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Abstract

Objective: To assess data quality of 

cancer registrations for Indigenous 

Australians and produce reliable national 

Indigenous cancer incidence statistics.

Methods: Completeness of Indigenous 

identification was assessed for the eight 

Australian cancer registries using an 

innovative indirect assessment method 

based on registry-specific registration 

rates for smoking-related cancers. National 

age-standardised incidence rates and rate 

ratios (Indigenous:non-Indigenous) were 

calculated for all cancers combined and 

26 individual cancer sites. Multivariate 

regression analysis was used to investigate 

trends in Indigenous cancer incidence 

by time or remoteness of residence, 

and whether the incidence rate ratio 

(Indigenous:non-Indigenous) was different 

in younger than older age-groups.

Results: Four registries covering 84% of 

the Indigenous population had sufficiently 

complete Indigenous identification to be 

included in analysis. Compared to other 

Australians, Indigenous Australians had 

much higher incidence of lung and other 

smoking-related cancers, cervix, uterus 

and liver cancer, but much lower incidence 

of breast, prostate, testis, colorectal and 

brain cancer, melanoma of skin, lymphoma 

and leukaemia. Incidence was higher in 

remote areas for some cancers (including 

several smoking-related cancers) but lower 

for others. The incidence rate ratios (IRRs) 

for smoking-related cancers were higher in 

younger than older people.

Conclusions: Indigenous Australians have 

a different pattern of incidence of specific 

cancers than other Australians and large 

geographical variations for several cancers. 

Implications: All cancer registries need to 

further improve Indigenous identification, 

but national Indigenous cancer incidence 

statistics can, and should, be regularly 

reported. Tobacco control is a critical 

cancer-control issue for Indigenous 

Australians.
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Australia has a comprehensive 

system of cancer registration that 

covers the entire population and 

has produced accurate and detailed statistics 

on cancer incidence, mortality and survival 

for several decades. The system is based on 

separate population-based cancer registries 

in each jurisdiction (i.e. six States and two 

Territories), with national data compiled 

by the National Cancer Statistics Clearing 

House at the Australian Institute of Health 

and Welfare (AIHW). 

Unfortunately, comparable statistics 

are not available nationally or for most 

jurisdictions for Indigenous Australians,1 

who comprise 2.5% of the total Australia 

population and have much lower social, 

economic and environmental conditions, and 

health status, than other Australians.2 The 

Northern Territory (NT) Cancer Registry 

(NTCR) has regularly published cancer 

incidence, mortality and survival statistics 

for the NT Indigenous population, the South 

Australia (SA) Cancer Registry published one 

comprehensive report of Indigenous cancer 

statistics in 1996, and occasional reports 

have been published by cancer registries or 

by researchers using data from these registries 

in Western Australia (WA), New South Wales 

(NSW) and Queensland (QLD). The limited 

data that are available indicate that Indigenous 

Australians have a very different incidence of 

many cancers (some higher, some lower) than 

other Australians.1 

Indigenous people diagnosed with cancer 

are registered by Australia’s cancer registries, 

but many of them are not identif ied as 

Indigenous in the registers. Indigenous 

status is not included on pathology reports, 

the primary data source for cancer registries; 

they obtain information on Indigenous 

status from cancer treatment notifications 

(hospitals, radiotherapy centres) and from 

death notifications. The cancer registries 

of NT, WA and SA have published cancer 

incidence statistics for their Indigenous 

populations,3-5 but only the NTCR has 

assessed the accuracy of Indigenous status 

data in its register; for the period 1991-2001, it 

was estimated that the NTCR under-estimated 

Indigenous incidence rates by approximately 

18% (15% because of misclassification 

of Indigenous status and 3% because of 

incomplete case ascertainment).6 The AIHW 

has in recent years published statistics on 

Indigenous cancer incidence (most recently 
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including all jurisdictions except Tasmania (TAS) and the Australian 

Capital Territory (ACT)),2,7 but no formal assessment of data quality 

was undertaken and only limited information was reported.

As part of a project to investigate cancer survival for Indigenous 

Australians, we have assessed the accuracy of Indigenous status 

data in the national cancer registrations dataset using an indirect 

measure based on smoking-related cancers. Registrations from 

four jurisdictions that appear to have high data quality based on our 

analysis have been combined to produce reliable cancer incidence 

statistics for 84% of the Indigenous Australian population. Here 

we report on: the first comprehensive data quality assessment of 

Indigenous cancer registrations for all Australian cancer registries; 

and the first semi-national examination of age, sex, geographic and 

temporal variation in cancer incidence for Indigenous Australians. 

