessed
trends and factors associated with late notifications among
people with an HBV notification in New South Wales (NSW),
Australia.
Patients and methods
Study setting, data sources and record linkages
This study utilises routinely collected data from NSW, Australia.
As of March 2018, the total NSW population was 7.95 million,
and about 65% of the population lived in Sydney.20 In 2018, an
estimated 226,566 people were living with HBV in Australia,
with 30% in NSW.21

Under the Public Health Act 1991, mandatory notification for
all individuals with positive HBV and HCV serology tests is
required in NSW.22 This record is maintained at the NSW Noti-
fiable Conditions Information Management System (NCIMS).
NSW residents with an HBV notification (notifiable HBV cases
require detection of HBV surface antigen or HBV DNA) and DC
and/or HCC diagnosis or a history of AUD were identified through
the NSW Admitted Patient Data Collection (APDC) for DC and
AUD diagnoses, and APDC and NSW Cancer Registry (NSWCR) for
HCC. APDC covers all inpatient admissions from public and pri-
vate hospitals since 2001. Each hospitalisation record includes
demographic, administrative and diagnostic information coded
at discharge according to the ICD-10. People with HIV co-
infection were identified through the National HIV Registry
(NHR), receiving mandatory HIV notifications since 1985. Data
on mortality was extracted from the Registry of Births, Deaths
and Marriages (RBDM), which holds the information on all
deaths registered in NSW since 1993.22 People who received HBV
treatment were identified through the Pharmaceutical Benefits
Scheme (PBS) since 2010.

Data linkages occurred at 2 stages. First, HBV and HCV noti-
fications were linked internally to identify people with HBV/HCV
co-infection. Additionally, using demographic details (including
full name, sex, date of birth, and address), probabilistic linkages
JHEP Reports 2022
of records between the NCIMS, APDC, NSWCR, and RBDM were
undertaken by the NSW Centre for Health Record Linkage,22

which has deterministically linked NCIMS with NHR, using 2x2
name codes. Subsequently, the Australian Institute of Health and
Welfare has probabilistically linked NCIMS with PBS records,
using the aforementioned demographic details.23

Study population and period
The study population included people with an HBV notification
in NSW, Australia, during 1993-2017. Linked data were extracted
for the following periods: NCIMS (1 January 1993 - 31 December
2017); APDC (1 July 2001 - 30 June 2018); NSWCR (1 January
1993 - 31 December 2014); RBDM (1 January 1993 - 30 June
2018); NHR (1 January 1985- 31 December 2017); and PBS (1
April 2010 - 31 December 2018). Administrative data sources
were extracted for different durations of time, depending on
available periods for linkage. Hence, the study time period was
restricted (2001-2018) to optimise data coverage.

Study outcomes
The primary outcomes of interest were HBV-related DC and HCC
diagnoses and liver-related mortality. DC diagnosis was inferred
using hospital discharge diagnosis code (ICD-10); primary or
secondary diagnosis fields with following codes: DC ascites
(R18.0), bleeding oesophageal varices (I85.0, I98.3, and I98.21),
chronic hepatic failure (including hepatic encephalopathy; K72.1,
K72.9), alcoholic hepatic failure (K70.4), or hepatorenal syn-
drome (K76.7).11,19,24 Similarly, a hospital discharge diagnosis
code was used to define HCC diagnosis, coded in either the
principal or secondary diagnosis fields of a linked inpatient
hospital record (C22.0) or identified through NSWCR re-
cords.11,19,24 Hereafter, first-time DC and HCC hospitalisations or
HCC diagnosis via cancer registry are referred to as DC and HCC
diagnosis. Liver-related mortality was defined by any death
following a DC and/or HCC diagnosis.

The secondary outcome was late HBV notification, defined by
an HBV notification after, at the time or within 2 years before DC
or HCC diagnosis.12

Exclusion criteria
Exclusion criteria were applied as follows: records where the
data of HBV notification occurred after censoring (post-mortem
HBV notifications); HBV notification without a Medicare (uni-
versal healthcare) number and duplicate HBV notifications; re-
cords where the date of HCC diagnosis or death was prior to 1
January 2001. Additionally, small cells (cell count with values <5)
were not included in this analysis.

