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Abstract

Objective: This article aims to examine cross-sectional associations and assess temporal trends in keratinocyte carcinoma (KC) incidence by
area-level socioeconomic status (SES) and geographic remoteness in Tasmania, Australia.

Methods: KCs—basal cell carcinoma (BCC) and cutaneous squamous cell carcinoma (SCC)—registered by the Tasmanian Cancer Registry were
assigned to area-level SES and remoteness area. Incidence rate ratios (2014-2018) were estimated using Poisson regression. Average annual
percentage changes (2001-2018) were estimated using the Joinpoint Regression Program.

Results: BCC incidence increased with increasing area-level advantage (p value for trend <0.001), but no trend was found for SCC. SCC
incidence was higher in rural than urban areas (p value <0.001), and BCC incidence was slightly lower in rural than urban areas for males (p
value = 0.026), but not for females (p value = 0.381). BCC and SCC incidence increased between 2001 and the mid-2010s, when it peaked
across most areas.

Conclusions: Associations were found between BCC and higher area-level SES, and between SCC and geographic remoteness. The findings
suggest differences in sun exposure behaviours, skin cancer awareness and access to services, or ascertainment bias.

Implications for public health: Efforts to control and deliver KC services in Tasmania should consider targeting populations with specific area-
level characteristics.
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Introduction melanoma, prostate cancer and breast cancer, Australians living in
areas of higher socioeconomic disadvantage and in inner and outer
regional areas generally have higher incidence rates than their

counterparts in more advantaged or urban areas.”” This has been

eratinocyte carcinomas (KCs)—comprised of basal cell
carcinoma (BCC) and cutaneous squamous cell carcinoma

(SCC)—are the most common cancers in fair-skinned
populations, and Australia has the highest incidence in the world.'
During 2011-2014, 3.9% of Australians had at least one KC excised.’
These common cancers pose a substantial burden on our nation’s
healthcare system and on individuals, with an estimated $1.2 billion in
direct and indirect costs in 2020.?

It is well documented that area-level socioeconomic status (SES) and
geographic remoteness can influence health outcomes, including the
incidence rate of cancer.*® Although there are exceptions, such as

largely explained by differences in behavioural risk factors across the
socioeconomic and geographic spectrum.” Further, those living in
more regional and remote areas tend to have poorer access to
healthcare services, including screening and diagnostic services, and
are generally more socioeconomically disadvantaged than those
living in urban areas.®"’

It is unclear whether the incidence of KCs varies by area-level SES and
geographic remoteness in Australia. Population-based studies
conducted in Europe have consistently shown that people living in
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areas of high socioeconomic advantage have the highest incidence
rates of KCs,'>"'? while the evidence for variation by geographic
remoteness is mixed.'”'®*° Moreover, evidence from a population-
based Dutch study suggested that, over time, KCs have changed from
a disease of the socioeconomically disadvantaged to a disease of the
socioeconomically advantaged.'®

Despite the high burden of KCs, the lack of Australian studies is largely
attributable to KCs not being notifiable diseases by law and, therefore,
not reported by most population-based cancer registries. The
Tasmanian Cancer Registry is the only one in Australia that
periodically registers KCs diagnosed within its jurisdiction.

In Tasmania, the incidence rate of KCs has substantially increased
since the 1980s, with almost a third of the population in 2018
estimated to be diagnosed with a KC by age 75 years.”' Further, it has
been estimated that 33% of Tasmanians with a first diagnosis
experience a subsequent KC within 5 years.”” Identifying the
socioeconomic and geographic characteristics of the populations at
higher risk of KCs can contribute to the development of more
effective public health initiatives and promote health equity.

This study had two aims. First, to examine whether the cross-sectional
associations between the person-based incidence rate of KCs, area-
level SES and geographic remoteness in the Tasmanian population
are consistent with what is reported internationally. Second, to assess
whether the temporal trends previously reported for the whole of
Tasmania varied by area-level SES and geographic remoteness.

Methods
Study design and population

This is a population-based study conducted in the Australian island
state of Tasmania, which has a population of approximately 540,000
people and the oldest age distribution of any Australian state or
territory.”