Methods
De-identified registration data for all registered malignant primary 

cancers (except non-melanotic skin cancers) diagnosed between 

1991 and 2005 were obtained from the National Cancer Statistics 

Clearing House.

Data quality
Accuracy of Indigenous status data was assessed by comparing 

Indigenous registration rates for lung cancer and for other tobacco-

attributable cancers8 for each jurisdiction with those for the NT, 

where accuracy of Indigenous status data is known. Lung cancer 

and other tobacco-attributable cancers were used for comparison 

because Indigenous smoking prevalence rates are known to be 

similar (approximately 50%) in all jurisdictions except the ACT, and 

to have changed relatively little since at least 1994 when the first 

national survey of Indigenous smoking prevalence was conducted 

(Table 1). If Indigenous smoking prevalence was also similar in each 

jurisdiction in the preceding 2-3 decades, it would be expected that 

the current incidence of lung cancer and other tobacco-attributable 

cancers would be similar in each jurisdiction, and that variations in 

registration rates of these cancers would be due to varying levels 

of misclassification of Indigenous status in these jurisdictions. This 

is an indirect measure of the completeness of Indigenous status, 

which we consider to be the best measure available from existing 

data sources. 

Age- and sex-adjusted cancer registration rates were calculated 

separately for Indigenous and non-Indigenous populations for each 

jurisdiction. The Indigenous Experimental Estimated Resident 

Population (ERP) for each jurisdiction, published by the Australian 

Bureau of Statistics,12 was used to calculate the Indigenous age-

standardised rates weighted by the age distribution of the 2001 

total Australian population. Non-Indigenous population estimates 

were calculated by subtracting the Indigenous ERP from the total 

Australian ERP. The age-standardised registration rate of ‘other 

tobacco-attributable cancers’ (excluding lung cancer) was calculated 

using previously published sex- and age-specific aetiological 

fractions for each cancer.8

A relatively high proportion of Indigenous cases present with 

metastatic disease and without identification of a primary site.1 

We assessed data quality for Indigenous versus non-Indigenous 

registrations in each jurisdiction by comparing the basis of diagnosis, 

including the proportion of cases registered with evidence of a 

microscopic diagnosis (histology, cytology or haematology) and the 

proportion registered on the basis of a death certificate only (DCO). 

Incidence rates
Data from registries found to have sufficiently complete 

Indigenous identification were combined to produce semi-national 

age-adjusted incidence rates, by sex, Indigenous status and cancer 

site. Incidence rates were calculated for all cancers combined (ICD-

10 codes C00-C96 excluding non-melanotic skin cancer C44), and 

for 26 specific cancer sites. Analysis was restricted to the period 

1998-2005 because the data quality assessment indicated that 

completeness of Indigenous identification increased considerably 

for these registries between 1991 and 1997, subsequently stabilising 

at a comparable level to the NT (see Results). The total Australian 

non-Indigenous population was the comparison group because 

there is little variation in total population cancer incidence rates 

between jurisdictions and the purpose of this analysis was to 

compare Indigenous with non-Indigenous cancer incidence at the 

national level to the extent possible.

Multivariate negative binomial regression was used (because the 

data was over-dispersed) to assess, for all cancers combined and for 

specific cancer sites: 1) differences between Indigenous and non-

Indigenous cancer incidence in younger compared with older age-

groups; 2) time trends; and 3) regional variation. The base regression 

Table 1: Estimates of smoking prevalence (%) in Indigenous adults.9-11 a

 

 

State/territory Australia
NSW VIC QLD SA WA TAS NT ACT Total Remote Non-remote

1994 53 59 50 58 51 49 50 43 52 np np

2002b 53 54 51 48 48 44 53 45 51 53 50

2008c 48 48 44 48 44 45 53 36 47 53 45
Notes: 
a. Current smoking (including occasional smoking) in Indigenous people aged 15 and over.
b. For 2002 the percentage of current smokers is the sum of percentages of daily & occasional smokers.
c. For 2008 the percentage for non-remote is the average of published percentages of major city and inner/outer regional areas, weighted by the Indigenous adult 

population in each area.
np. not published

Zhang et al. Article
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model for all analyses included terms for Indigenous status, sex, age 

at diagnosis (in five-year age-groups), square of age at diagnosis 

(because cancer incidence did not increase exponentially in the 

oldest age groups) and (for all cancers combined only) cancer site. 

