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Abstract: Two large-scale RCTs have shown computed tomography (CT) lung cancer screening to be
efficacious in reducing lung cancer mortality (8-24% in men, 26-59% in women). However, lung cancer
screening implicitly means personalised and risk-based approaches. Health care systems’ implementation of
personalised screening and prevention is still sparse, and likely to be of variable quality, because of important
remaining uncertainties, which have been incompletely addressed or not at all so far. Further optimisation
of lung cancer screening programs is expected to reduce harms and maintain or enhance benefit for eligible
European citizens, whilst significantly reducing health care costs. Some main uncertainties (e.g., Risk-
based eligibility, Risk-based screening intervals, Volume CT screening, Smoking Cessation, Gender and
Sex differences, Cost-Effectiveness) are discussed in this review. 4-IN-THE-LUNG-RUN (acronym for:
Towards INdividually tailored INvitations, screening INtervals and INtegrated co-morbidity reducing
strategies in lung cancer screening) is the first multi-centred implementation trial on volume CT lung cancer
screening amongst 24,000 males and females, at high risk for developing lung cancer, across five European
countries, started in January 2020. Through providing answers to the remaining questions with this trial,
many EU citizens will swiftly benefit from this high-quality screening technology, others will face less harms
than previously anticipated, and health care costs will be substantially reduced. Implementing a new cancer
screening programme is a major task, with many stakeholders and many possible facilitators but also barriers

and obstacle.
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Introduction combined. About 70% of lung cancers are in an advanced

stage at time of diagnosis, resulting in 5-year survival rates

Lung cancer is the leading cause of canccfr—related mortality of approximately 15% (2).
among both men and women, accounting for 28% of all After refraining from smoking (3), low-dose computed

cancer deaths in Europe. In 2018, 470,000 people in the tomography (CT) lung cancer screening is the best

European Union (EU) were diagnosed with lung cancer
and about 338,000 people died from this disease (1). This is

more than all breast, colorectal, and cervical cancer deaths
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prevention method for reducing lung cancer mortality. In
2011, the National Lung Screening Trial (NLST; U.S.)
reported a 20% lung cancer-related mortality reduction
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and a 6.7% reduction in all-cause mortality after three
annual CT screenings (screen arm) compared with chest
radiography screening (control arm) for lung cancer in
53,454 subjects at high risk for developing lung cancer
after a median follow-up of 6.5 years (4). Consequently,
the United States Preventive Services Task Force
(USPSTF) recommended to annually screen current or
former smokers (who quit smoking <15 years prior) aged
55-80 years with a smoking history of >30 pack-year after
an independent review and modelling study (5,6). In 2020,
the Dutch-Belgian Lung Cancer Screening randomized-
controlled trial (NELSON), 15,792 participants at high
risk for developing lung cancer were randomized (1:1)
to undergo four CT lung cancer screening rounds at
baseline, year 1, year 3 and year 5.5 or to no screening.
The trial results showed a lung cancer mortality reduction
between 26% (men) and 39-61% (women) at 10-year of
follow-up (7). Thus, these two large-scale randomized
controlled trials have now provided conclusive evidence
that CT lung cancer screening is efficacious in reducing
lung cancer mortality in high-risk populations (4,7). Other
smaller, unpowered, European trials showed overall (non)
significant benefits of lung cancer screening [DANTE: HR
0.99 (95% CI: 0.69-1.43) (8); DLCST: HR 1.03 (95% CI:
0.66-1.60) (9); TTALUNG: HR 1.64 (95% CI: 0.67-4.01)
(10); MILD: HR 0.61 (95% CI: 0.39-0.95) (11); LUSI:
HR 0.31 (95% CI: 0.10-0.96) (12)]. Despite effective
tobacco control efforts, U.S. estimates suggest millions of
persons will remain eligible for lung cancer screening over
the next decades (13). Given past and projected future
smoking patterns, also millions of men and women are
expected to be eligible for lung cancer screening in Europe
in the next decades. CT lung cancer screening is estimated
to save tens of thousands of lives in Europe annually,
which is likely to be comparable or even more than most
other single existing cancer screening programme is
presently achieving. However, effective and high-quality
implementation of CT lung cancer screening requires
important remaining uncertainties to be addressed. Lung
cancer screening implicitly means personalised and risk-
based approaches, since never smokers or incidental
smokers do not encounter substantial risks. However,
health care systems’ implementation of personalised
screening and prevention is still sparse, and likely to be of
variable quality and quantity if not addressed systematically
in Europe. The aim of this article is to discuss the most
important issues related to the widespread implementation
of volume CT lung cancer screening.
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Requirements for the effective implementation
of CT lung cancer screening

