
1

Research

March 2022; Vol. 32(1):e3212203
https://doi.org/10.17061/phrp3212203

www.phrp.com.au

Keratinocyte cancer incidence in Australia: a 
review of population-based incidence trends 
and estimates of lifetime risk
Catherine M Olsena,b,e, Nirmala Pandeyaa,b, Adele C Greena,c, 
Bruna S Ragainid, Alison J Vennd and David C Whitemana,b

a Department of Population Health, QIMR Berghofer Medical Research Institute, Brisbane, QLD, Australia
b Faculty of Medicine, University of Queensland, Brisbane, Australia
c CRUK Manchester Institute and Faculty of Biology, Medicine and Health, University of Manchester, Manchester Academic Health 

Science Centre, UK
d Menzies Institute for Medical Research, University of Tasmania, Hobart, Australia
e Corresponding author: catherine.olsen@qimrberghofer.edu.au

Article history
Publication date: 10 March 2022 
Citation: Olsen CM, Pandeya N, Green AC, 
Ragaini BS, Venn AJ, Whiteman DC. 
Keratinocyte cancer incidence in Australia: 
a review of population-based incidence 
trends and estimates of lifetime risk. Public 
Health Res Pract. 2022;32(1):e3212203. 
https://doi.org/10.17061/phrp3212203 

Key points
• Obtaining accurate, up-to-date statistics

on keratinocyte cancer incidence in
Australia is challenging as they are not
collected systematically

• Incidence of keratinocyte cancer in
Australia appears to have increased
by 2–6% per year over the past three
decades

• We estimate that 69% of Australians will
have at least one excision for keratinocyte
cancer in their lifetime

• We recommend that population-based
cancer registries work towards statutory
notification and routine reporting of
keratinocyte cancer in Australia

Abstract
Objectives: To review the most recent population-based estimates of 
keratinocyte cancer incidence in Australia, to describe the trends over time 
and to calculate lifetime risk of developing these skin cancers.

Methods: We conducted a literature search of PubMed/MEDLINE from 2001 
to August 2021 to identify relevant literature. We defined eligible articles as 
those reporting population-based studies of adults and excluded studies 
that reported only on high-risk or paediatric populations, or on incidence of 
precursor or related lesions. We summarised identified studies qualitatively. 
We calculated lifetime risk of developing keratinocyte cancer using the 
methods of Cancer Research UK, adjusting for multiple primaries and the 
competing risk of death.

Results: We identified six eligible studies. In the absence of compulsory 
notifications of keratinocyte cancer to state and territory cancer registries in 
Australia, all estimates of national incidence rates of basal cell carcinoma 
(BCC) and squamous cell carcinoma (SCC) have limitations. The most 
recent population-based estimates of people annually affected for the 
period 2011–2014 (BCC: 770/100 000 person years; SCC: 271/100 000 
person years) represent the lower end of the possible range of incidence 
rates nationally. Because many people are affected by multiple lesions, the 
lesion-based incidence estimates are more than double the person-based 
rates (BCC: 1565/100 000 person years; SCC: 580/100 000 person years). 
Analyses of temporal trends in treatment rates (excisions, cryotherapy/
curettage) show increases over time, most marked for people aged 55 years 
or older. We estimate that 69% of Australians will have at least one excision 
for histologically confirmed keratinocyte cancer in their lifetime (60% to age 
79 years). 
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of the Medicare services subsidised by the Australian 
Government.8 Population-based surveys conducted 
between 1985 and 2002 indicated increases in incidence 
(Figure 1)9-13; however, there has been no national 
population-based incidence survey since 2002. More 
recent estimates of incidence are based on MBS data.14-16 
The item codes used by Medicare to reimburse claims for 
excision of histologically confirmed keratinocyte cancer 
have shown very high concordance with histopathologic 
diagnoses (approximately 97% concordance).17 However, 
many keratinocyte cancers are treated destructively, 
without histological confirmation, and thus all estimates 
based only on pathology records underestimate the true 
incidence. 

