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More than 15,000 new cases of 
invasive (stage 1–4) melanomas are 
diagnosed in Australia each year, 

the majority at early stages (1–2).1 Melanoma 
is Australia’s fourth most commonly 
diagnosed invasive cancer overall (excluding 
keratinocyte cancers) and is the most 
common cancer diagnosed in adolescents 
and young Australians (707 cases among 
those aged 15 to 24 diagnosed between 
2010–14). However, it is still rare in this 
young population, with an age standardised 
rate of 44.1/1Mill).1,2 More than 55,000 
Australians have had a diagnosis of invasive 
melanoma in the past five years.1 In addition 
to invasive melanoma, it is estimated that 
over 23,700 new cases of in situ melanoma 
will be diagnosed in 2019.1 More than 
1,700 Australians die from melanoma each 
year, with mortality rates continuing to 
rise, increasing from 4.7/100,000 in 2004 to 
5.6/100,000 in 2019.1 

For the large majority of invasive melanoma 
that are localised at diagnosis, survival 
is strongly related to tumour thickness 
(5-year survival 98% for tumours <0.8 
millimetre [mm] thickness, compared to 
54% for tumours greater than 4 mm).3 
Despite this, more deaths are attributable 
to thin melanomas (<1 mm) than very thick 
melanomas (≥4 mm) because of the much 
larger proportion of cases diagnosed as thin.4 

In addition to the risk of death, receiving a 
melanoma diagnosis carries psychological 
burden. Fear of recurrence or of developing 
a subsequent primary melanoma is seen 
among a proportion of people diagnosed 
with either in situ or invasive melanomas.5 

The incidence of invasive melanoma in 
Australia continues to rise in older age 

groups, but it has plateaued and decreased 
in younger age groups over recent years.6,7 
In contrast, over a 20‐year period, incidence 
of in situ melanoma has increased in all age 
groups.3 Based on Medicare data, skin biopsy 
rates have also increased by 66% over the 
past decade8 and the economic burden is 
increasing steadily.
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Abstract 

Introduction: A Melanoma Screening Summit was held in Brisbane, Australia, to review 
evidence regarding current approaches for early detection of melanomas and explore new 
opportunities.

Results: Formal population-based melanoma screening is not carried out in Australia, but there 
is evidence of considerable opportunistic screening as well as early detection. Biopsy rates are 
rising and most melanomas are now diagnosed when in situ. Based on evidence review and 
expert opinion, the Summit attendees concluded that there is currently insufficient information 
in terms of comparative benefits, harms and costs to support change from opportunistic to 
systematic screening. Assessment of gains in precision and cost-effectiveness of integrating 
total body imaging, artificial intelligence algorithms and genetic risk information is required, as 
well as better understanding of clinical and molecular features of thin fatal melanomas. 

Conclusions: Research is needed to understand how to further optimise early detection of 
melanoma in Australia. Integrating risk-based population stratification and more precise 
diagnostic tests is likely to improve the balance of benefits and harms of opportunistic 
screening, pending assessment of cost-effectiveness. 

Implications for public health: The Summit Group identified that the personal and financial 
costs to the community of detecting and treating melanoma are rising, and this may be 
mitigated by developing and implementing a more systematic process for diagnosing 
melanoma.

Key words: melanoma, screening, prevention, early detection, skin cancer
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Given this overall burden, a Melanoma 
Screening Summit was held in Brisbane, 
Australia, to review the evidence of the 
benefits, harms, costs and opportunities for 
melanoma screening programs and their 
effectiveness, and to explore possible gains in 
Australia of the generation and evaluation of 
new research evidence.

The Melanoma Screening Summit was 
convened by the Australian Skin and Skin 
Cancer Research Centre (www.assc.org.au) 
over two days at the Translational Research 
Institute in Brisbane (25–26 March 2019). The 
Summit brought together representatives 
from research institutions, government 
departments, cancer control agencies, 
specialist medical colleges and consumers 
(Box 1). 

The summit comprised a series of invited talks 
from experts to provide the most up-to-
date evidence on approaches to melanoma 
detection in Australia, followed by a closed 
workshop attended by international and 
national leaders in melanoma control from 
multiple disciplines, including clinicians, 
researchers, consumers and policy experts 
(hereafter referred to as the Summit Group). 
The proceedings were summarised to help 
inform the roadmap to further optimise the 
early detection of melanoma in Australia, 
including research priorities. 

Current Australian screening policy 
and practice 
For cancers amenable to screening, the aim 
of screening programs is to detect disease at 
the pre-invasive or early invasive stage, before 
symptoms develop, in order to prevent cancer 
deaths and maintain quality of life. Some 
common terms are highlighted in Box 2. 