The model to assess whether the ratio of Indigenous to non-

Indigenous cancer incidence rates was different in younger 

compared with older age-groups (as has previously been reported in 

the NT13) consisted of the base model plus: a term for age less than 

65 years or 65 years and over (‘age65’); and an interaction term for 

Indigenous status by age65. The model to assess time trends for the 

Indigenous compared with the non-Indigenous population consisted 

of the base model plus year of diagnosis and an interaction term for 

Indigenous status by diagnosis year. 

The model to assess regional variation for the Indigenous 

compared with the non-Indigenous population consisted of the 

base model plus remoteness category, and an interaction term for 

Indigenous status by remoteness. Remoteness was classified using 

the five remoteness categories of the Accessibility/Remoteness 

Index for Australia (ARIA).14 The 2006 Indigenous ERP figures by 

jurisdiction and remoteness category15 were used as the population 

denominator in this analysis. These sub-national population 

estimates included five-year age-groups up to age 65+; the age-

group 65+ was expanded to age-groups 65-69, 70-74 and 75+ 

by applying the age distribution within these age groups for the 

national Indigenous population in 2006 to the sub-national figures.12

Statistical analysis was carried out using STATA version 10. This 

project was approved by 13 Human Research Ethics Committees, 

including the relevant Indigenous committees/sub-committees, in 

all jurisdictions.

Results
Data quality

Indigenous identification

The lung cancer registration rate was high over the entire period 

in the NT (with considerable year-to-year variation because of 

the small number of cases each year), and increased considerably 

between 1991 and about 1998 in NSW, QLD and to a lesser extent 

WA (Figure 1). There was only a small increase from very low 

levels for each of the other four jurisdictions (Figure 2); separate 

registration rates for these four jurisdictions are not shown because 

Data Quality Estimating cancer incidence in Indigenous Australians

Figure 1: Registration rates by year of diagnosis,* Indigenous (high-identification registries) by jurisdiction and total 
Australian non-Indigenous.
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Figure 2: Indigenous 
registration rates† for 
combined high- or 
low-identification 
registries, compared 
with Australian non-
Indigenous rates, by 
year of diagnosis.

Table 2: Registration rates,a Indigenous (high-
identification registries) by jurisdiction and total 
Australian non-Indigenous, 1998-2005.

Lung cancer Other tobacco-
attributable 

cancers

All cancers 
combined

Rate 95% CI Rate 95% CI Rate 95% CI
Indigenous 

NSW 69 59-78 21 16-27 393 370-415

QLD 83 72-94 26 20-31 424 399-448

WA 54 41-66 25 17-34 339 309-369

NT 70 55-84 33 24-43 396 362-429

Non-Indigenous

Australia 43 43-43 18 18-18 458 457-459

Notes:
a. Annual age-adjusted registration rate per 100,000 population.

Table 3: Indigenous registration ratesa for combined 
high-identification compared with low-identification 
registries, by time period.

High-identification 
registries

Low-identification 
registries

Rate 95% CI IRRb Rate 95% CI IRRb

Lung cancer

1991-1993 34 26-41 0.7 16 6-27 0.4

1994-1997 47 39-54 1.0 22 12-32 0.5

1998-2001 73 65-82 1.7 20 11-28 0.5

2002-2005 69 61-77 1.6 32 21-43 0.7

Other tobacco-attributable cancers

1991-1993 11 7-15 0.6 6 0-12 0.3

1994-1997 16 12-20 0.8 4 0-8 0.2

1998-2001 25 20-30 1.3 5 1-9 0.3

2002-2005 25 20-30 1.4 9 3-14 0.5

All cancers combined

1991-1993 226 206-245 0.5 135 105-165 0.3

1994-1997 285 267-303 0.6 146 119-172 0.3

1998-2001 390 371-410 0.9 200 169-231 0.5

2002-2005 396 378-414 0.8 207 179-235 0.5

Notes:
a. Annual age-adjusted registration rate per 100,000 population.
b. Incidence rate ratio, Indigenous compared to non-Indigenous in the same 

registries.

Table 4: Demographic features of cases included in 
analysis, 1998-2005.