This study included registrations of histologically confirmed BCC or
SCC by the Tasmanian Cancer Registry between 1 January 2001 and
31 December 2018. Details about the data, including compilation of
the dataset, coding practices and quality measures, have been
described previously.?' Briefly, coding was conducted in accordance
with the convention of the International Classification of Diseases for
Oncology, Third Edition (ICD-03).>* Cancers with a skin site (C44),
behaviour code 3 (malignant, primary), and morphology codes 805-
808 or 809-811 were ascertained as SCCs or BCCs, respectively. Only
one cancer of each histological type was registered and coded per
person per year of diagnosis regardless of the site, and recurrent
lesions, where stated in the pathology report, were excluded. Stage at
diagnosis is seldom used for KCs, especially BCCs, and is not recorded
by the Registry.

The usual residential address at each year of diagnosis for each
person was coded to a Statistical Area Level 2 (SA2) according to the
2016 Australian Statistical Geography Standard (ASGS). Area-level SES
and geographic remoteness information at the SA2 level were
sourced from the Australian Bureau of Statistics. For area-level SES, we
used the Socio-economic Indexes for Areas 2016, specifically the
Index of Relative Socio-economic Advantage and Disadvantage.”> For
geographic remoteness, we used the ASGS 2016 Remoteness
Structure.”® The Index of Relative Socio-economic Advantage and
Disadvantage was grouped into five categories (based on quintiles of

the Tasmanian population) and the Remoteness Structure was
grouped into two categories: “urban” (i.e., “inner regional”) or “rural”
(i.e., “outer regional, remote and very remote”). Tasmania does not
have an area categorised as a “major city.”

Statistical analysis

Summary statistics (percentages and frequencies) described the
characteristics of the population for categories of area-level SES and
geographic remoteness for the latest 5-year study period between 1
January 2014 and 31 December 2018.

Annual person-based age-standardised incidence rates over the
whole study period (2001-2018) were calculated using the Australian
2001 population.®”

Fully adjusted Poisson regression models compared annual person-
based incidence rates while controlling for area-level SES, geographic
remoteness and age group. The models included the log of the
population as the offset variable. Results were reported as fully
adjusted incidence rate ratios (IRR) and 95% confidence intervals (Cl).

Temporal trends in the annual person-based age-standardised
incidence rates between 1 January 2001 and 31 December 2018 were
modelled using the Joinpoint Regression Program?® and assessed
using a logarithmic transformation to estimate average annual
percentage changes (AAPCs). The model of best fit was selected using
the Bayesian Information Criterion and a maximum of one joinpoint
was allowed in each model, since preliminary analysis including more
joinpoints showed the same overall patterns but with more random
fluctuation.

The test for parallelism was used to examine whether the slope in
temporal trends differed between categories of area-level SES and
geographic remoteness. A p value of 0.05 was considered statistically
significant.

Preliminary analysis indicated that associations with area-level SES
and geographic remoteness differed by histological type (p value for
interaction terms <0.001). Associations with geographic remoteness
further differed by sex in both BCC (p value for interaction

term =0.030) and SCC models (p value for interaction term =0.002).
Therefore, all results are presented in strata of sex and

histological type.

Results

Characteristics of the cohort

Between 2014 and 2018, 32,828 persons (40% females) were
diagnosed with BCC and 19,318 persons (40% females) were
diagnosed with SCC. Of those diagnosed with BCC, 57% were aged
between 60 and 79 years and 20% were aged above 80 years. Those
diagnosed with SCC had an older age profile: 55% were aged
between 60 and 79 years and 33% were older than 80 years.

Among the cohort diagnosed with BCC, 30% lived in the most
advantaged areas and almost 70% lived in urban areas (Table 1). The
cohort diagnosed with SCC was more equally distributed across
socioeconomic areas (22% lived in the most advantaged areas) and
62% lived in urban areas. Distributions were similar for males and
females.
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Table 1: Numbers, age-standardised” incidence rates (ASR) and adjusted incidence rate ratios (IRR) of person-based annual keratinocyte carcinomas in Tasmania by sex,

histological type, area-level socioeconomic status and geographic remoteness, 2014—2018.