Our aims were to describe the most recently 
published population-based estimates of the incidence 
of keratinocyte cancer in Australian adults nationally or 
within defined geographic regions (both person based 
and tumour based); to describe the temporal trends, 
including age- and sex-specific trends over time; and to 
calculate lifetime risk. 

Australia is colloquially known as the skin cancer capital 
of the world, with skin cancer often referred to as ‘our 
national cancer’.1 High-quality and up-to-date information 
on skin cancer incidence is needed to inform healthcare 
planning, to identify priority high-risk groups that might be 
targeted for specific prevention activities, and to gauge 
the impact of skin cancer prevention campaigns.

Reporting of diagnoses of melanoma and Merkel 
cell carcinoma to cancer registries of all states and 
territories in Australia is mandated by law, enabling 
monitoring of trends over time and across subgroups 
of the population.2-4 In contrast, the most common skin 
cancers, basal cell carcinoma (BCC) and squamous cell 
carcinoma (SCC), collectively referred to as keratinocyte 
cancer, are not registered by state and territory cancer 
registries except in Tasmania, despite causing substantial 
morbidity and treatment costs.5 As a result, contemporary 
incidence statistics are not routinely available.

Estimates of keratinocyte cancer incidence have 
therefore relied on ad hoc surveys or treatment records 
of geographically defined populations6,7 or administrative 
data from the Medicare Benefits Schedule (MBS), a listing 

Conclusion: The available evidence on national incidence rates is out of date 
and of moderate quality, but indicates very high rates of keratinocyte cancer 
in Australia. We recommend that population-based cancer registries work 
towards statutory notification and routine reporting of keratinocyte cancer in 
Australia.

Introduction

Figure 1. Age-standardised incidence rates (per 100 000) for basal cell carcinoma and squamous cell carcinoma 
from national surveys conducted in 1985, 1990, 1995 and 2002
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One investigator (CO) abstracted data from identified 
studies (checked by a second investigator, NP). The 
following information was recorded for each study: 
design, location, years of data collection, source and 
definition of the study cohort, incidence statistics reported 
(keratinocyte cancer, BCC, SCC) and annual percentage 
change in rates over time. Potential sources of bias were 
also recorded. We conducted a qualitative synthesis of 
the identified studies.

Lifetime risk

We used the methods of Cancer Research UK to 
calculate lifetime risk of developing keratinocyte cancer 
using the ‘adjusted for multiple primaries’ (AMP) method, 
which is conservative and accounts for competing risk of 
mortality and the occurrence of multiple primaries.19,20 We 
obtained the age- and sex-specific counts of people with 
one or more excision claims for histologically confirmed 
BCC and SCC from the Medicare 10% sample21 for the 
year 2014 using the methods described by Pandeya 
et al.16 We obtained data on all-cause mortality and 
estimated resident population for 2014 from the Australian 
Institute of Health and Welfare (AIHW).22 We calculated 
deaths from keratinocyte cancer in 2014 by subtracting 
melanoma (ICD-10 C43) deaths from deaths from skin 
cancer (ICD-10 C43, C44) using the AIHW General 
Record of Incidence of Mortality (GRIM) database 
2018.23,24 

Results
Our literature search identified 290 articles, of which 
six were eligible for inclusion in our review (Table 1; 
see Appendix 2, available from: figshare.com/articles/
journal_contribution/Appendix_2_-_PRISMA_flow_

Methods

Systematic review

We followed the PRISMA guidelines for reporting the 
systematic review.18 

Data sources and searches

We conducted a literature search of PubMed/MEDLINE 
(Bethesda, MD, US: US National Library of Medicine) 
from January 2001 to August 2021 to identify relevant 
literature on the incidence of invasive keratinocyte cancer 
in Australia. We used the following subject heading terms 
or text words: incidence, skin neoplasms, basal, BCC, 
cutaneous squamous, SCC, non-melanoma, keratinocyte 
cancer, Australia, Queensland, New South Wales, Victoria, 
Northern Territory, South Australia, Tasmania and Western 
Australia (Appendix 1: Search terms, available from: 
figshare.com/articles/journal_contribution/Appendix_1_-_
search_terms_docx/19159718). We read the titles and 
abstracts of all identified studies and excluded those that 
were not relevant; the full texts of the remaining articles 
were read to determine if they met the inclusion criteria. 
We hand-searched the reference lists of retrieved articles 
to identify other eligible studies.

