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While Australia now has well-established national screening programs for
breast, bowel and cervical cancers, research continues into the feasibility of
developing systematic screening programs for a number of other cancers. In
this paper, experts in their fields provide perspectives on the current state of
play and future directions for screening and surveillance for melanoma, Lynch
syndrome, and liver, lung and prostate cancers in Australia. Although the
evidence does not support population screening, there may be opportunities
to prevent thousands of deaths through systematic approaches to the early
detection of lung cancer and melanoma, testing for Lynch syndrome, and
organised surveillance for hepatocellular carcinoma among individuals at
high risk – guided by targeted research. The paper also looks at what impact
new prostate specific antigen testing guidelines are having on screening for
prostate cancer.
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Key points
• Development of a targeted screening program for those at high risk
of lung cancer – Australia’s largest cause of cancer mortality – could
prevent thousands of deaths, especially among former smokers
• Shifting from the current opportunistic approach to melanoma
screening to a national, risk-stratified program may be a promising
way forward to reduce the heavy burden of the disease
• Lynch syndrome is a large but hidden genetic condition. Systematic
testing for the syndrome in patients with colorectal cancer, as well
as genomic developments, could help address underdiagnosis

• A better system of routine surveillance for hepatocellular
carcinoma is needed among high-risk populations to reduce the
growing incidence and mortality from the disease in Australia
• More thorough evaluation is needed of the impact of new
Australian guidelines on prostate specific antigen testing for
prostate cancer, with Medicare data suggesting the guidelines
have only had a limited impact on practice

Opportunities for lung cancer
screening in Australia

in hard-to-reach populations, including those in remote
and low socio-economic areas, and Aboriginal and Torres
Strait Islander people.6
The evidence to support an Australian-based lung
screening framework has been strengthened based
on data from two local studies. The Queensland Lung
Cancer Screening Study (2007–2014) demonstrated the
feasibility of applying a NLST-like screening protocol
in Australia, and achieved similar rates of benefits and
harms to the NLST.7 The International Lung Screen Trial
(ILST)8 commenced in 2016 in Australia and Canada and
will contribute prospective data on: 1) use of a widely
validated, individualised risk calculator to define screening
eligibility by identifying those at high risk for lung cancer9;
and 2) the use of a risk model to differentiate screendetected lung nodules with a high risk of malignancy from
those likely to be benign.10 Combined use of these two
risk prediction models is expected to reduce the falsepositive rate and increase the positive predictive value
of screening. The ILST will also provide data on costs,
health-related quality of life, participation rates, recruitment
strategies, adjunct smoking cessation initiatives and
incidental detection of other diseases. These outcomes
will inform reliable health economic evaluations of lung
cancer screening in Australia and internationally.
Screening efficiency is also expected to improve
with the implementation of new computed tomography
(CT) technologies. Radiomics uses high-throughput
image analysis to extract quantitative CT features such
as voxel intensity, texture and shape to gain insights
into tumour phenotype and microenvironment, which
reflect underlying pathophysiology.11 Combined with
patient characteristics and correlated with clinical
outcomes, these data can be used to estimate the
malignant potential of a nodule and support decision
making. Machine-read, quantitative image analysis
may also overcome current limitations in the sensitivity
and specificity of qualitative, human-read CT images.
Computer-aided detection software is commercially
available as either a first or second reader alongside a
human radiologist; however, it is yet to be integrated into
clinical practice because of variation in the performance
of algorithms that arises from technical differences and
data training sets.12

