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a b s t r a c t
Background: Liver disease and hepatocellular carcinoma (HCC) are important contributors to the mortality
gap between Indigenous and non-Indigenous Australians. However, there is a lack of population based
high quality data assessing the differences in HCC epidemiology and outcomes according to Indigenous
status. The aim of this study was therefore to perform a large epidemiological study of HCC investigating
differences between Indigenous and non-Indigenous Australians with HCC.
Methods: Study design was a retrospective cohort study. Data linkage methodology was used to link
data from cancer registries with hospital separation summaries across three Australian jurisdictions during 20 0 0–2017. Cumulative survival (Kaplan-Meier) and the differences in survival (Multivariable Coxregression) by Indigenous status were assessed.
Findings: A total of 229 Indigenous and 3587 non-Indigenous HCC cases were included in the analyses.
Signiﬁcant epidemiological differences identiﬁed for Indigenous HCC cases included younger age at onset,
higher proportion of females, higher rurality, lower socioeconomic status, and higher comorbidity burden
(all p < 0.001). The distribution of cofactors was also signiﬁcantly different for Indigenous Australians
including higher prevalence of alcohol misuse, hepatitis B, and diabetes and more frequent presence of
multiple HCC cofactors (all p < 0.001). Indigenous Australians received curative HCC therapies less frequently (6.6% vs. 14.5%, p < 0.001) and had poorer 5-year survival (10.0% vs. 17.3%, p < 0.001; unadjusted
hazard ratio (HR) =1.42 96%CI 1.21–1.65) compared to non-Indigenous Australians. The strength of the
association between indigenous status and survival was weaker and statistically non-signiﬁcant after adjusting for rurality, comorbidity burden and lack of curative therapy (adjusted-HR=1.20 95%CI 0.97–1.47)
Interpretation: Such data provide a call to action to help design and implement health literacy, liver management and HCC surveillance programs for Indigenous people to help close the liver cancer mortality
gap.
Crown Copyright © 2021 Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Metabolic associated fatty liver disease (formerly known as nonalcoholic fatty liver disease) is strongly associated with diabetes
mellitus and obesity, and now represents the greatest population
attributable risk factor for chronic liver disease and HCC in the developed world [5]. Also lacking is information on the presence of
multiple cofactors that may exist in HCC cases in Indigenous Australians.
In order to begin to address the signiﬁcant problem of HCC in
Indigenous Australians one of the starting points is a detailed epidemiological study. Therefore, the aim of this study was to perform
a large retrospective cohort study of HCC epidemiology in Indigenous Australians, across multiple jurisdictions, using data linkage
techniques.

Evidence before this study
We searched PubMed for key articles describing the epidemiology of hepatocellular carcinoma in Indigenous Australians. The search terms ‘liver cancer’, ‘hepatocellular carcinoma’, ‘Indigenous Australians’, Aboriginal’ and ‘Torres Strait
Islander’ were used to select manuscripts of interest. We
were unable to identify any studies reporting on HCC epidemiology involving data linkage across multiple State or Territory Jurisdictions, other than government reports describing
basic epidemiology (incidence and mortality rates, age and
gender).
Added value of this study
This study adds value to current literature because it provides the ﬁrst large (across multiple state and Territory Australian Jurisdictions) epidemiological study of HCC in Indigenous Australians. It provides novel data on important sociodemographic factors associated with HCC in Indigenous
Australians including; higher rurality, lower socioeconomic
status, and higher comorbidity burden. The study found that
the distribution of HCC cofactors was also signiﬁcantly different for Indigenous Australians including higher prevalence of
alcohol misuse, hepatitis B, and diabetes and more frequent
presence of multiple HCC cofactors. Interestingly the survival
difference was largely accounted for by factors others than
Indigenous status including rurality, comorbidity burden and
lack of curative therapy.

Methods
Study population and data sources
All adults (18 years or older) diagnosed with HCC in Queensland (QLD; 2007–2017), South Australia (SA; 20 0 0–2016) and the
Northern Territory (NT; 20 0 0–2015) were identiﬁed via relevant
cancer registries using ICD code (9/10/O-3) C22.0. The cancer registry databases were linked to the corresponding state or territory
admitted patient databases. Data linkage was managed by SA NT
DataLink for the South Australian (SA) and Northern Territory (NT)
data. The Queensland (QLD) Statistical Services Branch performed
data linkage for QLD. Hospital separations were matched to cancer
registry data using both deterministic and probabilistic methodologies. Deaths data (date and cause of death) were sourced from the
Register of Births, Deaths and Marriages and the (Australian) National Death Index. Follow up for deaths was up to December 2016
for the NT, December 2017 for QLD, and December 2018 for SA.

Implications of all the available evidence
The study provides a framework for those involved in Indigenous Health in Australia to begin to address the incidence and mortality gap for HCC, the second most common
cause of cancer death in this population. It is a call to action to help design effective interventions to reduce the HCC
mortality gap.

Measures
Introduction

Indigenous status was identiﬁed via cancer registry coding
and included all cases identiﬁed as Aboriginal and/or Torres
Strait Islander. Patients’ residential postcodes were used to determine area-based measures of remoteness of residence (Accessibility/Remoteness Index of Australia (ARIA+) score) [6] and socioeconomic advantage and disadvantage (IRSAD score) [7].
The speciﬁc aetiology of liver disease/HCC and presence of comorbidities were determined based on recorded primary or other
diagnosis, coded using ICD-10-AM (10th edition). As exposures to
risk factors are likely to have occurred over decades (e.g. cirrhosis, chronic viral hepatitis, excess alcohol, NAFLD), are inherited
(e.g. Wilson‘s Disease), or may be diagnosed at an earlier time
point when patients have compensated liver disease, we considered cases having presumed aetiology if they had the speciﬁc ICD
codes as primary or other diagnosis in any admission during the
study period. As the quality of documentation of ICD codes in elective day case admissions (e.g. for a procedures related to portal
hypertension) has been reported to be poor [8], for comorbidities
we considered co-existing conditions in any admission during the
year of HCC diagnosis. Comorbidity was measured using the Charlson Comorbidity Index (CCI) [9]. All diseases listed in the CCI as
primary or other diagnosis were analysed (excluding liver disease
and HCC). Alcohol misuse as a cofactor was counted if any relevant
ICD-10 codes pertaining to alcohol related disorders were identiﬁed from hospital coding. Curative HCC therapies were considered
to be transplantation, liver resection or percutaneous ablation. The
presence of cirrhosis was conﬁrmed by relevant ICD-10 codes [8].

