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PEOPLE LIVING IN AREAS in Australia

with limited access to healthcare serv-

ices have poorer health than people

living in metropolitan areas.1-3 Geo-

graphic isolation, poor transport links,

shortage of healthcare providers, and

more difficult access to healthcare are

probably contributing factors, along

with a higher proportion of Indigenous

people and the generally lower socioeco-

nomic status of residents of remote

areas.3

Research on the effect of remoteness

on cancer patterns in Australia has

largely focused on incidence and mor-

tality rates.3-5 Survival data show that

country residents fare worse than met-

ropolitan residents for a wide spectrum

of cancers.6,7

Little attention has been paid to the

relative contributions of geographic var-

iation in access to cancer screening,

diagnostic and treatment services, and

geographic variation in cancer survival.

Stage at diagnosis differed between can-

cers diagnosed in urban and rural resi-

dents in the United States,8 with later-

stage tumours more common in rural

residents. This difference is probably

due to differences in access to and use

and quality of screening and diagnostic

services. However, such variation prob-

ably runs parallel to variation in access

to and quality of treatment services.

Both may contribute to geographic vari-

ation in survival.8-11 To distinguish

between variation in screening and diag-

nosis and variation in treatment as con-

tributors to variation in cancer survival,

measurements of stage of cancer at

diagnosis are required. These measure-

ments can then be included in a statisti-

cal model of geographical variation in

cancer survival.

We describe variation in cancer sur-

vival in New South Wales according to

a measure of geographic accessibility

and remoteness, without and with

adjustment for a measure of stage at

diagnosis.

METHODS

Subjects

The Cancer Council NSW gave ethics

approval to analyse data from the NSW

Central Cancer Registry, a population-

based register of all cancers diagnosed

in NSW since 1972.12 Data for 20

different cancer types and all cancers

combined were obtained for all patients

under the age of 90 diagnosed from 1

January 1992 to 31 December 1996.

The cancer types analysed were those

for which more than five cases were

expected in the remote group.
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Index of remoteness

The Accessibility/Remoteness Index of

Australia (ARIA) was used to determine

remoteness.13 ARIA describes remote-

ness based on the road distance between

a locality and general service centres of

various sizes. We obtained ARIA values

for each Local Government Area

(LGA) in New South Wales and, given

the relative rarity of cancer, created four

discrete categories: highly accessible,

accessible, moderately accessible, and

remote (Box 1).

The residential address recorded at

the time of diagnosis of cancer was used

to allocate each case to an LGA and its

corresponding ARIA category.

Spread of cancer at diagnosis

All cancers were analysed according to

their coded “degree of spread of cancer

at diagnosis”, except lymphomas, multi-

ple myeloma and leukaemia, for which

no measure of stage at diagnosis was

available, and primary brain cancer,

which was generally localised. The

degree of spread was classified as local-

ised, regional (including spread to adja-

cent organs or regional lymph nodes),

distant, or unknown.14 Coding was

done either by medical coders in the

hospitals who notified the registry, or by

medical coders in the registry who used

pathology, inpatient and additional

reports to make decisions. The distribu-

tion of degree of spread at diagnosis

(excluding the unknown group) for rele-

vant cancers was compared between the

highly accessible category and the

remaining categories using an ordinal

logistic regression model adjusting for

age and sex.

Analysis of cancer survival

The survival of each cancer patient after

diagnosis was determined to 31 Decem-

ber 1999. Weighted probabilistic

matching of cancer patients to people in

the NSW Death Register and the

National Death Index on a range of

identifying variables (including full

name, sex, date of birth and residential

address at diagnosis or death) was used

to determine vital status. For patients

who were still alive 5 years after diagno-

sis, or still alive at the end of 1999 with

less than 5 years of follow-up, survival

times were censored in the analyses.

Five-year relative survival, which

measures the excess mortality experi-

enced by patients diagnosed with can-

cer, was estimated for each cancer type

for males and females separately in each

ARIA group. Relative survival was cal-

culated as the ratio of the observed

probability of dying during the 5 years

after diagnosis of the cancer to the

expected probability of dying during

that period. Expected probability of

dying was estimated from the general

population death rates for people of the

same sex, ARIA group of residence and

with the same age distribution as the

cancer patients.

The details for estimating expected

survival are provided elsewhere.15

Observed survival was determined by

the life table method.16 Interval-specific

expected survival and cumulative

expected survival were estimated using

standard methods.17

To model relative survival for each

cancer type, the risk of dying at some

time (up to 5 years) after diagnosis for

people with cancer was modelled as the

sum of the expected risk (based on

population death rates) and the excess

risk due to a diagnosis of cancer. In

turn, the logarithm of the excess risk

was modelled as a linear function of

covariates, including ARIA group, age

group, sex and years since diagnosis.