Research shows that adequate organizational, financial,
and legal frameworks are prerequisites for the wide-spread
implementation of high-quality population cancer screening
programmes.

Several crucial phases for a successful implementation
of (lung) cancer screening have been identified (14).
These phases emphasize the need for an implementation
strategy that focus on careful (pre-)planning, piloting,
and thereafter a gradual upscaling until a nationwide
programme is established (Figure I) (14). So far, lung cancer
screening has been implemented in the U.S. following
the recommendations of the USPSTFE. However, the low
screening uptake and the high number of false-positive
results and subsequent follow-up procedures are examples
of barriers that impede further implementation in European
countries, where lung cancer screening is currently in the
(pre)planning phase. Further optimization can reduce the
potential harms (false-positives, costs) drastically, while
maintaining or even enhancing the benefits associated with
lung cancer screening. Some key components that need
to be addressed to increase the feasibility of lung cancer
screening implementation are described below.

A tailored (self) recruitment strategy

A major challenge for effectively implementing a lung
cancer screening programme is the adequate recruitment
and selection of the target population. Other cancer
screening programmes primarily focus on selection based
on age and sex. However, for lung cancer screening the
recent draft evidence review of the USPSTF suggests to
invite asymptomatic men and women aged 50-80 years
with a long-term smoking history (>20 pack years), who
currently smoke or quit smoking in the past 15 years (15).
This requires the (self)selection of a specified population
from the general population. Important is that this (self)
selection is based on an adequate risk assessment instead
of inaccurate self-selection (based on for example worry,
incorrectly perceived risk and/or knowledge) or case finding
to ensure programme quality and cost-effectiveness.
Thereby, recruitment strategies usually tend to use a
general method to approach the population in the eligible
age-range in which the information materials and invitation
are characterised by a one-size-fits-all perspective. This
method may seem fair at first sight, since the aim is to
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5. Continue, modify or discontinue
= Long-term evaluation
= Accurate communication
= Safeguard sustainability
= Continuous quality improvement
= Prospective evaluation of new methods
= Modification or stopping as indicated

4. National rollout
= Early evaluation of outcome and adverse effects
= Training
= Reducing barriers and social inequalities
= Modification or stopping as indicated

i
|,

3. Piloting
= Testing all programme components
= Early indicators on performance and outcome
= Training
= Reducing barriers and social inequalities
= Rollout, modification or stopping as indicated

1. Consensus building and pre-planning

= Acquirement and synthesis of evidence
= Baseline conditions and capacity

= Health economics and prioritization

= Communication strategy

. Planning, feasibility and policy
= Coordination, evaluation, QA teams
= Governance structure and legal frameworks
= Policy objectives and targets
= Planning and testing policy, protocols, indicators
= Information technology and systems
= Contracting and training staff and centres

Figure 1 Examples of tasks of organization, evaluation, and governance in different phases of implementation and quality improvement of a

cancer screening programme [re-used with permission of ref. (14)].

reach a whole population with acceptable costs, being
inclusive rather than exclusive. However, the question is
whether this method actually disadvantages those who
tend not to participate in healthcare interventions. This
method is characterized by a lack of individualization of
information, in which one does not consider the differences
in information needs and how individuals respond to
different methods of invitation. Especially when we
consider that those who are expected to benefit most from
lung cancer screening are also those who are the least
likely to participate, more tailored information is urgently
needed. Previous results showed low participation rates
among individuals in the more deprived socioeconomic
groups (SES), although lung cancer risk is elevated in
these groups (4,16-19). Thereby, racial differences in lung
cancer incidence, lung cancer screening eligibility, health
care access and health outcomes also suggest that more
personalized screening programmes are needed to reduce
health inequality. Interestingly is that the factors relating to
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eligibility for lung cancer screening differ from the factors
associated with (intended) lung cancer screening uptake,
which is relevant for the communication with the target
population. Factors associated with (intended) lung cancer
screening uptake are for example the smoking status, the
perceived (lung cancer) risk/worry/stigma, knowledge,
nicotine dependency, the perceived benefits of the detection
and treatment of early stage lung cancer. Practical aspects of
lung cancer screening as the distance to the screening site
and referrals from clinicians turned out to be important too
(20-25).

