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A protocol for modelled evaluations to maximise the long-
term health and economic gains of lung cancer interventions in
Australia: The Lung cancer Evaluation And Policy program (LEAPp)
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Background: Tobacco control interventions in Australia have had success in recent decades, international
screening trials have yielded significant mortality benefits, and therapeutic innovation in disease management
is burgeoning; however, lung cancer remains the leading cause of cancer death and disease burden in
Australia and the most appropriate combination of interventions to address this is unclear. Underpinned
by modelling infrastructure, The Daffodil Centre’s Lung cancer Evaluation And Policy program (LEAPp)
combines large-scale linked data analysis, clinical trial data, statistical projections, evidence review, and
stakeholder engagement to quantify and optimise the long-term health and economic impacts of lung cancer
interventions for Australia, both alone and in combination.

Methods: A ‘toolkit’ of mathematical simulation models are in development to estimate which combination
of interventions are likely to result in the best outcomes for the population, including in terms of morbidity,

mortality, equity, health services and costs. A microsimulation model of the natural history of lung cancer,
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Policyl-Lung, will simulate long-term estimates of lung cancer incidence and mortality in relation to multiple

existing and hypothetical lung cancer control scenarios. Key inputs of Policyl-Lung will include those

from a stand-alone, dynamic, Australian smoking behaviour model, and a discrete-event simulation model

of systemic therapy costs and survival. In parallel with the lung cancer specific outputs of Policyl-Lung, a

macrosimulation model of all tobacco-related diseases will be developed to capture broader health and cost

impacts of tobacco interventions. Priority interventions for evaluation include integration of population-

wide tobacco control strategies with low dose computed tomography (LDCT) lung cancer screening, while

accounting for evolution in lung cancer therapeutics.

Discussion: LEAPp is a unique, comprehensive approach to optimising the effectiveness and cost-

effectiveness of lung cancer control in Australia. The program is designed to meet evidence needs to guide

policy and practice decision-making aimed at maximising the health gains of lung cancer interventions.

Trial Registration: Not applicable.
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Introduction

Lung cancer is the leading cause of cancer death in
Australia and worldwide (1,2). In 2020, it was the second
most common cancer globally, with ~2.2 million new cases
and 1.8 million deaths, constituting 18% of all cancers (3).
In Australia, lung cancer is one of the most diagnosed
cancers (4™ in men and 5" in women in 2021) (4), and
remains the most common cause of cancer-related death
(17.7%), with 8,693 deaths (4,998 men and 3,695 women)
in 2021 (5). As a leading cause of cancer burden (3) the
disease has a significant impact on Australian individuals
and communities, and imposes substantial economic costs
to the health care system (6). Although age-standardised
lung cancer rates have been decreasing in Australia and are
expected to fall over the next several decades, the number of
deaths from lung cancer is expected to increase, mainly due
to population growth and ageing (7). As such, investment
in lung cancer control remains a key priority in Australia,
and evidence-based interventions are required across all
components of lung cancer development and progression.
A central challenge is knowing which investments, and
combinations of investments, are likely to result in the
best outcomes for the population, including in terms of
morbidity, mortality, equity, health services and costs.

It is in this context that The Daffodil Centre has developed
a research framework aimed at identifying ‘best buys’ in
lung cancer control by using a suite of methodological
approaches to systematically evaluate the effectiveness and
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cost-effectiveness of lung cancer interventions both alone
and in combination. Where data providing a specific answer
to a policy question are lacking—a common situation
especially when comparing and considering synergies
of different population-level and regulatory strategies—
predictive modelling is a frequently used surrogate for
informing policy decisions and can be used to optimise
key implementation parameters (8,9). Leveraging The
Daffodil Centre’s existing program of work in bowel (10) and
cervical cancer (11), the Lung cancer Evaluation And Policy
program (LEAPp) will be underpinned by mathematical
modelling infrastructure. Although the natural history of
disease is unique to each specific cancer, the modelling
methodologies share design principles, health and economic
perspectives, time horizons, implementation of costs and
other technical details. Integrating multiple data sources,
these sophisticated models make reliable projections
of cancer outcomes in relation to multiple ‘what if’
scenarios, comparing the impact of new and existing cancer
interventions. Furthermore, by modelling interventions
in combination, the short- vs. long-term impact of these
interventions can be optimised—for example the long-term
lung cancer incidence reductions in relation to investment
in primary prevention can be balanced against the short-
term mortality reductions in relation to screening.

