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Abstract

Objectives: To assess the incidence and multiplicity of
keratinocyte cancers (basal cell carcinoma [BCC] and squamous
The known Keratinocyte cancer is common in Australia, but its
precise incidence is not known. Earlier studies analysed
cell carcinoma [SCC]) excised in Australia, and to examine
variations by age, sex, state, and prior skin cancer history.

Design: Analysis of individual-level Medicare data for
keratinocyte cancer treatments (identified by eight specific MBS
item codes) during 2011e2014. Histological data from the QSkin
prospective cohort study were analysed to estimate BCC and
SCC incidence.

Setting: A 10% systematic random sample of all people
registered with Medicare during 1997e2014.

Participants: People aged at least 20 years in 2011 who made
at least one claim for any MBS medical service during 2011e2014
(1 704 193 individuals).

Main outcome measures: Age-standardised incidence rates
(ASRs) and standardised incidence ratios (SIRs).
aggregated Medicare data, counting the number of cancers
treated; this did not account for the high proportion of patients
treated for multiple lesions.

The new The incidence of keratinocyte cancer excisions was
1531 per 100 000 person-years, but varied markedly by age,
sex, and region. Multiplicity is common; 74% of all skin cancers
were excised from people treated for multiple lesions.

The implications Skin cancer incidence is high, but the burden
is particularly high in the population subset (about half of all
skin cancer patients) with multiple lesions.

eratinocyte cancers (or non-melanoma skin cancers) are
the most frequent cancers in humans,1 particularly among
Results: The person-based incidence of keratinocyte cancer
excisions in Australia was 1531 per 100 000 person-years;
incidence increased with age, and was higher for men than
women (SIR, 1.43; 95% CI, 1.42e1.45). Lesion-based incidence
was 3154 per 100 000 person-years. The estimated ASRs for
BCC and SCC were 770 per 100 000 and 270 per 100 000
person-years respectively. During 2011e2014, 3.9% of
Australians had one keratinocyte cancer excised, 2.7% had more
than one excised; 74% of skin cancers were excised from
patients who had two or more lesions removed. Multiplicity was
strongly correlated with age; most male patients over 70 were
treated for multiple lesions. Keratinocyte cancer incidence was
eight times as high among people with a prior history of excisions
as among those without.

Conclusions: The incidence and multiplicity of keratinocyte
cancer in Australia are very high, causing a large disease burden
that has not previously been quantified.
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K those of European descent. Two major types are distin-
guished clinically and histologically: basal cell carcinomas (BCCs)
and squamous cell carcinomas (SCCs). Although the costs
incurred by their diagnosis and treatment are the second highest
of all cancers in Australia,2 keratinocyte cancers are often
considered trivial, as most can be effectively managed in primary
care. However, the morbidity of keratinocyte cancers is consid-
erable, resulting in more than 95 000 hospital admissions (the
highest for any cancer in Australia) and causing more than 500
deaths each year.3

A systematic policy response to theAustralian skin cancer problem
requires accurate information about patterns of incidence and
morbidity. As data on keratinocyte cancers are not routinely
collected by cancer registries in most jurisdictions, recent studies
havedrawnon summarydata fromadministrativedatabases (such
as Medicare) to estimate their incidence, relying on item billing
codes for skin cancer treatments.4,5While summarydata have been
useful for determining the scale of the problem, the lack of infor-
mation on individual patients greatly limits their interpretation.
For example, skin cancer multiplicity — an individual having
multiple discrete skin cancer events over a given time period —

could not be investigated, but all clinicians are familiar with pa-
tients with actinopathies who bear a disproportionate skin cancer
burden. Similarly, the overdiagnosis of other actinic neoplasias (eg,
kerato-acanthomas, intra-epidermal carcinomas) billed under skin
cancer item codes cannot be assessed in administrative datasets,
nor do these data distinguish between BCCs and SCCs. Finally,
previous analyses have been cross-sectional andhavenot provided
prospective estimates of skin cancer risk in Australia.

