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Abstract

Objective: A previous Australian study compared the observed numbers of cancer cases and deaths in 2007 with
the expected numbers based on 1987 rates. This study examines the impact of cancer rate changes over the 20-year
period 1996-2015, for people aged under 75 years.

Results: The overall age-standardised cancer incidence rate increased from 350.7 in 1995 to 364.4 per 100,000 in
2015. Over the period 1996-2015, there were 29,226 (2.0%) more cases (males: 5940, 0.7%; females: 23,286, 3.7%) than
expected numbers based on 1995 rates. Smaller numbers of cases were observed compared to those expected for
cancers of the lung for males and colorectum, and cancers with unknown primary. Larger numbers of cases were
observed compared to those expected for cancers of the prostate, thyroid and female breast. The overall age-stand-
ardised cancer mortality rate decreased from 125.6 in 1995 to 84.3 per 100,000 in 2015. During 1996 to 2015 there
were 106,903 (— 20.6%) fewer cancer deaths (males: — 69,007, — 22.6%; females: — 37,896, — 17.9%) than expected
based on the 1995 mortality rates. Smaller numbers of deaths were observed compared to those expected for can-

cers of the lung, colorectum and female breast, and more cancer deaths were observed for liver cancer.
Keywords: Australia, Cancer incidence, Cancer mortality, Cancer control

Introduction

Australia has one of the highest cancer incidence rates
in the world [1]. A previous Australian study compared
numbers of cancer cases and deaths observed in 2007
with expected numbers based on 1987 rates, with much
of the difference likely to be due to the impact of cancer
control measures [2]. This prior study showed that over
the period 1987-2007, for Australians aged under 75, the
number of cancer deaths was 61,000 lower than it would
have been based on the 1987 rates [2]. The number of
cancer cases, however, was greater than would have been
expected based on 1987 rates [2]. It was posited that
improvements in prevention, early detection and treat-
ments played an integral role in the mortality reduction.
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Some of the increased incidence was associated with
increased use of medical services, such as the widespread
uptake from the early 1990s of prostate specific antigen
(PSA) testing to assess prostate cancer risk [2].

There have been significant developments in can-
cer control in Australia over the past few decades [2].
Tobacco control was one of the most successful, which
through reduced prevalence of smoking is estimated to
have prevented 78,000 deaths from lung cancer alone
between 1956 and 2015 [3, 4]. Additionally, organised
early detection is provided through national screening
programs for cancers of the cervix, breast and colorec-
tum, which have all experienced reductions in mortal-
ity [5]. The continued development of cancer control
initiatives based on the most recent evidence is vital. To
identify areas that warrant further attention this analy-
sis provides more recent summary measures of changes
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from 1996 to 2015 in cancer incidence and mortality for
Australian people aged under 75 years.

Main text

Methods

Population and tabulated data with the numbers of new
cancer cases and deaths by sex, 5-year age group and cal-
endar year from 1994 to 2016 for all cancers combined
(ICD-10 codes C00-C97, D45, D46, D47.1, D47.3-D47.5)
and for 23 individual cancer types were obtained from
the Australian Institute of Health and Welfare (AIHW)
[6, 7]. The remaining cancer types were grouped as ‘other’
All cancers for children aged 0-14 years were grouped
to avoid small numbers. The analyses were restricted to
those aged less than 75 years because by default cancer
is a more prevalent cause of death for older people who
have survived premature mortality from other chronic
diseases, data on cause of death and diagnoses are less
reliable at older ages, screening programs stop at approx-
imately 74 years of age, and treatment regimens tend
to be less aggressive for older patients [2]. Data were
smoothed using a three-year moving average to reduce
random variation by single year, and 1995 was used as the
reference year.

Statistical analysis

The methods have been described previously [2]. In brief,
Joinpoint regression analysis was used to test for signifi-
cant changes in cancer rates and estimate the average
annual percentage change (AAPC) over the period from
1995 to 2015 [8]. We also reported the annual percentage
change (APC) over the last period identified by Joinpoint.
We estimated the change in numbers of cancer cases and
deaths due to changes in cancer rates rather than changes
in the population size and ageing. To do this, we first esti-
mated the expected numbers of cancer cases and deaths
for the 20-year period 1996-2015 if rates had remained
at 1995 levels, by multiplying the sex-age-specific rates in
1995 by the estimated populations in 1996-2015 [2]. We
then calculated the differences in the expected cumula-
tive numbers of cases and deaths and the corresponding
observed numbers [2]. All rates were age-standardised to
the Australian 2001 population. Statistical analyses were
performed using Joinpoint 4.7.0.0 [8] and STATA [9].
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Results