Indigenousa Non-Indigenousa

Total number of cases 4,410 712,436
Per cent of total

Sex

male 48.1 54.8

female 51.9 45.2

State/territory of residence

NSW 34.7 34.3

QLD 34.4 19.3

WA 14.7 9.0

NT 16.1 0.4

VIC na 24.4

SA na 8.7

TAS na 2.7

ACT na 1.3

Remoteness of residence

major city 27.2 65.4

inner regional 15.9 23.0

outer regional 26.4 9.9

remote 10.8 1.1

very remote 19.0 0.3

migratory 0.1 0.0

unknown 0.6 0.3

Age at diagnosis

0 to 34 years 8.4 4.0

35 to 54 years 32.1 18.4

55 to 74 years 47.1 47.0

75 years and over 12.5 30.6

mean age (years) 57.3 65.6

median age (years) 58.8 67.9

Notes:
a. Indigenous patients are from the four high-identification jurisdictions only, 

and non-Indigenous patients are from the whole of Australia.
na. not applicable
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1998-2005; these four registries cover 84% of the Indigenous 

Australian population. The non-Indigenous comparison group 

included cases registered as non-Indigenous cases for the whole of 

Australia in the same period. Indigenous cases were more likely than 

non-Indigenous cases to be female, aged under 55 years at diagnosis 

and resident in remote areas (partly because three jurisdictions 

with little or no remote area were excluded for Indigenous cases) 

(Table 4). 

Indigenous Australians had a different pattern of cancer incidence 

by site compared with other Australians (Tables 5 and 6): lower 

incidence of cancer of the breast, prostate, testis, colon and rectum, 

brain, melanoma of skin, lymphoma and leukaemia; but higher 

incidence of cancer of the lip/mouth/pharynx, lung, oesophagus, 

pancreas (all smoking-related), cervix, uterus and liver. The 

incidence of cancer of unknown primary site was also higher for 

Indigenous people, but not sufficiently high to explain the lower 

incidence of many cancer sites. 

Time trends

Only two cancer sites were found to have statistically significant 

time trends in cancer incidence for the Indigenous population 

between 1998 and 2005. The incidence of lymphoma increased 

by 112% for the Indigenous population; there was only a very 

of the very small and potentially identifiable number of cases in 

some jurisdictions. A similar pattern was found for the registration 

rates for other tobacco-attributable cancers (Figures 1 and 2). In 

1998-2005, the registration rates for lung cancer and for other 

tobacco-attributable cancers were higher than or close to the NT 

rates in NSW, QLD and WA (Table 2).

On this basis, it appears that Indigenous identification in cancer 

registrations was high in only four registries (NT, NSW, QLD and 

WA, the ‘high-identification’ registries) and (except for the NT) 

only for the years 1998-2005 (Figure 2, Table 3). 

Basis of diagnosis

There was little difference between Indigenous and non-

Indigenous people with cancer in regard to the evidence basis for 

their cancer diagnosis. In 1998-2005, 85-90% of Indigenous cases 

registered by the four high-identification registries were registered 

on the basis of microscopic evidence (NSW 90.1%, Qld 86.2%, WA 

85.2%, NT 88.1%) and 0.6-2.4% on death certificate only (NSW 

0.8%, Qld 2.4%, WA 0.6%, NT 1.8%), compared with 92% and 

1.1% respectively for total Australian non-Indigenous cases.

Cancer incidence

Cancer incidence rates were calculated for the four ‘high-

identification’ registries, NSW, QLD, WA and the NT, for the period 

Table 5: Number of cases and age-standardised incidence ratesa by Indigenous status,b 1998-2005, males.
Cancer site

 