Hepatocellular carcinoma (HCC) is a major global health problem and has the second highest rising incidence of any cancer in Australia [1]. Aboriginal and/or Torres Strait Islander peoples (hereafter respectfully referred to as Indigenous Australians)
have an important place in the history of Hepatology, as serum
from Indigenous Australians led to the discovery of Hepatitis B
virus (HBV) or the “Australia antigen” in 1965 [2]. Data from national data registries have suggested that HCC in Indigenous Australians is a signiﬁcant and under recognized current problem.
Age-standardized incidence rates are 2.4-fold higher in Indigenous
versus non-Indigenous Australians (15.5 versus 6.4 cases/10 0,0 0 0
persons), the largest difference in incidence for any cancer in Australia [1,3]. HCC in Indigenous Australians is also associated with
a 2.4 fold higher age standardized mortality rate relative to nonIndigenous Australians and is the second most common cause of
cancer death in Indigenous Australians [3]. This difference in mortality rates between Indigenous and non-Indigenous Australians is
higher for HCC than any other cancer, other than cervical cancer
[1].
The reasons for the higher incidence and mortality for HCC in
Indigenous Australians have not been rigorously studied, with only
one small retrospective study of 37 HCC cases providing detailed
HCC epidemiology [4]. There is no information available on rates of
diabetes and obesity, common conditions in Indigenous Australians
that may increase the risk of HCC after controlling for other factors.
2

A.J. Wigg, S.K. Narayana, G. Hartel et al.

EClinicalMedicine 36 (2021) 100919

Data analysis

Indigenous HCC cases who had at least one hospital admission
were included in analyses.

Statistical analyses were performed using Stata/SE (version 15;
Stata Corporation, College Station, TX, USA). The data was checked
for potential errors and inconsistencies. Descriptive analyses were
presented as frequency (percentages,%), mean (standard deviation,
SD) or median (interquartile range, IQR) value depending on data
distribution. Group comparisons were made using Student’s t-test,
the Mann-Whitney test, the Chi-squared test, or Fisher’s exact test,
as appropriate. All tests were two-tailed and a p-value of less than
0.05 was considered statistically signiﬁcant. Amongst Indigenous
cases with HBV, individual annual risk of HCC was estimated as
previously described by Parker et al. [4] Age-speciﬁc crude incidence rates calculated for Indigenous Australians were divided by
the reported prevalence of HBV in Indigenous Australians [10] and
the result multiplied by the age-speciﬁc proportion of HCC attributable to HBV in the study cohort. This analysis was restricted
to HBV related HCC as HBV is the only diagnosis where HCC
surveillance guidelines, in non-cirrhotic individuals, can very according to ethnicity, age and sex.
Cumulative overall survival estimates by Indigenous status were
calculated using the Kaplan–Meier method. All cases were followed
until date of death, or the last day of the year of 2016 for the
NT, 2018 for SA and 2017 for QLD, whichever came sooner. Multivariable Cox regression analysis was used to assess the differences
by Indigenous status and reported in terms of hazard ratios (HRs)
with associated 95% conﬁdence intervals (CIs). Informed by previous Australian studies which examined differences in survival by
Indigenous status [4,11,12], we included in the main effects model
factors that could inﬂuence overall survival, such as patients’ sociodemographic characteristics, HCC aetiology, comorbidities, cirrhosis, receipt of potentially curative HCC treatment, period of HCC
diagnosis and state of residence at diagnosis. Violations of the proportional hazards assumption were assessed by visual inspection
of Kaplan Meier curves and in Schoenfeld residuals tests. The vce
(robust) option was used to obtain robust standard errors for the
parameter estimates to control for mild violation of underlying assumptions.

Clinical and sociodemographic characteristics of HCC
Clinical and sociodemographic characteristics for HCC in Indigenous and non-Indigenous cases are shown in Table 1. Indigenous
Australians were younger when diagnosed with HCC with mean
age at diagnosis 59.9 years (SD = 12.0) vs. 65.4 years (SD = 11.9,
p < 0.001). In addition a signiﬁcantly higher proportion of Indigenous Australians were diagnosed with HCC at an age less than 50
years (17.0% vs. 7.1%, p < 0.001). The relative proportion of Indigenous women (31.4%) with HCC was higher than that seen in
the non-Indigenous population (18.4%, p < 0.001). Data on tumour
characteristics was only available for NT HCC cases. Tumour size
was signiﬁcantly greater in Indigenous vs. non-Indigenous patients
(79.0 mm vs 50.5 mm, p < 0.001), indicative of more advanced
disease at presentation. Tumours were predominantly single nodules at presentation with no differences in multifocal presentation
between the groups.
Over half of Indigenous people with HCC lived in remote/very
remote areas (52.8% vs. 2.8% in non-Indigenous, p < 0.001), and
in areas of most disadvantage (48.1% vs. 20.7% in non-Indigenous,
p < 0.001). Indigenous Australians had a higher comorbidity burden reﬂected by a signiﬁcantly higher median Charlson comorbidity index (3.1 vs. 2.5, p < 0.001). Diabetes (48.0% vs. 29.3%,
p < 0.001), chronic renal disease (28.8% vs. 10.1%, p < 0.001),
chronic pulmonary disease (12.2% vs. 6.0%), ischaemic heart disease (5.7% vs. 2.9%, p = 0.017), and dementia (4.8% vs. 1.8%) were
signiﬁcantly more common in the Indigenous HCC cohort.
There were 35 ‘Torres Strait Islanders only/and Aboriginal’ cases
included in the study. Except for age at diagnosis, they had similar
demographic characteristics as Aboriginal cases (gender p = 0.99,
rurality of residence p = 0.087, socioeconomic advantage and disadvantage p = 0.30). ‘Torres Strait Islanders only/and Aboriginal’
were signiﬁcantly older than Aboriginal cases (63.6 years vs 59.2
years, p = 0.043)