The excess risk was modelled for each

cancer type using a generalised linear

model with binomial errors and a com-

plementary log–log link.16 Additional

models were fitted for each cancer type

(except brain cancer, lymphomas, mul-

tiple myeloma and leukaemia), with

stage of cancer at diagnosis included as

a covariate. Unknown stage (25.6% of

cancer cases on average) was included

as an explicit category in this analysis.

Relative excess risk (RER) of death

provides a measure for comparing the

excess risk of death after a diagnosis of

cancer across ARIA groups while

adjusting for other variables included in

the model. RER was calculated as the

exponential of the estimated coefficient

corresponding to the ARIA group with

the highly accessible group as the refer-

ence category (with its RER always

equal to one). A relative excess risk > 1

for another category meant that people

in that category had a higher risk of

excess death than those in the highly

accessible group, and vice versa.

The model provided an overall test of

statistical significance for differences in

the risk of excess death across the ARIA

groups after adjusting for the other

included variables. Because of the large

number of comparisons, a P value of

< 0.01 was taken to indicate signifi-

cance. Ninety-five per cent confidence

intervals for the adjusted relative excess

risks were calculated from the estimated

coefficients and standard errors from

the generalised linear model.

RESULTS

There were 108 159 people diagnosed

with cancer in the highly accessible

group, 20 471 diagnosed in the accessi-

ble group, 3143 in the moderately

accessible group and 743 in the remote

group.

Spread of cancer at diagnosis

People residing outside the highly acces-

sible areas were more likely to be diag-

nosed with non-localised cancers of the

head and neck, stomach, lung and pros-

tate than people residing in these areas

(P < 0.05 for each cancer type).5

Relative excess risk of death

When stage of cancer was excluded from

the model, there was a 35% excess risk

of dying from any cancer in the remote

1: Areas of New South Wales 
defined by the Accessibility/
Remoteness Index of 
Australia13

5 027 112

840 468

142 422

38 909

(83.1%)

(13.9%)

(2.4%)

(0.6%)

Highly accessible

Accessible

Moderately accessible

Remote/very remote

Population
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group compared with the highly accessi-

ble group (Box 2). The RERs of dying

from prostate and cervical cancer in the

remote group were nearly three and a

half times those in the highly accessible

group. People in the moderately accessi-

ble group were at a greater risk of dying

after diagnosis of lung cancer. There was

a notable survival advantage for people

diagnosed with cutaneous melanoma

and head and neck cancer in the accessi-

ble group. For those with head and neck

cancer, there was weaker evidence for an

increase in the risk of excess death in the

remote group, as its 95% confidence

interval included 1.

When cancer stage at diagnosis was

included in the model, the RER of

dying from all cancers combined

decreased for the remote category, and

the P value for heterogeneity across

ARIA groups was larger, but still signif-

icant (Box 2). Men in the remote area

remained at increased excess risk of

death from prostate cancer, and women

remained at increased excess risk of

death from cervical cancer. The survival

advantage for people with melanoma in

the accessible group also persisted. The

association between residence and

poorer lung cancer survival in the mod-

erately accessible ARIA group persisted

without much change in the size of the

RER or the level of significance. There

was a 30% increased excess risk of

death from colon cancer for residents in

the moderately accessible group. There

was also an apparent positive associa-

tion between remoteness of residence

and increased excess risk of death from

rectal cancer, but the P value did not

reach our criterion of 0.01.

DISCUSSION

Overall, we found that people living in

remote NSW diagnosed with cancer are

about 35% more likely to die as a result

of their cancer over the ensuing 5 years

than are people living in areas with the

greatest access to services. This appar-

ent outcome disadvantage is unlikely to

be due to chance.

Several issues should be kept in mind

when interpreting our results. The unit

of aggregation we used, the LGA, is

likely to lead to heterogeneity within our

remoteness groupings. Furthermore,

misclassification of area of residence is

possible if some patients living in

remote areas moved to more accessible

areas for diagnostic tests or treatment

and this was recorded as their address at

diagnosis. This could explain why, for

some cancers, survival appeared better

2: Five-year relative excess risk* (95% CI) of death, by Accessibility/Remoteness Index of Australia (ARIA) 

category for cancers diagnosed in New South Wales from 1992 to 1996

Cancer type

Without stage of disease as covariate With stage of disease as covariate

Accessible
Moderately 
accessible Remote P Accessible

Moderately 
accessible Remote P

Head and 
neck

0.81 (0.70–0.94) 1.02 (0.76–1.37) 1.41 (0.93–2.13) 0.009 0.85 (0.74–0.99) 0.97 (0.72–1.31) 1.43 (0.95–2.16) 0.05