Since its inception in 2016, LEAPp has involved the
development of program model components using evidence
review, large scale epidemiologic analyses, and statistical
projections. Each model component and/or data input has
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Figure 1 A schematic of the LEAPp models and analytic approach. LEAPp, Lung cancer Evaluation And Policy program; DALY, disability-

adjusted life year; QALY, quality-adjusted life year.

also served as a unique contribution to the national and
international evidence base on lung cancer causes, care,
and outcomes. Currently, four independent models are in
development to meet LEAPp objectives (Figure I1): (I) a
microsimulation model of the natural history of lung cancer,
Policyl-Lung; (II) a microsimulation model of lung cancer
treatment and survival, taSim; (III) a microsimulation
model of Australian tobacco smoking patterns; and (IV)
a macrosimulation model of smoking-related chronic
diseases. The four models are complemented by statistical
projections which provide independent, rapid insights into
policy-relevant issues and can also be used for validation
purposes. These population-wide models can be used
separately and in combination to quantify the potential
impact of existing and emerging lung cancer control
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interventions on long term health gains and costs. Under
the guidance of a scientific advisory group (SAG), key lung
cancer control components to be addressed initially by
LEAPp include population-wide tobacco control strategies
and policy-relevant smoking prevalence benchmarks, lung
cancer screening with low dose computed tomography
(LDCT), and evolving treatment patterns.

Primary prevention: tobacco smoking in Australia

Tobacco smoking is the predominant modifiable risk factor
for lung cancer. In Australia, up to 84% of men and 71%
of women diagnosed with lung cancer have a history of
smoking (12) and as such, tobacco control remains the most
important and effective primary prevention strategy for
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lung cancer and is also key to preventing at least 30 other
diseases, including heart disease, respiratory disease, and
other cancer types (13). Australia has a strong history of
tobacco control and was one of the first countries to ratify
the World Health Organization Framework Convention
on Tobacco in 2004 (14). Since the early 1990s, Australia
has implemented a wide range of population-based
interventions to prevent tobacco use. These include the
Tobacco Advertising Prohibition Act and first National
Tobacco campaign in the 1990s; point of display bans,
labelling with graphic health warnings on tobacco products,
and designating smoke-free areas in the 2000s; and the
Tobacco Plain Packaging Act and the second National
Tobacco Campaign in the early 2010s; all underpinned with
staged excise tax increases on all tobacco products (15).
These interventions have been associated with significant
declines in daily smoking, from 24.3% in 1991 to 11.0%
among people aged >14 years in 2019 (16).

However, Australia’s tobacco control efforts have recently
decelerated (17), and Australia’s National Tobacco Strategy
lapsed in 2018 (18). A new National Tobacco Strategy
is currently in draft (19), and while the 2021 National
Preventive Health Strategy set a target of national daily
smoking prevalence of 5% or less for adults (>18 years)
by 2030 (20), there are no clear strategies outlined to
achieve this target. There is also a risk of increased smoking
uptake among non-smoking young people in relation to
e-cigarettes (21-23), and the uncertainty of the impact on
rates of smoking from large social disruptions, such as the
coronavirus disease 2019 (COVID-19) pandemic (24).
Thus, there is an ongoing need for contemporary evidence
to support government investment in tobacco control
programs and commitment to policy change that will
minimise smoking and its associated health, social, and
€conomic costs.

To evaluate the impact of tobacco control measures
on smoking patterns, and in turn, the impact of smoking
patterns on lung cancer and other tobacco-related chronic
diseases, LEAPp is developing a simulation model of
population-wide Australian smoking behaviours. Simulated
estimates of smoking prevalence and intensity will be key
inputs for two distinct models of disease: the lung cancer
natural history microsimulation model, Policyl-Lung, and
the macrosimulation model of tobacco-related diseases
(Figure I). Scenario modelling can compare the effectiveness
and cost effectiveness of existing and renewed tobacco
control measures on contemporary and future smoking
prevalence and the downstream impact on reductions in
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lung cancer and other tobacco related diseases. LEAPp will
also generate new evidence relating to emerging tobacco
control priority areas in Australia, including tobacco retail
supply, the uptake of e-cigarettes among young people,
and tobacco industry interference strategies, to support
policymakers to mitigate the long-term health impacts of
tobacco smoking and e-cigarettes in Australia.