By Marianne F Weber, Henry M Marshall, Nicole Rankin,
Stephen Duffy and Kwun M Fong
Despite Australia’s many successes in tobacco control,
lung cancer is the nation’s largest cause of cancer
mortality and will be a major health burden for many
decades. The US National Lung Screening Trial (NLST)
demonstrated that lung cancer screening of current
and former high-risk smokers using low-dose computed
tomography (LDCT) was a cost-effective strategy that
significantly reduced lung cancer mortality by 20% (95%
confidence interval [CI] 6.8%, 26.7%).1 A preliminary
report on the Netherlands-Leuvens screening trial also
demonstrated LDCT screening effectiveness, finding a
26% relative reduction in lung cancer mortality (95% CI
9%, 41%) among high-risk men.2
Although a number of organisations now recommend
annual lung screening with LDCT using variations of the
NLST eligibility criteria, there is no organised, nationwide
lung screening program in any country.3 This is largely due
to the significant implementation challenges of translating
trial-based outcomes into a population-based setting,
and the complexities of developing evidence based
lung screening guidelines. Challenges include questions
around the appropriate target population; the optimal
screening interval; and effective risk communication,
recruitment strategies, nodule management, management
of incidental findings and harm minimisation.4
In 2015, the Australian Government Standing
Committee on Screening recommended against lung
cancer screening in Australia until there is greater clarity
about these issues and a favourable cost-effectiveness
evaluation in the Australian setting.5 Unlike Australia’s
existing cancer screening programs (for bowel, breast
and cervical cancers), in which the target population
can be identified in national administrative databases
based on age and sex, lung cancer screening requires
information about people’s smoking history. This
adds complexity because: 1) smoking history is not
systematically documented in any population-wide
database; and 2) high-risk smokers are overrepresented
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Overall, combined investment in tobacco control and
lung cancer screening could see major reductions in the
lung cancer burden, and could offset the growing costs
of targeted and immunotherapies for lung cancer. As new
data about lung cancer screening accrue, optimisation
of prevention strategies, as well as trade-offs between
drivers of screening efficiency and cost-effectiveness,
can be informed by modelling and implementation
studies. Overall, lung cancer screening is an opportunity
to prevent thousands of lung cancer deaths, especially
for former smokers who make up an increasing proportion
of lung cancer cases.

elevated risk, and skin checks every 6–12 months plus
advice on skin self-examination for those at high risk.19
Cancer Council guidelines recommend that people at
very high risk have 6-monthly skin checks supported by
total body photography, dermoscopy and advice on skin
self-examination.20
Despite the lack of an evidence base either for or
against population-based screening, early detection of
melanoma through a national population-based screening
program has the potential to save lives, reduce morbidity
and treatment-related costs, and encourage sun
protection behaviours. Conversely, it may not be costeffective and might lead to unacceptable overdiagnosis and
overtreatment of in situ and thin melanomas and keratinocyte
cancers. So, is there a way through this impasse?
Development and evaluation of a risk-stratified
approach to screening for melanomas is a promising
way forward. This approach would involve screening
schedules (detailing ages at which screening starts and
stops, frequency of skin examinations and the type of
technology used) being tailored to individual risk, based
on a comprehensive assessment taking into account
multiple risk factors. Such an approach aligns with the US
Preventive Services Task Force recommendations that
future research on skin cancer screening should focus
on evaluating the effectiveness of targeted screening in
those considered to be at higher risk.18 A risk-stratified
approach could help maximise the benefits and minimise
both the harms and health system costs of screening.21
New technologies such as surveillance photography,
teledermatology, artificial intelligence, and apps to
support patient self-examination and triage of clinical
examinations also have the potential to reduce
overtreatment or unnecessary treatment of some lesions
detected in a screening program. These technologies
could also improve equity of access to dermatological
services for people living in regional and remote areas.22
Changing the paradigm of melanoma screening in
Australia from an opportunistic approach to a national
risk-stratified program would bring challenges. Such
a change would require high-quality evidence about
the benefits, harms and resource implications of a new
program, as well as its feasibility and acceptability to the
public and health professionals. It would require shifting
health service resources away from screening low-risk
patients towards higher-risk patients. Validated risk
prediction tools, including online risk calculators, are now
available to accurately estimate melanoma risk, but would
need to be rolled out on a national scale. A Melanoma
Screening Summit, hosted by the Australian Skin and Skin
Cancer Research Centre in March 201923, demonstrated
a collective intent to address these issues, and identified
research priorities for evaluation of the evidence to
optimise early detection of melanoma.

Emerging issues in melanoma
screening
By Kate Dunlop, Lauren Humphreys, Amelia K Smit and
Anne E Cust
Melanoma accounts for approximately 10% of all new
invasive cancer diagnoses in Australia each year, and
there are just as many in situ as invasive melanomas
diagnosed.13 Skin cancer, including melanoma and
keratinocyte cancers (i.e. non-melanoma skin cancer,
predominantly basal cell and squamous cell carcinomas)
are the most expensive cancer for the Australian
healthcare system.14 Annual Australian health system
costs for melanoma have increased from $30 million
in 2001 to $201 million in 2014, and costs are growing
exponentially with the expansion of new therapies for
late-stage disease.15 Total (direct) treatment costs
for keratinocyte cancers are almost 10 times that of
melanoma, due to the sheer number diagnosed16,
and treatments for suspicious but ultimately benign
lesions add further to costs.15,17 This is signficant when
considering population screening for melanoma,
because, although keratinocyte cancers seldom cause
death, they may add significantly to the costs of any
screening program unless there are clear criteria in place
to minimise the number of unnecessary excisions.
Early detection of melanoma is important as the
prognosis is worse and the extent and costs of treatment
are much higher for late-stage diagnoses. However,
population screening for the early detection of melanoma
is not recommended.18 While melanoma deaths are the
result of metastatic disease, and early-stage melanoma
can be visible without invasive procedures, there is
insufficient evidence that population screening for
melanoma using current technology and approaches can
reduce mortality.
Notwithstanding this lack of evidence, opportunistic
screening is common. The Royal Australian College of
General Practitioners guidelines currently recommend
opportunistic skin checks for people at moderately
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Opportunities for Lynch syndrome
testing

