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ABSTRACT

Lung cancer is the number one cause of cancer death
worldwide. The benefits of lung cancer screening to
reduce mortality and detect early-stage disease are no
longer in any doubt based on the results of two land-
mark trials using LDCT. Lung cancer screening has
been implemented in the US and South Korea and is
under consideration by other communities. Successful
translation of demonstrated research outcomes into the
routine clinical setting requires careful implementation
and co-ordinated input from multiple stakeholders.
Implementation aspects may be specific to different
healthcare settings. Important knowledge gaps remain,
which must be addressed in order to optimize screening
benefits and minimize screening harms. Lung cancer
screening differs from all other cancer screening
programmes as lung cancer risk is driven by smoking, a
highly stigmatized behaviour. Stigma, along with other
factors, can impact smokers’ engagement with screen-
ing, meaning that smokers are generally ‘hard to reach’.
This review considers critical points along the patient
journey. The first steps include selecting a risk thresh-
old at which to screen, successfully engaging the target
population and maximizing screening uptake. We
review barriers to smoker engagement in lung and
other cancer screening programmes. Recruitment strat-
egies used in trials and real-world (clinical)
programmes and associated screening uptake are
reviewed. To aid cross-study comparisons, we propose a
standardized nomenclature for recording and calculat-
ing recruitment outcomes. Once participants have
engaged with the screening programme, we discuss
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programme components that are critical to maximize
net benefit. A whole-of-programme approach is
required including a standardized and multidisciplinary
approach to pulmonary nodule management, incorpo-
rating probabilistic nodule risk assessment and longitu-
dinal volumetric analysis, to reduce wunnecessary
downstream investigations and surgery; the integration
of smoking cessation; and identification and interven-
tion for other tobacco related diseases, such as coronary
artery calcification and chronic obstructive pulmonary
disease. National support, integrated with tobacco con-
trol programmes, and with appropriate funding, accred-
itation, data collection, quality assurance and reporting
mechanisms will enhance lung cancer screening pro-
gramme success and reduce the risks associated with
opportunistic, ad hoc screening. Finally, implementa-
tion research must play a greater role in informing pol-
icy change about targeted LDCT screening programmes.

Key words: delivery of health care, implementation science,
lung neoplasms, mass screening, smoking.

INTRODUCTION

Lung cancer is the leading global cause of cancer bur-
den and death for both men and women despite the
sustained application of tobacco control strategies and
reduction in tobacco smoking in many countries.’ Most
people are diagnosed with advanced stage disease and
have poor survival outcomes at 5 years.” In Australia,
lung cancer deaths will continue to rise in the coming
decades® despite the success of tobacco control mea-
sures and reductions in smoking rates.

The mortality benefit of low-dose computed tomog-
raphy (LDCT) screening is no longer in any doubt. Two
large randomized studies, the United States
(US) National Lung Screening Trial (NLST) and the
Dutch-Belgium Randomized Lung Cancer Screening
Trial (NEderlands-Leuvens Longkanker Screenings
ONderzoek, NELSON), have shown reduction in lung
cancer-specific mortality with the use of LDCT. The
reduction in lung cancer-specific mortality was seen
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after only three rounds of screening in both trials.>?
The NLST study also showed a reduction in all-cause
mortality.

Published results from the NELSON trial of 15 789
participants showed that screening with LDCT screen-
ing resulted in 24% reduction in lung cancer mortality
over 10 years in men and 33% in a smaller sample of
women, suggesting that* the mortality benefits from
screening may be even greater in women.”® Although
comprehensive results for women participants in the
NELSON trial are yet to be published, the results rein-
force findings from the NLST of 53 454 individuals of a
20% reduction in lung cancer mortality in men and
women over a median follow-up of 6.5 years.®

The majority of screen-detected lung cancers in both
trials were stage I and II (57% NLST and 67.9% NEL-
SON).*® These findings are also reflected in recently
initiated clinical programmes. For example, 71% and
80% of lung cancers were stage I or II in an evaluation
of eight centres in the Veterans Health Affairs demon-
stration programme and in the first round Manchester
Lung Health Check programme, respectively, indicating
that trial results can be reproduced in real-world (clini-
cal) programmes.”®

Implementation of lung cancer screening has now
commenced in the US and South Korea and is under
consideration in many other countries. In 2013, the
United States Preventive Services Task Force (USPSTF)
recommended offering LDCT screening for people
aged 55-80 years, with a subsequent revision in the
stopping age of 77 years by the Centre for Medicare
and Medicaid.>!° In July 2020, USPSTF released a
revised recommendation for public consultation to
lower entry age to 50 years and reduce smoking expo-
sure threshold to 20 pack-years. An implementation
guide as well as standardization, accreditation and
structured reporting for lung cancer screening
programmes have been developed for use.'!

Pilot programmes are underway in countries includ-
ing China, Canada and the United Kingdom (UK).>'*'?
In Manchester and Liverpool, the Lung Health Check
pilot programme has demonstrated successful imple-
mentation in deprived communities using mobile
screening vans. The National Health Service has
funded a further 10 pilot sites and released a standard
protocol to facilitate implementation in 2019."*

The focus of future research efforts needs to shift
from generating evidence about the mortality benefits
of LDCT screening to determining the most effective
strategies for implementation. Translating lung can-
cer screening research to real-world programmes has
multiple, different challenges across the various
global healthcare systems. Many lessons have been
learned over the last 20 years that can be used to
maximize the benefit to our respective communities
and more will be forthcoming as implementation
expands. Broad coverage of the target population is
needed to realize the substantial benefits in lung can-
cer mortality and earlier stage detection as demon-
strated in trials.">'®

This review considers the core issues that will influ-
ence lung cancer screening uptake and the programme
elements required to maximize the impact of lung
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cancer screening. We conclude with a brief overview of
implementation research and why it should play a
greater role in informing policy change about lung can-
cer screening programmes.