In this article, we report the findings of a detailed analysis of
individual-level health administration data overlaid with
histology information from a large prospective cohort study
established specifically to investigate skin cancer. Our aimwas to
estimate the overall incidence of keratinocyte cancers, as well as
incidence by histological type. We focused on identifying
demographic and geographic differences in incidence, and on
QIMR Berghofer Medical Research Institute, Brisbane, QLD. david.whiteman@qimrberg
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describing the multiplicity of skin cancer events in the Australian
population.
Methods

Medicare data
Medicare is the Australian universal health insurance scheme that
subsidises most medical services (but not those carried out in
public hospitals, which are operated by state governments) for
citizens and permanent residents. We analysed individual-level
data for a systematic random sample of 10% of all persons regis-
tered with Medicare during 1997e2014, prepared by the Austra-
lianDepartment ofHealth and posted online for research purposes
inAugust 2016.6We restricted our analyses to people aged 20 years
or more in 2011 who submitted at least one Medicare claim during
2011e2014. This period was selected for its recency, and because
population-based pathology data for the same period from the
hofer.edu.au j doi: 10.5694/mja17.00284 339
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QSkin study7were available, fromwhichwe could extract age- and
sex-specific BCC:SCC ratios for excised lesions. The Medicare
dataset included encrypted patient identification numbers; patient
sex, year of birth, and state of residence; item code number for the
specific service; date of service, randomly perturbed by �14 days;
and name and state of the service provider for each claim record.

We focused on the eight Medicare Benefits Schedule (MBS) item
codes reserved for keratinocyte cancer excisions (31255, 31260,
31265, 31270, 31275, 31280, 31285, 31290; onlineAppendix, table 1).
These item numbers require that a diagnosis of BCC or SCC be
confirmedbyhistologybefore being claimedby the treatingdoctor.
The item codes do not distinguish between BCC and SCC; data
from the QSkin study were analysed to estimate BCC:SCC ratios.
We extracted all claims for patients with the eight codes during
2011e2014 to estimate keratinocyte cancer incidence; thosewith no
claims under these codes were included as part of the at risk
population. Individuals with one of these eight item code claims
before 2011 were deemed to have a prior history of keratinocyte
cancer excision.

The state of residence for the most recent claim by a patient was
used for state-specific incidence estimates, grouped by Medicare
for confidentiality purposes as Queensland; New SouthWales and
the Australian Capital Territory; Victoria and Tasmania; South
Australia and the Northern Territory; and Western Australia.

In supplementary analyses, we expanded the dataset to include a
further 29 item codes for destructive skin cancer therapies.4
QSkin data
We analysed data from the QSkin study7 to derive age- and sex-
specific estimates of the BCC:SCC ratio. QSkin included a
random sample of Queensland residents (n ¼ 43 794) aged 40e69
years in 2010 who completed a baseline survey about skin cancer
risk factors, basic demographic data, lifestyle, andmedical history.
Data linkage to Medicare was performed for 40 386 consenting
participants, among whom we identified patients who had had
keratinocyte cancer excisions coded by the eight item codes listed
above. We obtained pathology reports (75% recovery) fromwhich
salient details were abstracted and recorded.
Statistical analysis
As individuals can develop multiple keratinocyte cancers over
time, we estimated both person-based and lesion-based incidence
rates. We used Poisson regression to estimate the crude and
age- and sex-specific incidence rates for both person-based and
lesion-based rates of keratinocyte cancer, BCC, and SCC. We used
the Australian standard population (2001)8 to estimate
age-standardised incidence rates (ASRs) of keratinocyte cancer,
BCC, and SCC, in men and women. We calculated standardised
incidence ratios (SIRs) for different groups from the estimated
ASRs; confidence intervals for SIRs were derived from the normal
approximation to log-transformed rate ratios and their standard
errors.

To estimate the crude person-based incidence, we divided the total
number of people with at least one excision by person-time at risk.
We estimated the crude lesion-based incidence by dividing the
total number of excisions of keratinocyte cancers by the total per-
son-time at risk.We adjusted for competingmortality risks in each
analysis. To estimate type-specific incidence (BCCs, SCCs), we
applied our earlier finding that only 68% of excisions claimed
under the eight Medicare item codes were linked to a confirmed
diagnosis of BCC or SCC; the others were mostly for other actinic
lesions determined by histology to be kerato-acanthomas, intra-
epidermal carcinomas, Bowen disease, or related skin neoplasias.9