Statistical analysis
The linked dataset was cleaned, edited, and prepared for this
study in the STATA software version 14.2 (StataCorp, College
Station, Texas). Descriptive statistics including medians and
interquartile ranges were calculated for continuous variables
where the data was normally distributed, and frequencies with
percentages were calculated for all categorical variables. Tem-
poral trends in HBV-DC, HCC, and liver-related mortality were
evaluated, including numbers and age-standardised incidence
rates between 2001 to 2018. We calculated the rates where the
denominator included all people with a HBV notification in NSW;
people entered the cohort from the date of HBV notification and
2vol. 4 j 100552



observation time (for evaluation of DC and HCC) started from
2001, when both hospital admissions and cancer registry data
were available. To reduce the potential for individuals to have the
outcome of interest (DC and HCC) at study entry, a sensitivity
analysis with an observation period of a 5-year look back win-
dow was adjusted to start from 2005. HCC diagnoses were ob-
tained using hospital admission and cancer registry data;
however, the cancer registry data was only available up to 2014.
To evaluate whether the HCC diagnosis data source biased our
results, an additional sensitivity analysis was carried out with
only diagnoses through hospitalisation data available for the
entire study period. Age-standardised rates (per 1,000 person-
years) and corresponding 95% CIs were calculated assuming a
Poisson distribution. Among people with a DC diagnosis,
numbers and age-standardised incidence rates were evaluated
overall and stratified by HBV/HCV co-infection notifications.
Smoothing was carried out to create the impression of trends by
ensuring that any fluctuation to a high or low value is amplified
and the point-to-point distortion/variability is muted. Smooth
trends were observed after averaging 4 values on each side and
using a second-order smoothing polynomial. Standardisation
was performed using the Australian Standard Population in 2013
(by 5-year age-grouping).

Unadjusted and adjusted Cox proportional-hazards regres-
sion analyses were performed to evaluate factors associated with
DC and HCC diagnoses. In unadjusted analysis, variables that did
not violate the assumption of proportionality were considered
for inclusion in the adjusted analysis. Covariates included age
(birth cohort <−1944, 1945-1964, and >−1965), sex, country of birth,
ethnicity, history of AUD, HBV-HCV/HIV co-infection, and local
health district (LHD) of residence at the time of notification.
Comorbidity burden was assessed using the Charlson comor-
bidity index (CCI).25,26 The CCI was categorised from 0 to 3+
groups based on its score, where higher scores indicate a worse
health condition.26 The codes for moderate or severe liver
morbidity were excluded from the CCI to avoid overlapping with
the main variables that were included separately. Finally, HBV
treatment trends among people with an HBV notification were
calculated from 2010 to 2017. Given HBV treatment data was not
available prior to 2010, HBV notifications were included in this
analysis only for the 2009-2017 period. In all time-to-event an-
alyses, time at risk started on HBV notification date and ended on
date of DC or HCC diagnosis, death, or last follow-up (30 June
2018), whichever occurred first (depending on the outcome of
interest in each analysis).

To assess the number of people with a late HBV notification,
people with a DC or HCC diagnosis were stratified into 5 cate-
gories according to the time between their HBV notification and
DC or HCC diagnosis 12; people with an HBV notification a) after
or at the time of DC or HCC diagnosis; b) less than 1 year before;
c) between 1 and 2 years before; d) between 2 and 5 years before
and; e) more than 5 years before. The proportion of those with a
late HBV notification (categories a, b and c above) was calculated
overall and during the 2001-2009 and 2010-2018 time periods.
Following unadjusted analyses, multivariable logistic regression
evaluated factors associated with late HBV notification, consid-
ering factors significant at the 0.20 level in the unadjusted
models. Covariates included age, sex, country of birth, ethnicity,
history of AUD, HBV-HCV/HIV co-infection, and LHD of residence
at the time of DC or HCC diagnosis.19 Further, the calendar period
of DC and HCC diagnosis was hypothesised to be associated with
late HBV notification, assuming late notification was more likely
JHEP Reports 2022
to occur in the early 2010s, compared to later periods. In all
analyses, LHD of residence at the time of HBV notification was
defined by the 2011 NSW boundaries, including 8 LHDs covering
metropolitan regions and 7 covering rural and regional
locations.27