The UK Lung Screen Uptake Trial unfortunately did
not find an improved uptake by using a targeted invitation
strategy in the hard-to-reach, high-risk population,
although an uptake of about 52-53% was acceptable (25).
This emphasizes the difficulty to increase informed uptake
amongst those who might benefit most. When there is an
intention for screening participation, eligibles could be
more easily been asked to complete the risk assessment,
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and if eligible, informed most optimally about (non-)
participation. The SUMMIT trial showed that more
intensive recruitment method might be workable (26).
Important is the lack of evidence about (I) the information
needs per subcategory of the general (high-risk) population,
(II) the potential teachable moments to contact/invite
potential eligibles and (III) preferences regarding the
media of recruitment materials (letter, brochure, online
information, interactive website, call centre, health care
provider). Fortunately, information may derive from
other screening programmes that apply self-recruitment
strategies, like HPV self-sampling for cervical cancer
screening, or faecal immunochemical testing (FI'T) at home
for colorectal cancer screening. Crucial is the availability
of registries such as population registries, GP registries,
medical records, or health care registrations to reach the
whole potential eligible population in a (cost)effective way.
More research and sharing of experiences are required to
develop adequate recruitment approaches that are useful for
the large-scale implementation of lung cancer screening.

Risk-based eligibility

Risk-based selection and screening of individuals is essential
to ensure the efficiency and cost-effectiveness of lung cancer
screening (27-31). For lung cancer screening, the smoking
history is an important risk factor used for the selection,
which is different from other cancer screening programmes,
where selection mainly relies on age and gender only. This
requires adequate tailored information to increase the
awareness about the role of (prior) smoking in developing
lung cancer, their potential risk, the potential for lung
cancer screening and their expected eligibility.

A quite specific issue in applying a tailored approach
is how to deal with low-risk former smokers and never
smokers for which the harms of screening and follow-up
may outweigh the benefits, but who experience distress or
anxiety for developing lung cancer. Questions remain on
how such individuals can be informed adequately to prevent
screening of the low-risk population. On the other hand,
lung cancer can still develop in those with lung cancer
risks deemed to be too low to be eligible for participating
in population screening programmes. Furthermore,
formerly ineligible individuals can become eligible if their
personal risk factors cause them to accumulate further risk.
Therefore, adequate information provision is essential to
prevent patient delay in health seeking behaviour, as well as
to optimize future lung cancer screening uptake.
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Most eligibility criteria for CT lung cancer screening in
the U.S. have been based on the results of the NLST and
modelling studies (4,5,32). Thereafter, risk models were
developed in which a few questions related to demographic
characteristics (e.g., age, gender, level of education,
ethnicity), smoking related characteristics (e.g., smoking
status, number of cigarettes smoked per day, the duration of
smoking, the duration of smoking abstinence), and health
related characteristics (e.g., BMI, personal history of lung
cancer and/or COPD, family history of lung cancer) are
applied to predict lung cancer screening eligibility (7able 1).
Tammemigi and colleagues developed a more elaborate risk
questionnaire and were one of the first to assess the relative
benefits of using a risk-prediction model for eligibility.
They showed proportionally increasing favourable harm-
benefit ratios by increasing risk levels (high risk individuals)
and no benefit in the NLST for individuals with a 6-year
lung cancer risk below 1.5% (low risk individuals) (33).
Applying the Prostate, Lung, Colorectal, and Ovarian
model (PLCO,,,,;,) with a 1.83% risk threshold led to
improved selection of individuals in the control arm of the
PLCO compared to the USPSTF criteria, with regards
to both sensitivity (USPSTF criteria: 75.3%, PLCO,,,0;,:
82.7%) and specificity (USPSTF criteria: 61.6%,
PLCO,: 61.7%) (28). Furthermore, microsimulation
modelling suggests that applying the PLCO,,,,, risk model
with a 1.83% risk threshold yields a similar number of
life-year gained as the USPSTF criteria, but requires 6%
less CT screens (34). Furthermore, racial disparaties were
found in using the USPSTF criteria, in which some high-
risk individuals were less likely to be eligible for lung cancer
screening, although the higher lung cancer incidence and
lower survival rates in the racial group (35,36). Recent
evaluation in 883 ever smokers showed that the use of the
PLCO,,;, was more preferable over the USPSTF criteria
to select those eligible for lung cancer screening in African
Americans. Thereby, greater sensitivity was found in the
Hispanic and Asian American population. The use of
PLCO, 501, may be helpful in reducing racial inequalities in
lung cancer screening and health outcomes (37).