Cancer incidence

The overall age-standardised incidence rate for all can-
cers combined increased by 3.9% from 350.7 in 1995 to
364.4 per 100,000 in 2015 (Fig. 1a and Table 1A). Differ-
ent patterns were observed for males and females, with
the incidence rate for all cancers combined for males
showing fluctuations over the 20-year period (AAPC:
—0.1, 95% CI —0.4, 0.2), while a significant increase in
the incidence rate for all cancers combined was observed
for females (AAPC: 0.5, 95% CI 0.4, 0.5). Notably, in the
last period identified by Joinpoint there were opposing
changes in cancer incidence rates for males and females,
with a decrease observed for males (APC: —1.4, 95%
CI —1.6, — 1.3 in 2008-2015) and an increase observed
for females (APC: 0.9, 95% CI 0.7, 1.0 in 2009-2015)
(Table 1A). During 1996-2015, a total of 29,226 (2.0%)
more cases (males: 5,940, 0.7%; females: 23,286, 3.7%)
were observed compared to the expected numbers based
on 1995 rates (Table 2A). For males, compared with
expected, the largest differences with smaller numbers
of cases observed were for lung (— 23,156, —23.8%) and
colorectal (—9,092 —8.5%) cancer, while larger num-
bers of cases were observed for prostate cancer (29,638,
14.8%) and melanoma (7,208, 8.6%). For females, com-
pared with expected, smaller numbers of cases were
observed for cervical cancer (— 7,405, —34.7%) and can-
cers with unknown primary (CUP) (—6,123, —35.8%),
while larger numbers of cases were observed for thyroid
(10,993, 83.6%%) and breast (9,952, 4.9%) cancers.

Cancer mortality

The age-standardised mortality rate for all cancers com-
bined decreased by 32.9% from 125.6 in 1995 to 84.3
per 100,000 in 2015 (Fig. 1b and Table 1B). Significant
decreases in mortality rates were observed for both males
(AAPC: —2.2,95% CI —2.3, —2.2) and females (AAPC:
—1.7,95% CI — 1.8, —1.7). Mortality rates for most can-
cer types, except liver cancer, decreased throughout the
20-year period. There were only negligible changes in
mortality rates for cancers of the pancreas, thyroid, cor-
pus uteri and uterus over the whole study period 1995—
2015. However, a significant increase in mortality rates
for cancer of corpus uteri and uterus in the last period
from 2010 to 2015 was identified by Joinpoint (Table 1B).
During 1996-2015 there were 106,903 fewer cancer

(See figure on next page.)

Fig. 1 Trends in age-standardised incidence and mortality rates in Australia for 1995-2015 from Joinpoint regression analysis for people aged
under 75 years (a Incidence; b mortality). All rates were age-standardised to the Australian 2001 population. p <0.05 was considered to indicate
statistical significance for the Joinpoint analysis of changes in rates. C26.0 ("malignant neoplasms of the intestinal tract unspecified”) was included
for colorectal cancer mortality, as it has been reported that deaths certified as bowel cancer’tend to be coded as C26.0 [7]
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deaths (males: —69,007, —22.6%; females: — 37,896,
—17.9%) than expected based on the 1995 mortality
rates (Table 2B). For males, compared with expected,
the largest differences were for lung (— 26,500, — 32.4%)
and colorectal (—12,596, —29.5%) cancers. For females
compared with expected, the largest differences were
for breast (—11,262, —24.6%) and colorectal (— 8,116,
—29.1%) cancers. Liver cancer was the only cancer with
a significantly larger number of deaths compared to that
expected (3.431, 35.8%) (Table 2B).

Discussion

Our results indicated that the overall incidence rate for
all cancers for Australians aged under 75 years was rela-
tively stable from 1995 to 2015, while the mortality rate
for all cancers declined by 32.9% over the same period.
Over the period 1996-2015, the number of cancer cases
was 2% higher and the number of cancer deaths was
20.6% lower compared to those expected based on 1995
rates. The patterns observed in the current study were
somewhat consistent with those reported for 1987-2007
[2]. However, there was a greater decrease in the cancer
mortality rate and a much smaller increase in the can-
cer incidence rate [2]. These differences are likely to be
attributable to multiple factors including risk factor con-
trol, changes in diagnostic practices and cancer screening
activities, as well as improvements in cancer treatments,
which were highlighted in the previous study [2]. Broadly,
Australia has seen a variety of improvements in cancer
treatment and the development of tailored and targeted
therapies which have led to improvements in cancer out-
comes [10]. We identified different patterns in cancer
incidence for males and females, with the incidence rate
for males being relatively stable while the rate for females
showed an increase. These were largely driven by lung
cancer incidence due to differences in sex-specific smok-
ing behaviours in the population [3, 11].

For several cancer types that have an established asso-
ciation with tobacco smoking, including cancers of the
lung for males, colorectum, head and neck, stomach,
bladder, ovary, oesophagus for females and cervix [12],
significant decreases in both cancer incidence and mor-
tality rates have resulted in smaller numbers of new can-
cer cases and cancer deaths being observed compared
to those expected based on rates 20 years ago are likely
attributable to Australia’s successful tobacco control
interventions [3, 4]. However, an increase in the inci-
dence of lung cancer was observed for females, and for
lung cancer alone the observed numbers of cases and
deaths in 2015 were still substantial, highlighting that
continued efforts in tobacco control and the development
of effective lung cancer screening and treatments remain
significant public health priorities [3]. The first enquiry

Page 10 of 12

into the possibility of a national lung cancer screening
program is currently progressing in Australia [13].