Formal population-based screening is 
currently carried out in Australia for breast, 
cervical and colorectal cancers, but not for 
melanoma, due to insufficient evidence that 
screening would reduce melanoma mortality, 
including absence of randomised controlled 
trial evidence.9

The introduction of organised melanoma 
screening would require strong evidence of 
benefits outweighing harms at a population 
level, and evidence for cost-effectiveness.

Evidence base for melanoma 
screening
The natural history of melanoma 
development involves progression from 
normal melanocytes to pre-invasive cancer, 
invasive cancer, metastasis and death. 
Screening aims to detect primary melanoma 
before it has spread; that is, at the pre-
invasive or localised invasive stage, while it 
is still confined within the skin and is curable 
by excision. As summarised by the United 
States Preventive Services Task Force9 and the 
Australian Clinical Practice Guidelines for the 
Diagnosis and Management of Melanoma,14 
there is insufficient evidence that population 
screening reduces melanoma mortality.9 A 
pilot study of population-based melanoma 
screening conducted in 2003/2004 in 
Schleswig-Holstein, Germany, showed a 
strong reduction in melanoma mortality, 
but a subsequent nationwide skin cancer 
screening program did not reduce mortality. 
A number of possible explanations for this 
have been posited including the lower 
penetrance of the nationwide program.15 
In Australia, the pilot of a randomised 
controlled trial of melanoma screening 
and a case-control study both suggested 
that screening using a whole-body visual 
inspection of the skin by a doctor (clinical skin 
exanimation) reduces the incidence of thick 
melanomas and increases the incidence of 
thin melanomas. In the pilot trial, 18 towns 

were randomised to receive either free 
melanoma screening (among those aged 
30 years or older) or no formal screening. 
Melanoma incidence increased in towns with 
screening over the three-year trial period, 
with most of the increase in thin (≤0.75 mm) 
and in situ melanomas, while in the control 
towns melanoma incidence decreased 
slightly.16 In the case-control study, people 
who had received a clinical skin examination 
within three years prior to their diagnosis 
were 38% more likely to have a thin (≤0.75 
mm) melanoma and 40% less likely to have 
a thick (≥3 mm) melanoma.17 However, data 
for mortality and cost-effectiveness were 
not available. One reason why it may be 
difficult to reduce mortality by screening 
is the difficulty of detecting fast-growing 
and often fatal melanomas such as those 
of nodular or amelanotic subtypes. About 
15% of all incident melanomas belong to 
these uncommon subtypes18 but they are 
responsible for up to 30% of all deaths.19 
The nodular melanoma subtype has been 
reported to be associated with a 54% 
increased risk of melanoma death compared 
to superficial spreading melanoma, even 
when controlling for thickness, ulceration, 
stage and other prognostic variables.19

Overdiagnosis 
Currently, there is insufficient data on the 
contribution of opportunistic screening to 
overdiagnosis. The harms of overdiagnosis 
include psychological stress and the risks 
and costs of tests, treatment and ongoing 
surveillance, both individually and to the 
health system. Overdiagnosis is unavoidable 
in cancer screening, but some have proposed 
that this can be reduced by targeted 
screening, which focuses on those with high 
risk who are more likely to have a relevant 
event.20

Overdiagnosis can be suspected when cancer 
incidence rises with little to no corresponding 

Box 1: Organisations represented at the Melanoma 
Screening Summit.
Australia and New Zealand Melanoma Trials Group, Australian 
Skin and Skin Cancer Centre, Cancer Council Australia, Cancer 
Council New South Wales, Cancer Council Queensland, Cancer 
Council Victoria, Cancer Institute NSW, Centenary Institute, 
Central Brisbane Dermatology, Danger Sun Overhead, 
Department of Health, Dermatology Research Centre, 
James Cook University, Mater Research Group, Melanoma 
Institute Australia, Melanoma Patients Australia, Melanoma 
Tasmania, Oregon Health & Science University, Princess 
Alexandra Hospital, QIMR Berghofer Medical Research 
Institute, Queensland University of Technology, Skin Cancer 
College Australasia, Stanford University Medical Centre and 
Cancer Institute, The Australasian College of Dermatology, 
The Skin Hospital, The University of Luebeck, The University 
of Melbourne, The University of Queensland (UQ), UQ 
Diamantina Institute, The University of Sydney, University 
of Southern Queensland, University of the Sunshine Coast, 
Workplace Health and Safety Queensland.