We therefore discounted the overall incidence of excised lesions by
32%, and then used age- and sex-specific BCC:SCC ratios from
QSkin to estimate BCC and SCC incidence in our national sample.
Ethics approval
Participants in QSkin provided separate written informed consent
for the collection of pathology data and for data linkage to Medi-
care. TheQSkin Studywas approved by the human research ethics
committee of QIMR Berghofer Medical Research Institute (refer-
ence, P1309), andby theExternal Request EvaluationCommittee of
Medicare Australia (reference, 2010/CO06969).
Results

Study populations and risk set
TheMedicare sample comprised records for 1 704 193 people aged
20 years or more in 2011 with at least one service claim during
2011e2014. Of these, 111 868 (6.6%) had at least one keratinocyte
cancer excised (248 152 excisions).

According to QSkin data, the BCC:SCC ratio among first diag-
nosed keratinocyte cancers was higher in younger than older age
groups; the ratio declined with age for both men and women
(online Appendix, table 2). In all age groups, the BCC:SCC ratio
was higher for women than men.
Person-based incidence of keratinocyte cancer excisions
The overall rate of excisions for keratinocyte cancer in Australia
was 1531 per 100 000 person-years (Box 1). The overall incidence of
keratinocyte cancer treatments, including curettage, laser treat-
ment, and liquid nitrogen cryotherapy (37 item codes), was 1796
per 100 000 person-years. The incidence increased with age, with
around 80% of patients experiencing their first event at age 55 or
older (Box 2). Age-specific incidence increased from 26 per 100 000
person-years among 20e24-year-old people to more than 6000
per 100 000 person-years among those aged 80e84. The incidence
of keratinocyte cancer was consistently higher among men
thanwomen (SIR, 1.43; 95%CI, 1.42e1.45), and this ratio increased
with age (data not shown). Incidence differed markedly between
states, with rates inQueensland clearly exceeding those elsewhere.
Based on the histologic subtype distribution in the QSkin data,
we estimated the person-based incidence of BCC to be 770 per
100 000 person-years, and of SCC to be 271 per 100 000 person-
years (Box 1).
Keratinocyte cancer multiplicity
Overall, 3.9% of Australians aged 20 years ormore had exactly one
keratinocyte cancer excised during 2011e2014; 2.7% had hadmore
than one excised (Box 3). Almost half of those who underwent
excisions for skin cancer during the study period (47%) had two or
more cancers excised (Box 4); these patients contributed 74% of all
lesions excised (248 152 excisions).

A higher proportion of men than women had multiple excisions,
and multiplicity was strongly correlated with age. Most male
patients over 70 had been treated for multiple lesions. There were
also differences in multiplicity between states, with significantly
higher proportions of multiple lesions in Queensland than
elsewhere (data not shown).
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1 Absolute and relative incidence of keratinocyte cancers (person-based), and estimated incidence of basal (BCC) and
squamous cell carcinomas (SCC), Australia, 2011e2014

Keratinocyte cancer
incidence (per 100 000

person-years)*
Standardised incidence

ratio (95% CI)

BCC incidence
(per 100 000
person-years)

SCC incidence
(per 100 000
person-years)

Women Men All Women Men All Women Men All

Australia 1272 1824 1531 1.00 656 899 770 209 341 271

Queensland 2296 3105 2679 1.75 (1.73e1.77) 1191 1538 1355 371 573 467

New South Wales/Australian
Capital Territory

1217 1809 1495 0.98 (0.96e0.99) 626 891 751 201 339 266

Victoria/Tasmania 800 1158 966 0.63 (0.62e0.64) 410 567 482 135 221 175

Western Australia 1216 1744 1467 0.96 (0.94e0.98) 625 859 736 201 328 261

South Australia/Northern Territory 909 1386 1132 0.74 (0.72e0.76) 466 679 565 153 264 205