Basal cell carcinoma

Squamous cell carcinoma

n ASR (95% 1) IRR
Males
Area-level socioeconomic status
1 (most disadvantaged) 3,242 1,005 (971-1,040) 1.00
2 3,293 1,008 (974-1,043) 1.04
3 3,699 1,074 (1,039-1,109) 1.10
4 3411 1,145 (1,106-1,184) 1.16
5 (most advantaged) 5,960 1,506 (1,468-1,543) 1.51
p-value for trend <0.001
Geographic remoteness
Urban 13,274 1,241 (1,220-1,262) 1.00
Rural 6,331 1,020 (995-1,046) 0.96
p-value 0.026
Females
Area-level socioeconomic status
1 (most disadvantaged) 2,221 608 (582-634) 1.00
2 2,203 656 (628-684) 1.07
3 2,459 691 (663-719) 1.13
4 2,326 730 (700-760) 1.20
5 (most advantaged) 4014 931 (901-960) 1.53
p-value for trend <0.001
Geographic remoteness
Urban 9,150 761 (745-777) 1.00
Rural 4,073 675 (653-696) 1.02
p-value 0381

(95% «I) n ASR (95% Cl) IRR (95% Cl)
(ref) 2,187 669 (641-697) 1.00 (ref)
(0.99-1.09) 2,408 m (693-750) 1.05 (0.98-1.11)
(1.05-1.16) 2,293 673 (646-701) 0.98 (0.92-1.04)
(1.10-1.21) 2,207 732 (701-762) 11 (1.05-1.18)
(1.44-1.58) 2,589 648 (623-672) 1.01 (0.95-1.07)
0.304
(ref) 7175 660 (645-675) 1.00 (ref)
(0.92-0.99) 4,509 728 (706-749) 1 (1.06-1.16)
<0.001
(ref) 1,552 388 (369-408) 1.00 (ref)
(1.00-1.14) 1,508 412 (391-433) 0.95 (0.88-1.02)
(1.07-1.20) 1,490 394 (374-414) 0.96 (0.89-1.03)
(1.13-1.27) 1,405 402 (381-423) 1.05 (0.97-1.12)
(1.45-1.61) 1,679 350 (333-367) 0.96 (0.90-1.03)
0.906
(ref) 4,807 357 (347-367) 1.00 (ref)
(0.98-1.07) 2,827 446 (430-463) 1.25 (1.18-1.32)
<0.001

Cl: confidence intervals. Bold indicates statistically significant with p less than 0.05.

#2001 Australian standard population.

Pestimated using Poisson regression models and adjusting for area-level socioeconomic status, geographic remoteness and age group.
“based on quintiles of the Tasmanian population according to the Index for Relative Socioeconomic Advantage and Disadvantage.”

Associations with area-level socioeconomic status and
geographic remoteness

For BCC, age-standardised incidence rates increased with increasing
area-level socioeconomic advantage and were higher in urban than
rural areas for both males and females (Table 1).

Fully adjusted IRRs for BCC increased with increasing area-level
socioeconomic advantage and were just over 50% higher in the most
advantaged group compared with the most disadvantaged group for
both males (p value for trend <0.001) and females (p value for trend
<0.001) after controlling for age group and geographic remoteness
(Table 1). For males, the fully adjusted IRRs were 4% lower in rural
than urban areas (p value =0.026), while for females, there was no
evidence of an association with geographic remoteness after
controlling for area-level SES.

The area-level socioeconomic gradient in incidence rates of BCC was
more pronounced among younger age groups and generally weaker,
but still statistically significant, with increasing age (p value for
interaction terms <0.001 for males and females). Among those aged
0-49 years, incidence rates of BCC for the most advantaged group
were 74% higher compared with the most disadvantaged group for
males (p value for trend <0.001) and 110% higher for females (p value
for trend <0.001) (Supplementary file 1).

For SCC, age-standardised incidence rates were higher in rural than
urban areas for both males and females but distributed more evenly
across socioeconomic areas (Table 1).

Fully adjusted IRRs for SCCs in rural areas were 11% higher for males
(pvalue <0.001) and 25% higher for females (p value <0.001). There
was no statistically significant socioeconomic gradient for SCC.

The difference in incidence rates of SCC between urban and rural
areas was more pronounced among younger persons and generally
decreased but remained statistically significant, as age increased (p
values for interaction terms <0.001 for males and =0.001 for females).
Those aged 0-49 years who lived in rural areas had adjusted
incidence rates 52% higher for males (p value <0.001) and 77% higher
for females (p value <0.001) than their urban counterparts
(Supplementary file 2).