Oesophagus 0.92 (0.78–1.09) 0.94 (0.64–1.39) 0.65 (0.30–1.43) 0.55 0.90 (0.76–1.06) 0.87 (0.59–1.29) 0.67 (0.30–1.48) 0.4

Stomach 1.10 (0.97–1.25) 1.11 (0.81–1.54) 0.81 (0.44–1.49) 0.4 1.02 (0.89–1.16) 1.00 (0.72–1.40) 0.79 (0.42–1.46) 0.87

Colon 1.09 (1.00–1.19) 1.12 (0.90–1.39) 0.89 (0.52–1.50) 0.22 1.15 (1.05–1.25) 1.30 (1.04–1.63) 1.01 (0.61–1.68) 0.006

Rectum 0.98 (0.86–1.12) 1.25 (0.94–1.65) 1.78 (1.06–2.97) 0.1 1.07 (0.94–1.21) 1.22 (0.92–1.62) 2.32 (1.38–3.89) 0.02

Liver 1.22 (0.95–1.58) 1.24 (0.61–2.54) 0.79 (0.32–1.94) 0.41 1.22 (0.94–1.58) 1.35 (0.66–2.78) 0.78 (0.31–1.96) 0.39

Pancreas 1.04 (0.91–1.18) 0.87 (0.65–1.15) 1.28 (0.75–2.18) 0.53 1.08 (0.95–1.23) 0.91 (0.68–1.21) 1.41 (0.82–2.41) 0.35

Lung 1.07 (1.01–1.13) 1.19 (1.04–1.35) 1.07 (0.84–1.36) 0.008 1.07 (1.01–1.13) 1.21 (1.07–1.38) 1.03 (0.80–1.31) 0.007

Melanoma 
of the skin

0.68 (0.56–0.83) 1.03 (0.70–1.52) 0.67 (0.22–2.07) 0.0004 0.71 (0.60–0.85) 0.92 (0.64–1.34) 1.04 (0.42–2.58) 0.002

Breast 1.10 (0.96–1.27) 0.91 (0.64–1.29) 1.21 (0.60–2.43) 0.46 1.11 (0.98–1.26) 0.89 (0.65–1.24) 1.47 (0.78–2.78) 0.24

Cervix 1.70 (1.32–2.20) 0.73 (0.35–1.51) 3.22 (1.54–6.75) <0.0001 1.73 (1.33–2.25) 0.83 (0.39–1.74) 2.25 (1.06–4.77) 0.0004

Body of uterus 0.98 (0.69–1.38) 1.23 (0.61–2.50) 1.94 (0.64–5.86) 0.7 0.98 (0.70–1.39) 1.43 (0.73–2.78) 2.17 (0.72–6.52) 0.49

Ovary 1.10 (0.92–1.31) 0.82 (0.51–1.30) 1.61 (0.70–3.73) 0.4 1.11 (0.92–1.33) 0.84 (0.53–1.33) 1.34 (0.57–3.14) 0.51

Prostate 1.18 (1.01–1.38) 1.44 (1.04–1.99) 3.38 (2.21–5.16) <0.0001 1.16 (1.01–1.33) 1.16 (0.86–1.56) 2.53 (1.60–4.01) 0.003

Bladder 1.06 (0.89–1.27) 0.95 (0.59–1.54) 0.75 (0.24–2.32) 0.85 1.10 (0.92–1.32) 0.94 (0.59–1.52) 0.60 (0.20–1.79) 0.5

Kidney 0.98 (0.83–1.16) 1.23 (0.86–1.75) 1.41 (0.67–2.99) 0.57 1.00 (0.84–1.18) 1.12 (0.78–1.61) 1.45 (0.68–3.09) 0.76

Brain 1.04 (0.89–1.22) 1.13 (0.77–1.66) 0.27 (0.08–0.86) 0.03 — — — —

Non-Hodgkin 
lymphoma

0.93 (0.81–1.06) 1.16 (0.84–1.59) 0.99 (0.53–1.85) 0.56 — — — —

Multiple 
myeloma

1.08 (0.89–1.30) 1.11 (0.74–1.66) 2.67 (1.02–7.00) 0.31 — — — —

Leukaemia 1.01 (0.88–1.17) 0.98 (0.69–1.40) 1.40 (0.71–2.75) 0.82 — — — —

All cancers 0.99 (0.96–1.02) 1.04 (0.98–1.11) 1.35 (1.20–1.51) <0.0001 1.02 (0.99–1.04) 1.02 (0.96–1.09) 1.25 (1.11–1.41) 0.003

* Reference is the highly accessible group. All models include age, sex, years since diagnosis and ARIA13 category. — Stage was not available for these cancers.
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in accessible areas than in highly acces-

sible areas. The operation of these two

factors would probably attenuate any

positive associations between remote-

ness of residence and increased relative

excess risk of death.