Early detection: lung cancer screening

Lung cancer mortality can be reduced if the disease is detected
and treated early; however, early diagnosis can be difficult
because symptoms are common, non-specific, or altogether
absent (25). Consequently, most lung cancer patients are
diagnosed clinically with symptoms of advanced lung cancer
when prognosis is poor [in Australia the 5-year relative
survival rate is 68% for stage I, and 3% for stage IV (26)].
Early detection strategies, such as population-based
screening of asymptomatic individuals, could be important
for improving lung cancer outcomes. Lung cancer
screening has been demonstrated as clinically effective
in two large randomised controlled trials which showed
that LDCT chest scans of asymptomatic individuals with
a history of heavy smoking reduced lung cancer mortality
by 20-24% (27,28). However, selection criteria for these
trials differed and although it is generally agreed that
lung cancer screening is only likely to be of net benefit
for individuals at high risk of lung cancer, there is no
consensus across jurisdictions as to the optimal definition
of ‘high risk’. The use of individualised risk calculators that
incorporate demographic and clinical factors in addition to
smoking history [such as PLCO,,,, (29)] have been shown
to have better predictive performance than the broad age
and categorical smoking criteria used in the trials (30).
Further, implementation of risk-targeted screening at a
population level remains a challenge with many issues,
such as integration of smoking cessation and optimising
participation, not captured in effectiveness trials (31,32).

To date, a few countries have implemented national
lung cancer screening programs, and pilot programs are
underway in a number of jurisdictions (33). In 2020, the
Australian government conducted an enquiry into the
prospects, process, and delivery of a national lung cancer
screening program, which was reviewed favourably by
the Medical Services Advisory Committee in 2022 (34).
The enquiry concluded that a risk-targeted national lung
cancer screening program in Australia would be feasible
however federal funding decisions remain ongoing. A key
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priority for LEAPp is to inform effective and cost-effective
implementation of a national lung cancer screening
program, similar to The Daffodil Centre’s parallel work in
cervical (35) and bowel cancer screening (36), which have
supported policy reform in Australia.

Treatment and survival

The management of treatment for people with lung cancer
is complex and depends on histology, stage, molecular
profile, and location of the cancer, as well as the wellbeing
of the individual and their preferences. Treatments
consist of various combinations of surgery, chemotherapy,
radiotherapy, targeted therapy and immunotherapy, as well
as supportive and palliative care (37). In the past, favourable
outcomes were mainly observed in people diagnosed with
early-stage disease at diagnosis. However, many targeted
and immunotherapeutic agents have emerged in the last
decade, improving survival for people diagnosed with locally
advanced and metastatic lung cancer (38-40). The survival
and economic impacts of new treatments and an evolving
standard of care are highly relevant to health policy.
Immunotherapies improve survival for many patients,
however the costs of these drugs present funding challenges,
including for the future. Further, suboptimal care in the
form of delays to treatment, underutilisation of treatment,
or unwarranted variations in care must be minimised to
ensure that the promise of new health technologies are
optimally translated from trials to the clinic. LEAPp is
developing a discrete event microsimulation model of
systemic therapy utilisation, costs and survival for people
diagnosed with advanced lung cancer that can incorporate
new therapies and indications over time. The model
(22Sim) will be used to inform cost-effectiveness analyses of
strategies for lung-cancer control and provide contemporary
estimates of lung cancer treatment costs and benefits, and
up-to-date estimates of budget impact.

Program objectives

Bringing together a ‘toolkit’ of mathematical models
supported by a multidisciplinary team of experts, the
primary objective of LEAPp is to provide policymakers
with an evidence base for decision making in lung cancer
control. Planned evaluations are focused on optimising
the effectiveness and cost-effectiveness of tobacco control
strategies and LDCT screening, both alone and in
combination, while accounting for the evolution of lung
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cancer care as treatments advance. By design, LEAPp can
be rapidly mobilised to address contemporary, priority
issues in lung cancer control over time. To this end, a
secondary objective of LEAPp is to conduct high quality
epidemiological research on local risk factors for lung
cancer, patterns of care studies and health services research.
Where applicable, we present the protocol in accordance
with the SPIRIT reporting checklist (available at https://
ace.amegroups.com/article/view/10.21037/ace-22-11/rc).

Methods
LEAPp components
SAG

A SAG with representatives from all states and territories of
Australia was convened to guide the initial research strategy
of LEAPp. Its members were appointed from a wide
spectrum of medical and scientific fields across the lung
cancer control continuum, including research academics,
clinical specialists, general practitioners, and policy experts,
through an invitation to a prioritisation workshop. The
group also included public representatives, such as lung
cancer survivors and their spokespersons. The objective of
the workshop was to prioritise lung cancer interventions
and research questions for evaluation. The workshop was
structured into sessions covering intervention touch points
from primary prevention through to palliative care. Prior
to the meeting, issues that were considered in and out
of scope were articulated, and extensive scoping reviews
were conducted to identify existing and emerging lung
cancer interventions including: national and international
smoking prevalence policy benchmarks, smoking cessation,
screening, early diagnosis, treatments for both non-small
cell lung cancer (NSCLC) and small cell lung cancer
(SCLQ), interventions for side effects and complications of
treatment, and psychosocial interventions. SAG members
identified lines of enquiry likely to have the greatest impact
on lung cancer outcomes in Australia and agreed to ongoing
engagement in self-identified areas of interest and expertise.
As LEAPp has evolved and intersected with these areas,
SAG members have provided expert guidance on research
design and outcomes. SAG members have also been
invaluable as mentors to post-graduate students and early
career researchers, and as partners on funding applications.
The involvement of clinicians, patient representatives,
and policy experts ensures relevance of outcomes to the
real-world setting. The next step is to capture clinical,
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policy, and community input to guide parameterisation
of the health economic models and to establish prior
distributions for Bayesian analyses where existing data
are scarce. The SAG will also be key to dissemination of
findings through community and professional networks.