Box 2: Definition of key terms.
Principles of screening: The World Health Organization has formulated principles of screening, including having a screening test with 
high sensitivity and specificity, a clear referral system for management and follow-up, evidence of cost-effectiveness, and benefits 
that outweigh potential harms overall.10

Population-based screening is defined as an organised program in which a screening test is offered to all people in an eligible group, 
usually defined by sex and/or age. 
Targeted screening is an organised program, as above, but starts with stratification of the eligible population according to risk, 
followed by the offer of a screening test to people in the high risk stratum.11

Opportunistic screening is the ad hoc application of a screening test, initiated either by a patient or their doctor, often as part of a 
routine medical visit. Opportunistic screening is not systematic, usually has lower rates of participation, higher disparities in screening 
uptake, and no quality assurance program.12,13

Overdiagnosis is defined as detecting cancers that, in the absence of screening, would not present symptomatically or cause harm 
during the patient’s lifetime.11
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rise in mortality, and Australian melanoma 
data appears to fit this pattern.21 Concerns 
about possible overdiagnosis of melanoma 
in Australia were first raised 15 years ago.22 
From 1982 to 2015, age-standardised 
melanoma incidence rose from 27 to 52 
cases per 100,000 persons, and over a similar 
period melanoma mortality rose much more 
slowly from 4.7 to 5.6 deaths per 100,000.1 
In 2019, the Australian Institute for Health 
and Welfare reported that the incidence of 
in situ melanoma rose by 115% between 
2004 and 2015. Overdiagnosis would ideally 
be quantified using data from long-term 
randomised controlled trials.8 Alternatives 
using non-trial data sources include 
ecological and cohort studies, modelling 
studies, histopathology and imaging studies. 
A new ‘lifetime risk’ method for estimating 
overdiagnosis was recently published that 
compares current (2012) and past (1982) 
lifetime risks for melanoma (adjusted for 
the competing risk of death and changes 
in risk factors), to estimate excess lifetime 
probability of a cancer diagnosis that may 
be attributed to overdiagnosis.23 Applying 
this method to routinely collected Australia-
wide melanoma and in situ melanoma data, 
it has been estimated that in 2012, 54% of 
melanomas diagnosed in women (15% of 
invasive), and 58% of melanomas diagnosed 
in men (22% of invasive) may have been 
overdiagnosed.24 These data suggest that 
overdiagnosis of melanoma in Australia 
appears to be primarily (but not solely) driven 
by an excess of in situ melanoma diagnoses.25 

Costs of treatment and screening 
The fiscal burden of skin cancer in Australia 
is high, estimated to be about $1 billion 
each year, to which treatment for advanced 
melanoma was estimated to contribute 
$355.2 million and treating keratinocyte 
cancers was estimated to be $703.0 million 
(95% CI, $674.6–$731.4 million).26,27 Targeted 
or immunological therapies for advanced 
melanoma improve disease-free survival but 
are very costly.8 These costs are expected 
to rise steeply as more therapies and 
combinations become available and as they 
are increasingly used in neo-adjuvant and 
adjuvant settings. The productivity cost to 
Australian society of each premature death 
from melanoma averages approximately 
$288,000.28 These costs could potentially 
rise or be brought forward if previously 
unidentified keratinocyte cancers are 
detected during a melanoma screening 
program. 

The cost of screening must be weighed 
against the cost and morbidity of treating 
late-stage disease and the lost productivity 
resulting from premature death.29 Earlier 
studies estimated that the number needed to 
screen and the cost to detect one melanoma 
are comparable to those observed for 
mammography breast cancer detection.30 
Recent studies of the cost-effectiveness of 
screening or surveillance have had variable 
results; however, targeting high-risk groups 
for screening and surveillance appears more 
cost-effective than an untargeted approach.30 
Despite causing more than 560 deaths each 
year, in the absence of good evidence for 
their quality-of-life impact, the diagnosis 
of keratinocyte cancers (especially basal 
cell carcinomas) has largely been seen as a 
cost rather than a benefit of screening for 
melanoma. However, the early detection of 
keratinocyte cancers may lessen the need 
for or the extent of surgery and prolonged 
treatment, and these potential benefits need 
further study.

Technology advances to target 
screening towards those at highest 
risk
In the absence of a population-based unified 
approach to melanoma screening, the Royal 
Australian College of General Practitioners 
recommends that Australians at increased 
risk of skin cancer, including melanoma, have 
opportunistic clinical skin examinations.31 
The Australian Clinical Practice Guidelines 
for Management of Cutaneous Melanoma 
recommend that people at very high risk of 
melanoma should have regular surveillance 
and be educated about skin self-examination 
and sun protection.32 Risk assessment tools 
are available, but few have been validated or 
prospectively assessed33-35 and they are rarely 
used in clinical practice to target melanoma. 
New and emerging risk assessment tools 
that integrate germline genetic information 
could increase the precision with which risk is 
assigned.36,37

Targeting people at high risk is important 
because as the incidence of melanoma in the 
screened group rises, the number needed 
to screen to prevent one melanoma death 
reduces. Using an example based on age and 
sex alone, the number needed to screen to 
prevent one melanoma death is 26,000 when 
screening women 18 years or older, but only 
3,500 when screening men 50 years or older. 
The efficacy of screening could be further 
improved by increasing the accuracy of the 
screening test. 