Ethics approvals

Rates of cirrhosis and cirrhosis-related complications

This study was approved by the Human Research Ethics Committee of the Northern Territory Department of Health and Menzies School of Health Research (2019–3365), SA Department for
Health (HREC/19/SAH/45), Aboriginal Health Research Ethics Committee (04–19–829), QIMR Berghofer Medical Research Institute
(P3506), and Queensland Health (HREC/17/QPAH/23).

Rates of cirrhosis and cirrhosis-related complications are shown
in Table 2. The majority of HCC occurred in patients with known
cirrhosis in both Indigenous and non-Indigenous groups (89.1% vs
92.4%, p = 0.071). The most common complication of cirrhosis in
both groups was ascites, with approximately one-in-four (26.6% of
Indigenous vs. 27.9% of non-Indigenous cases; p = 0.670) having at
least one hospital admission where ascites was documented. Only
one complication of cirrhosis, hepatic encephalopathy, signiﬁcantly
varied between the groups, with 14.0% of Indigenous HCC cases
having at least one hospital admission with documented hepatic
encephalopathy (vs. 6.6% for non-Indigenous cases; p < 0.001).

Role of funding source
The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report.
All authors had full access to the datasets received from relevant
governmental data custodians the used for the study analyses. The
corresponding author had the ﬁnal responsibility to submit for
publication.

Aetiology and cofactors for HCC
Aetiology and cofactors for HCC in Indigenous and nonIndigenous Australians are shown in Table 3. Alcohol was an aetiological factor in over half of Indigenous and over one-third
of non-Indigenous HCC (54.1% vs. 39.6%, p < 0.001). HCC secondary to chronic HBV occurred in Indigenous people about
2.5 times more frequently than non-Indigenous (25.3% vs. 9.9%,
p < 0.001). In contrast, HCC secondary to chronic hepatitis C infection (HCV) was more frequent in the non-Indigenous cohort
(27.1% vs 16.6%, p < 0.001). Although coding could not capture
signiﬁcant differences between groups for non-alcoholic fatty liver
disease (NAFLD)/non-alcoholic steatohepatitis (NASH), a surrogate

Adherence to record guidelines
The manuscript adhered strictly to RECORD guidelines and a
checklist is included as Supplementary Table 1.
Results
A total of 248 Indigenous and 4063 non-Indigenous HCC cases
were identiﬁed (Fig. 1). A total of 229 Indigenous and 3587 non3
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Fig. 1. Flow chart of HCC case ascertainment.
Table 1
Clinical and sociodemographic characteristics of HCC in Indigenous and non-Indigenous Australians.

Age at diagnosis (years; mean, SD)
Less than 50 years at diagnosis
Gender

Male
Female

Maximum tumour size (mm; mean, SD)∗
Multiple tumour nodules∗
Rurality of residence (ARIA+)

Socioeconomic advantage
and disadvantage (IRSAD)

Charlson comorbidity index (median, IQR)
Charlson comorbidity group

Major city
Inner regional
Outer regional
Remote/very remote
Q1 most aﬄuent
Q2
Q3
Q4
Q5 most disadvantaged
CCI=0 (no comorbidity)
CCI=1
CCI=2
CCI≥3

Non-Indigenous
N = 3587

Indigenous
N = 229

Total
N = 3816

65.4
254
2926
661
50.5
7
2227
563
514
96
359
628
629
750
618
2.5
1455
360
525
1247

59.9
39
157
72
79.1
3
30
10
63
115
15
23
26
30
87
3.1
61
22
39
107

65.1
293
3083
733

(11.9)
(7.1%)
(81.6%)
(18.4%)
(27.0)
(7%)
(65.5%)
(16.6%)
(15.1%)
(2.8%)
(12.0%)
(21.0%)
(21.1%)
(25.1%)
(20.7%)
(2.9)
(40.6%)
(10.0%)
(14.6%)
(34.8%)

(12.0)
(17.0%)
(68.6%)
(31.4%)
(47.4)
(3%)
(13.8%)
(4.6%)
(28.9%)
(52.8%)
(8.3%)
(12.7%)
(14.4%)
(16.6%)
(48.1%)
(3.0)
(26.6%)
(9.6%)
(17.0%)
(46.7%)

2257
573
577
211
374
651
655
780
705
2.5
1516
382
564
1354

p-value

(12.0)
(7.7%)
(80.8%)
(19.2%)

(62.4%)
(15.8%)
(15.9%)
(5.8%)
(11.8%)
(20.6%)
(20.7%)
(24.6%)
(22.3%)
(2.9)
(39.7%)
(10.0%)
(14.8%)
(35.5%)

<0.001
<0.001
<0.001
<0.001
0.33
<0.001

<0.001

0.002
<0.001

∗
Data of tumour size and number was only available from the Northern Territory and included 96 Indigenous and 97 non-Indigenous
HCC cases.