Temporal trends

Although several trends were different (i.e., test of parallelism
rejected; Supplementary file 3), most temporal trends in the age-
standardised incidence rates followed a similar pattern between 2001
and 2018, where they increased sharply until around the mid-2010s
then reached a peak and plateaued or declined in more recent years
(Figure 1).

Age-standardised incidence rates of SCC for males living in areas of
relative disadvantage (category 2), and for males and females living in
the most advantaged areas (category 5), had not yet plateaued in
2018 (Figure 1). But AAPCs between 2001 and 2018 for these groups
were overall slightly lower compared with other groups (Table 2).
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Figure 1: Temporal trends in the annual person-based age-standardised (Australian 2001) incidence rates of basal cell carcinoma (BCC) and squamous cell carcinoma (SCC)

in Tasmania by sex, area-level socioeconomic status and geographic remoteness, 2001-2018. Area-level socioeconomic status is based on quintiles of the Tasmanian
population according to the Index of Relative Socioeconomic Advantage and Disadvantage.
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Throughout the study period, age-standardised incidence rates of
BCC were consistently higher for areas of most socioeconomic
advantage and urban areas (Figure 1).

AAPCs across most geographic areas were generally higher for SCC
than BCC and for females than males (Table 2).

(B) BCC, area-level socioeconomic status, females
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Discussion

This study aimed to examine the cross-sectional associations
(2014-2018) and assess temporal trends (2001-2018) in the person-
based incidence rates of KCs by area-level SES and geographic
remoteness in the Tasmanian population. Stark differences were
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Table 2: Average annual percentage changes (AAPC) in the person-based annual age-standardised " incidence rates of first annual keratinocyte carcinomas in Tasmania b

sex, histological type, area-level socioeconomic status , geographic remoteness and calendar period, 2001-2018.

Calendar period AAPC (95% () Calendar period AAPC (95% (1)
Basal cell carcinoma
Males
Area-level socioeconomic status
1 (most disadvantaged) 2001-2015 3.1 (27, 34) 2015-2018 6.3 (-9.1, -3.3)
2 2001-2014 1.9 (1.5, 2.4) 2014-2018 0.6 (-2.7, 1.6)
3 2001-2013 2.9 (2.0,3.8) 2013-2018 03 (-2.9, 24)
4 2001-2014 24 (14, 33) 2014-2018 -40 (-8.5, 0.7)
5 (most advantaged) 2001-2016 25 (20, 29) 2016-2018 -1.1 (-8.5, 6.9)
Geographic remoteness
Urban 2001-2014 2.6 (2.1, 3.0 2014-2018 0.8 (-3.0, 1.4)
Rural 2001-2014 2.6 (23, 3.0) 2014-2018 23 (-4.0, -0.5)
Females
Area-level socioeconomic status
1 (most disadvantaged) 2001-2015 3.1 (23,39 2015-2018 6.9 (-13.8, 0.6)
2 2001-2015 2.8 (1.9, 3.8) 2015-2018 5.1 (-13.0, 3.5)
3 2001-2013 3.5 (27, 43) 2013-2018 -1.1 (-3.4,13)
4 2001-2014 44 33,55 2014-2018 -49 (-9.6, 0.1)
5 (most advantaged) 2001-2016 39 (3.4, 45) 2016-2018 -4.8 (-14.2, 5.8)
Geographic remoteness
Urban 2001-2015 3.6 (3.2, 41) 2015-2018 35 (-7.4, 0.5)
Rural 2001-2015 3.2 (24, 39) 2015-2018 -6.2 (-12.3, 0.4)
Squamous cell carcinoma
Males
Area-level socioeconomic status
1 (most disadvantaged) 2001-2014 37 (2.7, 4.6) 2014-2018 -0.9 (-5.3, 3.7)
2 2001-2018 21 (1.5, 2.6) - - -
3 2001-2015 3.1 (25, 37) 2015-2018 35 (-8.0, 1.2)
4 2001-2013 5.2 (3.8, 6.6) 2013-2018 0.6 (-4.1, 3.1)
5 (most advantaged) 2001-2018 17 (1.1, 23) - - -
Geographic remoteness
Urban 2001-2014 3.0 23,37) 2014-2018 0.5 (-3.7, 2.8)
Rural 2001-2015 3.2 (26, 3.8) 2015-2018 -1.6 (-6.2, 3.2)
Females
Area-level socioeconomic status
1 (most disadvantaged) 2001-2014 47 3.3, 6.1) 2014-2018 24 (-8.6, 4.2)
2 2001-2016 3.2 (23, 41) 2016-2018 -7.6 (-23.2, 11.3)
3 2001-2010 5.1 29, 73) 2010-2018 04 (-2.4, 1.6)
4 2001-2013 6.7 (5.1, 83) 2013-2018 0.4 (-4.3, 3.7)
5 (most advantaged) 2001-2018 18 (1.0, 2.7) - - -
Geographic remoteness
Urban 2001-2014 3.5 (29, 41) 2014-2018 -15 (-4.4, 1.5)
Rural 2001-2016 41 (3.2, 49) 20162018 83 (217, 73)