Regarding diagnostic accuracy, conventional 
dermoscopy is well known to improve 
the sensitivity of melanoma detection 
in the hands of specialists and primary 
care clinicians.38-40 Technologies such as 
two-dimensional total body imaging or 
sequential digital dermoscopy highlight 
concerning lesions and allow change over 
time to be monitored.40 Advanced imaging 
technologies such as three-dimensional total 
body photography supported by artificial 
intelligence, and liquid biomarkers, have the 
potential to further improve the accuracy of 
melanoma diagnosis and minimise excision 
of benign lesions.41-43 These technology 
advances could inform a more systematic 
approach to melanoma screening in the 
future, but their utility in practice needs, 
including ensuring equitable access and 
training of the primary care workforce, 
requires further evaluation.44-47 Prospective 
studies are needed to assess how to optimally 
integrate these advanced imaging systems 
with more complex diagnostic categories, on 
various skin types, and also to determine how 
best to use artificial intelligence algorithms 
to enhance clinical decision making without 
introducing bias.42,48

Novel randomised trial designs 
Randomised controlled trials are the gold 
standard for establishing definitive answers 
about whether or not screening is beneficial. 
In the early 2000s, the Queensland Melanoma 
Screening trial was designed as a community-
based trial that could have answered the 
questions about benefits and harms of 
population-based screening, including 
mortality, but due to funding limitations, 
it did not progress beyond its pilot phase. 
In the pilot, the trial showed that people 
will attend if screening is offered and that 
a large number of melanomas – but also 
keratinocyte cancers and benign lesions – 
will be diagnosed. To attempt such a trial 
now would require a much larger sample, as 
more background opportunistic screening 
is occurring now compared to 20 years ago; 
new targeted and immunotherapies have 
also led to increases in survival for advanced 
melanoma making a mortality endpoint 
more elusive. Unless the trial was restricted to 
people at higher risk of disease, the sample 
size required to detect a clinically significant 
difference in mortality may now be too large 
to be feasible (estimated to range between 
82,000 per group if men 50 years or older 
were targeted to 320,000 if the general 
population 18 years or older was targeted). 
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Using an adaptive enrichment trial design 
may be useful for minimising the sample 
size required.49 Key issues to clarify are the 
optimal outcome measure (e.g. thickness, 
metastasis, or mortality [noting that the latter 
is now strongly influenced by new systemic 
treatments]), the definition of high-risk 
groups that would benefit, and the optimal 
trade-off between the benefits, harms and 
cost-effectiveness of screening.

In summary, recent technology advances may 
influence clinical efficacy and effectiveness, 
as well as cost-effectiveness of melanoma 
screening, by detecting melanomas early 
while reducing the number of unnecessary 
excisions. Research will address how potential 
harms of screening, including false positive 
rates, overdiagnosis, overtreatment and 
fear of recurrence can be lessened. The 
Summit Group discussed key gaps in current 
melanoma screening knowledge and from 
this identified research priorities and long-
term opportunities as detailed in Table 1. 
A full summary is available on the ASSC 
website.50 

Discussion and 
recommendations

Unlike breast, cervical and colorectal cancer, 
there is no organised screening program 
for melanoma in Australia. However, there 
is evidence that opportunistic screening is 
widespread and there has been an increase 
in dedicated primary care skin cancer clinics 
offering this service over the past 20 years. 
Whilst there was consensus by the Summit 

that there is a need to improve the current 
model of opportunistic screening, attendees 
concluded there is insufficient information 
on the best path forward at this time. The 
key gaps are lack of knowledge about the 
additional benefits, harms and costs of 
introducing a formal targeted screening 
program. 

Currently, the case for melanoma population-
based screening meets many, but not all, of 
the principles of screening as specified by 
the World Health Organization, including 
a screening test with high sensitivity 
and specificity, a clear referral system for 
management and follow-up, data on clinical 
effectiveness and cost-effectiveness, and 
benefits that outweigh potential harms.10 
Previous assessments of the viability of 
melanoma screening, for example by the 
United States Preventive Services Task 
Force, were based on general population 
screening in asymptomatic adults using a 
visual inspection of the skin. However, as the 
Summit report highlights, the development 
of new and emerging risk stratification 
tools, imaging technology advances and 
imminent integration of AI algorithms could 
have a major impact on the key evaluation 
parameters to consider. For example, the 
use of total body imaging and sequential 
dermoscopy has been reported to improve 
the sensitivity and specificity of the screening 
test, thus leading to better efficacy and cost 
parameters in high-risk populations.51 

There is a lack of knowledge about the 
penetration, benefits, harms and costs of 
opportunistic screening for melanoma. 