AUD is a standard term used to define continued drinking
despite adverse mental and physical consequences. Liver-related
consequences of alcohol use are not included in the definition of
AUD.28 AUD was defined according to hospitalisation with any of
the following principal or additional ICD-10 codes: alcohol abuse
counselling and surveillance (Z71.4), alcoholic cardiomyopathy
(I42.6), alcohol-induced pseudo-Cushing’s syndrome (E24.4),
alcoholic myopathy (G72.1), alcoholic polyneuropathy (G62.1),
alcohol rehabilitation (Z50.2), degeneration of nervous system
due to alcohol (G31.2) or mental and behavioural disorders due
to alcohol (F10).28
Results
Study participants
Between 1993 and 2017, there were 60,660 individuals with an
HBV notification in NSW. The median year of birth was 1966
(interquartile range 1956-1977). Overall, 55% were male, 21%
were born in Australia, 5% identified as Aboriginal and/or Torres
Strait Islander, 4% had a history of AUD, 7% had HCV co-infection,
and only 1% had HIV co-infection. During 2001–2018, there were
1,276 (2.0%) with a DC and 1,087 (1.8%) with an HCC diagnosis
(Tables 1 and 2).

The number of people with an HBV notification who devel-
oped DC increased from 608 in 2001-2009 to 668 in 2010-2018.
Compared to people without DC, individuals with DC were older
(birth before 1945, 25% vs. 8% or during 1945-1964, 55% vs. 37%),
more likely born in Australia (33% vs. 21%), and male (77% vs.
55%). Further, higher proportions had HBV/HCV co-infection
(23% vs. 6%), history of AUD (30% vs. 3%), and lived in metro-
politan areas at HBV notification (17% vs. 10%) (Table 1).

The number of people with an HBV notification who devel-
oped HCC increased from 481 in 2001-2009 to 606 in 2010-2018.
Compared to people without HCC, individuals with HCC were
older (birth before 1945, 31% vs. 8% or during 1945-1964, 57% vs.
37%) and more likely male (82% vs. 55%). A higher proportion of
people with HCC were born overseas, predominantly in East Asia
(33% vs. 28%) and Oceania/Southeast Asia (34% vs. 31%). Further,
people with HCC were more likely to have HBV/HCV co-infection
(12% vs. 6%), and a history of AUD (10% vs. 4%) (Table 2).

Temporal trends in DC and HCC diagnoses and liver-related
mortality
Between 2003 and 2017, there was an increase in the number of
annual DC diagnoses (66 to 74); however, age-standardised
incidence declined from 2.64 (95% CI 1.95–3.33) to 1.14 (95% CI
0.86–1.41) per 1,000 person-years. In this period, HCC diagnosis
numbers increased from 46 to 77, and age-standardised inci-
dence declined from 1.95 (95% CI 1.34–2.56) to 1.09 (95% CI
0.84–1.34) per 1,000 person-years. Similarly, liver-related deaths
increased from 56 in 2003 to 85 in 2017. However, the age-
standardised incidence of liver mortality decreased from 2.60
(95% CI 1.89–3.30) in 2003 to 1.14 (95% CI 0.89–1.39) per 1,000
person-years in 2017 (Fig. 1). Additional sensitivity analysis
(presented as Fig. S1) shows similar trends and rates for a 5-year
look back window. Trends in HCC diagnoses based on hospital-
isation data only, available for the entire study period, were
3vol. 4 j 100552



Table 1. Demographic characteristics among people with an HBV notification (1993-2017), by decompensated cirrhosis diagnosis status (2000-2018).

Characteristics (n, %)

All HBV
No DC

2001-2018
DC

2001-2018

Period of DC

2001-2009 2010-2018

n = 60,660 n = 59,384 n = 1,276 n = 608 n = 668

Year of birth, median (IQR)* 1966 (56-77) 1967 (57-77) 1954 (45-62) 1951 (41-60) 1956 (47-65)
Birth cohort, n (%)*

<−1944 4,908 (8) 4,589 (8) 319 (25) 199 (33) 120 (18)
1945-1964 22,583 (37) 21,882 (37) 701 (55) 320 (53) 381 (57)
>−1965 33,164 (55) 32,908 (55) 256 (20) 89 (14) 167 (25)

Male sex** 33,367 (55) 32,391 (55) 976 (77) 471 (78) 505 (76)
Aboriginal and Torres Strait Islander*** 2,118 (5) 2,003 (5) 115 (9) 50 (8) 65 (10)
Place of birth****