Table 2
Cirrhosis and cirrhosis-related complications according to Indigenous status.

Cirrhosis
Ascites
Hepatic encephalopathy
Jaundice
Hepatorenal syndrome
Spontaneous bacterial peritonitis
Oesophageal/gastric varices with/without bleeding
Variceal bleeding

Non-Indigenous
N = 3587

Indigenous
N = 229

Total
N = 3816

p-value

3314
1002
237
38
115
151
752
302

204
61
32
3
6
14
44
15

3518
1063
269
41
121
165
796
317

0.071
0.670
<0.001
0.720
0.620
0.170
0.530
0.320

(92.4%)
(27.9%)
(6.6%)
(1.1%)
(3.2%)
(4.2%)
(21.0%)
(8.4%)

(89.1%)
(26.6%)
(14.0%)
(1.3%)
(2.6%)
(6.1%)
(19.2%)
(6.6%)

(92.2%)
(27.9%)
(7.0%)
(1.1%)
(3.2%)
(4.3%)
(20.9%)
(8.3%)

Table 3
Cofactors for HCC in Indigenous and non-Indigenous Australians.

Alcohol
HBV
HCV
NAFLD/NASH
Diabetes
Obesity
Cumulative risk

∗∗

0
1
≥2

Non-Indigenous
N = 3587

Indigenous
N = 229

Total
N = 3816

1421
355
972
279
1051
237
1054
1368
1165

(39.6%)
(9.9%)
(27.1%)
(7.8%)
(29.3%)
(6.6%)
(29.4%)
(38.1%)
(32.5%)

124
58
38
14
110
17
32
80
117

(54.1%)
(25.3%)
(16.6%)
(6.1%)
(48.0%)
(7.4%)
(14.0%)
(34.9%)
(51.1%)

1545
413
1010
293
1161
254
1086
1448
1282

(40.5%)
(10.8%)
(26.5%)
(7.7%)
(30.4%)
(6.7%)
(28.5%)
(37.9%)
(33.6%)

<0.001
<0.001
<0.001
0.360
<0.001
0.630
<0.001

127
564
595
67

(3.5%)
(15.7%)
(16.6%)
(1.9%)

31
30
57
5

(13.5%)
(13.1%)
(24.9%)
(2.2%)

158
594
652
72

(4.1%)
(15.6%)
(17.1%)
(1.9%)

<0.001
0.290
0.001
0.730

p-value

Combined aetiology groups
Alcohol + HBV
Alcohol + HCV
Alcohol + HBV or HCV
NAFLD/NASH + HBV or HCV
∗∗

Count of risk factors namely alcohol, HBV, HCV, obesity, and diabetes;.
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Table 4
HCC treatment in Indigenous and non-Indigenous Australians.

Liver resection
Ablation
Trans arterial chemoembolization
Transplant
Any HCC treatment
Curative HCC therapy given∗
∗

Non-Indigenous
N = 3587

Indigenous
N = 229

Total
N = 3816

p-value

263
176
762
139
1035
519

8
5
24
5
36
15

271
181
786
144
1071
534

0.028
0.060
<0.001
0.280
<0.001
<0.001

(7.3%)
(4.9%)
(21.2%)
(3.9%)
(28.9%)
(14.5%)

(3.5%)
(2.2%)
(10.5%)
(2.2%)
(15.7%)
(6.6%)

(7.1%)
(4.7%)
(20.6%)
(3.8%)
(28.1%)
(14.0%)

liver resection, ablation, or transplant.

Fig. 2. Annual risk of HCC in HBV-infected Indigenous Australians.

for metabolic associated fatty liver disease, diabetes, was signiﬁcantly more common in Indigenous HCC patients (48.0% vs. 29.3%,
p < 0.001).
Clustering of cofactors was signiﬁcantly more common in the
Indigenous group, with a higher cumulative number of cofactors
(alcohol, HBV, HCV, obesity and diabetes) amongst Indigenous Australians (p < 0.001). Indeed the majority of Indigenous cases had at
least two cofactors for HCC (51.1% vs. 32.5%, p < 0.001). The most
common cluster of cofactors in Indigenous HCC cases was the combination of alcohol and viral hepatitis (either HBV or HCV), present
in 24.9% of the Indigenous cohort, compared with 16.6% of nonIndigenous cases (p = 0.001).

2.5%.[10] As illustrated in Fig. 2, the individual annual risk of
HCC in HBV-infected Indigenous men aged 40–49 years was 0.23%,
0.42% for 50–59 years, 0.82% for 60–69 years and 0.91% for 70–79
years. Corresponding estimates for Indigenous women were 0.03%,
0.16%, 0.08% and 0.17%, respectively.
In an analysis restricted to HBV-related HCC amongst Indigenous Australians, alcohol as aetiology varied according to age
group. Alcohol plus HBV as aetiological factors were present in
86.0% of Indigenous cases <50 years at HCC diagnosis (vs. 43.0%
of Indigenous patients 50+ years, p = 0.005). There were no other
signiﬁcant differences between the groups for cofactors or cumulative cofactor risk. The majority of patients were cirrhotic in both
age groups of HBV-related HCC (93% >50 years and 100% < 50
years, p = 0.32).

HCC treatment
Indigenous cases were less likely to undergo HCC treatment
(Table 4). 15.7% of Indigenous cases received any HCC treatment
vs. 28.9% of non-Indigenous cases with HCC receiving treatment
(p < 0.001). Curative-intent treatment was provided less frequently
to Indigenous people with HCC than non-Indigenous (6.6% vs.
14.5%; p < 0.001).