It is critical to address this gap, in order 
to assess the value of moving to a more 
systematic approach. The Summit 
participants also agreed that more data are 
required to provide definitive evidence for 
the clinical effectiveness as well as cost-
effectiveness of advanced risk stratification 
and imaging technologies, given that only 
a small proportion of melanomas lead to 
death.52 Further work includes determining 
whether a targeted risk-based screening 
approach would be feasible and, if so, 
how risk criteria could be used to tailor 
aspects of the screening program, such 
as starting age, screening intervals and 
stopping age. Other issues to be addressed 
include the management of equivocal 
or precancerous lesions to minimise the 
number of unnecessary excisions while also 
being cognisant of the potentially severe 
consequences related to underdiagnosis. 

In summary, the Summit Group concluded 
further research is needed to understand how 
to best optimise melanoma early detection 
in Australia, particularly in light of emerging 
technologies and treatments for advanced 
melanomas that may change the balance 
of benefits and harms of different screening 
strategies. 

Acknowledgements

The Melanoma Screening Summit Organising 
Committee wants to acknowledge the 
summit speakers, discussants and facilitator: 
Joanne Aitken, David Whiteman, Peter Soyer, 
Alexander Katalinic, Susan Swetter, Sancy 

Table  1: Short and long-term research priorities for optimising early detection of melanoma.
Gaps in knowledge Short-term research priorities Long-term research priorities/potential outcomes 
Who is accessing opportunistic screening, how frequently, 
and what are the outcomes and costs. 

Investigate current clinical pathways to melanoma diagnosis and 
treatment. Analyse variation in clinical outcomes.

Systematically evaluate and analyse the potential benefits and 
harms of organised approaches to the early detection of melanoma, 
compared with the current clinical pathways.

Comprehensive clinical outcomes register for melanoma allowing 
analysis of benefits, harms, costs to the economy and the patient, 
highlighting variations in clinical care across Australia.

Would population-based screening or targeted screening save 
more lives or be cost effective, over and above what is already 
happening opportunistically? 

Prospective assessment and validation of risk assessment tools, 
imaging technologies and approaches for risk-based, targeted 
screening and surveillance.

Systematically evaluate and analyse the potential benefits and 
harms of population-based screening vs targeted screening.

What is the best approach to risk stratification? What is the 
role of new and emerging tools and technologies such as 
3D total body imaging, biomarkers, or polygenic risk score 
stratification tools in risk-stratification?

Investigate accuracy of risk prediction tools and the advantages of 
incorporating imaging, biomarker and/or genetic information.

Evaluation of the implementation of risk-based, targeted screening 
and surveillance strategies. 

How can those melanomas with very poor prognosis be 
detected earlier? 

Work towards non-invasive, cost-effective technologies that reliably 
detect potentially fatal melanoma and clearly differentiate them 
from indolent lesions.

Comprehensive assessment of risk factors and detection approaches 
for high-risk melanoma subtypes especially early forms of nodular, 
acral and/or amelanotic melanoma.

How can the cost benefit ratio from melanoma early 
detection and treatment be optimised? 

Modelling studies of cost-effectiveness. Model the future economic 
burden of melanoma to the Australian healthcare system, based on 
current and predicted trends, under different screening scenarios.

 Cost-effectiveness analysis of prospective studies of melanoma 
screening strategies.

What is the quality of life impact of different melanoma early 
detection pathways? 

Develop a better understanding of quality of life, psycho-social, and 
behavioural impacts of the detection of melanoma and keratinocyte 
cancers.

Prospective evaluation of quality of life, behavioural and 
psychosocial outcomes from screening studies.

Janda et al.	 Article



2020 vol. 44 no. 2	 Australian and New Zealand Journal of Public Health	 115
© 2020 The Authors

Leachman, Katy Bell, Peter Baade, Scott 
Menzies, Richard Scolyer, Jeanette Young, 
Adele Green, Paul Grogan, Karen Canfell, Jay 
Allen, and Jon Emery. 

Funding 
Monika Janda is funded by NHMRC TRIP 
fellowship (115541). Anne Cust is funded 
by NHMRC Centre of Research Excellence 
in Melanoma (1135285), NHMRC Career 
Development Fellowship (1147843), and Cancer 
Institute NSW Fellowship (15/CDF/1-14). H. Peter 
Soyer holds an NHMRC MRFF Next Generation 
Clinical Researchers Program Practitioner 
Fellowship (APP1137127).