Study selection and data extraction

We included articles that reported on population-based 
studies of adults (18+ years). We excluded studies that 
reported solely on high-risk populations (e.g. transplant 
recipients), paediatric populations, or incidence of 
precursor or related lesions (specifically intra-epidermal 
carcinoma or keratoacanthoma). Where multiple reports 
described the same population, we included the most 
recent or most comprehensive report (i.e. covering the 
longest time period or the largest population).

Table 1. Characteristics of the six included studies

Authors (year) Geographic region Years of data collection Study population/cohort Outcomes

Staples et al. 
(2006)13

Australia 1989–2004 57 215 Australians aged 14+ 
years randomly selected from 
the electoral roll

Keratinocyte cancer incidence 
BCC incidence 
SCC incidence

Fransen et al. 
(2012)14

Australia 1997–2010 Aggregated Medicare data Treatment rates for keratinocyte 
cancer

Olsen et al. 
(2014)15

Australia 2000–2011 Aggregated Medicare data Treatment rates for keratinocyte 
cancer

Pandeya et al. 
(2017)16

Australia 2011–2014 Individual-level Medicare 
data

Treatment rates for keratinocyte 
cancer, BCC and SCC

Adelson et al. 
(2018)25

South Australia 2010–2014 Individual-level Medicare 
data

Treatment rates for keratinocyte 
cancer

Ragaini et al. 
(2021)26

Tasmania 1978–2018 Cancer registry data Keratinocyte cancer incidence 
BCC incidence 
SCC incidence

BCC = basal cell carcinoma; SCC = squamous cell carcinoma
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face-to-face interviews with 57 215 Australians aged 
14 years or older from addresses selected at random 
from the Australian electoral roll, of whom 817 (1.4%) 
were confirmed as having one or more diagnoses of skin 
cancer in the past year. The age-standardised (Australian 
standard population 2001) person-based incidence 
rate for the year 2002 was 1288/100 000 for BCC and 
593/100 000 for SCC (1719/100 000 for keratinocyte 
cancer; Table 2). Incidence of keratinocyte cancer was 
higher among men than women (44% higher for BCC and 
75% higher for SCC; Table 2) and was highest among 

diagram/19160081).13-16,25,26 One study reported on 
the most recent national incidence survey13, two used 
aggregated data from Medicare14,15, two used individual-
level Medicare data16,25, and the final study reported 
cancer registry data for a single state (Tasmania).26 

Incidence/incidence trends

National survey

The most recent national survey of skin cancer incidence 
in Australia was conducted in 2002.13 It conducted 

Table 2. Age-standardised incidence of keratinocyte cancer (Australian 2001 population) in Australia

Authors (year of publication) Year(s)
Persons or 
lesions

Age standardised incidence rate per 100 000

Men Women People

National-level studies

Staples et al. (2006)13

BCC 2002 Persons 1541 1070 1288

SCC 2002 Persons 772 442 593

Keratinocyte cancer 2002 Persons 2051 1436 1719

Fransen et al. (2012)14

Keratinocyte cancera 2010 Lesions 3174

Olsen et al. (2014)15

Surgical excisionb 2011 Lesions 2448

Cryotherapy/curettagec 2011 Lesions 895

Pandeya et al. (2017)16

BCC 2011–2014 Persons 899 656 770

SCC 2011–2014 Persons 341 209 271

Keratinocyte cancerd 2011–2014 Persons 1824 1272 1531

BCC 2011–2014 Lesions 2027 1149 1565

SCC 2011–2014 Lesions 800 381 580

Keratinocyte cancerd 2011–2014 Lesions 4158 2250 3154

State-level studies

South Australia: Adelson et al. (2018)25

Keratinocyte cancer 2010–2014 Persons 1467

Tasmania: Ragaini et al. (2021)26

First incidence

BCC 2018 Persons 363

SCC 2018 Persons 249

Annual incidence

BCC 2018 Persons 891

SCC 2018 Persons 514

BCC = basal cell carcinoma; SCC = squamous cell carcinoma
a Medicare Benefits Schedule (MBS) item claims for treatment of keratinocyte cancer by excision, curettage, laser or liquid nitrogen 