Australia 8,666 (21) 8,252 (21) 414 (33) 185 (31) 229 (34)
Americas, Europe, New Zealand 4,057 (10) 3,837 (10) 220 (17) 116 (19) 104 (16)
Africa 1,360 (3) 1,331 (3) 29 (2) 11 (2) 18 (3)
East Asia 11,661 (28) 11,431 (28) 230 (18) 114 (19) 116 (17)
Oceania and Southeast Asia 12,914 (31) 12,605 (31) 309 (24) 146 (24) 163 (25)
Western Asia 2,606 (6) 2,600 (6) 66 (5) 31 (5) 31 (5)

Co-infection
With HCV 3,943 (7) 3,649 (6) 294 (23) 122 (20) 172 (26)
With HIV 394 (1) 364 (1) 30 (2) 19 (3) 11 (2)

LHD at the time of HBV notification*****
Metropolitan NSW 6,049 (10) 5,832 (10) 217 (17) 107 (18) 110 (17)
Outer metropolitan NSW 27,773 (46) 26,198 (46) 575 (45) 263 (43) 312 (47)
Rural NSW 25,961 (43) 25,489 (44) 472 (37) 237 (39) 235 (36)

History of alcohol use disorder diagnosis 2,295 (4) 1,911 (3) 384 (30) 169 (28) 215 (32)

DC, decompensated cirrhosis; HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range; LHD, local health district; NSW, New South Wales.
* 5 had missing information.
** 387 had missing information.
*** 17,722 had missing information.
**** 19,336 had missing information.
***** 877 had missing information.

Table 2. Demographic characteristics among people with an HBV notification (1993-2017), by hepatocellular carcinoma diagnosis status (2000-2018).

Characteristics (n, %)

All HBV
No HCC

2001-2018
HCC

2001-2018

Period of HCC

2001-2009 2010-2018

n = 60,660 n = 59,573 n = 1,087 n = 481 n = 606

Year of birth, median (IQR)* 1966 (56-77) 1967 (57-77) 1951 (42-59) 1947 (37-56) 1954 (46-61)
Birth cohort*

<−1944 4,908 (8) 4,572 (8) 336 (31) 211 (44) 125 (21)
1945-1964 22,583 (37) 21,965 (37) 618 (57) 231 (48) 387 (64)
>−1965 33,164 (55) 33,032 (55) 132 (12) 38 (8) 94 (15)

Male sex** 33,367 (55) 32,475 (55) 892 (82) 393 (82) 499 (83)
Aboriginal and Torres Strait Islander*** 2,118 (5) 2,092 (5) 26 (2) 9 (2) 17 (3)
Place of birth****

Australia 8,666 (21) 8,549 (21) 117 (11) 37 (8) 80 (13)
Americas, Europe, New Zealand 4,057 (10) 3,908 (10) 149 (14) 76 (16) 73 (12)
Africa 1,360 (3) 1,328 (3) 32 (3) 12 (3) 20 (3)
East Asia 11,661 (28) 11,303 (28) 358 (33) 169 (35) 189 (31)
Oceania and Southeast Asia 12,914 (31) 12,545 (31) 369 (34) 156 (33) 213 (35)
Western Asia 2,606 (6) 2,612 (6) 54 (5) 28 (6) 26 (4)

Co-infection
With HCV 3,943 (7) 3,815 (6) 128 (12) 43 (9) 85 (14)
With HIV 394 (1) 381 (1) 13 (1) 6 (1) 7 (1)

LHD at the time of HBV notification*****
Metropolitan NSW 6,049 (10) 5,957 (10) 92 (9) 39 (8) 53 (9)
Outer metropolitan NSW 27,773 (46) 27,253 (46) 520 (48) 227 (47) 293 (49)
Rural NSW 25,961 (43) 25,496 (43) 465 (43) 212 (44) 253 (42)

History of alcohol use disorder diagnosis 2,295 (4) 2,148 (4) 111 (10) 36 (7) 75 (12)