References 
1.	 Australian Institute of Health and Welfare. Cancer in 

Australia [Internet]. Cancer series No.: 119. Canberra 
(AUST): AIHW; 2019 [cited 2019 Aug 12]. Available 
from: https://www.aihw.gov.au/getmedia/8c9fcf52-
0055-41a0-96d9-f81b0feb98cf/aihw-can-123.pdf.
aspx?inline=true

2.	 Australian Institute of Health and Welfare. Cancer in 
Adolescents and Young Adults in Australia [Internet]. 
Catalogue No.: 110. Canberra (AUST): AIHW; 2018 
[cited 2019 Aug 19]. Available from: https://www.
aihw.gov.au/getmedia/ed22109b-ab23-4273-8d23-
7949a8922ea2/aihw-can-110.pdf.aspx?inline=true

3.	 Australian Institute of Health and Welfare. Skin Cancer in 
Australia [Internet]. Catalogue No.: 96. Canberra (AUST): 
AIHW; 2016 [cited 2019 Aug 12]. Available from: https://
www.aihw.gov.au/getmedia/0368fb8b-10ef-4631-
aa14-cb6d55043e4b/18197.pdf.aspx?inline=true

4.	 Whiteman DC, Baade PD, Olsen CM. More people 
die from thin melanomas (1 mm) than from thick 
melanomas (>4 mm) in Queensland, Australia. J Invest 
Dermatol. 2015;135(4):1190-3.

5.	 Bell KJL, Mehta Y, Turner RM, Morton RL, Dieng M, 
Saw R, et al. Fear of new or recurrent melanoma after 
treatment for localised melanoma. Psychooncology. 
2017;26(11):1784-91.

6.	 Aitken JF, Youlden DR, Baade PD, Soyer HP, Green AC, 
Smithers BM. Generational shift in melanoma incidence 
and mortality in Queensland, Australia, 1995-2014. Int 
J Cancer. 2018;142(8):1528-35.

7.	 Curchin DJ, Harris VR, McCormack CJ, Smith SD. 
Changing trends in the incidence of invasive melanoma 
in Victoria, 1985-2015. Med J Aust. 2018;208(6):265-9.

8.	 Medicare Australia. Medicare - Item Reports 2019 
[Internet]. Canberra (AUST): Australian Department of 
Human Services; 2019 [cited 2019 Aug 12]. Available 
from: http://medicarestatistics.humanservices.gov.au/
statistics

9.	 Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson 
KW, Ebell M, Epling JW Jr, et al. Screening for skin cancer: 
US preventive services task force recommendation 
statement. JAMA. 2016;316(4):429-35.

10.	 Australian Department of Health. Population Based 
Screening Framework [Internet]. Canberra (AUST): 
Government of Australia; 2018 [cited 2019 Aug 12]. 
Available from: http://www.cancerscreening.gov.au/
internet/screening/publishing.nsf/Content/16AE0B
0524753EE9CA257CEE0000B5D7/$File/Population-
Based-Screening-Framework.pdf

11.	 Marcus PM, Prorok PC, Miller AB, DeVoto EJ, Kramer BS. 
Conceptualizing overdiagnosis in cancer screening. J 
Natl Cancer Inst. 2015;107(4):djv014.

12.	 Dube C. Organized screening is better than 
opportunistic screening at decreasing the burden of 
colorectal cancer in the United States. Gastroenterology. 
2018;155(5):1302-4.

13.	 Espinas JA, Aliste L, Fernandez E, Argimon JM, Tresserras 
R, Borras JM. Narrowing the equity gap: The impact of 
organized versus opportunistic cancer screening in 
Catalonia (Spain). J Med Screen. 2011;18(2):87-90.

14.	 Cancer Council Australia. Clinical Practice Guidelines 
for the Diagnosis and Management of Melanoma 
[Internet]. Sydney (AUST): CCA; 2019 [cited 2019 Aug 
12]. Available from: https://wiki.cancer.org.au/australia/
Guidelines:Melanoma

15.	 Hubner J, Eisemann N, Brunssen A, Katalinic A. Skin 
cancer screening in Germany: Review after ten years. 
Bundesgesundheitsblatt. 2018;61(12):1536-43.

16.	 Aitken JF, Janda M, Elwood M, Youl PH, Ring IT, Lowe JB. 
Clinical outcomes from skin screening clinics within a 
community-based melanoma screening program. J Am 
Acad Dermatol. 2006;54(1):105-14.