In the case of colorectal and cervical cancers, organised
screening has played a major role in reducing the inci-
dence and mortality rates. Australia’s National Cervical
Screening Program (NCSP) was implemented in 1991,
the reductions in cervical cancer incidence and mortal-
ity rates observed in this study can be mainly attributed
to the NCSP. However, a previous study reported that the
cervical cancer incidence rate appears to have plateaued
during the late 2000s following the levelling off of screen-
ing participation rates, and a new screening technol-
ogy and revised protocol were introduced in 2017 [14].
In addition, the national human papillomavirus (HPV)
vaccination program was introduced in April 2007 [15],
and over time this will be expected to further reduce the
incidence rate of cervical cancer [16]. While the National
Bowel Cancer Screening Program (NBCSP) has been
phased in from 2006, reaching full implementation from
2020 [5], opportunistic screening occurred prior to its
launch and continues, so decreases in colorectal cancer
incidence and mortality rates are likely to be attribut-
able to both organised and opportunistic screening [17,
18]. However, in contrast to the overall decrease in the
incidence and mortality rates for colorectal cancer, a pre-
vious study reported increases in the incidence rates for
people aged under 50 years [19]. Further research focus-
ing on the increase in the colorectal cancer incidence rate
for young people is warranted.

The decreases in the incidence and mortality rates
for CUP could potentially be explained by continu-
ous improvements in diagnostic techniques which may
have resulted in these cases being correctly classified as
a known primary cancer type [20]. Consequently, this
could be a potential factor contributing to the increases
in the numbers of new diagnoses of other cancer types
compared with expected. Reductions in mortality for
cancer types commonly thought to be responsible for
CUP, including lung cancer, are likely to have also con-
tributed to the smaller than expected number of deaths
from CUP [21].

Increasing or relatively stable incidence rates but
decreasing mortality rates were observed for some cancer
types, including cancers of the prostate, breast, kidney
and melanoma. Although prostate cancer and melanoma
are often detected early and treated successfully as a
result, currently there is no organised population screen-
ing for either as the potential harms are considered to
outweigh the benefits [22—25]. The decrease in the pros-
tate cancer incidence rate after 2008 [6] is likely to be
attributable to clinical guidelines recommending against
PSA testing for prostate cancer since 2008 [22, 23]. For
breast cancer, despite debate around mammographic
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screening [26, 27], assessments of different methods of
screening for breast cancer estimated a reduction in mor-
tality of 21-28% for women invited to screening [28, 29].

As found in the previous study which considered a
time period starting a decade earlier than the current
study, there were statistically significant increases in both
incidence and mortality rates for liver cancer, result-
ing in significantly larger numbers of liver cancer cases
and deaths occurring compared to those expected based
on 1995 rates [2]. Multiple factors may be the cause of
these increases. The prevalence of hepatitis B and C has
remained high in some migrant communities, and among
Aboriginal and Torres Strait Islander Australians, and
there is a substantial burden of undiagnosed chronic hep-
atitis infections in high risk groups [30]. Other risk fac-
tors such as obesity, diabetes and alcohol consumption
may also be a factor [2]. In addition, the misclassifica-
tion of other cancers which have metastasised to the liver
could be a factor [31]. Future research focusing on the
increase in incidence and mortality rates for liver cancer
is a major priority. This study also found that the mor-
tality rate for cancer of corpus uteri and uterus increased
in the recent period from 2010 to 2015, which was likely
caused by increases in obesity, diabetes, insufficient phys-
ical activity, and decreasing use of estrogen plus proges-
tin menopausal hormone therapy [32, 33].

In the context of the Covid-19 pandemic, health ser-
vices have been severely disrupted in a number of coun-
tries and in Australia cancer services have been disrupted
to some extent [34], including a pause of BreastScreen
Australia services in April-May 2020. Furthermore, pop-
ulation-level health-seeking may be impacted. It will be
important to ensure that these disruptions are minimised
and that appropriate recovery strategies are in place; one
means by which this is occurring is the establishment of
the Covid-19 and Cancer Global Modelling Consortium,
which aims to help countries minimise the impact of dis-
ruptions [35].

Conclusion

We found that the cancer mortality rate in Australia in
2015 was about a third lower than the rate in 1995, with
a total of almost 107,000 fewer deaths over the 20-year
period 1996-2015 than would have been expected had
the mortality rate remained at the 1995 level. This is
likely to in part reflect the success of past cancer con-
trol efforts, especially tobacco control, cancer screening,
and improvements in treatment. Despite the improve-
ments observed, an increase in cancer incidence remains
a concern, with the number of new cancer diagnoses
being greater than that expected based on 1995 rates.
Although a proportion of these are likely to be due to
increased detection, these findings imply that continuing
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commitment to further research and the implementation
of evidence-based cancer control measures must remain
public health priorities.

Limitations

The main limitation of this analysis is that the estimated
changes in incidence and mortality are likely to be sen-
sitive to the reference year selected for comparison. To
reduce the impact of this and account for random varia-
tions in cancer rates for a single year, the 1995 rates were
estimated using a three-year moving average.

Abbreviations
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