cryotherapy (includes surgical treatment for recurrent lesions)
b MBS item claims for surgical excision of primary BCC or SCC
c MBS item claims for cryotherapy/curettage of malignant lesions
d Includes item codes for excision of BCC/SCC that are claimed for intra-epidermal carcinomas and keratoacanthomas
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colleagues16, multiplicity was common, with 2.7% of 
Australians aged 20 years or over diagnosed with more 
than one keratinocyte cancer in the 4-year period to 2014 
(47% of those affected had more than one excision); the 
lesion-based excision rates were 1565/100 000 for BCC 
and 580/100 000 for SCC (Table 2). The excision rates 
were higher among men than women (37% higher for 
BCC and 63% higher for SCC), and men were more likely 
than women to undergo multiple excision procedures. 
Queensland had the highest excision rates (person 
based: 1355/100 000 for BCC and 467/100 000 for SCC), 
and Victoria and Tasmania (combined) the lowest (person 
based: 482/100 000 for BCC and 175/100 000 for SCC).21 

A second study used individual-level Medicare data 
for the state of South Australia.25 MBS item codes for 
initial excision of primary BCC or SCC, together with 
those for Mohs surgery and cryotherapy/serial curettage 
for a confirmed malignant lesion, were used to identify 
cases, although the majority of claims (90%) were for 
initial surgical excision. The age-standardised (Australian 
standard 2001) annual rate of treatment for at least one 
histologically confirmed keratinocyte cancer over the 
period 2010–2015 was 1467/100 000 people (Table 2). 
The number of treatment claims for keratinocyte cancer 
increased between 2010 and 2015 by 59%.

Tasmanian Cancer Registry

The study using cancer registry data for the population 
of the state of Tasmania26 reported on both first and 
annual incidence of BCC and SCC; both measures were 
person based. For incidence of first BCC and SCC, 
only the first notification over the period 1985–2018 
was counted in people with no prior notification, since 
registration began in 1978; for annual incidence, only one 
notification of BCC and SCC per person was counted 
for each year. In 2018, the age-standardised (Australian 
standard 2001) incidence of first BCC and SCC was 
363/100 000 and 249/100 000, respectively; incidence 
increased on average by 3% per year for BCC and 4% 
per year for SCC over the period 1985–2018.26 In 2018, 
the age-standardised (Australian standard 2001) annual 
incidence was 891/100 000 for BCC and 514/100 000 for 
SCC (Table 2). Annual incidence of BCC and SCC also 
increased over the period 1978–2018, on average by 5% 
per year for BCC and 6% per year for SCC, although the 
rates appeared to stabilise from 2014. Incidence was 
higher among men than among women, and among older 
than among younger age groups; incidence of first BCC 
and SCC was highest in the 80–84 age group and the 
85 or over age group, respectively, and increases were 
observed across all age groups between 1985 and 2018.

Lifetime risk, and risk to age 79 years

We estimated that the lifetime risk of having at least one 
excision for a histologically confirmed keratinocyte cancer 
in 2014 was 69% (73% for men and 65% for women) 

people aged 70 years or older compared with younger 
age groups. Between the surveys conducted in 1985 and 
2002, incidence of BCC increased only among people 
aged 60 years or older, and incidence of SCC increased 
only among people aged 50 years or older. 