TARGETED APPROACH TO
PARTICIPANT SELECTION

The application of lung cancer screening differs from
the broader population-based programmes for breast,
cervical and colorectal screening. Most research in lung
cancer screening has been conducted in tobacco
smokers and both current and proposed clinical
programmes are focused on this cohort. Participants at
low risk of lung cancer do not benefit from screening
and are at risk of harm due to unnecessary down-
stream investigations. Ongoing research is also needed
to expand assessment of lung cancer risk in never
smokers.'”'®

The NLST and NELSON trials used enrolment
criteria based on age and smoking history alone and
the criteria differed slightly: age ranges were 55-74 and
50-74 years; minimum smoking history was 30 and
15 pack-years; and maximum allowable years since
quitting for former smokers were 15 and 10 years,
respectively.*® Current smokers comprised 48.2% and
55.5% of the study populations, respectively. Although
eligibility requirements based on age and smoking his-
tory are undoubtedly important, they oversimplify lung
cancer risk, ignoring other well-known risk factors,
such as ethnicity and family history.'® Indeed, use of
these limited selection criteria results in lower risk peo-
ple being screened which is suboptimal for large-scale
screening programmes.*’ >

Recognition of these limitations has led to the devel-
opment of a targeted approach using validated multi-
variate risk prediction models such as the one derived
from the Prostate, Lung, Colorectal and Ovarian
Screening Trial (PLCO,,50;, model).?*** The incorpora-
tion of this model for participant selection has been
shown to reduce unnecessary screening in low-risk
patients without sacrificing detection of lung cancer,
and to reduce the overall financial impact of
screening.?***?® The PLCO risk prediction model has
been utilized prospectively in the Pan Canadian Early
Detection of Lung Cancer study (PanCan) and further
prospective evaluation is ongoing in Australia, Canada
and Hong Kong in the International Lung Screening
Trial (ILST).2>**?® Future refinement of such a risk pre-
diction model incorporating occupational and environ-
mental carcinogen exposures and biomarkers could
further improve risk assessment for lung cancer
screening.

RECRUITMENT STRATEGIES USED IN
LUNG CANCER SCREENING TRIALS

The recruitment of high-risk individuals from the gen-
eral population is central to all LDCT screening trials
and real-world programmes. The main strategies used
to attract participants include direct mailing of
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Lung cancer screening implementation

invitation letters, mass media advertisements and com-
munity outreach. Table 1 presents a summary of
recruitment data for recent European and US LDCT
screening trials. Trial publications provide limited
information about how recruitment strategies were
selected or implemented.*®?%?"*32 [n the NLST,
screening centres chose their own recruitment
methods and a survey of 22 (of 33) centres found about
77% used direct mailing, either through commercial
mailing lists or healthcare system registries, with less
frequent use of mass media and community
outreach.**

Direct mailing uses population-based or primary
care registers to select individuals. While these regis-
ters are useful for breast and bowel cancer screening
containing, for example, data on age and sex, they do
not include the important smoking details required
such as smoking status and pack-year history.
Although primary care registries do include smoking
variables, as we discuss later, these data are frequently
unreliable. Invitations to participate are therefore
accompanied by a self-report questionnaire to collect
additional data to determine eligibility. As shown in
Table 1, the direct mailing strategy allows for more
accurate tracking of potential participants. In contrast,
mass media and community awareness activities have
a broad reach across the population but are blunt
instruments by which to attract eligible participants.
There is little evidence about the potential to use
social media and direct text alerts to recruit potential
participants.®

The lack of planning of recruitment strategies indi-
cates a missed opportunity to identify how best to
attract the high-risk population.*® A criticism of recruit-
ment of targeted LDCT screening trials is a bias
towards recruiting men, people from higher socio-
economic backgrounds,®” younger, former smokers,
those who are more health conscious and have better
access to medical care.***! While direct invitations are
most cost-effective in the trial setting,** there are few
data published about how costs translate to real-world
programmes. In the US screening programmes, pro-
gramme managers report having limited information
about people at high risk within the local population
and how best to recruit potential participants.**

Measuring recruitment: a standard
nomenclature for lung cancer screening trials
and real-world programmes
A full understanding of the comparative advantages,
disadvantages, yield and cost of the various recruitment
strategies can only be achieved through consistent data
reporting, something that has yet to be achieved. To
further this aim, we propose a standardized nomencla-
ture for future implementation studies of lung cancer
screening recruitment and to enable calculations of rel-
evant proportions for screening outcomes, as shown in
Table 1 for LDCT screening trials and in Table 2 for
real-world programmes.

We propose three groups of proportions that are of
particular relevance: response, decline and participa-
tion proportions. Part of the variability in range of

Respirology (2020) 25 (Suppl. 2), 5-23
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proportions seen across studies is likely to reflect differ-
ences in reporting.

Success of the initial invitation to participate

in screening: ARP

The approach response proportion (ARP) is defined as
the proportion of people who responded
(R (responded to invitation)) over the total count of
people approached (A (initially approached)). This pro-
portion is calculable for trials and real-world
programmes that use direct mailing; the ARP for trials
ranges about 25-52%, while in real-world programmes,
it is 17-40%. The ARP reflects the success of the initial
contact with possible participants. The Lung Screen
Uptake Trial (LSUT) may have the highest ARP because
all potential invitees, algorithmically selected from pri-
mary care databases, were reviewed for suitability by
their general practitioner (GP) before the invitation was
sent, representing significant tailoring of the approach.

Identifying barriers: EDP—individuals who

meet eligibility criteria but decline to have a

CT scan

Eligible decline proportions (EDP) reflect the subset of
individuals who meet eligibility criteria but decline to
participate in screening (ED, eligible declined). EDP
can be considered using a denominator of eligible
responders (ED/AOE (Assessed outcome ‘eligible’)) or
of all responders (ED/R (responded to invitation)). This
group includes people who ultimately do not receive
an LDCT scan for reasons such as withdrawal
(e.g. claustrophobia and being unable to raise both
arms above one’s head) or not presenting for an
appointment (e.g. unwillingness to travel, loss of inter-
est or lost to follow-up). This proportion is important
to understand as it reflects a significant amount of
expended effort on the part of potential participants
and screening personnel alike; the EDP highlights indi-
viduals ‘lost’ to the programme at some point between
determining their eligibility and attending for an LDCT
scan. The range of values is wide, pointing to signifi-
cant heterogeneity across studies and a potentially
fruitful area for further investigation. Identifying and
addressing pertinent barriers at this process point
could improve computed tomography (CT) screening
uptake by 14% when EDP is averaged across all rele-
vant studies.