22001 Australian standard population.

Pbased on quintiles of the Tasmanian population according to the Index for Relative Socioeconomic Advantage and Disadvantage®’; Cl: confidence

intervals.

observed between the two histological types. BCCs were more
strongly associated with area-level SES, and SCCs were associated
with geographic remoteness with no evidence of an independent
association with area-level SES.

People living in areas of higher area-level socioeconomic advantage
had, on average, a higher incidence of BCC, regardless of geographic
remoteness. This finding supports European population-based
studies that consistently found a higher risk of BCC in areas of high
SES.'>'*17.19 Exposure to solar ultraviolet (UV) radiation is the
biggest contributor to skin cancer, and BCCs specifically have been

associated with intermittent UV exposure and sunburns.?*=>' Areas
of relatively high socioeconomic advantage tend to have a higher
percentage of residents in white-collar occupations.®? It is plausible
that white-collar indoor workers engage in intermittent patterns of
sun exposure where weekends may be spent outdoors, and holidays
may be spent in destinations closer to the equator where UV levels
are high. One study conducted in Queensland (closer to the equator
than Tasmania) found no association between weekend sunburns
and area-level socioeconomic advantage,*® but the findings might
not be generalisable to the Tasmanian setting due to substantial
differences in UV levels and lifestyle between the two states.
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The incidence rate of SCC was consistently higher in rural than urban
areas. Evidence from other population-based studies is mixed. In
Denmark, increasing rates of BCC and SCC were found with increasing
and decreasing urbanisation, respectively,® while rates for both
histological types were higher in urban than rural areas in Ireland.'*'®
Farmers in Australia, Europe and the United States have been shown
to have the highest levels of UV exposure among outdoor workers
and suboptimal levels of skin protection.** Given this finding and the
link between SCC and cumulative sun exposure,®~° the higher
incidence rates of SCC in the more rural areas of Tasmania could be
due, at least in part, to a larger proportion of workers in agriculture
residing in these areas.

The associations between BCC and area-level SES, and SCC and
geographic remoteness, were more pronounced among younger
persons and generally weakened as age increased. Similar findings for
BCC and area-level SES have been reported in European countries.'*"?
A possible explanation is that people at high risk of developing KCs
tend to do so at a younger age and in association with factors that
more clearly differ by SES and geographic location.

Our findings suggest that differences in the age-standardised
incidence rates of BCC between urban and rural areas are largely
explained by differences in area-level SES between these areas. In
Tasmania, as for the rest of Australia, persons living in urban areas are
generally more socioeconomically advantaged than persons living in
more regional and remote areas.”'" It appears that it is this
socioeconomic advantage that is driving slightly higher incidence
rates of BCC in urban compared to rural areas.

Temporal trends for BCC indicated that areas of most socioeconomic
advantage sustained the highest age-standardised incidence rates
throughout the study period between 2001 and 2018. Similar results
were reported in a population-based study from Scotland, where the
incidence of BCC was consistently higher in areas of least
socioeconomic deprivation between 1978 and 2004."” In Ireland, a
population-based study found diverging temporal trends between
1990 and 2004, a period in which the incidence of BCC increased by
6% in areas of high SES and decreased by 7% in areas of lower SES.'®
Our findings suggest that the contributors to the area-level
socioeconomic gradient in the age-standardised incidence rate of
BCC—possibly including differential sun exposure patterns and use of
clinical skin examination services—may not have changed
substantially in Tasmania for the past two decades.