Survival
The median time from diagnosis to death was shorter in Indigenous people; 150 days (IQR 55–473) vs. 290 days for nonIndigenous cases (IQR 79–781), with median survival time 276
days (IQR 76–761) overall. The probability of 5-year survival
was 10.0% (95%CI 5.5%−16.0%) versus 17.3% (95%CI 15.8%−18.8%;
p < 0.001), as demonstrated in Fig. 3. This disparity was reﬂected
in the unadjusted hazard rate, which was 42% higher for Indigenous cases compared to their counterparts (HR=1.42 95%CI 1.21–
1.65, p < 0.001; Table 5).

Attributable risk of HCC in HBV-infected Indigenous Australians
Amongst Indigenous cases with chronic HBV infection, individual annual risk of HCC was estimated assuming that the prevalence of chronic HBV infection in Indigenous Australian adults is
5
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Fig. 3. Kaplan Meier survival curve for HCC in Indigenous and non-Indigenous Australian.

Table 5
Predictors of mortality amongst Indigenous and non-Indigenous Australians with HCC.
Unadjusted

Indigenous status
Gender
Age group

Period of diagnosis

State of residence

Rurality of residence
(ARIA+)

Charlson comorbidity group

Diabetes
Obesity
Alcohol
HBV
HCV
NAFLD
Cumulative risk

∗∗

Cirrhosis
Curative HCC therapy∗∗∗

Indigenous (vs. non-Indigenous)
Female (vs. male)
<50 years
50–59 years
60–69 years
70 years and over
2000–2009
2010–2013
2014–2017
Queensland
Northern Territory
South Australia
Major city
Inner regional
Outer regional
Remote/very remote
CCI=0 (no comorbidity)
CCI=1
CCI=2
CCI≥3
(vs. not)
(vs. not)
(vs. not)
(vs. not)
(vs. not)
(vs. not)
0
1
≥2
(vs. not)
(vs. not)

∗

95%CI

p-value

HR

95%CI

p-value

1.42
1.15
1.02
1.00
1.18
1.74
1.12
1.01
1.00
1.00
1.18
1.00
1.00
1.18
1.35
1.44
1.00
1.08
1.21
1.97
1.04
0.68
0.89
0.70
0.65
0.56
1.00
0.87
0.70
0.43
0.20

1.21–1.65
1.05–1.26
0.87–1.19

<0.001
0.003
<0.001∗

1.20
1.07
0.97
1.00
1.07
1.27
1.01
0.98
1.00
1.00
0.66
0.60
1.00
1.07
1.24
1.26
1.00
1.16
1.41
1.89
0.75
0.73
0.98
0.82
0.86
0.69
1.00
1.06
1.05
0.63
0.22

0.97–1.47
0.97–1.18
0.82–1.16

0.087
0.181
<0.001∗

Overall signiﬁcance.
Count of risk factors namely alcohol, HBV, HCV, obesity, and diabetes.
∗∗∗
liver resection, ablation, or transplantation.
∗∗
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Adjusted

HR

1.07–1.31
1.58–1.90
1.02–1.22
0.92–1.10

0.038∗

0.134∗
1.00–1.39
0.93–1.08
<0.001∗
1.06–1.32
1.22–1.50
1.23–1.68
<0.001∗
0.95–1.24
1.08–1.36
1.81–2.14
0.96–1.12
0.58–0 0.81
0.82–0.96
0.61–0.80
0.60–0.71
0.48–0.64
0.80–0.95
0.64–0.77
0.37–0.50
0.18–0.23

0.385
<0.001
0.001
<0.001
<0.001
<0.001
<0.001∗

<0.001
<0.001

0.95–1.19
1.14–1.43
0.91–1.12
0.89–1.07

0.751∗

<0.001∗
0.52–0.83
0.55–0.67
<0.001∗
0.96–1.19
1.11–1.38
1.02–1.56
<0.001∗
1.01–1.34
1.23–1.63
1.70–2.10
0.64–0.89
0.59–0.91
0.84–1.15
0.70–0.97
0.73–1.00
0.59–0.82
0.89–1.24
0.77–1.43
0.53–0.74
0.19–0.26

0.001
0.004
0.838
0.020
0.057
<0.001
0.725∗

<0.001
<0.001
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In multivariable analysis, the disparity in survival between Indigenous and non-Indigenous cases was mostly explained by differences in sociodemographic factors, comorbidities, obesity, cirrhosis, diabetes, state of residence, period of diagnosis, and receipt of curative treatment. Adding sociodemographic factors (age,
sex, remoteness of residence, and state of residence at diagnosis;
adj-HR = 1.34 95%CI 1.10–1.64), comorbidities, diabetes, obesity
and cirrhosis (adj-HR=1.32 95%CI 1.13–1.55), and receipt of curative treatment (adj-HR=1.28 95%CI 1.09–1.50), one at a time, decreased the hazard ratio slightly. Adding presence of multiple cofactors, namely alcohol, HBV, HCV, obesity, and diabetes increased
the hazard ratio (adj-HR=1.54 95%CI 1.32–1.79). Adding aetiology
(alcohol, HBV, HCV and NAFLD/NASH) did not alter the hazard ratio (adj-HR=1.44 95%CI 1.23–1.69). The ﬁnal adjusted hazard ratio was 1.20 (95%CI 0.97–1.47; Table 5). Socioeconomic advantage
and disadvantage was not associated with survival in both bivariable (p = 0.414) and multivariable analyses (p = 0.072 adjusted
for all variables included in Table 5). The strongest predictors of
mortality were higher comorbidity burden (CCI≥3 vs. CCI=0 adjHR = 1.89, 95%CI 1.70–2.10) and remote/very remote place of residence (adj-HR = 1.26, 95%CI 1.01–1.56). Factors associated with
improved survival following a HCC diagnosis included receipt of
potentially curative procedures (adj-HR = 0.22, 95%CI 0.19–0.26),
presence of cirrhosis (adj-HR=0.63, 95%CI 0.53–0.74), NAFLD/NASH
(adj-HR = 0.69, 95%CI 0.59–0.82), obesity (adj-HR 0.73, 95%CI
0.59–0.91), diabetes (adj-HR 0.75, 95%CI 0.64–0.86), and HBV (adjHR 0.82, 95%CI 0.70–0.97).

