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Abstract

Objective: To determine whether Aboriginal people in New South Wales 
were diagnosed with more advanced cancer than non-Aboriginal people.

Design, setting and participants: Cross-sectional study of cancer cases, 
excluding lymphohaematopoietic cancers and cancers of unknown primary 
site, diagnosed in NSW in 2001–2007.

Main outcome measure: Spread of disease at time of cancer diagnosis.

Results: Overall, 40.3% of 2039 cancers in Aboriginal people and 46.6% 
of 191 954 cancers in non-Aboriginal people were localised at diagnosis. 
After adjusting for age, sex, year of diagnosis, area of residence and 
socioeconomic status, Aboriginal people had significantly higher risks of 
regional or distant spread for head and neck cancer, relative to localised 
spread, than non-Aboriginal people (regional: adjusted relative risk ratio 
[RRR], 1.89; 95% CI, 1.21–2.98; distant: adjusted RRR, 3.40; 95% CI, 1.85–
6.05; P < 0.001). For breast, cervical and prostate cancers and melanoma, 
the risks of regional or distant spread were higher for Aboriginal people, 
but these differences were not statistically significant. For lung, colorectal, 
upper gastrointestinal tract, other gynaecological, and eye, brain and central 
nervous system cancers, the risks of regional, distant and unknown spread 
of cancer were similar for Aboriginal and non-Aboriginal people.

Conclusion: Aboriginal people were more likely than non-Aboriginal people 
to be diagnosed with more advanced cancer for only a few cancer types, 
most notably head and neck cancers. Differences in spread of disease at 
diagnosis are unlikely to explain much of the survival differences observed 
across a wide range of cancers between Aboriginal and non-Aboriginal 
people in NSW.

Are Aboriginal people more likely to be diagnosed 
with more advanced cancer?
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neck cancer

 A
ustralian Aboriginal people 
have poorer survival than 
non-Aboriginal people af-

ter diagnosis of most cancer types.1 
Spread of disease at diagnosis is a 
major prognostic factor for cancer, 
and differences in spread of disease 
partly explain the disparities in can-
cer survival between Aboriginal and 
non-Aboriginal people.1,2

For all cancers combined, Aboriginal 
people are more likely to have 
advanced disease at diagnosis than 
non-Aboriginal people.1,2 However, 
the incidences of cancers that tend 
to present at a later stage, such as 
lung cancer, are higher in Aboriginal 
people, while the incidences of other 
cancers, such as melanoma, which 
are predominantly localised when 
diagnosed, are lower in Aboriginal 
people than non-Aboriginal people.1,2

Studies have examined differences 
in spread of disease at diagnosis 
between Aboriginal and non-Abo-
riginal people for individual can-
cer types, but the results have been 
inconsistent across studies and 
cancer types.3-7 While incidence by 
spread of disease has been reported 
separately for Aboriginal and non-
Aboriginal people resident in New 
South Wales,4 comparisons of these 
two groups have generally not taken 
into account differences in factors 
that are known to be associated with 
spread of disease at diagnosis, such 
as age and socioeconomic status.8,9

Despite its effect on cancer treatment 
options and survival, there are major 
gaps in our knowledge of the patterns 
of disease spread at diagnosis for 
Aboriginal people. The aim of this 
study was to investigate spread of 
cancer by cancer type to determine 
whether Aboriginal people in NSW 
were more likely than non-Aborigi-
nal people to be diagnosed with more 
advanced cancer.

We use the descriptor Aboriginal 
throughout this report to refer to 
the original people of Australia and 
their descendants, as endorsed by 

the Aboriginal Health and Medical 
Research Council of NSW and NSW 
Health.10

Methods

This study was approved by the 
NSW Population and Health Services 
Research Ethics Committee and the 
Aboriginal Health and Medical 
Research Council Ethics Committee.