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IQR, interquartile range; LHD, local health district; NSW, New South Wales.
* 5 had missing information.
** 387 had missing information.
*** 17,722 had missing information.
**** 19,336 had missing information.
***** 877 had missing information.
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Fig. 1. Temporal trends in DC and HCC diagnoses, and liver-related mortality and age-standardised incidence rates in 2003-2017, among people with an
HBV notification in NSW, 1993-2017. *2003-2017 was only chosen for visual display of data – the study period was 2001-2018. DC, decompensated cirrhosis;
HCC, hepatocellular carcinoma; NSW, New South Wales.
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similar to those based on both hospitalisation and cancer registry
data (combined HCC diagnosis, Fig. S2).
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Trends in DC diagnosis, stratified by HBV/HCV co-infection
notification
Between 2003 and 2017, DC diagnoses and age-standardised
incidence declined from 58 to 54 and 2.52 (95% CI 1.82–3.23)
to 0.88 (95% CI 0.63–1.13) per 1,000 person-years, respectively,
among people with HBV mono-infection. However, the number
and age-standardised incidence of DC among people with HBV/
HCV co-infection increased from 6 to 20 and 4.02 (95% CI
0.53–7.51) to 6.14 (95% CI 4.31–7.96) per 1,000 person-years,
respectively (Fig. 2).
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Fig. 3. Trends in antiviral treatment during 2010-2017 among people with
an HBV notification (2009-2017), n = 17,340.
Trends in antiviral treatment during 2010-2017
Between 2010 and 2017, the percentage of individuals on HBV
treatment per calendar year increased from 3.8% to around 16.4%
(Fig. 3).
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Time to DC diagnosis after an HBV notification
Overall, among 1,276 people with a DC diagnosis, 33% (n = 427)
had a late HBV notification, declining from 41% (244 of 594) in
2001-2009 to 29% (192 of 659) in 2010-2018. Compared to
people with an HBV mono-infection notification, those with
HBV/HCV co-infection had a slightly larger decline in the pro-
portion with late HBV notification (41% and 37% in 2001-2009
vs. 30% and 21% in 2010-2018, respectively) (Fig. 4). Among 379
people with a history of AUD and DC diagnosis, 31% (n = 118)
had a late HBV notification, declining from 39% (64 of 165) in
2001-2009 to 25% (54 of 214) in 2010-2018 (Table S1). In
adjusted analysis, late HBV notification was associated with
older age at the time of HBV notification (>−47 years, median)
(adjusted odds ratio [aOR] 2.91, 95% CI 1.97–4.31), Aboriginal
and Torres Strait Islander ethnicity (aOR 0.41, 95% CI 0.17–0.94)
and period of DC diagnosis (>−2014, aOR 0.58, 95% CI 0.41–0.83)
(Table 3).
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Time to HCC diagnosis after an HBV notification
Overall, among 1,087 people with an HCC diagnosis, 31% (n =
339) had a late HBV notification, declining from 40% (188 of 475)
in 2001-2009 to 25% (151 of 601) in 2010-2018. People with an
HBV mono-infection notification and those with HBV/HCV co-
infection had a similar decline in the proportion of late HBV
notification (40% and 37% in 2001-2009 vs. 26% and 22% in 2010-
2018, respectively) (Fig. 4). In adjusted analysis, late HBV notifi-
cation among those with an HCC diagnosis was associated with
older age at the time of HBV notification (>−50 years, median)
(aOR 4.98, 95% CI 3.25, 7.63) (Table 3).

Factors associated with DC diagnosis during 2009-2018
In adjusted analysis, DC diagnosis was associated with older age
(birth before 1944) (adjusted hazard ratio [aHR] 2.06, 95% CI
1.57–2.69), history of AUD (aHR 4.82, 95% CI 3.96–5.87), HCV co-
infection (aHR 1.88, 95% CI 1.53–2.31), and male sex (aHR 1.93,
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Table 3. Logistic regression analysis, evaluating factors associated with late HBV notification among people with decompensated cirrhosis (n = 668) and
hepatocellular carcinoma (n = 606).

Characteristic, n % Late HBV
notification
(DC), n = 187

aOR 95% CI p value Late HBV
notification

(HCC), n = 152

aOR 95% CI p value

Age at HBV notification, by median
<47 years 57 (17) 1.00 34 (11) 1.00
>−47 years 130 (38) 2.91 1.97–4.31 <0.001 118 (39) 4.98 3.25, 7.63 <0.001

Sex
Female 47 (29) 24 (23)
Male 140 (28) - - - 128 (26) - - -

Aboriginal and Torres Strait Islander*
No 178 (30) 1.00 - - - -
Yes 8 (12) 0.41 0.17–0.94 0.037

Country of birth
Australia 57 (25) 1.00 20 (25)
Americas/Europe, New Zealand 27 (26) 0.56 0.31–1.01 0.054 19 (26) - - -
Africa 7 (35) 1.64 0.57–4.74 0.356
East Asia 35 (30) 0.68 0.38–1.22 0.200 50 (26) - - -
Oceania and Southeast Asia 50 (31) 0.75 0.44–1.27 0.289 51 (24) - - -
Western Asia 9 (26) 0.57 0.23–1.38 0.216 6 (23) - - -