Evidence review

Evidence reviews underpin the work of LEAPp and include
both systematic and scoping reviews. Scoping reviews aimed
at understanding the landscape of lung cancer control in
Australia were conducted prior to, and presented at, the
inaugural SAG meeting in 2017 for consultation on the
initial research strategy. Scoping reviews are also conducted
with the purpose of horizon scanning, especially in the
context of new treatments and diagnostic technologies,
contemporary evidence on lung cancer risk factors, and
emerging issues such as the global COVID-19 pandemic.
Systematic reviews and meta-analyses are registered on
PROSPERO and conducted to inform model inputs where
local data are scarce or unavailable, and to advance LEAPp
methodologies.

To date, LEAPp has published systematic reviews of
lung cancer statistical projection methods (41), residential
radon exposure and risk of lung cancer among individuals
without a history of tobacco smoking (42), and smoking
behaviour changes during the pre-vaccination phase of the
COVID-19 pandemic (24). Scoping reviews have included
an overview of environmental and genetic risk factors for
lung cancer (43), a validation study of published lung cancer
projections (44), and a review of methods used to apply lung
cancer utility values in cost-effectiveness analyses of LDCT
screening (45). Ongoing horizon-scanning reviews include:
emerging lung cancer therapies, indications, and integration
of therapies into routine care; the potential carcinogenic
harms of vaping products, the prevalence of their use in
Australia and potential impacts on future tobacco smoking
rates; risk prediction tools for identifying individuals
without a smoking history at high risk of lung cancer; and
potential impact of the COVID-19 pandemic on health
system disruptions and risk factors in Australia.

Large-scale epidemiology

Epidemiological analyses of large, population-based datasets
and observational studies with linked health records will
be conducted to establish the distribution, trends, and
determinants of lung cancer causes, care and outcomes in
the Australian population (Figure I). These data are used
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to quantify local risk estimates for lung cancer, patterns
of lung cancer care, and prognostic factors that can be
used to parameterise simulation models, as well as adding
to the global evidence base on lung cancer epidemiology.
LEAPp utilises the Sax Institute’s ‘45 and Up Study’, a large
prospective Australian study that has followed ~250,000
individuals from the state of New South Wales over the
past ~15 years with linked health and death records (46).
LEAPp will also access the Enduring Cancer Data Linkage
(CanDLe) program (47), which is a complete capture of
cancers diagnosed in New South Wales from 1972 onward
linked to state hospitalisation and death records. CanDLe
will be used to quantify trends in lung cancer incidence,
mortality, and survival, and will serve as calibration targets
for Policyl-Lung.

Many LEAPp model inputs have been developed
using the 45 and Up Study to date, including validation
of the PLCO,,,, risk prediction tool in the Australian
context (30). The cohort was used to generate contemporary
relative risk estimates of smoking related cancer risk (48),
which are key to estimating the number of lung cancer
diagnoses and deaths that occur among Australians with
a smoking history, given that smoking history is not
systematically captured at a population level. Estimates
of utility values by different disease states (49) and among
Australians potentially eligible for lung cancer screening (50)
will be used to estimate quality-adjusted life years (QALYs)
in cost-effectiveness analyses. Similarly, comprehensive
estimates of the total healthcare costs for lung cancer by
stage, phase of care, and histological sub-type (6) will be key
to cost-effectiveness estimates and budget impact studies.
Analyses of patterns of lung cancer care and prognostic
factors (51-54) will inform evaluations aimed at assessing
the costs and impact of suboptimal care in the form of
delays to treatment, underutilisation of treatment, or
unwarranted variations in care.

Australian Smoking History Simulator and statistical
projections
Modelling tobacco smoking behaviours is key to LEAPp,
firstly because historical smoking patterns are predictive
of current disease rates (due to the significant lag between
population level tobacco exposure and its effect on cancer
rates—up to 30 years for lung cancer) (55) and secondly
because forecasting smoking behaviour is key to modelling
tobacco control interventions.