Final arbiters of recruitment strategy success:
EPP and ESP

Participation proportions are of particular interest to
policymakers to understand the uptake of screening
programmes. We propose two relevant proportions: the
eligible participation proportion (EPP) and the eligible
scanned proportion (ESP). EPP describes the eligible
participants who consented (EC) as a proportion of
those all individuals who were assessed and found to
be eligible (AOE). EPP is the inverse of the EDP and is
an intermediate marker of screening uptake success. As
shown in Table 1, the EPP range for trials is 51-100%
and for real-world programmes is 57-100%.

© 2020 Asian Pacific Society of Respirology
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Table 2 Recruitment strategies, response and participation proportions across real-world programs

Veterans Health

Administration

LHC Manchester

evaluation’ baseline® LHC Liverpool™
Recruitment period (years) 2013-2015 2016-2018 2016-2018
Country us UK UK

Recruitment strategy

Electronic database
algorithm followed
by: (i) nurse review

GP registers used to  GP registers used to
generate direct generate direct
mail invitations mail invitations

of smoking history;
(ii) record review by
PCP; and (iii) shared

Primary care engagement
Abbreviations Label

A Approached to participate

R Responded to the invitation

X Did not respond to the invitation

PR Positive response to the invitation

RFI Negative response to the invitation
(‘refused further involvement’)

AFE Assessed for eligibility (underwent
checks to determine eligibility for trial)

NAFE Not assessed for eligibility

AOE Eligible (assessed outcome ‘eligible’): the
individual met all the eligibility criteria

AOI Not eligible (assessed outcome
‘ineligible’)

EC Eligible consented: the individual met the
eligibility criteria and gave informed
consent

ED Eligible declined: the individual met the

eligibility criteria but did not provide
informed consent

S Scanned (received a CT scan)

DNS Did not get scanned

ARP Approach response proportion (R/A)°

ERP Eligible responder proportion (AOE/R)*

RDP Response decline proportion (ED/R)*

EDP Eligible decline proportion (ED/AOE)!

EPP Eligible participation proportion
(EC/AQE)™

ESP Eligible scanned proportion (S/AOE)*

SAP Scanned approach proportion (S/A)%

decision-making
consultation

Yes Yes Yes
93 033 16 402 11526
NA 2827 4566
NA NA 6960
NA NA 3591
NA NA 975
5035 2613 3591

49 603 214 0
4246 1394 1548
39184 1219 2043
2452 1384 1318
1794 10 230
2106 1384 1318
346 45 NA
N/A 17.24% 39.61%
N/A 49.31% 33.90%
N/A 0.35% 5.04%
42.25% 0.72% 14.86%
57.75% 99.28% 85.14%
49.60% 99.28% 85.14%
2.26% 8.44% 11.44%

TARP is the proportion of those who responded over those approached (R/A).

*ERP is the proportion of those assessed outcome eligible over those who responded (AOE/R).

*RDP is the proportion of those eligible declined over those who responded (ED/R).

1EDP is the proportion of those eligible declined over those assessed outcome eligible (ED/AQE).

EPP is the proportion of those eligible consented over those assessed outcome eligible (EC/AQE).

HESP is the proportion of those people scanned over those assessed outcome eligible (S/AOE).

SSSAP is the proportion of those people scanned over those approached (S/A).

CT, computed tomography; GP, general practitioner; LHC, Lung Health Check; N/A, not applicable; NR, not reported; PCP, primary

care provider; UK, United Kingdom; US, United States.

The ultimate goal of any screening programme is to
screen every eligible individual who approaches the
programme. The ESP reflects the number of eligible,
consented individuals who received a CT scan (S) as a
proportion of those who were assessed and found to be

© 2020 Asian Pacific Society of Respirology

eligible (AOE). The gap between EPP and ESP is infor-
mative, reflecting attrition of high-risk individuals along
the recruitment pathway and should be minimized
wherever possible. As shown in Table 1, the average
ESP across trials is 49%, whereas for real-world
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Lung cancer screening implementation

programmes (as shown in Table 2) using a more
targeted approach the average value is 78%. This pre-
sents a strong argument to use targeted strategies to
attract the relevant population as screening is
implemented across new jurisdictions.

Comparison of indicators with existing cancer
screening programmes

Bowel, breast and cervical cancer screening
programmes use limited indicators of recruitment. This
reflects the more easily defined eligibility criteria, and
thus simpler recruitment strategies, for population-
based programmes (i.e. targeting an age + sex-defined
cohort that does not require additional assessment of
behavioural risk factors). A widely used indicator across
many programmes is participation rate, defined as the
number of people who complete the screening test
divided by the number of invitees within a defined
period of time.** This is most equivalent to the ESP
over a defined time period.

UPTAKE IN REAL-WORLD LUNG
CANCER SCREENING PROGRAMS

Real-world programmes have sought to address the
biases identified for trials by targeting hard-to-reach
communities, including the socio-economically
deprived communities where smoking rates are higher
and uptake of cancer screening is lower. The Lung
Health Check approach seeks to overcome known
practical and psychological barriers to cancer screening
by locating mobile LDCT screening vans in shopping
centre car parks with immediate access to CT for eligi-
ble participants. The UK LSUT has tested two recruit-
ment strategies, targeted invitation letters and a film
about informed decision-making, in order to overcome
participation barriers using rigorous randomized con-
trolled trial methods.**** While these strategies
increased participant knowledge, neither resulted in a
significant difference in screening uptake between
intervention and control groups. However, the uptake
of 52% in each arm was much higher than in previous
studies, indicating that a Lung Health Check approach
could represent a minimum standard.