misuse may be a particularly potent cofactor for HCC in Indigenous Australians given the relatively higher rate of other cofactors,
such as viral hepatitis and metabolic associated fatty liver disease.
Therefore, identifying individuals at higher risk of harm from alcohol, such as those with cofactors, and addressing these risks in
a targeted way at a community level, is likely to be an important
intervention to reduce excess HCC incidence and mortality risk in
Indigenous Australians.
The association of chronic HBV with HCC in Indigenous Australians was conﬁrmed by the study. HBV was found in approximately 25% of Indigenous HCC cases. The high prevalence of HBV
in Indigenous Australians (2.5%) is well described, particularly in
remotely living Indigenous Australians where the prevalence estimate of infection is 5.5% [13]. Clearly efforts to vaccinate, screen
for infection and improve HBV antiviral treatment uptake will be
critical and cost effective measures in reducing the incidence and
mortality of HCC in Indigenous Australians and are likely to be cost
effective. However, an exclusive focus on HBV and HCC surveillance
in HBV patients is unlikely to reduce the overall HCC burden of disease in this population.
An important ﬁnding is the frequent association of markers
of metabolic syndrome with HCC in Indigenous Australians. The
knowledge of non-alcoholic fatty liver disease was evolving during
the study period which commenced in 20 0 0, so it is unsurprising
that few patients received codes for this diagnosis. More reliable
data were available for diabetes coding, an important marker of
metabolic associated fatty liver disease. Diabetes was present in
48% of Indigenous HCC, signiﬁcantly higher than the prevalence
in non-Indigenous HCC (29%), again suggesting the relatively more
important role of metabolic associated fatty liver disease in Indigenous HCC. The relatively higher prevalence of obesity (1.5-fold
higher) and diabetes (3-fold higher) in Indigenous Australians have
been previously well described [14,15] and our ﬁndings are consistent with this. However, the 48% prevalence of diabetes in Indigenous Australians with HCC far exceeds the age adjusted estimated
diabetes prevalence in the overall Indigenous population (12.6%)
[14]. Understanding the importance of obesity and metabolic syndrome as a cofactor for HCC in Indigenous Australians will therefore be critical in planning future interventions.
An important and novel ﬁnding from this study is the frequent
presence of multiple HCC cofactors in Indigenous Australians. Over
half of Indigenous Australians had multiple cofactors for HCC, signiﬁcantly higher than for non-Indigenous Australians. The frequent
clustering of HCC cofactors (in particular alcohol + viral hepatitis
and alcohol + metabolic associated fatty liver disease) is a likely
driver of earlier disease onset and poorer survival in Indigenous
Australians. A thorough assessment of all HCC cofactors is likely to
be critical for accurate assessment of HCC risk in Indigenous Australians with chronic liver disease.
The poorer survival of Indigenous Australians with HCC was
conﬁrmed by this study on unadjusted analysis. However, on
multivariate analysis the strength of the association between Indigenous status and survival was weaker and statistically nonsigniﬁcant after adjusting for rurality, comorbidity burden and lack
of curative therapy (adjusted-HR=1.20 95%CI 0.97–1.47). As only
6.4% of study patients were Indigenous, we therefore cannot exclude that a statistically signiﬁcant association exists, and that a
larger study, containing more Indigenous patients and greater statistical power, may ﬁnd such an association. However, study ﬁndings suggest that other sociodemographic factors were important
contributors to the survival in both Indigenous and non-Indigenous
groups. Three variables, remoteness, comorbidity burden, and lack
of curative therapy, were statistically signiﬁcantly associated with
poorer survival on multivariate analysis. Indeed the negative effects
of rurality and higher comorbidity burden on many diseases are
well known in all populations.