Study cohort

The study sample consisted of all 
adults diagnosed with a primary in-
vasive cancer in NSW from 1 January 
2001 to 31 December 2007. Details of 
235 449 cancers were extracted from 
the NSW Central Cancer Registry 
(CCR). Cases notified by death cer-
tificate or autopsy only (3575 cases) 
were excluded; similar proportions 
of cancers in Aboriginal (1.3%) and 
non-Aboriginal (1.5%) people were 
notified this way. As the CCR clas-
sifies stage of cancer by the extent 
of its spread beyond the organ of 

origin, only solid tumours were 
included, and 14 263 lymphohae-
matopoietic cancers were excluded. 
Cancers of unknown primary site 
are all metastatic and were exclud-
ed (15 907 people). The proportions 
of Aboriginal and non-Aboriginal 
people with unknown primary site 
were similar (6.7% and 6.9%, respec-
tively). We also excluded 229 male 
breast cancers.

The remaining 201 475 cancers were 
grouped, using the International 
Classification of Diseases for 
Oncology, third edition codes: pros-
tate (C61); colorectal (C18–C20); breast 
(C50); melanoma (C44, with histol-
ogy codes 8720–8780); lung (C33, C34); 
upper gastrointestinal tract (C15–C17, 
C22–C25); cervix (C53); urinary tract 
(C64–C68); head and neck (C00–C14, 
C30–C32); other gynaecological (C51, 
C52, C54–C59); eye, brain and central 
nervous system (C69–C72); and other 
solid tumours (C21, C26, C37–C41, 
C44 [excluding melanoma], C47–C49, 
C60, C62, C63, C73–C77).
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When people were diagnosed with 
multiple cancers in the same group, 
same month and at the same stage (eg, 
regional colon cancer and regional 
rectal cancer) only the first record 
was retained, so that an additional 
232 cancers were excluded. When 
multiple cancers in the same group 
were diagnosed in the same month, 
but at different stages, the record for 
the cancer with known stage or the 
most advanced stage was retained, 
and 165 cancers were excluded. For 
people who were diagnosed with 
multiple cancers in the same group 
at different times, only the record for 
the first cancer was retained, and 486 
cancers were excluded. All records 
were retained for people who were 
diagnosed with multiple cancers in 
different groups. 

People with unknown Aboriginal sta-
tus (6596 cases) or place of residence 
(three cases) were also excluded. The 
final sample comprised 193 993 can-
cers in 187 193 individuals.

Record linkage

To determine Aboriginal status, the 
cancer records were linked to records 
for inpatient admissions in the NSW 
Admitted Patient Data Collection 
(APDC) covering public and pri-
vate hospitals for 1 July 2000 to 30 
June 2009 and Australian Bureau of 
Statistics death records for NSW up 
to 31 December 2007. Probabilistic 
linkage of the CCR, APDC and 
death records was carried out by 
the Centre for Health Record Linkage 
(CHeReL) using ChoiceMaker soft-
ware (ChoiceMaker Technologies).

Study factors

In our analysis, a person was deter-
mined to be Aboriginal if they were 
listed as Aboriginal and/or Torres 
Strait Islander in any of their APDC 
or death records. Details obtained 
from the CCR included month and 
year of diagnosis, age at diagnosis, 
sex, local government area (LGA) 
of residence, cancer type, spread of 
disease at diagnosis and histologi-
cal findings. Spread of disease was 
recorded by the CCR as localised 
(the tumour was contained within 
the organ in which it originated), 
regional (the tumour had spread to 

surrounding organs, adjacent tissue 
and/or nearby lymph nodes), distant 
(metastatic disease) and unknown.4

LGA of residence at diagnosis was 
classified as major city, inner regional 
and rural (including outer regional, 
remote and very remote) using the 
Accessibility/Remoteness Index of 
Australia (ARIA+).11 Socioeconomic 
disadvantage quintiles were assigned 
using the Australian Bureau of 
Statistics Socio-Economic Indexes 
for Areas (SEIFA) Index of Relative 
Socio-economic Advantage and 
Disadvantage corresponding to the 
LGA of residence.12,13