17.	 Aitken JF, Elwood M, Baade PD, Youl P, English D. Clinical 
whole-body skin examination reduces the incidence of 
thick melanomas. Int J Cancer. 2010;126(2):450-8.

18.	 Mar V, Roberts H, Wolfe R, English DR, Kelly JW. Nodular 
melanoma: A distinct clinical entity and the largest 
contributor to melanoma deaths in Victoria, Australia. 
J Am Acad Dermatol. 2013;68(4):568-75.

19.	 Lattanzi M, Lee Y, Simpson D, Moran U, Darvishian F, Kim 
RH, et al. Primary melanoma histologic subtype: Impact 
on survival and response to therapy. J Natl Cancer Inst. 
2019;111(2):180-8.

20.	 Pashayan N, Morris S, Gilbert FJ, Pharoah PDP. Cost-
effectiveness and benefit-to-harm ratio of risk-stratified 
screening for breast cancer: A life-table model. JAMA 
Oncol. 2018;4(11):1504-10.

21.	 Welch HG, Schwartz LM, Woloshin S. Are increasing 
5-year survival rates evidence of success against 
cancer? JAMA. 2000;283(22):2975-8.

22.	 Burton RC, Armstrong BK. Recent incidence trends 
imply a nonmetastasizing form of invasive melanoma. 
Melanoma Res. 1994;4(2):107-13.

23.	 Pathirana T, Hayen A, Doust J, Glasziou P, Bell K. Lifetime 
risk of prostate cancer overdiagnosis in Australia: 
Quantifying the risk of overdiagnosis associated with 
prostate cancer screening in Australia using a novel 
lifetime risk approach. BMJ Open. 2019;9(3):e022457.

24.	 Glasziou P, Jones M, Barratt A, Pathirana T, Bell K. The 
burden of cancer overdiagnosis in Australia. BMJ. 
2019:http://dx.doi.org/10.1136/bmjebm-2019-POD.30.

25.	 Bell K. Melanoma Overdiagnosis in Australia. Melanoma 
Screening Summit. Brisbane (AUST): Translational 
Research Institute; 2019.

26.	 Doran CM, Ling R, Byrnes J, Crane M, Searles A, Perez 
D, et al. Estimating the economic costs of skin cancer 
in New South Wales, Australia. BMC Public Health. 
2015;15:952.

27.	 Fransen M, Karahalios A, Sharma N, English DR, Giles 
GG, Sinclair RD. Non-melanoma skin cancer in Australia. 
Med J Aust. 2012;197(10):565-8.

28.	 Carter HE, Schofield DJ, Shrestha R. The productivity 
costs of premature mortality due to cancer in Australia: 
Evidence from a microsimulation model. PLoS One. 
2016;11(12):e0167521.

29.	 Guy GP Jr, Ekwueme DU, Tangka FK, Richardson LC. 
Melanoma treatment costs: A systematic review of the 
literature, 1990-2011. Am J Prev Med. 2012;43(5):537-45.

30.	 Gordon LG, Rowell D. Health system costs of skin 
cancer and cost-effectiveness of skin cancer prevention 
and screening: A systematic review. Eur J Cancer Prev. 
2015;24(2):141-9.

31.	 The Royal Australian College of General Practitioners. 
Guidelines for Preventive Activities in General Practice 
[Internet]. 9th ed. East Melbourne (AUST): RACGP; 
2018 [cited 2019 Aug 19]. Available from: https://www.
racgp.org.au/FSDEDEV/media/documents/Clinical%20
Resources/Guidelines/Red%20Book/Guidelines-for-
preventive-activities-in-general-practice.pdf

32.	 Mann GJ, Cust A, Damian D, Fishburn P, Kelly J, Mar 
V, et al. Identification and Management of High-risk 
Individuals [Internet]. Sydney (AUST): Cancer Council 
of Australia; 2019 [cited 2019 Aug 12]. Available from: 
https://wiki.cancer.org.au/australia/Guidelines:Who_
is_at_high_risk_of_new_primary_melanoma_and_
how_should_risk_be_managed%3F

33.	 Vuong K, Armstrong BK, Weiderpass E, Lund E, Adami 
HO, Veierod MB, et al. Development and external 
validation of a melanoma risk prediction model 
based on self-assessed risk factors. JAMA Dermatol. 
2016;152(8):889-96.

34.	 Vuong K, Armstrong BK, McGeechan K, Cust AE. 
Personalized melanoma risk assessments and 
tailored prevention advice: A pragmatic randomized 
controlled trial in Australian general practice. Fam Pract. 
2019;36(2):237-46.