Survival according to Aboriginal and Torres Strait Islander status
Supplementary Figure 1 shows the Kaplan Meier survival curves
for HCC cases comparing ‘Aboriginal only’, ‘Torres Strait Islander
only or both Aboriginal and Torres Strait Islander’, and nonIndigenous Australians. The median time from diagnosis to death
was 152 days(IQR 57–486) for Aboriginal only, 104 days (IQR 35–
251) for Torres Strait Islander only/both Aboriginal and Torres Strait
Islander, and 290 days for non-Indigenous cases (IQR 79–781;log
rank p < 0.001). This disparity was reﬂected in the unadjusted hazard rate which was 36%higher for Aboriginal only cases (HR = 1.36
95%CI 1.15–1.61) and 81% higher for Torres Strait Islander only/both
Aboriginal and Torres Strait Islander (HR = 1.81 95%CI 1.26–
2.60;p < 0.001) compared to non-Indigenous Australians. In multivariable analysis, the disparity in survival between these three
groups were no longer statistically signiﬁcant, for Aboriginal only
cases the adj-HR=1.16 (95%CI 0.93–1.46) and for Torres Strait Islander only/both Aboriginal and Torres Strait Islander adj-HR=1.36
(95%CI 0.92–2.00; p = 0.160).
Discussion
This study provides the ﬁrst multi-jurisdictional, detailed epidemiological data concerning HCC in a large cohort of Indigenous
Australians. Although broad details of HCC epidemiology in Indigenous Australian are known from national registry data [3], such as
the younger onset and the more frequent presentation in women,
more granular details are lacking. The signiﬁcantly higher comorbidity burden, the more frequent remoteness and greater socioeconomic disadvantage in the Indigenous HCC cohort are novel ﬁndings that are likely to be drivers of survival disparity observed between Indigenous and non-Indigenous people with HCC. The study
data also deﬁne important cofactors associated with HCC in Indigenous Australians, not previously identiﬁed.
Alcohol remains the most prevalent cofactor for HCC, with a
history of alcohol misuse identiﬁed in 55% of Indigenous HCC
patients, compared with 40% of non-Indigenous patients. Alcohol
7
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An important question arising from the study is how it informs
HCC surveillance practice for Indigenous Australians living with
HBV. Concerns about aggressiveness of HBV disease in Indigenous
Australians relating to a unique C4 genotype, identiﬁed in some
Indigenous populations have been raised, although the clinical relevance of this genotype across the entire heterogenous Indigenous Australian population has not been ﬁrmly established [16].
Recently developed Australian HCC guidelines [17] have suggested
that non-cirrhotic Indigenous Australians living with CHB should
commence HCC surveillance from age 50, on the basis of an estimated HCC incidence of 0.36 to 0.9% per year, derived from a small
study of HCC in the Northern Territory [4]. and modelling data
from other high risk populations, where cost effectiveness of HCC
surveillance has been suggested when the incidence is >0.2%/year
[18]. Data from this larger, multi-jurisdictional study suggest that
HCC surveillance should be considered in males from age 40, on
the basis of an annual HCC incidence rate of 0.23%. However, a
limitation of such a recommendation is that all HBV-related HCC
cases in patients less than 50 years occurred in cirrhotic individuals, where traditionally higher annual incidence rates of HCC (1.5%)
are required for cost effectiveness of surveillance. Relatively small
numbers of HBV-related HCC cases (58 in total) also limit conclusions. Further studies are required to provide local cost effectiveness data (particularly as costs of HCC surveillance in remote Indigenous communities are likely to be higher) and more precise
estimates of HCC risk in Indigenous Australians living with HBV
using multiple data inputs including ﬁbrosis status, activity of HBV
(viral load, hepatitis e antigen status, ALT), age, sex, family history
of HCC and number of HCC cofactors.
Improving outcomes of HCC for Indigenous Australians will be a
signiﬁcant challenge. The linkage of high HCC incidence and mortality with social determinants of health suggests that interventions are unlikely to be successful unless they also involve public health measures aimed at reducing social disadvantage and improving access to care. Anticipated beneﬁcial effects from HBV vaccination and new HCV therapies on future HCC incidence may be
diminished by the current obesity epidemic, which has disproportionately affected Indigenous Australians. Interventions will require
substantial consultation and co-design with Indigenous communities to ensure cultural appropriateness. Early qualitative work has
suggested that there are substantial educational barriers to address
in order for often asymptomatic conditions to be prioritized by
Indigenous Australians and to overcome common fears of cancer
[19]. The use of educational tools in traditional language will also
be critical in remote communities where English is often a second language [20]. Solving the “tyranny of distance” to deliver high
quality liver ultrasound surveillance to at-risk individuals in remote communities represents another signiﬁcant health challenge.
However, the advent of simple serum based ﬁbrosis tests, together
with high quality mobile ultrasound devices, has already led to the
development of mobile liver clinics to remote Indigenous communities in a number of Australian jurisdictions, with improved rates
of HCC surveillance reported [21]. High quality studies evaluating
the effectiveness and cost effectiveness of this model of care are
an important research priority.
The study has a number of limitations. Firstly, it did not include
all Australian jurisdictions. This in part relates to the diﬃculty of
data linkage studies in Australia where there is no national or uniform data linkage process. However, the study was able to combine
data for a signiﬁcant time period and from three large jurisdictions,
representing 43% of the Indigenous Australian population [22]. The
poor coding for obesity and non-alcoholic fatty liver disease in
hospital separations data made interpretation of the inﬂuence of
metabolic associated fatty liver disease on HCC challenging. However, using the available data and a surrogate marker for obesity
and diabetes, important ﬁndings emerged. Finally, our data were

not able to provide information on prior performance of ultrasound
that could indicate involvement in a surveillance program. Obtaining this data would be an important future study.
This study adds important data to better characterise HCC epidemiology and cofactors and their contribution to survival in Indigenous Australians. It highlights signiﬁcant barriers and opportunities to address. It is hoped that such data will assist with a
greater recognition of the burden of chronic liver disease in Indigenous Australians, the sixth leading cause of death in this population [23] and the third leading cause of the mortality gap between Indigenous and non-Indigenous Australians due to chronic
disease [24]. These data will assist governments and Indigenous
health care organizations to address this risk and design interventions to reduce the HCC mortality gap.
Declaration of Competing Interest
Authors disclose the following interests related to this
manuscript.
Alan Wigg; Gastroenterology Society of Australia Members’
Grant 2019, National Health and Medical Research Council Partnership Grant (GN1170032) 2019, Roche Pharmaceuticals honorarium.
Jane Davies; Medical Research Future Fund Investigator Grant,
National Health and Medical Research Council Early Career Fellowship, Australian Society for HIV Medicine honorarium.
All other authors have nothing to disclose.
Acknowledgments
The work was supported by an unrestricted educational grant
from the Gastroenterology Society of Australia.
Author contributions
Alan Wigg-study design, data interpretation, manuscript writing
Sumudu Narayana-data collection, data analysis, ethics and governance approvals, manuscript review
Gunter Hartel-data analysis and manuscript review
Linda Medlin-manuscript review
Greg Pratt-manuscript review
Elizabeth Powell-manuscript review
Paul Clark-manuscript review
Jane Davies-manuscript review
Kirsty Campbell-manuscript review
Maree Toombs-manuscript review
Michael Larkin-manuscript review
Patricia Valery-study design, data collection, data analysis,
ethics and governance approvals, manuscript writing, manuscript
review
Funding statement and acknowledgements
The work was supported by an unrestricted educational grant
from the Gastroenterology Society of Australia. Patricia Valery and
Elizabeth Powell were supported by Metro South Health Indigenous Health Research Grants.
Data sharing statement
The ﬁnal dataset used for all analyses used in this study is
securely stored by the senior author Patricia Valery at QIMR
Bergohoffer Medical Research Institute Queensland. The dataset
can be accessed via request to the corresponding author of the
manuscript, Professor Alan Wigg.
8

A.J. Wigg, S.K. Narayana, G. Hartel et al.