Statistical analysis

To adjust for differences in the distri-
bution of cancer types, we compared 
the numbers of Aboriginal people ob-
served in each spread-of-disease cat-
egory with the numbers that would 
be expected if Aboriginal people had 
the same likelihood of localised, re-
gional, distant and unknown spread 
as non-Aboriginal people for each 
cancer type. To obtain the expected 
counts, multinomial logistic regres-
sion models were fitted using the data 
for non-Aboriginal people, and the 
predicted probabilities of localised, 
regional, distant or unknown spread 
of disease for each Aboriginal person 
were obtained from these models. 
To obtain the total expected counts 
for each spread-of-disease category, 
these probabilities were summed for 
all Aboriginal people. The first model 
included cancer type as the only ex-
planatory variable. The second model 
also included sex, age group, year of 
diagnosis, socioeconomic disadvan-
tage quintile and place of residence. 
Differences in the expected and ob-
served counts were tested using the 
Pearson χ 2 test.

For each cancer type, we also sepa-
rately compared the relative risks 
of Aboriginal and non-Aborigi-
nal people being diagnosed with 
regional, distant or unknown spread, 
compared with localised spread, 
using multinomial logistic regres-
sion, adjusting for sex, age group, 
year of diagnosis, socioeconomic 
disadvantage quintile and place of 
residence. For a sensitivity analysis, 
we repeated this analysis, including 
only people with known spread, as 

cancers with unknown spread may 
be a heterogeneous group.

All analyses were performed in 
R 3.0.014 and SAS version 9.3 (SAS 
Institute).

Results

Compared with non-Aboriginal 
people, Aboriginal people were more 
likely to be younger (P < 0.001), over 
three times more likely to live in rural 
areas and twice as likely to live in the 
most disadvantaged areas (Box 1). For 
Aboriginal people, lung cancer was 
the most common cancer and prostate 
cancer the fourth most common. For 
non-Aboriginal people, prostate can-
cer was the most common and lung 
cancer was the fifth most common.

For all cancers, 40.3% of Aboriginal 
people were diagnosed with localised 
spread compared with 46.6% of non-
Aboriginal people, an absolute differ-
ence of 6.3% (Appendix). The deficit in 
localised cancer in Aboriginal people 
was matched by excesses in cancers 
with regional spread (2.6%) and dis-
tant spread (5.2%), with a small deficit 
in unknown spread (− 1.5%). The dif-
ferences in spread were reduced after 
accounting for the different distribu-
tions of cancer types. The observed 
proportions for Aboriginal people 
were 40.3% for localised, 23.3% for 
regional, 18.7% for distant and 17.7% 
for unknown spread (Appendix); 
however, after adjustment to the 
distribution of cancer types for non-
Aboriginal people, the expected pro-
portions for Aboriginal people were 
42.4% for localised, 21.8% for regional, 
16.1% for distant and 19.6% unknown 
spread. These adjusted proportions 
changed little after age group, sex, 
year of diagnosis, place of residence 
and socioeconomic status were also 
taken into account (42.5% localised, 
22.4% regional, 16.0% distant and 
19.1% unknown spread). The differ-
ences in spread of cancer between 
Aboriginal and non-Aboriginal 
people, however, were statistically 
significant (P = 0.002).

While for all cancers combined 
Aboriginal people were more likely 
than non-Aboriginal people to be dia-
gnosed with more advanced cancers, 
for most cancer types, Aboriginal 
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and non-Aboriginal people had 
similar spread of disease at diagnosis 
(Appendix). Aboriginal people with 
head and neck cancer were much 
more likely than non-Aboriginal 
people to be diagnosed with regional 
or distant spread (adjusted relative 
risk ratio [RRR]: 1.89 [95% CI, 1.21–
2.98] for regional spread; 3.40 [95% CI, 
1.85–6.05] for distant spread) (Box 2).