Co-infection with HCV
No 150 (30) 1.00 133 (26)
Yes 37 (21) 0.82 0.50–1.34 0.437 19 (22) - - -

LHD of residence at the time of HBV
notification

Rural NSW 27 (25) 14 (26)
Outer metro NSW 88 (28) 72 (25) - - -
Metro NSW 69 (29) 65 (26) - - -

History of alcohol use disorder
No 132 (29) 132 (25)
Yes 55 (26) 20 (27) - - -

Period of DC/HCC diagnosis
<−2013 108 (33) 1.00 82 (28) 1.00
>−2014 79 (23) 0.58 0.41–0.83 0.003 70 (22) 0.68 0.46, 1.01 0.060

Levels of significance: p <0.05 (multivariable logistic regression analysis).
aOR, adjusted odds ratio; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LHD, local health district.
* Not shown, small n (<5).
95% CI 1.60–2.31). Moreover, CCI groups 1-2 and 3+ were
significantly associated with a higher risk of DC diagnosis (aHR
3.74, 95% CI 3.04–4.60 and 10.29, 95% CI 8.46–12.51), respectively
(Table 4). The association between DC diagnosis and HCV co-
infection was driven by the LHD of residence at the time of
HBV notification (aHR 2.42, 95% CI 1.73–3.40 for outer metro LHD
residents and aHR 1.74, 95% CI 1.17–2.59 for people living in
metro NSW) (Table S2).

Factors associated with HCC diagnosis during 2009-2018
In adjusted analysis, HCC diagnosis was associated with older age
(birth before 1944) (aHR 3.94, 95% CI 2.91–5.32), male sex (aHR
3.79, 95% CI 3.05–4.71), history of AUD (aHR 2.18, 95% CI
1.66–2.86), and HCV co-infection (aHR 2.06, 95% CI 1.59–2.66).
Moreover, CCI groups 1-2 and 3+ were associated with a signif-
icantly higher risk of HCC diagnosis (aHR 1.73, 95% CI 1.37–2.20
and 6.23, 95% CI 5.11–7.59), respectively. Further, compared to
people born in Australia, those born in Africa (aHR 3.12, 95% CI
1.85–5.26), East Asia (aHR 3.73, 95% CI 2.70–5.15), and Oceania &
Southeast Asia (aHR 3.05, 95% CI 2.24–4.15) had a higher risk of
an HCC diagnosis (Table 4).
Discussion
Our study demonstrated important trends in DC and HCC diag-
nosis, and liver-related mortality among people with an HBV
notification in NSW, Australia. Between 2003 and 2017, the
number of first hospitalisation for DC and HCC, and liver-related
JHEP Reports 2022
deaths increased. In contrast, age-standardised incidence rates
for these events declined. An increase in the population-level
burden of advanced HBV-related liver disease, in the context of
increasing therapeutic intervention uptake and declining
individual-level risk, is explained by an expanding and ageing
HBV-infected population. Improved HBV therapies (entecavir or
tenofovir) were introduced from the mid-2000s, with progres-
sively increasing treatment initiation rates.29,30 Further potential
advanced liver disease risk reductions were limited by late HBV
diagnosis, HCV co-infection, and AUD. Thus, enhanced HBV
screening, HCV cure, improved AUD management, and increases
in HBV therapeutic uptake all have the potential to reduce the
burden of advanced HBV-related liver disease.31,32

Suboptimal HBV screening and CHB latency that can span
decades has limited opportunities to prevent progression to
ESLD.14 Overall, during this period, 33% and 31% of HBV-related
DC and HCC cases were diagnosed late (from 2 years prior to
after these events), respectively, consistent with the recent es-
timates of under-diagnosis in the overall Australian HBV-infected
population (31-40%).12,15 Encouragingly, the proportion of late
diagnosis has declined over time; continued population-level
screening and surveillance efforts, including consideration of
one-off universal HBV testing, are required.33

Achieving higher HBV therapeutic coverage among the
eligible population is clearly a goal to address continued disease
burden. Even in patients with DC, appropriate antiviral therapy
can ameliorate hepatic dysfunction.34,35 Although antiviral
therapy also improves survival following HCC,36,37 prognosis
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Table 4. Cox proportional-hazards regression analysis, evaluating factors associated with decompensated cirrhosis and hepatocellular carcinoma diag-
nosis (2009-2018) among people with an HBV notification (1993-2017), n = 60,660.