Non-Indigenous 
rate

Indigenous
Number Rate 95% CI IRRc 95% CI

Lip, oral and pharynx 21 196 32 26-37 1.5 1.3-1.8

Oesophagus 8 84 18 13-22 2.1 1.7-2.8

Stomach 14 76 18 13-23 1.3 1.0-1.7

Colon and rectum 76 196 41 34-48 0.5 0.5-0.6

Anus 1 15 2 1-3 1.5 0.9-2.7

Liver 7 78 18 13-23 2.7 2.1-3.5

Pancreas 11 71 16 11-20 1.4 1.1-1.8

Larynx 6 44 9 6-12 1.6 1.1-2.3

Lung 62 426 100 89-111 1.6 1.4-1.8

Bone 5 31 4 2-6 0.9 0.6-1.6

Melanoma 57 36 9 5-12 0.2 0.1-0.2

Penis 1 4 1 0-2 1.1 0.3-4.0

Prostate 142 236 66 57-76 0.5 0.4-0.5

Testis 6 36 3 2-4 0.5 0.3-0.7

Kidney 17 67 13 9-17 0.8 0.6-1.1

Bladder 20 41 12 8-16 0.6 0.4-0.9

Brain 9 36 3 2-4 0.4 0.3-0.5

Thyroid 3 30 4 2-6 1.3 0.8-1.9

Unspecified 19 139 31 25-37 1.7 1.4-2.1

Lymphoma 24 99 14 10-18 0.6 0.4-0.8

Leukaemia 17 80 12 8-16 0.7 0.5-1.0

Others 23 102 21 16-25 0.9 0.7-1.1

All cancers combined 547 2,123 447 424-469 0.8 0.8-0.9

Other tobacco-attributable cancersd 29 211 44 37-51 1.5 1.3-1.8

Notes:
a. Age-adjusted rates per 100,000 population.
b. Indigenous patients are from the four high-identification jurisdictions only, and non-Indigenous patients are from the whole of Australia.
c. Incidence rate ratio, Indigenous compared to non-Indigenous.
d. Excluding lung cancer.

Data Quality Estimating cancer incidence in Indigenous Australians



482 AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH 2011 vol. 35 no. 5
© 2011 The Authors. ANZJPH © 2011 Public Health Association of Australia

small increase for the non-Indigenous population (Table 7). The 

incidence of cancer of the colon and rectum increased by 34% 

for the Indigenous population; the annual rate of increase was 

statistically significantly different when compared to the small 

decrease in incidence for the non-Indigenous population (as 

indicated by the p-value of the time interaction term). In 1998 the 

Indigenous incidence rate for both cancers was about half that of 

the non-Indigenous rate, but by 2005 the Indigenous incidence was 

only about 20% less than the non-Indigenous rate (Table 7). 

Younger/older age

The incidence rate ratio (IRR) (Indigenous/non-Indigenous) 

was found to be different in younger compared with older age-

groups for three cancer sites (Table 8). The incidence of cancer 

of the oesophagus and lung was higher for Indigenous than non-

Indigenous people aged 65 and over, but relatively higher again in 

younger people. The incidence rate ratio for melanoma of the skin 

was lower in younger than older people, but in both age-groups 

Indigenous people were very unlikely to get melanoma compared 

with non-Indigenous people. The IRR for tobacco-attributable 

cancers other than lung cancer was also much higher in younger 

than older people. 

Remoteness

The incidence of several smoking-related cancers (lip/oral/

pharynx, oesophagus, lung) was higher in remote than urban areas 

Table 6: Number of cases and age-standardised incidence ratesa by Indigenous status,b 1998-2005, females.
Cancer site Non-Indigenous 