While this new knowledge could and should bolster
support for the implementation of systematic testing
for Lynch syndrome in colorectal cancer in Australia,
the scientific landscape of genomics is moving at a
pace which offers further opportunities for testing. For
example, universal germline gene panel testing can
potentially be cost-effective at the aforementioned
indicative willingness-to-pay threshold, if testing is
limited to colorectal cancer cases in those aged <70
years, compared with no testing. However, this is not
currently cost-effective when compared with initial dMMR
tumour testing approaches, either age restricted or
universal. As the cost of gene panel testing is likely to
reduce substantially over time, its cost-effectiveness will
improve.31 Furthermore, genomic advances are likely
to enable Lynch syndrome tumour sequencing to be
used to guide personalised treatment decisions, which
will provide clues to inform both the need for and the
interpretation of germline testing.
These are all attractive prospects for identifying Lynch
syndrome carriers. The reality for the complex adaptive
health system, however, is fraught with challenges. Even
current approaches are not straightforward – globally,
non-standardised clinical and laboratory approaches,
healthcare and public health system perspectives, and
behavioural, social and communication factors have
led to many missed opportunities to identify Lynch
syndrome carriers. Despite policy changes in England,
implementing systematic testing for the syndrome in
colorectal cancer has faced practical and financial
challenges.32
Although there would be clear benefits of universal
genetic testing for all colorectal cancers, the likelihood is
that clinical responsibilities which typically sit with genetic
specialist services will be deployed to non-specialist
clinicians (i.e. mainstreaming of test requests, referrals
and genetic counselling). This has been the case with
recent policy changes for BRCA1 and BRCA2 gene
panel testing, which has presented its own unique set of
challenges.33
Further, as the clinical phenotype of Lynch syndrome
includes other tumour types such as endometrial cancer,
a systematic approach to identifying carriers may,
depending on cost-effectiveness analysis findings, need
to be extended beyond the narrow colorectal cancer
setting. Crucially, Australia should learn from experiences
of Lynch syndrome testing in other jurisdictions to
design appropriate strategies to support healthcare
professionals. These lessons can also help prepare the
health system to be ahead of the implementation curve for
the mainstreaming of genomic advances on the horizon.

By Natalie Taylor, Gillian Mitchell, Yoon-Jung Kang, Kathy
Tucker, Mark Jenkins and Finlay Macrae
Lynch syndrome is caused by an inherited pathogenic
mutation in one of four mismatch repair genes (MLH1,
MSH2, MSH6, PMS2) and EPCAM.24 Mutations in these
genes cause an increased lifetime risk of cancers,
particularly colorectal cancer and endometrial cancer,
often at a younger age than in the general population.
Identification of Lynch syndrome carriers can save lives,
as it enables prevention and early detection of cancers
and cascade predictive testing for at-risk relatives25; this
improves opportunities for better disease outcomes and
lower long-term healthcare costs.
Up to 3% of colorectal and endometrial cancers have
been attributed to Lynch syndrome, increasing to 7–10%
of those diagnosed before age 50.25 Germline gene
testing in patients with colorectal cancer, particularly
those with disease family history or with early age
diagnosis, has been the most common approach to
identifying Lynch syndrome. However, expanding this to
testing in all incident colorectal cancer cases through
initial tumour testing followed by germline genetic
testing for mismatch repair deficient (dMMR) tumours
has been encouraged.26 Currently, there is no consistent
Australian national approach to colorectal or endometrial
cancer tumour testing for Lynch syndrome, resulting in
underdiagnosis of the syndrome nationally.
One in 280 people carry a mutation in a Lynch
syndrome gene27, with an estimated 100,000 carriers in
Australia. A 2017 report suggests approximately only
5% of Lynch syndrome carriers have been identified28,
making it a large but hidden problem. Although
population-level screening would not meet the World
Health Organization screening criteria because of
the prevalence of Lynch syndrome, there have been
arguments for such screening for breast cancer gene
mutations (including BRCA1 and BRCA2), which have a
similar carrier frequency, given the high risk of disease.29
Internationally, progress has been made. Health
technology assessments have generated enough support
to initiate policy change and implementation of systematic
testing for Lynch syndrome in all people diagnosed
with colorectal cancer in England.30 In Australia, a
comprehensive evaluation of Lynch syndrome testing in
colorectal cancer cases found that initial tumour testing
for MMR deficiency (dMMR) in incident colorectal cancer
without any age restriction would be cost-effective at
the indicative willingness-to-pay threshold of A$30,000–
A$50,000 per life-year saved.31
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How can we improve
hepatocellular carcinoma
surveillance?