Thereby, it is good to realise that risk-based strategies
are more likely to recruit older individuals and other groups
with diminished life-expectancies (34,38). More research
is needed to identify the optimal thresholds for risk-based
selection of lung cancer screening eligibles.

Risk-prediction models have since also been used
to identify eligible individuals in various trials and
implementation pilots. The UK Lung Screen (UKLS) trial
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Table 1 Potential variables for risk-based selection of eligibles for lung cancer screening that can be measured through self-completion

van der Aalst et al. Implementation of lung cancer screening: what are the main issues?

Variables Questions
Age What is your age?
Gender What is your gender?

Level of education
Race/ethnicity

Smoking status

Smoking intensity
Smoking duration
Quitting

Lung cancer

COPD

What is the highest degree or level of school you have completed?
Please specify your ethnicity.

Have you smoked 100 cigarettes or more in your lifetime?

Do you currently smoke tobacco on a daily basis?

In the past, have you smoked on a (almost) daily basis?

Did you smoke in the last 7 days?

How many cigarettes do you smoke on average per day?

How many years have you smoked cigarettes?

If stopped smoking, for how many years have you quit smoking?
Have you ever been diagnosed with lung cancer?

Have you ever been diagnosed with COPD?

Family history of lung cancer  Does your family have a history of lung cancer?

Part of BMI What is your length?

Part of BMI What is your height?

used their Liverpool Lung Project (LLP,,) risk model to
identify those eligible for lung cancer screening, where 42
(2.1%) participants were diagnosed with lung cancer (17).
The Pan-Canadian Early Detection of Lung Cancer (Pan-
Can) study showed that a precursor to the PLCO,,,(;,
was effective in identifying individuals with early stage
lung cancer (39). The International Lung Screening Trial
started recently to evaluate the comparative accuracy and
effectiveness of risk-based selection using the USPSTF
eligibility criteria as compared to the PLCO ,p,, model
(6-year risk >1.51%) (40). The Lung Health Check, which
is a community-based lung cancer screening programme,
with a risk-based selection based on lung cancer risk
models (PLCO,,,,, 6-year risk >1.51% and LLP,, >2.5%)
or the NLST-criteria in ever smokers (aged 55-74) from
deprived areas showed significant variation in selecting
those eligible for lung cancer screening between these
different methods (41).

Furthermore, risks for developing lung cancer will vary
per person over time, due to changes in risk factors as
smoking history, but also age. Consequently, ineligibles
might become eligible for lung cancer screening or vice
versa after some time. Therefore, regularly risk assessment

© Translational Lung Cancer Research. All rights reserved.

for those who are close to the eligibility threshold should be
considered to ensure that only eligibles are in the screening
programme. With only few questions, eligibility might be
calculated easily (7able I).

Risk-based screening intervals

Another important question is whether lung cancer
screening intervals can be stratified by risk to further
improve the harms-benefits ratio. Current trial results and
modelling favour annual screening, but risk-stratification by
CT result and/or other outcomes may substantially reduce
harms by reducing the screens needed (false positives and
work-up procedures, overdiagnosis, radiation induced
cancers), and costs. However, the natural history of this
disease makes it crucial to get hard trial evidence before
increasing the screening interval by risk-stratification.