rate
Indigenous

Number Rate 95%CI IRRc 95%CI
Lip, oral and pharynx 8 87 12 10-15 1.6 1.3-2.0

Oesophagus 3 29 5 3-6 1.3 0.9-2.0

Stomach 6 29 5 3-7 0.8 0.5-1.2

Colon and rectum 53 193 35 30-41 0.7 0.6-0.8

Anus 1 11 2 1-3 1.2 0.6-2.4

Liver 2 47 7 5-10 3.2 2.3-4.5

Pancreas 9 54 12 9-15 1.4 1.0-1.8

Larynx 1 16 2 1-4 4.1 2.4-7.0

Lung 28 273 49 42-55 1.7 1.5-2.0

Bone 4 33 4 2-6 1.0 0.7-1.5

Melanoma 40 32 5 3-7 0.1 0.1-0.2

Female breast 114 545 80 73-88 0.7 0.6-0.8

Vulva 2 30 4 2-5 1.8 1.2-2.8

Vagina 1 8 1 0-2 1.9 0.9-4.3

Cervix uteri 7 175 20 16-23 2.7 2.2-3.2

Uterus 16 130 21 17-25 1.3 1.1-1.6

Ovary and uterine adnexa 11 79 11 8-14 1.0 0.8-1.3

Kidney 9 47 8 5-11 0.9 0.7-1.3

Bladder 5 32 6 4-8 1.1 0.8-1.6

Brain 6 38 4 2-5 0.7 0.4-1.0

Thyroid 9 64 7 5-8 0.7 0.5-0.9

Unspecified 14 130 25 20-30 1.8 1.5-2.1

Lymphoma 18 61 8 6-11 0.5 0.4-0.6

Leukaemia 10 64 8 5-10 0.8 0.6-1.0

Others 13 80 15 12-19 1.2 0.9-1.5

All cancers combined 391 2,287 356 340-373 0.9 0.9-1.0

Other tobacco-attributable cancersd 8 55 10 7-13 1.2 0.9-1.6

Notes:
a. Age-adjusted rates per 100,000 population.
b. Indigenous patients are from the four high-identification jurisdictions only, and non-Indigenous patients are from the whole of Australia.
c. Incidence rate ratio, Indigenous compared to non-Indigenous.
d. Excluding lung cancer.

Table 7: Cancer sites with increasing Indigenous incidence rates, 1998 to 2005.
Cancer site Average annual per cent change (95%CI) IRRa (95%CI) Diagnosis year 

interaction p-valueIndigenous Non-Indigenous 1998 2005
Colon and rectum 4.3 (-0.2-9.0) -0.6 (-1.4-0.1) 0.5 (0.4-0.7) 0.8 (0.6-0.9) 0.04

Lymphoma 11.3 (3.8-19.4) 0.8 (0.2-1.4) 0.4 (0.3-0.5) 0.8 (0.6-1.0) 0.01

Notes:
a. Incidence rate ratio, Indigenous compared to non-Indigenous.
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for both Indigenous and non-Indigenous people (Table 9). For three 

cancer sites (liver, vulva and thyroid) and for all cancers combined 

incidence was higher in remote areas for Indigenous people but not 

for non-Indigenous people. For several cancer sites (melanoma, 

prostate, testis and kidney) remote Indigenous residents had lower 

incidence than their urban counterparts. 

Discussion
In 2005, only four of the eight Australian jurisdictions appeared 

to have a high level of identification of Indigenous people in their 

cancer registries. However, these four registries cover 84% of the 

Indigenous population of Australia and appear to have had a high 

level of identification since 1998, enabling calculation of semi-

national cancer incidence statistics for Indigenous Australians that 

cover almost the entire population and include the full geographic 

range from major cities to very remote areas. 

The semi-national cancer incidence statistics reported here 

therefore are considered to provide a reliable indication of the pattern 

of cancer incidence for Indigenous Australians for specific cancer 

sites, including variation (relative to other Australians) by age and 

remoteness. With only eight years of reliable data available at present 

there is limited capacity to detect time trends, but eight years of data 

provide a good baseline for monitoring changes in cancer incidence 

into the future, provided changes in Indigenous identification in 

cancer registration (that could spuriously affect incidence rates) can 

be measured. This is particularly important to assess the impact of 

cancer prevention strategies that have the potential to reduce cancer 

incidence to a greater extent for Indigenous than other Australians, 

such as improved Pap test coverage and HPV vaccination, Hepatitis 

B vaccination and reduction in tobacco consumption. 

The incidence rates reported here still are thought to under-

estimate Indigenous cancer incidence to some extent. Completeness 

of Indigenous identification has only been formally assessed by the 

NTCR, which estimated that cancer incidence rates based on its 

data under-estimated incidence by about 18%. Our assessment of 

completeness of Indigenous identification for other jurisdictions’ 

registries was indirect, based on registration rates of smoking-

related cancers in each jurisdiction over time and compared to 

registration rates in the NT. This does not provide a direct or precise 

measure of the proportion of Indigenous cancer patients who are 

not identified as such in cancer registers; the best that we can say is 

that the Indigenous cancer incidence rates reported here probably 

under-estimate actual cancer incidence by 15-25% (based on the 

estimated under-identification by the NTCR). 

Despite this uncertainty, it is clear that differences in cancer 

incidence between Indigenous and other Australians are real; 

Table 8: Cancer incidence rate ratios by age group, 
1998–2005.
Cancer site Aged 0-64 

years 
Aged 65+ 

years
Age 

interaction 
p-valueIRRa 95%CI IRRa 95%CI

Oesophagus 3.0 2.3-3.8 1.7 1.2-2.3 <0.01

Lung 2.2 1.9-2.4 1.5 1.3-1.7 <0.001

Melanoma 0.1 0.1-0.1 0.2 0.1-0.3 <0.001

Other tobacco-
attributable 
cancersb

2.0 1.7-2.4 1.3 1.0-1.6 <0.01

Notes:
a. incidence rate ratio, Indigenous compared to non-Indigenous.
b. excluding lung cancer.