Achieving significant mortality reduction with lung
cancer screening will be dependent on uptake by the
target population. Lung cancer screening is in an early
phase of development and is far less established than
other cancer screening programmes. The barriers to
successful lung cancer screening uptake will vary
within and between countries and healthcare settings.
Understanding the local, regional and national barriers
will help to design efficient and cohesive programmes.
Screening programmes such as breast and colorectal
cancer (CRC) have demonstrated that there are many
different barriers to uptake of screening, particularl}sl in
some minority groups and deprived populations.®®*>*

A major concern is the significant underutilization of
LDCT screening in the US. From 2010 to 2015, uptake
remained low and static (3.3% to 3.9%, respectively).*’
However, as shown in Table 2, the UK Lung Health
Check programmes report significantly higher uptake,
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which ranged from 14% to 29% when calculating the
number of completed scans from eligible respondents.
Furthermore, results from the LSUT (see above) indi-
cate that much higher engagement could be achieved
with the right strategies, specifically, more focused
engagement of the relevant target group coupled with
provision of tailored resources leading to improve-
ments in informed decision-making.

ATTITUDES AND MOTIVATION

Attitudes towards lung cancer screening vary and will
influence screening uptake. Reported attitudes to lung
cancer screening are complex and are influenced by
multiple factors including practical and emotional bar-
riers, avoidant and fatalistic beliefs, fear, stigmatization,
willingness to undergo surgery, low perceived risk of
lung cancer and/or benefits of screening, knowledge
barriers and dislike of healthcare services .>”***%°% In
healthcare systems where screening is not fully funded,
costs paid by the screenee also play a role in screening
uptake.’*>*

Relatively few studies have sought to understand
individuals’ motivation for participating in lung cancer
screening.”® A model to conceptualize the multiple var-
iables that may influence screening uptake is presented
in Figure 1 and provides an understanding of how best
to encourage screening participation.”® Screening moti-
vation may be more important in lung cancer than
other cancer screening programmes because the target
population is current and former smokers, many of
whom may be reluctant users of health services, may
have poor health literacy and be disinterested in engag-
ing in healthy lifestyle activities.**>’

SMOKERS AS A TARGET GROUP ARE
‘"HARD TO REACH’

Tobacco smoking is the greatest risk factor for lung
cancer and an important determinant of LDCT screen-
ing eligibility.>**®*® Unlike screening programmes for
breast, bowel and cervical cancers, LDCT screening
takes a targeted approach, where eligibility is defined
by age and smoking. Smoking, a highly stigmatized
behavioural risk factor, is highly correlated with socio-
economic status, ethnicity, education level and geo-
graphic remoteness. Differences in smoking rates are
seen between urban and rural populations as well as
indigenous and non-indigenous communities.®®®** The
equitable delivery of lung cancer screening in countries
such as Australia and Canada, where the highest risk
rural and indigenous communities have more limited
access to healthcare facilities, raises particular
challenges.®*"*> When coupled with stigma, the target
population for LDCT screening of current and former
smokers is widely considered as hard to reach. Several
observations illustrate this and are discussed below.

Social disadvantage
Denormalization of smoking has been instrumental in
reducing smoking prevalence; however, it has also
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Figure 1 Conceptual model for lung cancer screening participation (Reproduced from Draucker et a

meant that smoking is now concentrated in the most
vulnerable populations. Smoking rates are higher in
socially disadvantaged groups compared to the most
affluent groups. For example, in 2012, the rate was four
times higher in the most disadvantaged groups com-
pared to the most affluent in the UK (60.7% vs
15.3%).°> While there have been significant declines in
the proportion of smokers across all socio-economic
groups since 2014, a significantly higher proportion of
people in routine and manual occupations continue to
smoke (25.5% compared to 10.2% of those in profes-
sional roles).64 The pattern is similar in the US, where
smoking prevalence has differentially declined across
population subgroups, widening the gap in smokin%
rates between disadvantaged and advantaged groups.®
In Australia, the absolute gap in smoking prevalence
between the most and least disadvantaged remained
fairly constant for the decade 2004-2013 at about 14%,
before narrowing to about 12% in 2016.%°

In practical terms, disadvantaged smokers have
fewer resources and less access to healthcare provision,
especially in health systems that rely on private insur-
ance. This may negatively impact their ability to access
screening and any follow-up investigations or treat-
ment that may be required. A substantial proportion of
smokers are affected; for example, over 50% of current
and former smokers who met USPSTF screening
criteria were uninsured or Medicaid-insured in one US
survey.67 In the US, the Affordable Care Act requires
Medicaid expansion plans and most private health
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insurance plans to cover, without cost sharing, preven-
tive services given an ‘A’ or ‘B’ rating by USPSTF. Medi-
care and Veterans’ Health also cover lung cancer
screening. However, standard Medicaid programmes,
catering for people with low incomes (approximately
20% of the US population) are not obliged to cover lung
cancer screening and thus variably cover screening
across different states.®® Medicaid beneficiaries are a
vulnerable group; 26.3% are current smokers compared
to 11.1% of individuals with private insurance. As a
final consideration, cost-sharing limitations only apply
to the screening intervention itself, and not to any
follow-up investigations which may result.®® Successful
planning and operationalizing of lung cancer screening
programmes cannot ignore the social disadvantage
dimension.

Rural and remote locations

Rural location represents a challenge to many aspects
of healthcare provision when compared to urban
populations. Historically, rural dwellers have suffered
worse lung cancer outcomes, have to travel further to
access healthcare and have higher smoking
prevalence.®® ' Culturally, rural dwellers may exhibit
stoic and self-coping behaviours that manifest as
avoidant illness behaviours.”""? Differential lung cancer
outcomes may be driven by the widening gap in
smoking prevalence between rural and urban locations.
This smoking disparity is multifactorial, linked to socio-
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Lung cancer screening implementation

economic status, but may be contributed to by a bias
towards urban-centric health promotion strategies
which are less effective in rural areas.”® Most lung can-
cer screening trials have been led from academic ter-
tiary centres, targeting urban populations but not
necessarily meeting the needs of rural dwellers. Ade-
quate engagement of rural dwellers requires extra
effort, but can be achieved using a multicomponent
approach as demonstrated in breast, cervical and CRC
screening scenarios.”* Geographic isolation and dis-
tance from health care services also presents a barrier
to accessing cancer screening. This can be seen in
breast cancer screening, where rural-dwelling women
are less likely to have ever had a mammogram or to
have an up-to-date mammogram than urban women.”
This is likely to be replicated in lung cancer screening
unless models of care that are more disposed towards
rural dwellers can be designed and implemented. Cur-
rently, the US lung cancer screening centres are geo-
graphically maldistributed relative to the rural-urban
and regional need.”