Patients in the HCC surveillance group only received
intermittent ultrasounds performed at intervals of longer
than 6 months. Another recent community-based trial
among patients with positive chronic hepatitis B in China
found that participation in ultrasound-based surveillance
improved early tumour detection and survival but did not
reduce HCC-related mortality.44
Although a clear mortality benefit has not been
demonstrated, routine HCC surveillance generally fulfils
criteria for a successful screening program: there are
two easily identified populations that are at high risk;
the tumour usually has a long latent preclinical phase
detectable with imaging, and curative treatments are
feasible if diagnosed at an early stage; and surveillance
with ultrasound is an acceptable, low-risk technique with
an overall sensitivity of 84% for all HCCs and 47% for
early HCC, as demonstrated by meta-analysis.45
The reason surveillance has not had a clear impact
on HCC mortality is complex. First, it may relate to
suboptimal performance of available modalities. The
sensitivity of ultrasound is relatively low for early HCC,
and diagnostic accuracy is influenced by operators’
expertise and patient factors such as metabolic
syndrome (obesity and nonalcoholic fatty liver disease)
and nodular liver disease. Other techniques such as
contrast-enhanced ultrasound and magnetic resonance
imaging may become more appropriate in these settings.
The population may also be too broad, and higher-risk
groups could be identified using age, gender, aetiology,
fibrosis stage and new specific molecular biomarkers.46
More important, however, is the low rate of participation
in regular surveillance of the at-risk population. In a
population-based cohort of patients diagnosed with
HCC in Australia, only 40% participated in regular
surveillance.47 In a community health centre in Victoria,
only 27% of patients with chronic hepatitis B had optimal
adherence to surveillance.48 A recent US study explored
interventions aimed at improving ultrasound surveillance
for HCC. Compared with no intervention, uptake was
significantly increased by mailed outreach, both with and
without the addition of patient navigation, which assessed
barriers to surveillance and encouraged surveillance
participation (23% uptake among the outreach/navigation
group, 18% in the outreach only group and 7% in the
control group).49 Although these participation rates are
still woefully inadequate, the study is one of the first to
explore interventions to improve surveillance.
In Australia, we can do better. Although a mortality
benefit has not been clearly demonstrated, regular
ultrasound-based surveillance of at-risk individuals
is associated with improved early tumour detection,
eligibility for curative treatment and survival. Interventions
that increase participation in HCC surveillance among
at-risk individuals are needed in Australia to improve
outcomes for this highly fatal and high-priority cancer.

By Ian Lockart and Mark Danta
The incidence and mortality of hepatocellular carcinoma
(HCC) continues to rise in Australia34,35, with a doubling
in age-standardised mortality rates in the past 15 years.
Most international liver societies recommend 6-monthly
ultrasound-based surveillance of at-risk populations36,
however, the data supporting its impact remain weak.
A nationwide screening program is not recommended;
instead, individuals at risk need to be identified and
enrolled in surveillance.
There are two easily identified high-risk populations:
all individuals with cirrhosis, irrespective of the aetiology;
and subgroups with chronic hepatitis B. Individuals with
chronic hepatitis B require further stratification as they
are at risk of HCC development even in the absence of
cirrhosis.36
The evidence supporting surveillance among at-risk
populations is largely derived from observational studies,
which are subject to multiple biases. A meta-analysis of
47 studies demonstrated that surveillance was associated
with improved early tumour detection, curative treatment
eligibility and 3-year survival.37 Most studies had inherent
limitations of retrospective observational studies,
including selection, lead-time and length-time biases.
A recent analysis of the Surveillance, Epidemiology
and End Results (SEER)-Medicare database in the US
found that surveillance continued to be associated with
significantly higher 3-year survival after adjusting for leadtime and length-time biases.38 Studies from Italy39 and the
Netherlands40 have also demonstrated a survival benefit
after adjusting for lead-time bias.
The impact of surveillance on mortality is less clear.
Two randomised controlled trials have been conducted,
both more than 20 years ago, among large populations
of Chinese individuals with chronic hepatitis B. One
demonstrated a 37% reduction in mortality for those
undergoing ultrasound-based surveillance41; however,
the methodology has been widely criticised and the
results may not apply to other at-risk populations in
the current era. The other found that 6-monthly alphafetoprotein (AFP) testing alone did not improve mortality.42
In a recent case-control study using national data from
the US Veterans Affairs healthcare system, a cohort of
patients dying from HCC was compared with a wellmatched cirrhotic cohort. The analysis revealed that the
frequency of ultrasound and AFP measurement over
the 4-year study period was similar between cases
and controls, suggesting no mortality benefit from
surveillance.43 However, it is unclear if these results
reflect limitations in the efficacy of surveillance or the low
compliance with regular surveillance in clinical practice.
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Have the Australian PSA testing
guidelines changed practice?