Table 9: Cancer incidence by remoteness category,a 1998–2005.
Cancer site Per cent change in incidence (95%CI)b IRRc (95%CI) Remote interaction 

p-valueIndigenous Non-Indigenous Major cities Very remote area
Indigenous rate increasing with remoteness

Lip, oral and pharynx 22 (13 – 32) 16 (14 – 19) 1.1 (0.9-1.3) 2.4 (2.0-2.9) 0.22

Oesophagus 28 (13 – 45) 9 (5 – 13) 1.3 (0.9-1.9) 3.5 (2.6-4.7) 0.02

Liver 29 (14 – 45) -19 (-23 – -14) 1.4 (1.0-2.0) 3.9 (2.9-5.1) <0.001

Lung 6 (1 – 12) 2 (0 – 5) 1.5 (1.3-1.7) 1.9 (1.7-2.2) 0.21

Vulva 31 (1 – 70) -7 (-20 – 8) 1.3 (0.6-2.7) 3.9 (2.1-7.4) 0.03

Thyroid 16 (1 – 33) -8 (-11 – -4) 0.5 (0.4-0.7) 0.9 (0.6-1.3) <0.001

Unspecified 32 (22 – 43) 6 (4 – 8) 1.0 (0.8-1.3) 3.1 (2.6-3.8) <0.01

Other tobacco-
attributable cancersd 15 (6-25) 4 (1-6) 1.2 (0.9-1.4) 2.0 (1.7-2.5) 0.02

All cancers combined 3 (1 – 6) -2 (-4 – -1) 0.7 (0.6-0.7) 0.8 (0.7-0.8) <0.001

Indigenous rate decreasing with remoteness

Melanoma -39 (-50 – -24) 2 (0 – 5) 0.1 (0.1-0.2) 0.0 (0.0-0.0) <0.001

Prostate -19 (-32 – -3) -5 (-16 – 8) 0.5 (0.3-0.9) 0.2 (0.1-0.4) 0.16

Testis -25 (-43 – 0) -5 (-16 – 7) 0.6 (0.3-1.0) 0.2 (0.1-0.4) 0.14

Kidney -21 (-31 – -9) -2 (-5 – 2) 1.0 (0.8-1.3) 0.4 (0.3-0.6) <0.01

Notes:
a. ARIA remoteness categories ranked as major cities, inner regional, outer regional, remote areas and very remote areas.
b. Per remoteness increment.
c. Incidence rate ratio, Indigenous to non-Indigenous, within ARIA remoteness category.
d. Excluding lung cancer.
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the magnitude of the differences reported here for many cancer 

sites is much greater than the likely level of under-identification, 

and the incidence of several cancers is higher rather than lower 

for Indigenous than other Australians. The differences between 

Indigenous and non-Indigenous incidence rates for individual 

cancer sites found in this semi-national study are similar to those 

reported previously for localised studies in the NT, Queensland and 

South Australia.3,16,17

The lower incidence of several cancers for urban than remote 

Indigenous residents appears to be reliable and not an artefact 

caused by less complete identification of Indigenous cases in 

urban than remote areas because several cancer sites had higher, 

not lower, incidence in urban than remote areas. The time trends 

reported here are less reliable: with only eight years data and small 

numbers of Indigenous cases for each cancer site, only very large 

changes could be detected as ‘statistically significant’. There were 

26 cancer sites examined and a statistically significant trend would 

be expected by random variation alone for at least one of these sites. 

The two cancers found to have statistically significant increases had 

very large increases indeed (colorectal 34%, lymphoma 112%) over 

such a short period; the scale of these increases seems implausible, 

although the incidence of colorectal cancer in Māori increased by 

73% for males and 32% for females over two decades from the early 

1980s.18 Future years’ data are required before it can be confirmed 

whether these increases are real and if so whether they will be 

found to be increasing at a somewhat slower rate over the longer 

term. On the other hand, there may be time-trends for some cancer 

sites that are not apparent over such a short period. For example, 

cervical cancer incidence was found to be decreasing by 3% per 

year but with a very wide confidence interval (IRR 0.97 per year, 

95%CI 0.83-1.13); over a longer period this possible improvement 

may be confirmed. 