Reduced engagement and participation in
screening

In the US, CRC screening increased significantly during
the years 2006-2010 in the general population, but not
in smokers. Current smokers had significantly lower
odds of CRC screening than never-smokers (OR:
0.71-0.67).”” Current smokers were less likely to adhere
to USPSTF screening guidelines for colonoscopy,
mammography or prostate-specific antigen testing
compared with never smokers in a nationally represen-
tative, cross-sectional study of 83 176 participants.”® In
Australia, smokers and people from disadvantaged
groups, including individuals with non-English speak-
ing backgrounds were also less likely to have ever par-
ticipated in any form of CRC screening.”

Current smokers may be less likely to participate in
LDCT screening trials and real-world programmes than
former smokers. For example, high-risk individuals
who declined to participate in the United Kingdom
Lung Cancer Screening (UKLS) trial were more likely to
be current smokers than former smokers.*’ In the NEL-
SON trial, respondents to an initial eligibility question-
naire were less likely to be current smokers compared
to the general population.®

STIGMA

Stigma is the experience or anticipation of exclusion,
rejection, blame or devaluation resulting from an
adverse social judgement about a person or group. It is
a social process and medically unwarranted.?’ At the
individual level, stigma affects interpersonal relation-
ships and healthcare engagement; at the societal level,
it affects public attitudes, policy decisions, media cam-
paigns and research funding. Stigma remains highly
prevalent and has downstream effects across the con-
tinuum of lung cancer control, from prevention, includ-
ing in smoking cessation programmes, screening and
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early detection, diagnosis, treatment and survivor-
ship.®” Stigma adds complexity to lung cancer screen-
ing participation.

The roots of smoking and lung cancer-related stigma
can be traced to the tobacco industry’s successful
counter-litigation strategies since the 1970s. These
framed smoking as a ‘freedom of choice’ issue. Using
this argument, smokers, well aware of the health risks
of smoking and able to exercise free choice, are to
blame for their own illnesses, and industry, compliant
with tobacco control legislation, is not responsible. This
strategy became the mantra of the industry’s public
relations campaigns, conveniently ignoring the highly
addictive and harmful nature of smoking and the
aggressive marketing tactics of the tobacco industry.*®

Stigma has been unintentionally strengthened by
tobacco control measures and the growth of patient
advocacy. As disease advocacy has taken on a greater
role setting medical research priorities, stigma has
become increasingly relevant, contributing to funding
disparities that see lung cancer research receive far less
funding than for non-stigmatized cancers given the size
of the population affected.®*®> Anti-smoking campaigns
reinforce the perception of ‘self-inflicted’ disease felt by
lung cancer patients.”>®® These measures, highly suc-
cessful in reducing smoking prevalence, perpetuate
stigma by decreasing empathy for smokers. In an inter-
national survey, one in five people agreed that they
had less sympathy for lung cancer than other forms of
cancer, a proportion little changed between 2010 and
2017. In addition, countries with lower smoking preva-
lence had lower levels of empathy for smokers and
lung cancer.®

Highly emotive, negative anti-smoking messages
may reduce smokers’ motivation to quit and increase
defensive, smoking-favourable attitudes, especially in
lower income smokers.?¥%® Indeed, in the UK and
Australia, downward trends in smoking prevalence
appear to be driven by increases in never smoking
rather than increases in quitting.*>°® Stigma and shame
about lung cancer and smoking are associated with
pessimistic and avoidant beliefs about cancer, contrib-
uting to high levels of psychological distress, delays in
seeking medical help and reduced -early-detection
behaviour.”>°*°2 In contrast, people with other cancer
types are perceived as blameless and deserving of
empathy. Stigma is infrequently mentioned as a barrier
in the context of non-lung cancer screening.”° Yet,
when stigma is present, it is associated with non-
compliance in cervical, breast and CRC screening
programmes.®®

Qualitative research has consistently identified
stigma as a barrier to lung cancer screening uptake in
the UK and the US.***"%°7 In addition to acting as a
direct barrier to screening uptake, stigma may contrib-
ute to misreporting of smoking status to health profes-
sionals, commonly seen in smoking cessation clinical
trials.”® This may indirectly contribute to low screening
uptake via the very poor accuracy of smoking status
recorded in electronic health records, as discussed
below, leading to non-identification of high-risk
participants.?®'%
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DOCUMENTATION OF SMOKING
HISTORY

Accurate documentation of smoking history is vital to
enable appropriate selection of high-risk individuals
for LDCT screening participation.7'101 Inaccurate doc-
umentation presents a significant barrier to implemen-
tation. For example, in an evaluation of the Veterans
Health Administration demonstration project, 39% of
patients who met the initial electronic medical record
(EMR) screening criteria had missing or incorrectly
recorded smoking data, rendering 36 555 people ineli-
gible for further assessment.” Other studies have also
found EMR records inadequate for determining
screening eligibility in 30-50% of patients®>'°'"'% and
show that nurse-led consultations are an effective
strategy for obtaining smoking history. Data mining
from hospital electronic health records may be able to
mitigate inaccurate current smoking status to a certain
extent.' Nevertheless, the lack of reliable smoking
history documentation is a unique consideration in
lung cancer screening and implementation efforts will
require parallel improvements in this very basic level
of data accuracy.