EClinicalMedicine 36 (2021) 100919

Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.eclinm.2021.100919.
References
[1] Australian Institute of Health and Welfare Cancer in australia 2017. cancer series no.101. CAT. no. CAN 100. Canberra: AIHW; 2017.
[2] Blumberg BS, Alter HJ, Visnich SA. New" antigen in leukemia sera. JAMA
1965;191:541–6.
[3] Australian Institute of Health and Welfare Cancer in Aboriginal & Torres
Strait Islander people of Australia. CAT. no. CAN 109, Canberra: AIHW;
2018. Viewed 23 February 2020
https://www.aihw.gov.au/reports/cancer/
cancer- in- indigenous- australians .
[4] Parker C, Tong SY, Dempsey K, Condon J, Sharma SK, Chen JW, et al. Hepatocellular carcinoma in Australia’s Northern Territory: high incidence and poor
outcome. Med J Aust 2014;201(8):470–4.
[5] Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of nonalcoholic fatty liver disease: practice guidance from the American association for the study of liver diseases. Hepatology
2018;67(1):328–57.
[6] Australian Institute of Health and Welfare Rural, regional and remote health: a
guide to remoteness classiﬁcations. CAT. no. PHE 53. Canberra: AIHW; 2004.
[7] Australian Bureau of Statistics (ABS) Census of population and housing: socio-economic indexes for areas (SEIFA), Australia, 2006. Canberra, Australia:
ABS; 2008.
[8] Hayward KL, Johnson AL, McKillen BJ, Burke NT, Bansal V, Horsfall LU,
et al. ICD-10-AM codes for cirrhosis and related complications: key performance considerations for population and healthcare studies. BMJ Open Gastroenterol 2020;7(1).
[9] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis 1987;40(5):373–83.
[10] Viral Hepatitis mapping project: geographic diversity in chronic hepatitis B and
C prevalence, management and treatment. National Report 2017.
[11] Waziry R, Grebely J, Amin J, Alavi M, Hajarizadeh B, George J, et al. Survival
following hospitalization with hepatocellular carcinoma among people notiﬁed with hepatitis B or C virus in Australia (20 0 0-2014). Hepatol Commun
2017;1(8):736–47.
[12] Clark PJ, Stuart KA, Leggett BA, Crawford DH, Boyd P, Fawcett J, et al. Remoteness, race and social disadvantage: disparities in hepatocellular carcinoma incidence and survival in Queensland. Australia. Liver Int. 2015;35(12):2584–94.
[13] Viral Hepatitis Mapping Project: national Report 2017 Published by: Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine (ASHM).
[14] Australian Institute of Health and Welfare Diabetes. CAT. no. CVD 82, Canberra: AIHW; 2020. Viewed 27 August 2020 https://www.aihw.gov.au/reports/
diabetes/diabetes .
[15] Aboriginal and Torres Strait Islander Health Performance Framework 2014 Report . 2.22 Overweight and obesity.
[16] Davies J, Smith EL, Littlejohn M, Edwards R, Sozzi V, Jackson K, et al. Towards
genotype-speciﬁc care for chronic hepatitis b: the ﬁrst 6 years follow up from
the CHARM cohort study. Open Forum Infect Dis 2019;6(11):ofz469.
[17] https://www.mja.com.au/journal/2020/214/10/australian- recommendations- management- hepatocellular- carcinoma- consensus.
[18] Bruix J, Sherman M. American association for the study of liver D. Management of hepatocellular carcinoma: an update. Hepatology 2011;53(3):1020–2.
[19] Davies J, Bukulatjpi S, Sharma S, Davis J, Johnston V. Only your blood can tell
the story"–a qualitative research study using semi-structured interviews to explore the hepatitis B related knowledge, perceptions and experiences of remote dwelling Indigenous Australians and their health care providers in northern Australia. BMC Public Health 2014;14:1233.
[20] Davies J, Bukulatjpi S, Sharma S, Caldwell L, Johnston V, Davis JS. Development of a culturally appropriate bilingual electronic app about hepatitis B
for indigenous australians: towards shared understandings. JMIR Res Protoc
2015;4(2):e70.
[21] Hla TK, Bukulatjpi SM, Binks P, Gurruwiwi GG, Dhurrkay RG, Davies JA. "One
stop liver shop" approach improves the cascade-of-care for Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B in the Northern
Territory of Australia: results of a novel care delivery model. Int J Equity Health
2020;19(1):64.
[22] Australian Bureau of Statistics. 32380550 01DO0 03_201609 Estimates of Aboriginal and Torres Strait Islander Australians, June 2016. Released at 11:30 am
(Canberra time) Thursday 13 September 2018.
[23] Leading causes of death in Indigenous Australians, 2018. ABS, 3303.0 - Causes
of Death, Australia, 2018.
[24] Australian Institute of Health and Welfare Contribution of chronic disease to
the gap in adult mortality between Aboriginal And Torres Strait Islander and
other Australians. CAT. no. IHW 48. Canberra: AIHW; 2010 .

9