LEAPp initially used a statistical projection approach to
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estimate the impact of historical smoking trends on future
rates of lung and other smoking-related cancers (7,56-58).
Using age-period-cohort modelling that accounted for
smoking trends within each period, this work estimated
that ~78,000 lives were saved between 1956 and 2015 due
to current and past tobacco control initiatives for lung
cancer alone, and that if these measures continue to have
the expected effect, they will avert a further 1.9 million
lung cancer deaths in the next 85 years (58). These analyses
generated predictions of future tobacco-related cancer
rates at an aggregate level, and are useful for providing
policymakers with rapid insights to enable priority setting.
The next step is to develop a dynamic microsimulation
model of life-course smoking behaviours for the Australian
population (59). This type of model can account for
differences in smoking behaviours at an individual level,
such as duration and intensity, and can output detailed
smoking histories by age, sex and birth cohort. Similar to
the U.S. Smoking History Generator developed by the
Cancer Intervention and Surveillance Modeling Network
(CISNET) (60,61), our Australian Smoking History
Simulator will be used to underpin projections of lung
cancer and other smoking-related diseases given changes in
smoking initiation, cessation, and/or intensity.

Our Australian Smoking History Simulator uses a
Bayesian calibration method to synthesise mortality data
for the Australian population, Australian data on smoking
status and age at stopping smoking, and hazard ratios
of death by smoking status estimated from the 45 and
Up Study. Foundational work for the model involved
harmonising distinct measures of smoking behaviour across
multiple survey series (62). The first iteration of the model
outputs historical and future smoking prevalence trends by
estimating initiation and quit rates by age, sex, and birth
cohort, and will eventually incorporate patterns of smoking
intensity. The model is currently being used to predict
50-year estimates of smoking prevalence given a number of
hypothetical scenarios of smoking cessation and initiation,
including zero uptake for Australians born after 2010.
Scenario estimates such as these will constitute key data
inputs for Policyl-Lung and the macrosimulation model
of smoking related diseases (Figure I) so that the health
and cost impacts of smoking patterns and tobacco control
interventions can be quantified.

Lung cancer projections: Policyl-Lung

A flexible microsimulation platform, Policyl-Lung, is being
developed to model the natural history of lung cancer for

© Annals of Cancer Epidemiology. All rights reserved.

Page 7 of 17

the Australian population. Integrating multiple data sources,
this mathematical model will be able to make reliable
projections of cancer outcomes in relation to multiple ‘what
if” scenarios, comparing the impact of new and existing lung
cancer interventions. Policyl-Lung will be calibrated using
outputs from our Australian Smoking History Simulator,
national cancer statistics and CanDLe, screening trial data,
and epidemiologic data on smoking generated by LEAPp,
evidence reviews, along with guidance from SAG and
stakeholder consultation. It will simulate individuals’ events
relating to the ‘natural history’ of lung cancer including
preclinical and clinical lung cancer, and deaths due to lung
cancer or other causes (Figure 2). The structure of the pre-
clinical ‘states’ for an individual in Policyl-Lung resembles
that of MISCAN-Lung (63), which has been utilised by the
CISNET Lung working group to investigate the benefits
and harms of hundreds of different lung cancer screening
strategies (9). The two-stage clonal expansion carcinogenesis
and pre-clinical stage-progression model was chosen
because it was most similar to our other in-house models of
bowel (10) and cervical cancer (11). Parameterisation of the
event rates and estimation of the parameter-values will be
performed by a Bayesian calibration (or evidence synthesis)
procedure. This includes SAG and expert input to determine
a suite of possible models with distinct parameterisations and
prior beliefs about the parameter values; then parameter-
values that are most compatible with the data listed
above (smoking behaviour, cancer incidence and survival,
screening test characteristics and stage outcomes, and all-
cause mortality by smoking status) are found using Markov
Chain Monte Carlo methods, and finally a model selection
process is applied guided by goodness-of-fit statistics. Once
calibrated, the model will be validated using independent
data sources, such as the PLCO trial data. The model will
be used to evaluate the impact of population lung cancer
control measures, including the number of lives saved and
health system costs, and will initially be used to evaluate
lung cancer screening, comparing the effects of participation
and screening adherence rates on effectiveness and cost-
effectiveness. Ultimately, the model can be tailored to
address the interplay between tobacco control, screening,
and therapeutic innovation, by assessing the relative benefits
of a combination of interventions across lung cancer
development and progression.