CI ¼ confidence interval. * Incidence age standardised to the Australian standard population (2011). u
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Rates of keratinocyte cancer by past history
People treated previously for skin cancerweremuchmore likely to
have an excision during follow-up than those without a prior his-
tory (38% v 3%). When adjusted for age and sex, the person-based
rate of excisions was eight times as high for those with a history of
keratinocyte cancer as for thosewithout (SIR, 8.4; 95%CI, 8.3e8.6);
the SIR variedmarkedly between states (online Appendix, table 4).
Lesion-based incidence
The rate of keratinocyte cancer lesion excisions in Australia during
2011e2014 was 3154 per 100 000 person-years (online Appendix,
table 5); the rate of all treatments (including curettage, laser treat-
ment, and liquid nitrogen cryotherapy) was 4458 per 100 000 per-
son-years (data not shown). The lesion-based incidence of
keratinocyte cancer was markedly higher for men than women
(SIR, 1.85; 95% CI, 1.83e1.86). The SIR for Queensland was higher
using lesion-based rates (SIR, 1.96; 95% CI, 1.94e1.97; online
Appendix, table 5) than person-based rates (SIR, 1.75; 95% CI,
1.73e1.77; Box 1) because multiplicity was more frequent in
Queensland than in other states.
2 Age-specific incidence of keratinocyte cancers
(person-based) in people aged 20 years or more,
Australia, 2011e2014
Lesion-based rates of BCC and SCC inAustraliawere 1565 and 580
per 100 000 person-years respectively. The lesion-based incidence
of SCC was about twice as high for men as for women (SIR, 2.1;
95%CI, 2.06e2.14),whereas the lesion-based incidence of BCCwas
about 76% higher for men than women (SIR, 1.76; 95% CI,
1.74e1.78) (online Appendix, table 5).
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Discussion

In this representative sample of Australian adults aged 20 ormore,
about 7% had had at least one skin cancer excised during
2011e2014. Excision rateswere higher formen thanwomenand, as
expected, they increased dramatically with age; about one-quarter
of men aged 80 or more underwent one or more excisions during
the study period. Estimates of skin cancer multiplicity in Australia
have been reported only once previously, following a cross-
sectional telephone survey of about 57 000 people in 2002.1 This
survey recorded skin cancer events over a 12-month period, and
found that 27% of people with confirmed keratinocyte cancer had
more than one lesion. The survey was part of a weekly household
consumer survey with a low response rate (32%), so the repre-
sentativeness of the sample is difficult to determine.10 The data we
have reported indicate that by the age of 70 years, about half of
Australian men treated for skin cancer will have been treated for
more than one lesion.

Because the Medicare sample provided longitudinal historical
data, we were able to calculate incidence rates separately for those
with and without a prior history of skin cancer excision; we found
that rates for those with a history were more than eight times as
high. This accords with our previous finding that the strongest
predictor of future skin cancer risk is a past history of skin cancer.11

A notable but not unexpectedfindingwas the geographic diversity
in the incidence of keratinocyte cancers. The age-standardised rates
of treatment in Queenslandwere nearly twice the national average
and almost three times as high as in Victoria and Tasmania. When
rates of treated lesions (rather than persons) were assessed, the
differences between the states were further magnified, primarily
because of the higher frequency of multiple lesions in Queensland.

Our estimated skin cancer incidence of 1531 per 100 000 person-
years (ie, 1.5% per annum) must be compared with earlier reports
forAustralia. On the basis of summaryMedicare data, Fransen and
colleagues4 calculated an age-standardised treatment rate for
keratinocyte cancers (2011) of 3271 per 100 000 person-years.

https://www.mja.com.au/sites/default/files/issues/207_08/10.5694mja17.00284_Appendix.pdf
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3 Number of keratinocyte cancers excised per person in Australia, 2011e2014, by age and sex*

Age group

All people Women Men

None One Two or more None One Two or more None One Two or more

20e39 years 99.2% 0.6% 0.2% 99.3% 0.5% 0.1% 99.2% 0.6% 0.2%

40e59 years 94.7% 3.6% 1.7% 95.4% 3.3% 1.3% 94.0% 3.9% 2.2%

60e79 years 84.0% 8.8% 7.2% 86.8% 8.0% 5.2% 81.0% 10.0% 9.4%

� 80 years 80.2% 9.9% 9.9% 83.6% 9.2% 7.2% 74.9% 11.1% 14.0%

Overall 93.4% 3.9% 2.7% 94.4% 3.6% 2.0% 92.5% 4.1% 3.4%

* Absolute numbers for this table are included in the online Appendix as table 3. u
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However, the authors analysed numbers of services provided —