HEALTHCARE PROVIDER
RECOMMENDATIONS

Preventive health care in the community is generally
provided by primary care physicians. Successful imple-
mentation of lung cancer screening requires knowledge
and acceptance by primary care physicians and coordi-
nation with screening programmes. The role of
healthcare providers in encouraging high-risk individ-
uals to consider participating is central in LDCT
screening programmes. The American Academy of
Family Physicians does not currently strongly support
lung cancer screening and has deemed the evidence
insufficient, likely contributing to reduce the uptake of
lung cancer screening in the US.'%'°® The UK has a
coordinated, universal primary care system that is
being utilized in the evaluation of community-based
lung cancer screening in a number of ongoing
programmes.'%°

The crucial role of primary care clinicians is demon-
strated in a retrospective cohort analysis which showed
that patient uptake of LDCT screening was more likely
if the patient had seen his or her own GP than not
(85% vs 4.7%, P <0.0001)."'° Qualitative research
shows that GP recommendation is a key influence on
screening participation.’>*®'"! However, individuals at
increased risk of lung cancer may face barriers when
seeking medical help; for example, barriers to GP con-
sultations include smoker stig%matization, guilt, fatalism
and symptom normalization."'*''* An Australian study
identified a general perceived mistrust of GP for cur-
rent and former smokers based on previous negative
experiences when visiting the GP about their
smoking.'"” This indicates another complexity that
smoking brings to LDCT screening, but also highlights
a targetable GP behaviour by increasing knowledge,
awareness and delivery of smoking cessation that may
positively impact lung cancer early detection.
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The importance of educating healthcare providers
about LDCT screening cannot be underestimated. Evi-
dence shows that GP are not necessarily knowledge-
able about LDCT screening effectiveness, benefits and
harms, or how best to communicate with their patients
about eligibility.*®** There are no randomized trials to
determine the most effective strategies to engage GP in
referring high-risk patients to LDCT screening. How-
ever, the US programme evaluations have documented
successful educational initiatives, including early out-
reach to GP, education of providers about LDCT
screening requirements and eligibility criteria.''*''®

Outreach education strategies include grand rounds,
meetings with primary care clinicians and managers,
medical staff meetings and seminars, webinars and
information dissemination through health services
intranets and web pages.''® Education sessions about
LDCT screening reported as valuable by health profes-
sionals include those that detail the LDCT examination
procedure, describe LDCT screening as a tool to
improve quality of care and outcomes for high-risk
individuals and explain how to present ongoing feed-
back about screening outcomes to patients.” Electronic
record tools have been developed to supplement GP
education.''” For example, EMR clinical prompts can
remind GP to discuss eligibility and engage in shared
decision-making and preventive care activities. This
could increase provider awareness and referrals, how-
ever, further evaluation is needed.*

In response to the complex issues of recruitment,
smoking and stigma, we highlight a range of implica-
tions that should be addressed in future LDCT screen-
ing research and practice, as shown in Box 1. In the
sections that follow, we address the implementation
issues that are important drivers of mortality once a
programme has been introduced and we consider the
multiple implications for clinical delivery.

INTEGRATION OF SMOKING
CESSATION

Participation in a lung cancer screening programme
provides a crucial opportunity to engage in smoking
cessation counselling with participants. Evaluation of
smoking cessation incorporation into a lung cancer
screening programme reveals that it has a significant
impact on cost-effectiveness.”>''®''¥ Improvement of
lung cancer screening cost-effectiveness also appears
to be driven by improvements in non-lung cancer out-
comes for participants without lung cancer, such as
mortality reductions or long-term quality of life
improvements.*” Smoking cessation is a low cost inter-
vention that can significantly impact mortality and
morbidity from multiple tobacco-related diseases.'*
The combination of smoking cessation and LDCT
screening nearly doubles the reduction in lung cancer-
specific mortality and overall mortality, highlighting the
importance of integrating smoking cessation into lung
cancer screening programmes. '’

The best method of integration into the screening
process remains uncertain, but low-intensity strategies
such as telephone-based intervention, provision of
internet-based resources, tailored written resources or
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Box 1. A summary of the
implementation issues, knowledge gaps
and priorities to increase consumer
engagement in lung cancer screening

Target population

e Smoking status, sociodemographic and psy-
chological variables mark smokers as ‘hard to
reach’

o Out-of-pocket expenses of screening and
downstream investigations for participants
should be minimized

o Novel strategies to engage rural smokers
need to be developed; an urban-centric
approach will be less effective in engaging
participants

Environment

« Stigma surrounding smoking and lung cancer
must be addressed if lung cancer screening is
to be successful. As lung cancer screening is
a new concept, the impact of future tobacco
control messages on the perception and
uptake of lung cancer screening should be
carefully considered

Program design

o Screening trials and real-world programs
should prospectively plan, evaluate and
report their recruitment strategies

o A standardized approach to reporting recruit-
ment outcomes will help to identify where
interventions are needed to overcome exis-
ting barriers to recruitment

o Participation rates in targeted low-dose com-
puted tomography screening (with popula-
tion specified using eligibility criteria) should
not be directly compared with population-
based cancer screening programs (i.e. breast,
bowel and cervical)

e Primary healthcare providers are pivotal in
patient decision-making. The most appropri-
ate and effective methods of educating gen-
eral practitioner and identifying potentially
eligible patients, along with their quantitative
impacts on screening uptake and retention,
need to be investigated

o Accurate and contemporaneous smoking his-
tory is crucial in identifying the target
population

single tailored face-to-face intervention do not appear
to be more effective than provision of written informa-
tion pamphlets and/or access to  Quitline
services.'*'2” In the US, smoking cessation services
must be offered by accredited screening facilities for
approved reimbursement.'”'?° Internationally, partici-
pation in LDCT screening may promote smoking
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cessation and quit rates have been reported as varying
between 12% and 38%.'"'?*'3! Reported rates vary
across different countries and cultures but higher
smoking cessation rates are demonstrated compared to
background smoking cessation rates. It is difficult to
assess whether this is due to self-selection of participa-
tion in screening studies by patients trying to quit or
whether it is an effect of being enrolled in the pro-
gramme. In randomized studies such as the NELSON
and Danish Lung Cancer Screening Trial, the effect was
not limited to the LDCT intervention arm or the out-
come of the screening result.'*>'?*12%132 The finding of
an abnormality on the LDCT has been reported to
increase quit rates in some screening studies but not
all.'?®'32 In the NLST study, current smoking rates
declined over time in all smoking participants even in
those with normal LDCT scan results and the smoking
cessation rates correlated with LDCT result, that is,
higher smoking cessation rates were seen with detected
abnormalities and the effect was greatest in those with
a suspicious LDCT result. This was a durable effect still
observed at 5-year follow-up and a normal LDCT result
was not associated with an increased smoking relapse
rate'131,133,134