Based on NLST data, and modelling the natural history
of lung cancer, annual screens are considered the standard
in CT lung cancer screening. However, NLST participants
with a negative baseline CT-result (i.e., no abnormality,
including detected nodules <4 mm in diameter) had a
subsequent lung cancer detection rate of 0.34% compared
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Personalized risk-based CT lung cancer screening

Individually tailored invitations

Individualized risk assessment

Individualized screening Intervals

Integrated co-morbidity reducing
strategies

- Define target population for risk
assessment

- Define risk threshold
* Above risk threshold:

* Based on main risk factors as age, - Invitation for screening

smoking history

* Below threshold:

- Define effective tailored recruitment - Information about expected harms-

strategies
- Define gender differences

benefits ratio
- Information about regularly risk

assessment
- Define re-assessment strategy
- Define criteria for exit strategy
- Define gender differences

Figure 2 Challenges in the implementation of lung cancer screening.

- Define risk-based screening intervals - Health promotion using personalized
- Define gender differences

information from the CT scan about
* Lung cancer
* Coronary heart disease
* COPD
- Optimize use of teachable moments
- Prevent false reassurance
- Define gender differences

Possible barriers

Population

High risk population
- Suboptimal knowledge/awareness
* Principles of CT lung cancer screening
* Harm-benefits ratio
- Conditions for informed-decision making
- Challenge to recruit the hard-to-reach target
population
* More fatalistic
* Suboptimal screening uptake
- Suboptimal screening uptake
* Suboptimal awareness
* Distance to CT scan facilities
* Lacking public or cheap transport facilities
* Personal contribution health care costs

Low-risk/never smokers

- May feel discriminated

- Lower willingness to pay for screening a
“lifestyle” disease

Lung cancer patients (and relatives)
- Stigma of a “lifestyle” disease

Professionals

- Suboptimal involvement primary care
* Lack of time and engagement primary care
to discuss pros and cons
* Increase in opportunistic CT testing
- Incomplete and uniform protocols
* Protocol for CT acquisition
* Protocol for nodule management
* Protocol for incidental findings
* Protocol for work-up and diagnosis
* Protocol for treatment
* Training programmers in image acquisition,
image quality, and radiological image
interpretation
- Lack of evidence
* Combining smoking cessation intervention
* Use of biomarkers
* Screening tobacco-related co-morbidities
(cardiovascular disease and COPD)

Figure 3 Potential barriers in the implementation of lung cancer screening.

Regulatory

Suboptimal coverage population registries
Suboptimal nationwide/governmental
coordination/quality assurance
Overestimation of tobacco control policies
and underestimation of lung cancer screening
potential

Defining performance indicators

Capacity

* Screening

* Work-up and diagnosis

* Treatment

with 1.02% for all screened participants (27). Another study
indicated that, e.g., 44.6% of all first incidence screenings
could have been skipped at the cost of a delayed diagnosis
for only 9.8% of cancers (42).

The NELSON trial also found that the probability of a
lung cancer diagnosis in the 2 years following the baseline
CT-screen was lowest for participants with a negative
(no abnormality or nodules <50 mm”®) baseline screening
test result (0.4%), and increased for a larger volume,

diameter, or both, of the largest lung nodule up to a lung

© Translational Lung Cancer Research. All rights reserved.

cancer probability of 25.7% for a volume of 1,000 mm? or
greater, or 31.6% for a diameter of 30 mm or greater (43).
This result was supported by a risk prediction model
for lung nodules, which showed promising performance
in distinguishing between malignant and benign lung
nodules (44). These results imply that information obtained
from the baseline screening, as well as information from
e.g., biomarkers, could be used to accurately personalise
screening intervals based on an individual’s risk, thereby

improving the interventions for individuals.
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Volume CT lung cancer screening and a 3-way
test result

NELSON is the first trial that shows that volume CT lung
cancer screening of high-risk former and current smokers
results in low referral rates (2.3%), while retaining the
substantial reductions in lung cancer mortality: 26% for
men and 39-61% for women. Part of the strategy is the
introduction of an indeterminate screening test result, that
significantly decreases the number of test-positives and its
subsequent follow-up procedures with all potential harms
and costs associated with work-up procedures without
affecting the favourable outcomes. Thereby, the reductions
in lung cancer mortality were even more favourable as
compared to the reduction found in the NLST for both
genders.