The age-group variation reported here is consistent with previous 

reports from the NT, particularly for smoking-related cancers.13 

The much higher relative incidence of cancer in Indigenous than 

non-Indigenous people in younger than older age-groups raises the 

concern that the epidemic of smoking-related diseases (not only 

cancers) is still in its early stages for Indigenous Australians. It 

appears that smoking is having a much greater impact on Indigenous 

Australians born since 1940 than those born earlier, possibly because 

of higher consumption levels in young people in more recent 

decades, although this is impossible to confirm. National smoking 

prevalence data for Indigenous Australians is only available since 

1994, but recent analysis of consecutive national surveys indicates 

that the smoking epidemic among Indigenous Australians is 

following a similar pattern but several decades later than in other 

Australians, and is only just reaching its peak now.19 

The relatively high incidence of vulva cancer in remote areas 

is probably not a national issue, but due to an epidemic of this 

otherwise very rare cancer in young women in Arnhem Land.20 

When the NT was excluded from the analysis, there was no excess 

of vulva cancer in younger Indigenous women.

Improvement in the accuracy of Indigenous status data is required 

not only in the four low-identification registries, but also in the 

four high-identification registries to a lesser extent. There has been 

considerable work in recent years in Australia to improve Indigenous 

identification in health data collections, including development of 

guidelines on collection of Indigenous status information from 

patients at the point of contact21,22 and audits of Indigenous status in 

hospital separations data.23 However, there has been little progress 

towards including Indigenous status in pathology request and report 

forms, the primary data source for cancer notifications (and for other 

public health systems such as communicable disease notifications 

and Pap test registers). Hospitals are currently the primary source 

of Indigenous status information for cancer registries; hospitals 

notify most cancer registries of inpatients treated for cancer and 

some registries (such as WA and NT) link their registers to hospital 

separations datasets; the improvements in Indigenous status in 

hospital information systems in recent years is probably the reason 

that Indigenous status improved in several cancer registries in the 

late 1990s. 

A means to assess the completeness of Indigenous identification 

is also needed, particularly until identification is close to complete. 

Direct validation with cancer patients and their families is the best 

option; this could be done through cancer treatment centres (as 

is done regularly for hospital inpatients) but it would be resource 

intensive. Linkage of cancer registrations to an independent data 

source is the next best option; linkage to Census data has been 

very successful in New Zealand to improve identification of ethnic 

groups (including Māori) in cancer registrations and calculate 

correction factors for under-identification, including retrospective 

identification of ethnic status over a 30-year period.24 In Australia, 

a limited, one-off match after the 2011 Census is currently being 

considered by the ABS,25 retrospective matching cannot be done in 

Australia because identified census data was destroyed after previous 

censuses. Although this has limitations in regard to only matching 

prevalent cases at a single point in time, it will provide valuable 

information about current levels of Indigenous identification, 

including possible variation in completeness of identification by 

age, remoteness and socio-economic status; such variation has 

been found in under-identification of Māori in New Zealand cancer 

registrations,26 but could not be assessed by the indirect method 

used in this study. 

Cancer registries should also record the source from which 

they have been advised that a cancer patient is Indigenous. If a 

high proportion of Indigenous cases are identified from death 

registrations rather than from data about the diagnosis of cancer 

there is the potential that survival rates for Indigenous cases will 

be biased and reported as lower than they actually are, because 

Indigenous people who survive their cancer would in these 

circumstances be less likely to be identified as Indigenous. The 

extent of this potential bias cannot currently be assessed. 

Zhang et al. Article
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Conclusion
Reliable national data on cancer incidence is now available for 

Indigenous Australians, covering almost the entire Indigenous 

population with an approximately known level of under-estimation. 

The very different pattern of cancer incidence at particular sites 

previously reported for parts of the Indigenous population is 

confirmed for most cancer sites. For several cancer sites there 

is considerable variation in cancer incidence between urban and 

remote areas; of particular note is the higher incidence of several 

smoking-related cancers in remote areas. Importantly, most of 

the cancers that are of higher incidence for Indigenous people are 

preventable, including cervix, liver and smoking-related cancers. 

The incidence of these cancers can be reduced, as has occurred in 

the NT for cancer of the cervix and possibly liver,3 but it will be 

several years at least before we know whether this is occurring at 

the national level. In the meantime, disparities in cancer diagnosis, 

treatment and outcome are serious problems that have only recently 

been documented and are also in need of urgent action. 
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