Lung cancer treatment and survival modelling: zxSim

The cost-effectiveness of upstream interventions that
impact the incidence (e.g., tobacco control) and stage

Ann Cancer Epidemiol 2023;7:1 | https://dx.doi.org/10.21037/ace-22-11



Page 8 of 17

Policy1-Lung - Natural History of Lung Cancer

Carcinogenesis

Two-stage clonal expansion

Annals of Cancer Epidemiology, 2023

/ Lung cancer progression model\

Initiation rate Malignant Non-clinical Clinically-detectable
transformation screen-detectable disease
rate disease
""""""""""" a N a N D D
Normal
stem cells | ™= | Initiated cells | == | Malignant cells Local Local
- 4 4
() [} Regional Regional
5 \d NSCLC [ Il
0.0 SCLC
] Distant Distant
Promotion rate
,,,,,,,,,,,,,,,,,,,,, N J v Ll_/ \_l_/

Australian Smoking History Simulator*

K Death due to lung cancer’ /
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*, rates depend on smoking intensity; ', death can also occur from causes other than lung cancer at any stage and may also be related to

smoking status. NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

distribution (e.g., lung cancer screening) of lung cancer will
depend partly on the survival and cost expectations of lung
cancer treatments for advanced disease. Because therapeutic
innovation in the era of immunotherapy and targeted
therapy is changing rapidly, direct measurement or estimates
of contemporary per-patient lung cancer treatment costs
and survival are not available. There is therefore a need for
reliable and contemporary data on lung cancer treatment in
Australia that can incorporate new therapies and indications
over time. To this end, LEAPp is developing a discrete
event microsimulation model (txSizz) to estimate costs and
survival expectations under contemporary treatment for
advanced lung cancer. Initially simulating patients with
advanced lung cancer, the model incorporates progression-
free survival data from clinical trials, biomarker prevalence
rates from epidemiologic analyses, expert-derived treatment
algorithms, and Australian health system costs to simulate
patient treatment histories and their accompanying costs.
Model outputs from txSim can then be applied to lung
cancer incidence rates generated from Policyl-Lung to
estimate contemporary costs of treatment, without the need
for data from large-scale, observational studies of patient
populations which are resource intensive, costly and become
obsolete relatively quickly. The model can be expanded over
time to incorporate innovations in treatments for earlier
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stage disease, including radiotherapy, immunotherapy and
targeted therapy.

Projections of smoking related diseases: macro-
simulation model

To estimate the health economic impact of tobacco control
interventions on lung cancer and other tobacco-related
diseases simultaneously, allowing for comorbidity, LEAPp is
developing a macrosimulation model (i.e., models the whole
population rather than individuals). To do this, a proportional
multi-state life table (pMSLT) approach is being used, similar
to previous methodologies (64,65). Key inputs for pMSLT
are smoking factors generated by the Australian Smoking
History Simulator, national data on the incidence and
mortality of diseases established as having a causal link with
tobacco smoking (e.g., cancers of the larynx, oesophagus,
liver, head-and-neck, liver, bladder, pancreas and colorectum,
and cardiovascular and respiratory disease), data on disability
weights and quality of life, as well as costs. The model can
compare years of life lost (YLLs), disability adjusted life years
(DALYs), quality-adjusted-life years (QALYs), and costs in a
population with and without an intervention. Evaluations will
be conducted from a societal and health services perspective
over the remaining lifetime of selected Australian cohorts
(e.g., everyone alive in Australia in 2016).
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Table 1 Priority LEAPp evaluations. The impact of evaluations will be assessed in terms of health outcomes, resource use and costs

Evaluation

Status

Focus area
(anticipated completion date)

Renewed national mass media anti-smoking campaign
Restrictions on the number of tobacco retail outlets
Best-practice smoking cessation treatment in cancer clinics

Smoking initiation and cessation scenario modelling—impact on
50-year predictions of smoking prevalence

Smoking initiation and cessation scenario modelling—impact on the
number of Australians potentially eligible for lung cancer screening

Achieving <5% daily adult smoking prevalence by 2030

A National Lung Cancer Screening Program as recommended by
Cancer Australia (34), including the impact of participation and
screening adherence

A National Lung Cancer Screening Program that incorporates
smoking cessation treatment

Optimising risk criteria to define eligibility for a National Lung Cancer

Screening Program

5-year lung cancer patient population by stage, histology, and
molecular status to inform health-system resource needs

Optimising investment in tobacco control and lung cancer screening
in combination

Optimal implementation of lung cancer care guidelines versus
current practice

Potential disruptions of lung cancer diagnosis and care during
COVID-19 pandemic

Reduction in smoking-related disease Planning (2025/2026)

Reduction in smoking-related disease Potential
Reduction in smoking-related cancers Planning (2026/2027)

Reduction in smoking prevalence Complete (under review)

Healthcare resource utilisation Ongoing (2023/2024)

Reduction in smoking-related disease Ongoing (2023/2024)

Reduction in lung cancer mortality Planning (2025/2026)
Reduction in lung cancer mortality Planning (2026/2027)
Reduction in lung cancer mortality Planning (2027/2028)

Lung cancer prevalence estimates Ongoing (2023/2024)

Reduction in lung cancer mortality Potential
Reduction in lung cancer mortality Potential
All lung cancer outcomes Potential

LEAPp, Lung cancer Evaluation And Policy program; COVID-19, coronavirus disease 2019.