Ascertainment bias could explain some of our findings. We cannot
exclude the possibility that the higher incidence rates of BCC we
observed among people living in areas of more socioeconomic
advantage are the result of increased surveillance among these
groups. Individuals in these strata of the population are generally
more educated about the risks associated with sun exposure and the
early signs of skin cancer, and more likely to self-examine their skin
and seek medical advice.>” BCCs are generally considered indolent
cancers; therefore, active surveillance may result in increased
diagnosis. In terms of completeness of the Tasmanian Cancer
Registry’s data, a previous quality assurance process indicated a very
high level of reporting of histologically confirmed KCs by pathology
laboratories and hospitals in the state.”' That is, differences by area-
level SES are unlikely to be due to differences in ascertainment by the
Registry. The extent to which persons who live in areas of lower
SES—who also tend to live in more regional and remote
areas''—have access to and make use of skin cancer-related health

services determines whether these cancers get diagnosed and
registered in the first place.

The increased diagnosis of indolent cancers due to increased
surveillance may lead to overdiagnosis—that is, the diagnosis of
asymptomatic cancers that would never have caused harm. For
melanoma, which is a more aggressive type of skin cancer, it has been
estimated that 54% of cancers are overdiagnosed in Australia.*®
Because KCs are substantially more common and less aggressive than
melanoma, it is likely that a substantial proportion of cancers are
overdiagnosed.* While we cannot quantify it, overdiagnosis may vary
by area-level SES and geographic remoteness and may contribute to
the differences observed in this study.

Age-standardised incidence rates for BCC and SCC increased
substantially between 2001 and the mid-2010s, when they peaked for
most geographic areas, consistent with previously reported trends for
the whole Tasmanian population during the same period.”' Although
the temporal trends for some area-level socioeconomic groups had not
yet peaked by 2018, these groups experienced some of the slowest
rates of increase in the age-standardised incidence rates throughout
the whole study period. Although this indicates that there are no
socioeconomic nor geographic remoteness areas of particular concern
in Tasmania, future studies should continue to monitor these trends to
ensure that incidence rates continue to decline across all areas.

This study has two main strengths. It is the first whole-of-population,
cancer-registry-based study in Australia to examine the associations
between KCs, area-level SES and geographic remoteness. Further, due
to our registry-collected data that register BCC and SCC separately, we
were able to demonstrate how these associations differed between the
two histological types. This study has three main limitations. First, the
KC counts exclude lesions that were not sent to a pathology laboratory
for histological confirmation, such as lesions that were not biopsied
before being treated using destructive therapies or topical creams.
Second, this study compares the incidence rates by SES at the area
rather than individual level, which makes it susceptible to the
ecological fallacy in that not everyone living in an area will share the
average socioeconomic characteristics of all persons living in the same
area. Lastly, because only one cancer of each histological type was
registered and coded per person per year of diagnosis, we
underestimated incidence rates of lesions when we consider that it is
common for people to be diagnosed with multiple lesions.?>*° But
since our aim was to estimate the person-based incidence rates,
ascertainment of total lesions was not required. Further research could
consider linking Registry data to the Medicare Benefit Schedule and
public hospital data to enhance our understanding and provide more
insights, particularly on the health economics of KCs in Tasmania.

Conclusions and implications for public health

In Tasmania, higher area-level socioeconomic advantage was
associated with increased risk of BCC and living in rural areas was
associated with increased risk of SCC, especially among the younger
population. These disparities may reflect differences in sun exposure
behaviours, awareness of skin cancer and access to, and use of, skin
cancer clinics and services across socioeconomic and geographic
remoteness areas, but ascertainment bias may also play a role. Further
research is required to elucidate the causes more clearly.

Although trends in the incidence rates of BCC and SCC have
plateaued or started to decline across most socioeconomic and



geographic remoteness areas in recent years, rates remain high.
Efforts to reduce the burden of KCs in Tasmania through prevention
programs should continue. Targeted strategies for reaching high risk
groups should consider their socioeconomic advantage and age, and
tailor age-appropriate information and resources according to a
diverse range of literacy levels. Lastly, our findings have implications
for service planning, especially given the higher incidence rates of
SCC in rural areas.
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