Aggregated Medicare data

Two studies used aggregated Medicare data to estimate 
keratinocyte cancer treatment rates; these two studies 
reported on number of treatment procedures per 100 000 
population rather than number of people affected.14,15 
Fransen and colleagues examined the rate of services to 
treat skin cancer (by excision, curettage, laser or liquid 
nitrogen cryotherapy) between 1997 and 2010, noting 
an 36% increase in the number of treatments over that 
period, from 2338/100 000 to 3174/100 000 (Table 2). 
The increase was only apparent for those aged 55 years 
or over.14 Similarly, Olsen and colleagues examined data 
on excisions for histologically confirmed keratinocyte 
cancer for the period 2000–2011 inclusive, and reported 
average annual increases in excisions for confirmed 
keratinocyte cancer of 2.2% for women and 3.3% for men 
overall.15 In 2011, the treatment rates were 2448/100 000 
for excision of a primary BCC or SCC and 895/100 000 
for cryotherapy/serial curettage of a malignant lesion 
(Table 2). Significant increases in both excisions and 
treatment with cryotherapy/serial curettage over time were 
observed only among people aged 55 years or older; 
declines were observed for those aged younger than  
55 years.15 This occurred despite significant increases in 
diagnostic biopsy procedures between 2000 and 2011 
across all age groups.

Individual-level Medicare data

Because aggregated administrative claims data cannot 
account for multiplicity, Pandeya and colleagues used 
individual-level Medicare data from a 10% sample21 
of the MBS database covering the period 2011–2014 
to calculate both person- and lesion-based rates of 
excisions for primary keratinocyte cancer.16 Because 
MBS item codes for keratinocyte cancer excision do 
not discriminate between BCC and SCC, data on the 
BCC:SCC ratio within strata of age and sex observed 
from a large prospective cohort study in the state of 
Queensland (QSkin)27 were used to apportion the 
incidence due to BCC and SCC. The age-standardised 
(Australian standard 2001) person-based excision rates 
for BCC and SCC were lower than the incidence rates 
reported from the national survey in 2002, at 770 and 
271/100 000, respectively. An apparent discrepancy 
arises between the estimated rate for total keratinocyte 
cancer and the rate for BCC and SCC in the Medicare 
analysis because it is estimated that 32% of all billing 
claims using the item codes for keratinocyte cancer 
excision relate to other neoplastic skin lesions, including 
keratoacanthoma and intra-epidermal carcinoma, and 
thus only about 68% of total claims are for histologically 
confirmed BCC or SCC.28 In the study by Pandeya and 
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more population-based data to fully understand the 
distributions of BCC and SCC across all parts of Australia. 

Other limitations must be considered when interpreting 
the findings of these two studies. Neither study accounted 
for lesions treated destructively and without histological 
confirmation. On the other hand, the incidence rates from 
the Tasmanian Cancer Registry26 may be overestimates 
because the automated coding system could not 
discriminate between biopsies and excisions of the same 
lesion, which may have resulted in some BCCs and SCCs 
being counted twice (i.e. from a report of a biopsy and 
an excision). However, a sensitivity analysis excluding 
notifications within 3 months of the index case resulted 
in only slightly lower incidence rates. The analyses 
by Pandeya et al.16 did not include the item code for 
biopsies, a proportion of which may be keratinocyte 
cancer, which could lead to an underestimate of the 
incidence of BCC and SCC. The observation from QSkin 
that up to 32% of Medicare claims for keratinocyte cancer 
excisions may not be for BCC or SCC may also only apply 
to Queensland. 

 Our estimate of the lifetime risk of having at least one 
excision for a histologically confirmed keratinocyte cancer 
in 2014 is 69% (73% for men and 65% for women). 
This is not directly comparable to the previous reports 
because they used different methods. An advantage of 
our calculations of lifetime risk was the ability to account 
for the occurrence of multiple primaries, and to adjust for 
the competing risk of mortality.19 However, a limitation was 
the inability to account for lesions treated destructively. 
Using data from the 2002 national survey, Staples et 
al.13 estimated that the cumulative risk of at least one 
keratinocyte cancer by age 70 years was 70% for men 
and 58% for women. Ragaini et al.26 reported that the 
cumulative risk of keratinocyte cancer in Tasmania to 
age 80 years was 42% for men and 35% for women; the 
estimates were only slightly attenuated using the AMP 
method.