Health economic framework

LEAPp uses a common health economic framework so
that best-value investment, or ‘best buys’, can be compared
within and between analyses (10). For each evaluation,
several primary outcomes are considered, including
health benefits (e.g., reduction in lung cancer incidence/
mortality), harms (e.g., adverse consequences of screening),
resource use (e.g., treatment, diagnosis, and screening-
related healthcare costs), and health economic outcomes
(e.g., discounted lifetime cost, life years, QALYs, and cost-
effectiveness). For each intervention, the primary outcomes
listed may be expanded or tailored. The comparator for
analyses is the general population (or specific subgroup
of interest) without the influence of the intervention
being assessed. A health services perspective is applied,
and efforts are being made to expand to the societal
perspective, including characterisation of out-of-pocket
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expenses. From a health services perspective, costs incurred
by governments and the health system over a person’s
lifetime are incorporated. For each evaluation, multiple
time horizons may be chosen as appropriate to the specific
intervention. A 5% annual discount rate and the indicative
willingness-to-pay (WTP) threshold of AUS$30,000-
$50,000 per life year saved will be used, with alternative
WTP thresholds included for comparability. One-way and
probabilistic sensitivity analyses and uncertainty analyses
will be conducted as required to assess the impact of model
parameter uncertainties on the key model findings (10).

Priority analyses and evaluations

A list of priority modelled analyses and evaluations are listed
in Table 1. Broadly, these cover epidemiological forecasts
for lung cancer patient populations and evaluations of
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interventions to reduce lung cancer incidence and mortality,
as well as other chronic diseases caused by smoking.
Forecasts of patient or screening-eligible populations will
be used to estimate future demand for health resources,
particularly systemic therapies and lung cancer screening,
and will inform budget impact analyses in health technology
assessments. The long-term health and economic benefits of
renewed investment in mass media anti-smoking campaigns
will be forecast using the macrosimulation platform, with
a potential extension to analyses of restrictions on tobacco
retail outlets. Modelling assumptions would be underpinned
by data from prior campaigns [e.g., (66-68)] and experiences
from other jurisdictions [e.g., (69,70)].

Priority evaluations of the National Lung Cancer
Screening Program as recommended by Cancer Australia
and the Medical Services Advisory Committee (34) will
include analysis of the impact of participation and screening
adherence, and will combine estimates of the eligible
population using the Australian Smoking History Simulator,
estimates of the numbers of lung cancers detected from the
Policyl-Lung natural history model, and estimates of lung
cancer costs and survival from #xSim. Resource utilisation
data, nodule detection rates, and follow-up procedures, will
be obtained from the International Lung Screening Trial (71).
Other planned program-related evaluations include analyses
of potential alterations to the program, such as changes
to eligibility, screening intervals, and the incorporation of
smoking cessation interventions; driven by data including
from the international experience in implementation, expert
input, and PolicyI-Lung’ scenario-modelling capability. The
impact of these interventions will be assessed in terms of
health outcomes, resource use, costs, and cost-effectiveness.
Lastly, potential analyses could consider investment strategies
for combinations of tobacco control and lung cancer
screening interventions, or improvements in the adherence
or updates to lung cancer care guidelines (37).

Ethics and dissemination

This study will be conducted in accordance with the
Declaration of Helsinki (as revised in 2013). As human
subjects were not involved in the LEAPp protocol, approval
by a Human Research Ethics Committee was not required.
Ethics approval for the use of deidentified data from 45 and
Up Study was provided by the NSW Population and Health
Services Research Ethics Committee (2019/ETHO01746).
Findings will be published as governmental reports or
publications in peer-reviewed journals, and presented at
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scientific meetings, conferences, and media outlets.

Discussion

LEAPp is a multi-component, dynamic research program
that aims to improve lung cancer control in Australia. The
program is underpinned by modelling approaches that
synthesise data from multiple sources and allow systematic
identification of lung cancer control strategies that are
efficient, effective and cost-effective. LEAPp has been
leveraged from existing programs in bowel and cervical
cancer, which have transformed cancer control both in
Australia and worldwide (72). Components of each LEAPp
model and data generated to parameterise each model,
are disseminated as independent research outputs and
enhance the international evidence base on lung cancer
causes, care, and outcomes, as well as tobacco control and
other smoking-related chronic diseases. Further, many of
the LEAPp research outputs to date have been conducted
and published by post-graduate students and early-career
researchers, which demonstrates the program’s potential
for capacity building. Initial planned evaluations are
focused on providing policy- and practice-relevant evidence
for renewed investment in tobacco control, optimised
implementation of lung cancer screening, and reducing
inequities in lung cancer patterns of care.