Patients with higher nicotine dependency may be
less likely to successfully achieve smoking cessation
within a screening programme and this is associated
with higher lung cancer-specific and all-cause mortality
rates."””"**!13° In a multivariate analysis of an NLST
subgroup (Lung Screening Study and American College
of Radiology Imaging Network cohorts), factors associ-
ated with persistence of smoking in a screening cohort
included younger age, lower education, being
spouseless, lower BMI, history of heavier smoking
intensity, longer smoking duration and exposure to
second-hand smoke at home.'*'

More work is needed to improve both the identifica-
tion of the resistant smoking subgroup and the devel-
opment of an effective and tailored approach to
smoking cessation within a screening programme. It is
likely this will need to be developed in collaboration
with primary care physicians. Some of these questions
may be answered by the ongoing efforts of the Smoking
Cessation and Lung Cancer Screening (SCALE) Collab-
orative.'*®'3” This collaborative is supported by the
National Cancer Institute in the US and incorporates
eight ongoing funded projects at multiple US sites. It
includes the evaluation of various smoking cessation
interventions  within  lung cancer  screening
programmes as well as cost-effectiveness analysis of
different strategies. All SCALE collaboration trials use a
common core data set and will have the capacity to
merge and pool data across the studies.'*’

NODULE MANAGEMENT

One of the largest costs to a lung cancer screening pro-
gramme are the downstream investigations performed
after a finding of a pulmonary nodule on the initial
LDCT before the next screening LDCT."® Standardiza-
tion of nodule management is key to reduction in
unnecessary investigations and/or surgery. Experience
over the last 20 years has shown that although very
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small noncalcified pulmonary nodules are often
detected, the majority do not require any evaluation
before the next screening round.

There has been a large reported variation in ‘indeter-
minate/positive’ nodules on the baseline LDCT, which
has been influenced by differences in CT technique
and differences in definitions in the earlier years of
screening research.*®?®139°1%3 Eor nodules defined as
indeterminate or positive, further evaluation before the
next screening round is required. The majority of these

N

Figure 2 (A) Baseline low-dose computed tomography (LDCT)
in a 70-year-old former smoker showing left upper lobe nodule
(PanCan (Pan Canadian Early Detection of Lung Cancer study)
risk score: 5.9%). (B) 12-Month follow-up LDCT showing some
change in the left upper lobe nodule. (C) 15-Month follow-up
LDCT showing further change in the left upper lobe nodule,
biopsy and resection revealed TTbNOMO (IA2) adenocarcinoma.
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investigations consist of a repeat short-term interval
LDCT and a smaller number require more expensive or
invasive testing such as positron emission tomography
(PET) or biopsy (Fig. 2). As screening rounds continue,
there is a reduction in indeterminate/positive findings
that require additional evaluation. For example, in the
NELSON study, 22% of participants required further
evaluation after the baseline LDCT and this reduced to
3.9% after the fourth round.*

Nodule management algorithms incorporating risk
prediction modelling and lon§itudinal volumetric anal-
ysis have been developed.”'**'** Nodule risk assess-
ment using a published risk prediction model at the
baseline LDCT has been shown to reduce the number
of participants that require interval assessment com-
pared to NELSON or LungRADS criteria.'®® This
approach is being prospectively validated in the ILST
study and has the potential to significantly reduce
workload after the baseline LDCT.*® Volumetric analy-
sis of nodules was used prospectively in the NELSON
study and is likely to be a useful tool in the longitudinal
assessment of indeterminate nodules requiring
surveillance.*

OTHER TOBACCO-RELATED
COMORBIDITIES

High-risk screening participants are at risk of other
comorbidities that contribute to increased mortality
such as cardiovascular disease and chronic obstructive
pulmonary disease. Coronary artery calcification is
commonly detected in lung cancer screened partici-
pants and increasing severity of disease is associated
with increasing risk of cardiovascular events and all-
cause mortality.'”''*® A screening LDCT can also iden-
tify the presence of emphysema as well as vertebral
fractures and osteoporosis which are independentlg
associated with increased all-cause mortality.'>®'®
LDCT chest scans, utilized for lung cancer screening,
can therefore be used to evaluate the presence of other
undiagnosed comorbidities that are predictive of
increased all-cause mortality, providing a potential
opportunity to further improve health outcomes. A sin-
gle screening LDCT could assist in the identification,
earlier treatment and promotion of preventive health
care across multiple diseases. It remains to be seen
whether prospective intervention for these screening
detected comorbidities can impact mortality outcomes.

PROGRAM COORDINATION AND
DEVELOPMENT

The implementation of lung cancer screening requires
comprehensive planning in relevant healthcare systems
and with professional organizations including: pro-
gramme structure and funding, governance, informa-
tion technology infrastructure and regulation
(e.g. database development, data collection and shar-
ing, and website development), recruitment and pro-
gramme outcome reporting.''*'*®'%2  Radiological
standardization of LDCT scan technique, quality assur-
ance, scan reporting as well as management of LDCT
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findings is essential.'>*'®® Accreditation of screening
centres with incorporation of multidisciplinary teams
and access to fast track lung cancer clinical services is
needed. Assessing and planning the health infrastruc-
ture capacity for the resources required is needed to
ensure that implementation is feasible.'®® Lessons
learned from implementation of other national screen-
ing programmes such as breast, colorectal and cervical
screening can be utilized. Ad hoc or opportunistic
screening outside an accredited programme may result
in screening of low-risk patients, incorrect LDCT tech-
nique and incorrect nodule management resulting in
unnecessary downstream investigations and/or surgery
and the potential for harm.