Retrospective data analyses show that the cut-off for
negative, indeterminate, and positive screening test result
could be more optimal. Mainly based on the NELSON
trial, new nodule management protocols based on volume
and volume doubling time were published in the European
Position Statement on Lung Cancer. Baseline thresholds
for a negative screening test result was limited to 100 mm’,
an indeterminate screening test result to 100-300 mm® and
a positive screening test result to 300 mm’ and above. After
repeat CT scanning, a cut-off for the volume doubling
time of 600 days indicates referral to the pulmonologist for
further work-up procedures.

More stringent cut-offs for newly detected lung nodules
are needed due to the increased probability of malignancy in
these nodules: <30 mm’ is classified as negative, 30-200 mm’
as indeterminate that requires a repeat CT scan, and
200 mm’ and above indicates direct referral to the
pulmonologist (45,46). So, separate nodule management
protocols are needed for baseline and subsequent screening
rounds. Current recommendations from the European
Position Statement to (additional) use volumetry was
adopted by guidelines of the British Thoracic Society,
Fleischer society and Lung-RADS to classify lung nodules
(47-49).

Smoking cessation

Lung cancer screening has been argued to be a teachable
moment for smoking cessation services: screened
participants having higher cessation rates than the general
smoking population, showing screening could be used
to motivate individuals to quit (50). Combining lung
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cancer screening with a smoking cessation programme
could also substantially reduce lung cancer mortality, and
other co-morbidities (51). Smoking cessation impacts a
wide spectrum of tobacco related health problems, such
as cardiovascular diseases and COPD (52). The CT-
examination itself and the communication of the results
of the examination should be investigated as opportunities
to acknowledge the importance of smoking cessation, i.e.,
as “teachable moments”, for both high and low intensity
smokers (50,53). Many eligible participants will have
one or more (pre-clinical) co-morbid conditions, due to
their long-term smoking history. CT screening has been
shown to be an excellent method to detect these smoking-
related comorbidities, which are common in the eligible
population (54). Information, derived from the CT scan
related to personalised risk for developing lung cancer,
coronary heart disease (CHD) and emphysema, can be used
as an incentive for people to adopt risk-reducing behaviour.

Unfortunately, there is still limited evidence on how
to integrate (effective) smoking cessation services for
both high- as well as low-risk smokers in a CT lung
cancer screening context. Thereby, most intervention
studies reported no or limited effect of the smoking
cessation programme on smoking behaviour amongst
participants (50,53). Due to insufficient evidence so far,
research is needed regarding the best type of (evidence-
based) intervention, frequency, modality, or content of the
communication in a population of smokers at high risk for
developing lung cancer (55-61). In general, it seems that
the more intensive the smoking cessation intervention is,
the more personalised the communication would be, the
higher its effectiveness will be. It is likely that those eligible
for lung cancer screening have a (very) long-term smoking
history, often with multiple quit attempts during their life,
which highlights the complexity for behaviroual change for
this specific population.

Gender and sex differences

While tobacco use was previously largely a male
phenomenon, the gap in smoking prevalence between male
and female adults is becoming smaller in many countries.
Moreover, results of lung cancer screening trials indicate
that females might benefit more from screening compared
to men. The NLST reported a relative risk (RR) for dying
from lung cancer of 0.92 (95% CI: 0.8-1.08) in males, in
contrast to a2 RR of 0.73 (95% CI: 0.6-0.9) in females at
6 years of follow-up (62). The lung cancer mortality
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reduction in NELSON was 0.76 (95% CI: 0.61-0.94)
for males and 0.67 (95% CI: 0.38-1.14) for (the small
subsample) females. In the Italian pooled analyses, the HR
for lung cancer mortality was 3.51 (95% CI: 1.50-8.21)
for males as compared to females (63). The LUSI trial
also confirms a gender difference in lung cancer mortality
after screening: HR among males was 0.94 (95% CI: 0.54-
1.61) and among females 0.31 (95% CI: 0.10-0.96) (12).
Of interest is whether this different impact of lung
cancer screening is sex-related (biological: e.g., histology,
susceptibility, effect of treatment) and/or gender-
related (cultural, social, psychological and behavioural:
e.g., smoking patterns, health seeking behaviour,
willingness to participate, screening adherence, treatment
acceptance) (64).