LEAPp is designed to be able to respond rapidly to
emerging health and policy issues. Several emerging areas
of interest are already in consultation, and a particular issue
highlighted by consumer representatives on the SAG is lung
cancer among individuals without a history of smoking.
Current evidence shows that lung cancer patients without
a history of smoking are more likely to be women, to be
diagnosed with adenocarcinoma, and/or to be diagnosed
at an earlier age (43). LEAPp analyses found that Asian-
born Australians who never smoked are about three times
as likely to be diagnosed with lung cancer than those born
elsewhere (73). Scoping reviews have identified many
environmental and occupational exposures for lung cancer,
however apart from individuals in certain occupations, to
date, there is no known targeted strategy to identify lung
cancer early for individuals without a smoking history.
Work in this area is ongoing, and as evidence emerges,
Policy1-Lung can be mobilised to evaluate the effectiveness
and cost-effectiveness of potential strategies for prevention
and early detection.

Another key issue in lung cancer control for Australia is
the relatively high rates of smoking and smoking-related
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chronic diseases in Aboriginal and Torres Strait Islander
communities, those living in rural and remote areas, and
those with low socioeconomic indicators (15,34,74-76).
While the LEAPp modelling infrastructure is initially
being developed to capture whole of population exposure
and outcomes, over time it can be parameterised and
calibrated to priority populations. By capturing their unique
smoking history, LEAPp can quantify the long-term gains
of smoking prevention strategies and will be a powerful
tool for demonstrating progress in tobacco control. Model
outputs can be used to quantify long-term health gains and
assess the potential impact of screening [similar to models
conducted for bowel screening in Australia (77)].
Population-wide data on the impact of the COVID-19
pandemic on lung cancer outcomes will be an important
factor to account for in all planned evaluations. In 2020
the COVID-19 pandemic triggered unprecedented public
health interventions that affected all aspects of public life.
Various waves of measures such as social/physical distancing
and ‘lockdowns’ have resulted in changes in risk behaviour
(e.g., tobacco use), and delays and changes in healthcare
delivery (78). The long-term consequences of widespread
health system disruptions on cancer outcomes are largely
unknown. Given the lack of empirical evidence, modelling
provides a unique opportunity to generate policy-relevant
information to balance health system disruptions against
prioritisation strategies for reducing long-term harms. The
COVID-19 and Cancer Global Modelling Consortium
(CCGMC, www.ccgmc.org) brought together the
global cancer modelling community with the purpose of
supporting decision-making in cancer control in response
to pandemic disruptions. As LEAPp develops over time, it
can also be harnessed to contribute to the global modelling
efforts aimed at quantifying the long-term impacts of the
COVID-19 pandemic on cancer outcomes world-wide.
The successes of LEAPp to date have largely come
from access to high quality, population-based health
datasets, a multidisciplinary team of experts, and the
integration of modelling with stakeholder engagement.
Rigorous epidemiologic analyses of patterns of disease
from large-scale datasets, such as routinely collected,
administrative health databases, are critical for informing
robust model parameters and modelling assumptions. We
leveraged in-house expertise from existing, more advanced
simulation models for bowel and cervical cancer and have
gained critical input from shared experiences in other
jurisdictions, such as Canada. Collaboration with national
and international experts will also provide opportunities
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for comparative analyses and access to additional data
that could be used to validate our models. Combining
program components has required careful planning to
balance the time-consuming process of model building with
the more immediate need for research outputs. Overall,
modelling and large-scale health data are most powerful
when harnessed within a broader framework of lived
experience, including patient and clinician perspectives
and the constraints and needs of public policy. The SAG
and ongoing involvement with advocacy organisations in
the not-for-profit sector have been integral to identifying
community-relevant issues, evidence gaps, and stakeholders.
The direct involvement of the SAG in research design, and
meaningful engagement with community networks will also
lead to more equitable and impactful research outputs; we
expect that this framework will result in knowledge gains
that will maximise improvements in lung cancer control in
Australia.

Lung cancer is Australia’s leading cause of cancer death
and opportunities to reduce the lung cancer burden are
substantial. Bringing together a comprehensive toolkit of
mathematical simulation models that integrate large-scale
epidemiology, evidence synthesis, and public policy, with
expert input from a SAG, LEAPp will lead to long-term
reductions in lung cancer incidence, morbidity, mortality,
and inequity by continually optimising evidence-based
interventions in lung cancer control.
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