35.	 Olsen CM, Pandeya N, Thompson BS, Dusingize 
JC, Webb PM, Green AC, et al. Risk stratification 
for melanoma: Models derived and validated in a 
purpose-designed prospective cohort. J Natl Cancer 
Inst. 2018;110(10):1075-83.

36.	 Cust AE, Drummond M, Kanetsky PA, Goldstein 
AM, Barrett JH, MacGregor S, et al. Assessing the 
incremental contribution of common genomic variants 
to melanoma risk prediction in two population-based 
studies. J Invest Dermatol. 2018;138(12):2617-24.

37.	 Duffy DL, Lee KJ, Jagirdar K, Pflugfelder A, Stark MS, 
McMeniman EK, et al. High naevus count and MC1R 
red hair alleles contribute synergistically to increased 
melanoma risk. Br J Dermatol. 2019;181(5):1009-16.

38.	 Bafounta ML, Beauchet A, Aegerter P, Saiag P. Is 
dermoscopy (epiluminescence microscopy) useful 
for the diagnosis of melanoma? Results of a meta-
analysis using techniques adapted to the evaluation of 
diagnostic tests. Arch Dermatol. 2001;137(10):1343-50.

39.	 Kittler H, Pehamberger H, Wolff K, Binder M. Diagnostic 
accuracy of dermoscopy. Lancet Oncol. 2002;3(3):159-
65.

40.	 Menzies SW, Emery J, Staples M, Davies S, McAvoy 
B, Fletcher J, et al. Impact of dermoscopy and short-
term sequential digital dermoscopy imaging for 
the management of pigmented lesions in primary 
care: A sequential intervention trial. Br J Dermatol. 
2009;161(6):1270-7.

41.	 Curiel-Lewandrowski C NR, Berry E, Leachman SA. 
Artificial intelligence approach in melanoma. In: Fisher 
DE BB, editor. Melanoma. New York (NY): Springer; 2019. 
p. 1-31.

42.	 Topol EJ. High-performance medicine: The 
convergence of human and artificial intelligence. Nat 
Med. 2019;25(1):44-56.

43.	 Tschandl P, Codella N, Akay BN, Argenziano G, Braun 
RP, Cabo H, et al. Comparison of the accuracy of 
human readers versus machine-learning algorithms 
for pigmented skin lesion classification: An open, web-
based, international, diagnostic study. Lancet Oncol. 
2019;20(7):938-47.

44.	 Tripp MK, Watson M, Balk SJ, Swetter SM, Gershenwald 
JE. State of the science on prevention and screening to 
reduce melanoma incidence and mortality: The time is 
now. CA Cancer J Clin. 2016;66(6):460-80.

45.	 Koh U, Janda M, Aitken JF, Duffy DL, Menzies S, 
Sturm RA, et al. ‘Mind your Moles’ study: Protocol of a 
prospective cohort study of melanocytic naevi. BMJ 
Open. 2018;8(9):e025857.

46.	 Rayner JE, Laino AM, Nufer KL, Adams L, Raphael AP, 
Menzies SW, et al. Clinical perspective of 3D total 
body photography for early detection and screening 
of melanoma. Front Med. 2018;5:152.

47.	 Moloney FJ, Guitera P, Coates E, Haass NK, Ho K, Khoury 
R, et al. Detection of primary melanoma in individuals 
at extreme high risk: A prospective 5-year follow-up 
study. JAMA Dermatol. 2014;150(8):819-27.

48.	 Winkler JK, Fink C, Toberer F, Enk A, Deinlein T, Hofmann-
Wellenhof R, et al. Association between surgical skin 
markings in dermoscopic images and diagnostic 
performance of a deep learning convolutional neural 
network for melanoma recognition. JAMA Dermatol. 
2019 155(10):1135-1141.

49.	 Simon N, Simon R. Adaptive enrichment designs for 
clinical trials. Biostatistics. 2013;14(4):613-25.

50.	 Australian Skin and Skin Cancer Research Centre. ASSC 
Melanoma Screening Summit, 25 March 2019 [Internet]. 
Brisbane (AUST): Universtiy of Queensland ASSC; 2019 
[cited 2019 Aug 19]. Available from: http://www.assc.
org.au/

51.	 Watts CG, Cust AE, Menzies SW, Mann GJ, Morton 
RL. Cost-effectiveness of skin surveillance through a 
specialized clinic for patients at high risk of melanoma. 
J Clin Oncol. 2017;35(1):63-71.

52.	 Australian Government. Skin Cancer Screening 
[Internet]. Canberra (AUST): Australian Department of 
Health; 2019 [cited 2019 Jul 24]. Available from: http://
www.cancerscreening.gov.au/internet/screening/
publishing.nsf/Content/skin-cancer

Prevention 	 Screening for melanoma