For breast, cervical and prostate 
cancers and melanoma, Aboriginal 
people had higher relative risks than 
non-Aboriginal people of being dia-
gnosed with regional or distant 
spread, compared with localised 
spread, although the overall effect 
of Aboriginal status was not statisti-
cally significant (Box 2). Aboriginal 
people diagnosed with cancer of 
the urinary tract were less likely to 
have unknown spread compared 
with non-Aboriginal people. For 
lung, colorectal, upper gastrointes-
tinal tract, other gynaecological, and 
eye, brain and central nervous sys-
tem cancers, there were no trends of 
increasing relative risk ratios with 
more advanced spread and none were 
statistically significant for Aboriginal 
and non-Aboriginal people.

In the sensitivity analyses, where 
people with unknown spread were 
excluded, the results were similar for 
each cancer type, with the exception 
of breast cancer. For breast cancer, the 
differences in spread for Aboriginal 
and non-Aboriginal people were 
statistically significant (P = 0.03). 
Aboriginal people were more likely 
to have regional spread (adjusted 
RRR, 1.22; 95% CI, 0.95–1.58) or dis-
tant spread (adjusted RRR, 1.79; 95% 
CI, 1.13–2.73).

Discussion

We found that the differences 
in spread at diagnosis between 
Aboriginal and non-Aboriginal 
people were limited to a few cancer 
types. For most of the cancer types 
examined, including lung and colo-
rectal cancers, there were no signifi-
cant differences in spread of disease 
at diagnosis, suggesting that the dif-
ficulties in diagnosing these cancers 
early may apply equally to Aboriginal 
and non-Aboriginal people. While 

it is well reported that Aboriginal 
people are diagnosed with more ad-
vanced cancer than non-Aboriginal 
people,3,4 the reason for this finding 
is not yet clear.

Our finding that Aboriginal people 
were more likely to be diagnosed 
with advanced disease for only a 
subset of cancer types is consistent 

with previous findings. A study in 
Queensland found that compared 
with non-Aboriginal people matched 
on age, place of residence, year of dia-
gnosis and cancer type, Aboriginal 
people were significantly more likely 
to have regional, distant or unknown 
spread of disease for all cancers 
combined.3 The Qld study, however, 
found similar spread of disease for 

1  Characteristics of Aboriginal and non-Aboriginal people diagnosed with solid tumours* 
in New South Wales, 2001–2007

Aboriginal, no. (%) Non-Aboriginal, no. (%) P†

Sex 0.004

Female 968 (47.5%) 84 968 (44.3%)

Male 1071 (52.5%) 106 986 (55.7%)

Age at diagnosis (years) < 0.001

18–49 441 (21.6%) 24 939 (13.0%)

50–59 444 (21.8%) 33 421 (17.4%)

60–69 534 (26.2%) 48 699 (25.4%)

70–79 472 (23.1%) 52 199 (27.2%)

80+ 148 (7.3%) 32 696 (17.0%)

Place of residence at diagnosis < 0.001

Major city 871 (42.7%) 133 889 (69.8%)

Inner regional 663 (32.5%) 44 757 (23.3%)

Rural 505 (24.8%) 13 308 (6.9%)

Socioeconomic disadvantage < 0.001

Least disadvantaged 139 (6.8%) 36 295 (18.9%)

Second least disadvantaged 238 (11.7%) 41 326 (21.5%)

Third least disadvantaged 273 (13.4%) 31 455 (16.4%)

Second most disadvantaged 467 (22.9%) 39 828 (20.7%)

Most disadvantaged 922 (45.2%) 43 050 (22.4%)

Cancer site < 0.001

Lung 344 (16.9%) 19 945 (10.4%)

Breast (female) 288 (14.1%) 27 545 (14.3%)

Colorectal 278 (13.6%) 29 531 (15.4%)

Prostate 259 (12.7%) 34 986 (18.2%)

Upper gastrointestinal tract 237 (11.6%) 16 625 (8.7%)