Our measure of the degree of spread

of cancer at diagnosis (local, regional,

distant metastasis, and stage unknown)

is subject to coding and interpretive

uncertainties. Degree of spread at diag-

nosis was unknown for between 26%

and 51% of lung, prostate, head and

neck and stomach cancers in residents

of non-highly-accessible areas. This

could reflect poorer reporting from hos-

pitals in these areas, but may also indi-

cate poorer access  to specialist

oncologists and diagnostic testing, as

has been noted elsewhere.8

Insufficient numbers of cases pre-

vented a stage-specific survival analysis

of individual cancer sites. However, for

all cancers combined, 5-year relative

survival was notably worse in the

remote group for people with unstaged

cancers (data not shown). Interestingly,

the trend for poorer survival with

increasing remoteness was greatest for

cancers diagnosed with regional spread.

It is probably in this group that quality

of treatment would have the greatest

effect. Remoteness may affect treatment

choices made by both patients and clini-

cians,18,19 and this might also affect

survival.

The influence of accessibility and

quality of services on cancer survival has

been examined in several studies. While

some show a survival disadvantage with

increasing distance from a cancer treat-

ment centre,20 others show that the type

of oncology centre and rural health

board21 and variation in both treatment

factors and the stage of diagnosis9,19 are

important explanatory factors. Some

suggest that geographic variations in the

quality of cancer treatment are more

important determinants of survival than

factors such as screening and early diag-

nosis.11,22

Despite significant variation by ARIA

group in stage at diagnosis of head and

neck, lung, cervical and prostate cancer,

control of stage of these cancers

reduced the RER to any appreciable

extent only for cancers of the cervix and

prostate in the most remote areas. This

suggests that variation in cancer treat-

ment may be the main determinant of

geographic variation in survival for most

of these cancers.

The substantial reductions in RERs

of prostate and cervical cancer for

remote areas when spread of disease at

diagnosis was accounted for suggest

that screening, diagnosis and treatment

deficiencies may all contribute to the

excess risks of death for these cancers in

remote areas. Issues to consider when

interpreting these results are outlined in

Box 3.

After adjusting for stage at diagnosis,

significant variation by ARIA group was

detected for colon cancer. This may be

a result of confounding between ARIA

group and frequency of screening in a

community-based bowel-cancer-screen-

ing program, which has been promoted

more extensively in non-metropolitan

than metropolitan parts of NSW.25

Some factors that may be correlated

with geographic location are also corre-

lated with survival, such as socioeco-

nomic status, race and level of

education.26,27 In NSW, Indigenous

people make up 17.3% of the popula-

tion of remote areas, as defined in this

study, compared with 1.7% of the whole

state population. Although accurate

data on cancer in Indigenous people are

not available in NSW, population-based

incidence data elsewhere show higher

incidence rates of and poorer survival

from some cancers, particularly cancer

of the cervix, in Indigenous people in

remote areas.28,29 This is in agreement

with the differences we have observed.

Poorer access might also explain

effects of socioeconomic status (SES)

and level of education on survival in

similar circumstances, although these

factors may have other effects on out-

come than those mediated through

location. We accounted for SES by

using ARIA-specific lifetables to calcu-

late the relative survival (LGAs with

lower SES have higher mortality from

all causes, thus lower expected sur-

vival).

With the possible exception of pros-

tate cancer, our findings of high RERs

in less accessible areas for several can-

cers probably reflect variations in the

nature of care received after diagnosis.

In NSW, radiation oncology centres are

typically located in the highly accessible

areas along the middle of the NSW

coast. Although many of these centres

provide outreach services to larger

towns in inland and northern parts of

the state, the remote regions are quite

distant even from these services.

National conferences of stakeholders

involved in non-metropolitan cancer

service delivery consistently highlight

the need for specialist oncology nurses,

improved educational opportunities for

staff, and for accommodation and

transport support facilities to be

addressed.30,31 However, in countries

like Australia, with small, widely sepa-

rated communities outside major met-

ropolitan areas, issues of optimal cost-

effective cancer service delivery are

complex. It is important to continue

exploring ways in which effective con-

sultation, diagnostic support and

education32,33 can support the services

available in all non-metropolitan areas.
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