In the US, initial lung cancer screening implementa-
tion began in academic centres with a collaborative or
hybrid approach with primary care physicians and
community centres."! Multiple organizations have
worked together to develop accreditation, standardiza-
tion, guidelines and resources for lung cancer
screening.'"''*1%9°1%> The GO, Foundation for Lung
Cancer have developed a community-based network of
Screening Centers of Excellence (SCOE) to expand lung
cancer screening to community centres in addition to
academic centres.!'*'®" Currently, the distribution of
comprehensive lung cancer screening centres, coordi-
nated by the American College of Radiology, includes
>3500 facilities across the country.'® Recent analysis
has revealed substantial variation in availability in dif-
ferent states and suboptimal distribution when clinical
lung cancer burden was evaluated, but lung cancer
screening in the US is still relatively new and is con-
tinuing to evolve.'®® In communities planning screen-
ing implementation, review of the geographical
distribution of lung cancer cases and the at-risk
populations across metropolitan, regional and rural
areas would improve equity of access to a programme
to maximize the benefit.

There is no universal approach to delivering a lung
cancer screening programme that will be applicable to
all communities; a flexible and multifaceted approach
will be required. As described earlier, mobile LDCT
units have demonstrated potential in reaching the
hard-to-reach populations by reducing travel and
improving access to a screening programme outside of
a traditional hospital setting. This method was success-
fully used for lung cancer screening in rural areas in
Japan in the 1990s and their use in high-risk
populations in the UK and US continues to
expand.>'%°71%7 It appears to be a feasible and accept-
able strategy to reduce barriers to participation. How-
ever, in Australia, the utility of mobile CT units needs
to be carefully assessed, as infrastructure in rural/
regional areas may be inadequate with issues such as
poor road conditions, dust and limited power supply
creating ongoing access challenges for these high-risk
populations. Customized, targeted education
programmes and involvement of the primary care team
will be needed to allay fears and anxiety and improve
screening uptake.*® LDCT costs will need to be fully
covered and multiple access points to LDCT in the
community are needed.’”** National support and a
centrally organized coordinated programme are more
likely to result in higher uptakes of screening.

Respirology (2020) 25 (Suppl. 2), 5-23

17

Implementation of a lung cancer screening pro-
gramme will result in a significant tumour stage shift
resulting in changes to workload for thoracic tumour
multidisciplinary teams requiring workforce and capac-
ity planning. Treatment capacity modelling has shown
that on screening implementation, there is an initial
increase in demand for all treatment modalities due to
the expected large incidence peak, with the greatest
demand for thoracic surgery.'®® Demand for radiother-
apy and chemotherapy has a subsequent reduction,
whereas thoracic surgery will remain increased com-
pared to no screening.'® If curative treatments are
unable to be provided in a timely fashion for screen-
detected lung cancers, due to lack of expertise or avail-
ability, the benefits of lung cancer screening will not be
maximized. Treatment capacity will need adaptation
over time with changes in lung cancer incidence
related to evolving population demographics and
smoking habits.>'%® Modelling can be utilized in the
development of a screening programme by predicting
the future clinical problem, assessing the potential
impact of different interventions and capacity planning
for screening implementation,'%1%17

BUILDING A COLLABORATIVE
RESEARCH AGENDA IN
IMPLEMENTATION RESEARCH

In response to the complex challenges of lung cancer
screening, there is a need to invest in implementation
research. Implementation science is ‘the scientific
study of methods to promote the systematic uptake of
research findings and other evidence-based practices
into routine practice, and, hence, to improve the qual-
ity and effectiveness of health services’.'”" The science
is inclusive of using theory-based approaches that link
the behavioural and social determinants of health to
designing strategies that will enable implementation.'”
Countries that are considering the introduction of a
targeted LDCT screening programme need to develop
implementation research programmes that take into
account unique aspects of healthcare systems and cul-
tural contexts. In the Australian setting, initial efforts
must focus on understanding the acceptability and fea-
sibility of LDCT screening implementation with high-
risk individuals and hard-to-reach groups such as
indigenous and culturally diverse communities. Cur-
rently, there are very little Australian data about deliv-
ery of LDCT screening outside the trial setting.'”'"*
Research into recruitment strategies has commenced
through the ILST to compare invitations sent either via
the electoral roll compared with those from general
practice. Qualitative studies are underway to examine
motivation for screening in participants and those who
decline, as well as the interaction between smoking,
smoking cessation and lung cancer screening uptake.
Research into developing interventions that tackle
stigma across the continuum is gaining traction® and
is supported by community advocates such as the Lung
Foundation Australia.

Building a collaborative implementation research
agenda for a targeted LDCT screening programme
requires the partnership of multiple stakeholders across
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government, consumer and community organizations,
clinical practice, academic researchers and tobacco
control experts. Priority must be given to fund research
to coordinate efforts and ensure that policymakers
resource LDCT screening alongside tobacco control
and do not divert resources from one programme to
the other.'”

CONCLUSION

The benefits of lung cancer screening are no longer in
doubt. Lung cancer deaths are predicted to continue to
rise, particularly in women.®> LDCT screening will sig-
nificantly impact lung cancer mortality and should be
utilized in tandem with tobacco control strategies. Pro-
gramme and workforce planning with the development
of accreditation and governance structures are needed
prior to implementation. Maximal benefits will be
achieved by focusing on a planned, targeted recruit-
ment strategy that reaches this hard-to-reach popula-
tion, use of a standardized probabilistic nodule
management protocol by a multidisciplinary team to
reduce unnecessary investigations, integration of
smoking cessation and identification of other tobacco-
related diseases. Issues that require ongoing clarifica-
tion are the best methods to enhance screening uptake
and smoking cessation, particularly in populations at
highest risk.>*'”® Investment in implementation
research will help to ensure that LDCT screening can
deliver programmes to those who will most need them
and reap the health benefits so long awaited by our
communities.
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