Urinary tract 119 (5.8%) 11 162 (5.8%)

Head and neck 118 (5.8%) 7705 (4.0%)

Melanoma 99 (4.9%) 21 041 (11.0%)

Cervix 53 (2.6%) 1580 (0.8%)

Other gynaecological 73 (3.6%) 7388 (3.8%)

Eye, brain and central nervous system 51 (2.5%) 3815 (2.0%)

Other 120 (5.9%) 10 631 (5.5%)

Method of diagnosis 0.007

Histopathology 1824 (89.5%) 175 277 (91.3%)

Cytology 68 (3.3%) 4759 (2.5%)

Clinical/imaging/biochemical 147 (7.2%) 11 918 (6.2%)

* 193 993 cancers (2039 in Aboriginal people; 191 954 in non-Aboriginal people). † Pearson χ  2 test.  
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head and neck cancers, and higher 
proportions of unknown spread for 
Aboriginal people with lung cancer, 
while for all gynaecological cancers 
combined (including cervical cancer), 
Aboriginal women were more likely 
to be diagnosed at a more advanced 
stage.2,5,6 Another study found that 
Aboriginal people in the Northern 
Territory with non-Hodgkin lym-
phoma, colorectal, breast or cervical 
cancers were more likely to be dia-
gnosed at a more advanced stage, but 
those with lung cancer were more 
likely to be diagnosed at an earlier 
stage.7 It is difficult to compare NSW 
with the NT and Qld as there are 
cultural and health care differences 
across regions, and Aboriginal people 
in NSW are more likely to reside close 
to health services.

Our finding that Aboriginal people 
with head and neck cancer were 
significantly more likely to be dia-
gnosed with advanced disease than 
non-Aboriginal people differs from 
the finding in Qld.5 Spread of dis-
ease at diagnosis of head and neck 
cancers has been found to be associ-
ated with a range of factors, including 
ethnicity, age, socioeconomic status 
and frequency of dental visits.15,16 As 
signs of oral and pharyngeal cancers 
can be detected during routine dental 
examinations, less frequent dental 
care for Aboriginal people17 could 
be an important factor in their later 
diagnosis. In the 2004–05 National 
Aboriginal and Torres Strait Islander 
Health Survey, 49% of Aboriginal 
people reported consulting a den-
tist in the previous 2 years compared 
with 66% of non-Aboriginal people.17

Differing levels of participation in 
organised cancer screening pro-
grams are likely to be factors in 
some of the differences we observed. 
Communities with high levels of 
participation generally have higher 
proportions of cancers diagnosed at 
localised stage,18,19 and participation 
in screening programs for breast, 
cervical and colorectal cancers is 
lower for Aboriginal than non-Abo-
riginal people.20-22 Our finding that 
Aboriginal women were more likely 
to be diagnosed with distant disease 
for breast and cervical cancer is con-
sistent with lower screening rates for 
Aboriginal women. That our results 

2  Comparison of the relative risks of Aboriginal and non-Aboriginal 
people diagnosed with solid tumours having regional, distant or 
unknown spread of disease at diagnosis, compared with localised 
spread, in New South Wales, 2001–2007

Cancer Spread Adjusted RRR (95% CI) P*

All cancers† Regional 1.12 (1.00–1.26) 0.001

Distant 1.28 (1.12–1.46)

Unknown 0.98 (0.86–1.12)

Lung Regional 1.06 (0.76–1.48) 0.671

Distant 0.89 (0.67–1.19)

Unknown 1.00 (0.73–1.38)

Breast (female) Regional 1.22 (0.94–1.57) 0.076

Distant 1.78 (1.12–2.72)

Unknown 1.14 (0.69–1.80)

Colorectal Regional 0.86 (0.65–1.14) 0.642

Distant 1.01 (0.72–1.40)

Unknown 0.84 (0.52–1.29)

Prostate Regional 1.39 (0.83–2.21) 0.271

Distant 1.62 (0.90–2.73)