that is, lesion-based analyses — and therefore did not adjust for
multiple, separate skin events in individual patients. As we found
by analysing individual-level data, skin cancer multiplicity is
common. Secondly, Fransen and colleagues4 included MBS item
codes for destructive therapies as well as for excisions. When we
used the same item codes, we estimated an ASR of 4458 cases per
100 000 person-years, 36% higher than the 2011 estimate, probably
attributable to differences in the at risk populations of the two
studies (the earlier study included the entire Australian popula-
tion). We intentionally restricted our primary analysis to item
codes for excisions, as they are by far the most frequently claimed
items for treating skin cancer. Moreover, we have previously re-
ported that item codes for excisions accord reasonably well with
histology report results,9 whereas the extent of concordance with
other MBS items is unknown.

Strengths of our analysis included the extremely large size and
representativeness of the sample, the ability to analyse individual-
level data over an extended period, and the inclusion of histology-
specific data from a large population cohort being tracked for skin
cancer outcomes. These features permitted more detailed analyses
than in earlier reports, and accounted for lesion multiplicity and
prior history of treatments for skin cancer. Importantly, we were
able to estimate the burdens of BCC and SCC separately, and to
adjust our estimates for anticipated overdiagnosis.

The limitations of our analyses include the fact that the Medicare
sample includes only eligible people who had made at least one
4 Multiplicity of keratinocyte cancers in people aged
20 years or more who had at least one keratinocyte
cancer excision, Australia, 2011e2014
claim for a service; bias might arise if the age and sex distributions
of people in theMedicare sample differed from those of the overall
Australian population. There was a slightly lower proportion of
menunder 30 in theMedicare sample than in the average estimated
resident population of Australia for the study period. In supple-
mentary analyses (data not shown), increasing the denominator by
10% for men in this age group did not alter the estimated ASR; it is
therefore unlikely that non-representativeness of the Medicare
sample seriously biased our estimates of skin cancer incidence. The
health care of about 190 000 Australians (fewer than 1% of the
population) is funded by the Department of Veterans Affairs
(DVA) and therefore not captured in Medicare data. However, the
age-standardised rates of skin cancer in the DVA population have
not been reported to be higher than for the general population, and
their exclusion from our analyses is unlikely to have markedly
influenced our estimates.

Excluding lesions treated destructively probably also means our
incidence estimates are conservative, as a proportion of the lesions
treated destructivelywill be keratinocyte cancers.We have no data
on how many newly incident skin cancers arise each year but are
not excised, furtherdepressing our estimates of keratinocyte cancer
incidence. We did not count prescriptions for topical treatments of
actinic lesions (such as imiquimod, diclofenac, ingenol mebutate),
as they are predominantly employed to treat non-malignant
lesions. Moreover, as Medicare data indicate that excisions of
histologically confirmed skin cancers are about 30 times as frequent
as prescriptions for topical treatments, any underestimation of
incidence caused by omitting topical creams from the analysis is
negligible.

To estimate the population incidence rates of BCC and SCC, we
used the age- and sex-specific ratio of these histologic types from
theQSkin study, a large, prospective study forwhichwehadaccess
to pathology records. However, it is possible that the ratio for the
QSkinpopulation (Queensland residents)maynot be generalisable
to the rest of Australia. While internationally BCC:SCC ratios vary
with latitude,12,13 the limited data available for Australia suggest
that the ratio is similar across geographic regions (northern, cen-
tral, southern Australia).1 Further, our estimate that 32% of claims
for keratinocyte cancer excisions were for lesions other than BCCs
or SCCs may apply only to Queensland; overdiagnosis may be
higher there than elsewhere because multiplicity rates are higher,
and Queensland patients are therefore more likely to undergo ex-
cisions of suspicious lesions than other Australian residents. We
would then have underestimated the incidence of BCCs and SCCs
in states other than Queensland.

In summary, our analyses document the person-based incidence of
keratinocyte cancers for the Australian population, and provide
themost comprehensive assessment of their occurrence byage, sex,

https://www.mja.com.au/sites/default/files/issues/207_08/10.5694mja17.00284_Appendix.pdf
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state, and prior history of skin cancer. The reported incidence rates
are extremely high when compared with overseas rates, and
underscore themagnitudeof the burdenof skin cancer inAustralia.
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