An important finding of our review was that all recent 
reports of national incidence of BCC and SCC in the 
Australian population have limitations. The reported 
person-based excision rates of 770/100 000 for BCC and 
271/100 000 for SCC16 are likely to represent the lower 
end of the possible range of incidence rates nationally. 
Moreover, many people are affected by multiple lesions, 
and the lesion-based rates are at least twice as high as 
the person-based rates. What appears more certain is 
that the incidence of keratinocyte cancer in Australia has 
increased during the past three decades, at a rate of 
around 2–6% per year, mostly affecting older age groups. 
Some data suggest differences by age, with declines 
seen over time in younger age groups but increases 
among those who are in their sixth decade or older. The 
decline among younger people may reflect both the 
success of primary prevention campaigns that began 
in the 1980s (and were therefore most likely to benefit 
recent birth cohorts) and demographic changes (i.e. an 
increased proportion of the population of non-European 

(Table 3). The risk to age 79 years was 60% (65% for men 
and 53% for women).

Table 3. Cumulative and lifetime risk of having one or 
more excisions for histologically confirmed keratinocyte 
cancer in Australia, 2014

Age, years
Risk

Men Women People

65–69 44.4 34.2 39.6

70–74 55.8 43.8 50.5

75–79 64.5 52.7 59.5

80–84 69.6 59.2 65.4

Lifetimea 72.5 64.6 69.4

a Lifetime risk is not ‘average lifetime’, but includes all people in the 
population

Discussion
We have reviewed the published data on population-
based estimates of incidence of keratinocyte cancer 
in Australia and calculated lifetime risk using the latest 
available population-based national incidence data. 
A previous review published in 2015 included studies 
published between 1948 and 2011 and was not limited to 
population-based studies.7 

Until 2002, periodic national surveys provided the 
only data on the burden of keratinocyte cancer on the 
Australian population. These population-based surveys 
confirmed self-reported diagnoses of skin cancer in the 
previous 12 months in only around 60% of cases through 
contact with treating doctors. The rates were adjusted 
to account for unconfirmed reports by multiplying the 
rates by a factor of 1.64 in the case of the 2002 survey13, 
corresponding to a confirmation rate of 61%. This may 
have led to an overestimation of BCC and SCC person-
based incidence. On the other hand, people with multiple 
BCCs or SCCs were counted once only for each type of 
keratinocyte cancer; given that around 25% of people 
with either BCC or SCC had multiple tumours, this would 
have led to underestimation of the total keratinocyte 
cancer burden treated annually. A further limitation of 
the national incidence surveys is the known unreliability 
of self-reported history of keratinocyte cancer, and the 
likelihood of underreporting.29

The more recent estimates of national incidence 
of BCC and SCC from the analysis of individual-level 
Medicare data for the period 2011–2014 by Pandeya 
et al.16 were lower than annual incidence rates for the 
state of Tasmania for the year 2018.26 The person-
based BCC:SCC ratio also differed between the two 
studies (1.7 for Tasmania vs 2.8 for the national data). 
The lower BCC:SCC ratio for Tasmania is unexpected, 
based on other work12, and underscores the need for 
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responsible for study design, drafting and editing of 
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Increasing incidence among older Australians likely 
reflects higher levels of cumulative exposure to ultraviolet 
radiation experienced by older birth cohorts.

Conclusion
We estimate that 69% of Australians will have at least one 
excision for keratinocyte cancer in their lifetime, and this 
is likely to increase as the population ages. This high and 
increasing burden of skin cancer emphasises the need 
for continued investment in skin cancer education and 
prevention. Measures include support for national mass-
media campaigns about the need for sun protection to 
prevent sunburn and skin cancer (use of clothing, hats, 
sunscreen and sunglasses), implementation of additional 
regulatory measures to protect children and workers 
from the harms of overexposure to sunlight (primary and 
secondary schools, workplaces), and the provision of 
shade in public and spectator settings.

Reliable estimates of disease incidence are 
fundamentally important to inform prevention activities, to 
monitor their success, and to plan for future healthcare 
services. We recommend that population-based cancer 
registries consider working towards statutory notification 
and routine reporting of keratinocyte cancer in Australia. 
Synoptic reporting by pathologists would facilitate 
automated data abstraction and coding to this end. 
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