Unknown 1.07 (0.81–1.40)

Upper gastrointestinal tract Regional 0.77 (0.52–1.12) 0.491

Distant 0.99 (0.70–1.39)

Unknown 0.90 (0.61–1.31)

Urinary tract Regional 1.22 (0.74–1.93) 0.016

Distant 1.17 (0.67–1.94)

Unknown 0.41 (0.19–0.79)

Head and neck Regional 1.89 (1.21–2.98) < 0.001

Distant 3.40 (1.85–6.05)

Unknown 0.90 (0.50–1.57)

Melanoma Regional 1.02 (0.43–2.08) 0.261

Distant 1.97 (0.91–3.75)

Unknown 1.54 (0.68–3.01)

Cervical Regional 1.42 (0.71–2.77) 0.074

Distant 2.70 (1.07–6.25)  

Unknown 0.63 (0.21–1.59)  

Other gynaecological Regional 1.14 (0.59–2.08) 0.487

Distant 1.20 (0.68–2.08)  

Unknown 0.59 (0.20–1.40)  

Eye, brain and CNS Regional 1.36 (0.32–3.87) 0.485

Distant 0.00 (0.00–1.91)‡

Unknown 0.90 (0.46–1.65)

Other Regional 1.04 (0.59–1.73) 0.121

Distant 1.82 (1.04–3.04)

Unknown 0.85 (0.51–1.39)

RRR = relative risk ratio comparing Aboriginal with non-Aboriginal people, adjusted for sex, age 
group, year of diagnosis, socioeconomic disadvantage and place of residence. CNS = central 
nervous system.* From Type III likelihood ratio tests. † Model also included cancer type. ‡ RRR = 0 
as no Aboriginal people were diagnosed with distant spread eye, brain or CNS cancer.  
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do not suggest any effect of screen-
ing for colorectal cancer in the period 
2001–2007 is unsurprising, as a lim-
ited screening program only com-
menced in NSW in 2006.22

There are potential limitations to this 
study that should be considered when 
interpreting the results. The results 
are limited by the high proportion 
of people with unknown spread of 
disease, and by the possibility of the 
misclassification of Aboriginal and 
non-Aboriginal people.

The unknown spread group, which 
was especially large for prostate can-
cer, is likely to include a mixture of 
different spreads of disease,23 and it 
is impossible to be sure of the effect 
of this group on the results.

While it is possible that a proportion 
of people may have been incorrectly 
classified as Aboriginal or non-Abo-
riginal, audits of the APDC suggest 
that this is a rare occurrence,24 and in 
our study the risk of misclassification 
of Aboriginal people is likely to be 
further reduced as they were clas-
sified based on all of their APDC or 

death records. While using deaths 
to identify Aboriginal people may 
have biased our findings away from 
the null hypothesis, as those with 
advanced disease are at higher risk 
of dying, our findings are in the 
opposite direction, with only small 
differences in spread of disease after 
accounting for differences in types of 
cancer. In addition, we do not expect 
any bias of this kind to be selective 
for head and neck cancers. We are 
therefore confident that this had no 
important influence in this study.

Major strengths of this study are 
that it was population based and a 
large number of cancer types were 
examined. It is also the first study to 
focus on differences in cancer spread 
at diagnosis between Aboriginal and 
non-Aboriginal people in NSW while 
also taking into account many of the 
factors known to be associated with 
spread of disease.

We found that Aboriginal people 
were more likely than non-Aborig-
inal people to be diagnosed with 
more advanced disease for all can-
cers combined. This was largely due 

to differences in the mix of cancer 
types and, to a lesser degree, more 
advanced disease for only a few can-
cer types. Differences in spread of 
disease at diagnosis are unlikely to 
fully explain the survival differences 
observed across a wide range of can-
cers in NSW. Individuals, commu-
nities and health professionals need 
to be vigilant in detecting cancer in 
Aboriginal people as early as possible 
and ensuring that they receive the 
best available treatment.
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