Figure 1. Trends in PSA tests (MBS Item number
66655) bulk-billed or reimbursed by Medicare,
2008–09 to 2017–18, by age

By Bruce K Armstrong
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First ‘outed’ for public consultation on 4 December 2014
at the World Cancer Congress in Melbourne, Australia’s
clinical practice guidelines, PSA testing and early
management of test-detected prostate cancer, were
formally approved by the National Health and Medical
Research Council (NHMRC) on 2 November 2015,
and ultimately released publicly on 20 January 2016.
The guidelines have been available since through the
NHMRC, Prostate Cancer Foundation of Australia and
Cancer Council Australia50 websites. They cover the
territory from informed choice to have prostate specific
antigen (PSA) testing, through to testing itself and
investigation of abnormal test results, to conservative
management of prostate cancer (active surveillance and
watchful waiting). A summary is also available.
With respect to PSA testing specifically, the guidelines
recommend: “For men at average risk of prostate cancer
who have been informed of the benefits and harms of
testing and who decide to undergo regular testing for
prostate cancer, offer PSA testing every 2 years from
age 50 to age 69, and offer further investigation if total
PSA is greater than 3.0 ng/mL.”
The Royal Australian College of General Practitioners
is the most important professional body in terms of
acceptance of this recommendation. It refers to the
substance of the PSA guidelines in its Guidelines for
preventive activities in general practice (known as ‘The
Red Book’)19 in these terms: “Screening of asymptomatic
(low risk) men for prostate cancer by prostate specific
antigen (PSA) testing is not recommended because
the benefits have not clearly been shown to outweigh
the harms. ... Therefore, GPs have no obligation to offer
prostate cancer screening to asymptomatic men. ... If
after an informed process, perhaps using a decision
aid, a man still requests prostate cancer screening, a
PSA blood test is acceptable.” Given the high degree of
uncertainty about PSA testing among Australian GPs51,
this statement could discourage general practitioners’
uptake of the PSA testing recommendation.
What evidence is there that publication of the PSA
guidelines’ recommendation quoted above has made
any difference with respect to PSA testing? As there
is no formal evaluation of the guidelines, analysis of
routinely collected health data is the best way to answer
this question. Figure 1 summarises data collected
by Medicare on benefits paid for PSA tests done at
intervals of not less than 1 year, and not for monitoring
of previously diagnosed prostatic disease. Given the
guidelines’ release history, any change in testing levels
prompted by the recommendation would not be expected
before the beginning of 2016.

Financial year of PSA test
25–34 years

35–44 years

45–54 years

55–64 years

65–74 years

75–84 years

≥85 years

MBS = Medicare Benefits Schedule

Overall, after having fallen steadily since 2010–11 and
reaching a plateau in 2014–15 and 2015–16, the rate of
PSA testing fell a little in 2016–17 and 2017–18 in all age
groups shown, except in men aged 25–34 and ≥85 years.
These recent downtrends may indicate that the guidelines
have had an effect in encouraging less PSA testing
(perhaps by moving from annual testing to biennial testing
as recommended). However, the lack of any reduction
in testing rates in the 25–34 and ≥85 years age groups
suggests that recommending first testing at 50 years and
last testing at 69 years has not influenced practice. While
prostate cancer incidence rates might also reflect such
trends (through less overdiagnosis), the necessary data
are not yet available nationally beyond 2014.
It is probably not yet too late to plan and implement a
more thorough evaluation of the impact of the PSA testing
guidelines. Although rarely done, such an evaluation
can guard against unanticipated harm that an ill-judged
clinical guideline can produce, or can call to account
poor implementation of a guideline with potential for
benefit.52
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