Characteristic, n %

DC HCC

n = 668* aHR 95% CI p value n = 606* aHR 95% CI p value

Birth cohort
Born >−1965 167 (1) 1.00 94 (<1) 1.00
Born 1945-1964 381 (2) 2.07 1.70–2.52 <0.001 386 (2) 3.69 2.90–4.68 <0.001
Born <−1944 120 (2) 2.06 1.57–2.69 <0.001 125 (3) 3.94 2.91–5.32 <0.001

Sex
Female 161 (1) 1.00 104(<1) 1.00
Male 505 (2) 1.94 1.60–2.31 <0.001 498 (2) 3.79 3.05–4.71 <0.001

Aboriginal and Torres Strait Islander
No 599 (1) 1.00 576 (1) 1.00
Yes 65 (3) 0.88 0.66–1.18 0.417 17 (1) 0.78 0.46–1.32 0.362

Country of birth
Australia 229 (3) 1.00 80 (1) 1.00
Americas, Europe, New Zealand 104 (3) 1.00 0.77–1.29 0.995 73 (2) 1.60 1.12–2.27 0.008
Africa 18 (1) 1.18 0.72–1.93 0.505 20 (1) 3.12 1.85–5.26 <0.001
East Asia 116 (1) 1.14 0.87–1.50 0.331 188 (2) 3.73 2.70–5.15 <0.001
Oceania and Southeast Asia 163 (1) 1.11 0.87–1.42 0.361 213 (2) 3.05 2.24–4.15 <0.001
Western Asia 35 (1) 0.87 0.59–1.29 0.510 26 (1) 1.48 0.93–2.37 0.096

Co-infection with HCV
No 494 (1) 1.00 518 (1) 1.00
Yes 174 (4) 1.88 1.53–2.31 <0.001 87 (2) 2.06 1.59–2.66 <0.001

LHD of residence at HBV
Rural NSW 110 (2) 1.00 53 (1) 1.00
Outer metro NSW 312 (1) 1.22 0.97–1.55 0.092 293 (1) 1.26 0.91–1.75 0.152
Metro NSW 235 (1) 0.99 0.77–1.27 0.981 252 (1) 1.13 0.81–1.57 0.442

History of alcohol use disorder
No 453 (1) 1.00 530 (1) 1.00
Yes 215 (9) 4.82 3.96–5.87 <0.001 75 (3) 2.18 1.66–2.86 <0.001

†Charlson comorbidity index
0 133 (1) 1.00 292 (1) 1.00
1-2 219 (5) 3.74 3.04–4.60 <0.001 99 (2) 1.73 1.37–2.20 <0.001
3+ 316 (9) 10.29 8.46–12.51 <0.001 210 (7) 6.23 5.11–7.59 <0.001

Levels of significance: p <0.05 (cox proportional-hazards regression analyses).
aHR, adjusted hazard ratio; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LHD, local health district; NSW, New South Wales.
* Missing values were included in all adjusted models.
† Charlson comorbidity index score indicates degree of health; higher scores indicate worse health condition.
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remains poor.36,38 Thus, the primary focus for reducing advanced
liver disease burden and mortality relies heavily on preventing
disease progression.39 Recent systematic reviews reinforce the
favourable response of timely antiviral therapy by demonstrating
an estimated 30% to 75% reduction in HCC risk.34,35

In Australia, the number of individuals on HBV therapy has
increased since the mid-2000s 29; however, considerable gaps
remain in the HBV cascade of care, given that modelling esti-
mates that two-thirds of eligible individuals are not receiving
treatment.40 Our study does, however, show a steady increase in
treatment uptake over time. Enhancing HBV antiviral therapy
coverage and increasing screening are clear priorities within the
Australian Hepatitis B Strategy.41 Broadened antiviral therapy
prescription through general practitioners has commenced but
should be accelerated. Similarly, improved HBV screening stra-
tegies facilitated by primary care electronic health systems need
to be implemented, including pop-up reminders of high-risk
groups, particularly based on country of birth.33

Although later study period (2010-2018) was associated with
reduced individual risk of HBV-related DC and HCC, several
associated factors persisted: older age, male sex, history of AUD,
and HCV co-infection. These factors have a known association
with fibrosis progression or advanced liver disease,42,43 but
importantly HCV co-infection is modifiable. Most HCV infections
(more than 80%) are diagnosed in Australia, and since 2016, an
JHEP Reports 2022
unrestricted HCV direct-acting antiviral therapy program has
facilitated high treatment uptake.44 However, those with HBV/
HCV co-infection appear to have had relatively lower uptake.45

Therefore, a particular emphasis should be placed on HCV cure
in this population, given their higher risk of advanced liver dis-
ease. Further efforts are also required to improve AUD manage-
ment, including cross-discipline education and training for
practitioners involved in HBV management.