Model analyses indicate sex differences in the mean
preclinical duration with longer durations in females (65),
which consequently affect screening performance. Thereby,
men are more likely to be diagnosed with the more
aggressive lung tumours. This is also reflected by the fact
that (screen-detected) lung cancer in men is less often in an
early stage. As a result, curative treatment is less common in
men compared to women. This all suggests that the optimal
nodule management algorithm and/or screening interval
might also differ per sex.

Possible suboptimal screening—from invitation to
treatment—could lead to less favourable early detection and
treatment outcomes. A recent review found that those with
a lower social-economic status and women are less likely to
be screened for lung cancer, even if they are at high risk (66).
Attention should be paid to the underlying barriers and
facilitators related to participating, especially since these
populations are expected to benefit most from a population
screening programme. Furthermore, health messages
should also be tailored to both gender and SES, since it
is well known that males and females are often motivated
differently for continuing smoking or health behaviour
change as a consequence of biological, psychological, social
and cultural aspects. Men are, for example, more likely to
be nicotine dependent, while women are more likely to be
psychologically dependent. Women are more likely to make
a quit attempt, although men are more likely to succeed. In
lung cancer screening, gender differences can be expected
during the recruitment process, the impact of receiving
CT screening and the screening test result, in health
seeking behaviour and health behavioural change (smoking
cessation). So far, evidence on gender differences in lung
cancer screening is lacking.

© Translational Lung Cancer Research. All rights reserved.
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Co-morbidity reducing strategies

Due to the long-term tobacco exposure, those who are
eligible for lung cancer screening are also more prone to
develop other major tobacco-related diseases as chronic
obstructive pulmonary disease (COPD) and coronary artery
diseases, which have also high incidence and mortality rates.
Screening for these so-called BIG-3 tobacco related diseases
is feasible within the context of CT lung cancer screening.
Although the health benefits based on population-based
RCTs are unknown so far, it is expected that a combined
approach in the early detection and treatment of these
diseases would be beneficial in this high-risk population.
The coronary artery calcium (CAC) score is argued
to be useful by presenting an individualized cumulative
lifetime risk exposure of (un)known risk factors,
independent of traditional risk factors, but strongly
related to both non-lethal major adverse CVD events
(such as myocardial infarction and stroke) and all-cause
mortality, as shown by numerous studies (67-72). Based
on the total amount of CAC (Agatston score) (73), CAC
scoring provides important opportunities for personalized
risk assessment to identify those who might benefit most
from preventive treatment (74). Data from the large-scale
RCTs, indicating that CAC screening for CHD will reduce
CHD-related mortality and morbidity, are still lacking,
but the outcomes of the only large-scale population-based
randomized-controlled screening trial for cardiovascular
diseases (ROBINSCA: Risk Or Benefit in Screening for
CArdiovascular disease are being expected soon. Recent
results showed that the early detection of a high risk for
developing coronary heart disease by CT screening (CAC
score) might reduce preventive treatment substantially
(75,76). This would imply that a significant reduction in
potential overtreatment could be reduced by using the

CAC score.

Cost-effectiveness and healthcare resource
capacity

Many countries require health-care interventions to be
cost-effective, before implementation can be considered.
A number of studies have evaluated the cost-effectiveness
of lung cancer screening in different countries, such
as for the U.S., New-Zealand, Canada, Germany and
Switzerland (29,30,77-79). These studies suggest that the
cost-effectiveness of lung cancer screening is generally
dependent on the invitation of high-risk individuals for
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screening and that the costs of the CT scans is one of the
main drivers of the total costs of lung cancer programmes.