Interestingly, most cases of HBV-related DC were observed
among individuals born in Australia, given a higher rate of AUD
and HCV co-infection among them.46 In contrast, most HBV-
related HCC diagnoses were among people born overseas, pre-
dominantly in the Asia-Pacific region. It is unclear why the non-
Australian country of birth is a common risk factor for devel-
oping HBV-related HCC; literature suggests a higher prevalence
of IFNk3 gene polymorphisms among Asians that may be asso-
ciated with fibrosis progression.47,48 Moreover, the prevalence of
oncogenic HBV genotype (genotype C) in Asian populations has a
potential relationship with HCC development.49

Older age was associated with late HBV notification among
people with DC and HCC, congruent with other Australian and
Canadian studies.12,50 This raises considerable concern of a
"missed opportunity" for this older cohort to have had access to
effective and timely antiviral therapy. In contrast, after ac-
counting for other factors in another Canadian study, people in
8vol. 4 j 100552



the older birth cohort did not show an association with late
diagnosis.13 Nonetheless, there remains a need to further reduce
the late diagnosis of hepatitis.12,13

There are several limitations to our study. First, HBV notifi-
cations in NSW are predominantly based on evidence of chronic
infection as defined by HBV serology. However, the number of
individuals with active viral replication could not be evaluated.
Second, we relied on hospitalisation coding data to diagnose DC
and HCC, which could introduce misclassification (over-diag-
nosis) or missed cases (under-diagnosis). A Canadian validation
study of health administrative data vs. a tertiary care hepatology
clinic demonstrated 90% sensitivity and 88% specificity for the
diagnosis of DC and 78% sensitivity and 99% specificity for
diagnosing HCC through administrative data.51 Similarly, an
NSW linkage study demonstrated high (around 90%) HCC
diagnostic concordance between hospitalisation data and the
NSWCR. However, sensitivity analysis for validating DC events
through hospital admission records has not been undertaken in
NSW.12,19,24 Third, in NSW, administrative data sources were
available for different periods of time. Hence, to improve the
accuracy of trends in DC and HCC diagnosis numbers and age-
standardised rates and to minimise biased estimations of time
to DC or HCC diagnosis, the study time period was restricted.
We also undertook a sensitivity analysis evaluating trends in
hospitalisation-based HCC diagnoses (excluding cancer registry
cases) which were available for the total study period, with
similar findings. Fourth, to study the real-world mortality
JHEP Reports 2022
among individuals with HBV notifications in NSW, liver-related
mortality was based on deaths following hospital admissions
for DC or HCC and thus excludes liver-related deaths which
occurred without a previous hospitalisation and may include
some deaths unrelated to liver disease.24 Information on cause-
specific mortality from death certificates will be available in the
future, but there are also limitations with cause of death
ascertainment. Fifth, although compensated cirrhosis is a major
risk factor for both DC and HCC, ICD-10 coded hospitalisation
data does not have a code for compensated cirrhosis. Sixth, data
on Aboriginal ethnicity and the place of birth was unavailable
for many individuals. In the analyses of factors associated with
DC and HCC diagnoses, missing information of each variable
were identified and included in the unadjusted and adjusted
models. Lastly, using administrative data to define AUD has
clear limitations, given the low sensitivity of administrative
data (68% sensitivity and 97% specificity for the diagnosis of
heavy alcohol intake).52

In conclusion, this population-level study provides evidence
for declining risk of HBV-related DC, HCC, and liver-related
mortality, suggesting an impact of highly effective antiviral
therapy from the mid-2000s. The proportion of HBV-related DC
and HCC cases with late hepatitis notification has also declined.
Further strategies to reduce HBV disease burden include
enhanced HBV screening and earlier diagnosis, increased HBV
treatment coverage for eligible individuals, and addressing
modifiable co-factors such as HCV co-infection and AUD.
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