Aside from costs, healthcare resource capacity and the
access to screening programmes need to be considered.
Implementing a lung cancer screening program requires
both CT scanner capacity, as well as the training of
sufficient radiologists to evaluate the screens. An additional
aspect to consider is the increased demand in surgical
capacity due to screening (80-82). While late-stage lung
cancers are generally treated through radiotherapy and
chemotherapy, early-stage lung cancers are often treated
through surgical resection. Given that lung cancer screening
will lead to an increased detection of early-stage cancers, an
increased demand for surgical capacity should be expected.
Indeed, modelling studies for the U.S. have suggested that
an adherence rate of 50% would require a 37% increase in
surgical capacity. Therefore, health-care resource capacity
should be taken in to consideration for implementing
lung cancer screening. Gradual implementation strategies
with modelling informing resource allocation should be
considered.

Given that the selection of high-risk individuals is
essential for cost-effective implementation of lung cancer
screening, higher risk-thresholds than previously applied in
pilot studies could ensure cost-effectiveness. For example,
a PLCO,,,, 6-year risk of 2.5% may be more appropriate
for cost-effective implementation of lung cancer screening
in Europe. Furthermore, higher risk-thresholds may be
considered in the implementation phase to meet resource
requirements; similarly to the implementation phase of the
Dutch colorectal cancer screening program (82).

In addition, even with a sufficient screening capacity,
access to these lung cancer screening programmes remains
crucial, especially since lung cancer incidence is elevated
in the more deprived groups. For the U.S., lung cancer
screening is covered by Centers for Medicare and Medicaid
Services (CMS) and private insurances, but for people in
underserved communities, the underinsurance or even the
lack of insurance for screening and follow-up for screen-
detected abnormalities are enormous barriers to screening
uptake, although smoking and lung cancer is more prevalent
among these individuals (83).

European CT lung cancer implementation trial

Currently, several countries started with pilot lung cancer
screening programmes. These include for instance the UK

centres; The Lung Screen Uptake Trial, The SUMMIT
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study (London), Early detection of lung disease pilot
(Manchester); UK Lung Screen (UKLS) pilot; but also,
the lung cancer screening pilots in Poland and Croatia
(17,84-87).

However, implementing a new cancer screening
programme is a major task, with many stakeholders and
many possible facilitators but also barriers and obstacles.
Figure 2 and 3 summarize the main challenges and
important potential barriers. There are good reasons to
believe that further optimisation of lung cancer screening
programs will reduce harms and maintain or enhance
benefit for eligible European citizens, whilst significantly
reducing health care costs. The above-mentioned
uncertainties discussed in this review require large-scale
implementation trial(s) throughout Europe to address
these key issues.

4-IN-THE-LUNG-RUN (acronym for: Towards
INdividually tailored INvitations, screening INtervals and
INtegrated co-morbidity reducing strategies in lung cancer
screening) is the first multi-centred implementation trial on
volume CT lung cancer screening amongst 24,000 males
and females, at high risk for developing lung cancer, across
five European countries, started in January 2020 (88).

The overall objective of the 4-IN-THE-LUNG-RUN
project is to develop and implement the optimal, high-
quality CT lung cancer screening programme for high-risk
populations (88).

Therefore, the primary aim is to assess the relative
safety (comparable detection of lung cancer stage I-II) of
a personalised risk-based (often) less intensive screening
regimen (annual screening versus biennial screening in
baseline test negatives) on the basis of a combination of (I)
health risk factors, (II) baseline CT scan result and possibly
ultimately (IIT) biomarker outcomes amongst individuals
at high risk for developing lung cancer. Furthermore,
aim of the trail is to compare population based (general)
recruitment approach with the more individually (gender
specific) tailored approaches. Finally, the trial aims to design
and integrate effective personalized smoking cessation and
co-morbidity reducing services within a CT lung cancer
screening context, in which additional information from the
CT scan on tobacco-related co-morbidities (CAC, COPD)
is integrated.

Through providing answers to the remaining questions,
many EU citizens will swiftly benefit from this high-
quality screening technology, others will face less harms
than previously anticipated and health care costs will be
substantially reduced.
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