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Abstract
Background Screening for lung cancer with low radiation dose computed tomography (LDCT) has a strong
evidence base. The European Council adopted a recommendation in November 2022 that lung cancer screening
(LCS) be implemented using a stepwise approach. The imperative now is to ensure that implementation
follows an evidence-based process that delivers clinical and cost-effectiveness. This European Respiratory
Society (ERS) Task Force was formed to provide a technical standard for a high-quality LCS programme.
Method A collaborative group was convened to include members of multiple European societies. Topics
were identified during a scoping review and a systematic review of the literature was conducted. Full text
was provided to members of the group for each topic. The final document was approved by all members
and the ERS Scientific Advisory Committee.
Results Topics were identified representing key components of a screening programme. The actions on
findings from the LDCT were not included as they are addressed by separate international guidelines
(nodule management and clinical management of lung cancer) and by a linked ERS Task Force (incidental
findings). Other than smoking cessation, other interventions that are not part of the core screening process
were not included (e.g. pulmonary function measurement). 56 statements were produced and areas for
further research identified.
Conclusions This European collaborative group has produced a technical standard that is a timely
contribution to implementation of LCS. It will serve as a standard that can be used, as recommended by
the European Council, to ensure a high-quality and effective programme.
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Introduction and scope
A recent independent report commissioned by the European Commission’s Group of Chief Scientific
Advisors recommended that lung cancer screening (LCS) be added to the other established cancer
screening programmes in Europe [1]. The subsequent recommendation adopted by the European Council
was that LCS “… can be implemented in a stepwise approach to ensure the gradual and appropriate
planning, piloting, and roll-out of the screening programmes within national priorities” [2]. Furthermore,
the recommendation stressed the need to follow evidence-based guidelines and standards. Prior to this, two
European expert consensus statements recommended preparation for LCS implementation in Europe [3, 4]
and more recently the European Respiratory Society (ERS) recommended implementation in an updated
statement on LCS [5]. However, to replicate and improve on the results of the trials that have provided the
evidence on which these recommendations were made, there needs to be careful adherence to optimal
practice, and this requires that screening programmes are well organised with clear guidance, protocols and
quality assurance. Although individual national consensus statements exist, none amount to a protocol that
can be followed from a pan-European perspective. Rather, there is a risk that a heterogeneous LCS
landscape will develop among, and even within, European countries. There is therefore a pressing need to
develop a harmonised technical standard bringing together existing protocols and the latest evidence.

A number of screening initiatives have protocols supporting them. In the USA, the International Early
Lung Cancer Action Program (I-ELCAP) has produced protocol documents covering nodule work-up and
surveillance, management of incidental findings and quality assurance which their screening sites should
adhere to [6]. A joint policy statement was published in 2015 by the American Thoracic Society (ATS)
and American College of Chest Physicians (ACCP) [7] and more recently, CHEST lung cancer guidelines
[8] and an extensive ATS/American Lung Association (ALA) implementation guide including a detailed
website [9, 10] have added to the complexity of the available resources in the USA. In the UK, National
Health Service England (NHSE) has made significant progress with a phased implementation of a targeted
LCS programme called Targeted Lung Health Checks (TLHC). To ensure a standardised approach, a
protocol and quality assurance standards were developed [11, 12]. A pan-European technical standard
offers the potential to improve the consistency of approach to LCS, but the challenge is to make it
sufficiently adaptable to be useful across the spectrum of healthcare systems in Europe.

The clinical management of findings from screening is not part of the scope of this technical standard.
Guidelines exist for the management of pulmonary nodules and for the investigation and treatment of lung
cancer, so this technical standard will not include details of either of these, although both are essential
parts of a screening programme [4, 13–16]. The management of incidental findings by computed
tomography (CT) is also a substantial topic and is being addressed by a separate ERS Task Force, which is
currently under review and when available will comprise a valuable accompanying document to this
technical standard. Health economics was not included in the scope, although adhering to high-quality
standards should maximise cost-effectiveness. It is important that each country use existing or new models
to determine both cost-effectiveness and total financial impact to determine feasibility and speed of
implementation, as indicated in the European Council recommendation [2].

The primary aim of this ERS Task Force was to formulate and agree a pan-European technical standard for
a comprehensive high-quality lung cancer CT screening programme. Additional work that the Task Force
will undertake includes setting up a pan-European network of experts along with a network of early career
members; establishing which components of a screening programme are missing in different countries and
which components require a clinical guideline; identifying topics for research; and disseminating the work.

Methods
The assembly of the Task Force was coordinated by the ERS following approval by the ERS Guidelines
Working Group and ERS Council in January 2021. The work was conducted by members with expertise in
pulmonology, radiology, thoracic surgery and radiation oncology, and thus covered most of the core
specialisms involved in LCS. The Task Force received support from ERS methodologists throughout the
project. The Task Force was further enhanced by involvement of a patient representative from the
European Lung Foundation. Six meetings were held (five virtual and one in person at the ERS Congress
2022). All members of the Task Force signed conflict of interest disclosures at the beginning of the project
and updated them at project finalisation or when any new relevant conflict of interest appeared. Conflicts
of interest were managed according to ERS policy.

The first exercise was to identify and agree the essential components required for a high-quality LCS
programme and list these as topics. Following this, a literature search was performed. The evidence
reviewed was restricted to that drawn from CT screening trials and programmes for all topics unless stated
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in the relevant section. MEDLINE and Cochrane Library records from 2010 to 2021 were searched. The
search terms are shown in supplementary appendix A. Selected references considered to be of particular
relevance were included up to June 2021 (although additional references identified by Task Force members
were included up to July 2022). In addition, Task Force members were asked to source government and
other institutional documents that might be of relevance. All retrieved references were uploaded to
Covidence (www.covidence.org). This systematic review software allows for review of abstracts by more
than one evaluator. E.L.O’D. and T.G.B. reviewed all abstracts and excluded those of no relevance to the
topic. Included articles were classified according to which component of a LCS programme they pertained
(they could have multiple classifications). Some articles potentially covered all components and were given
a general classification for review by all leads for each topic. Discordant abstracts were arbitrated by a third
reviewer (D.R.B.). Full-text review of the remaining articles was conducted by two or more Task Force
members, and relevant reference lists were examined for additional citations and these were included up to
July 2022. Only studies written in English, or for which an English translation was available, were
included. The article screening results are presented in the flow diagram in supplementary appendix B. A
total of 1341 abstracts were screened, 680 full-text studies were assessed for eligibility and 260 studies
were included. Lead Task Force members for each section drafted a summary of the evidence and
statements. This work was then reviewed by all Task Force members, and the evidence summary,
statements and research recommendations were finalised.

Results
Topics relating to components of a LCS programme
Supplementary appendix C shows the list of topics identified by Task Force members. The questions
relating to each topic are also shown. The clinical management of the findings from low-dose CT (LDCT)
was not included in the scope due to existing clinical guidelines (lung cancer management and pulmonary
nodules); incidental findings are addressed by the linked Task Force.

Summary of technical standards
Capacity and infrastructure standards
1) Prior to commencement, and at regular intervals during the expansion and full implementation of a

LCS programme, there should be a full assessment of the essential components where the capacity
and/or infrastructure could jeopardise the safety and effectiveness of the programme. These are shown
in table 1 in the Detailed review and results section.

Governance and roles standards
2) LCS programmes should have a clearly defined and documented governance structure.
3) There should be a national oversight committee or a collaborative group to ensure a uniform approach

and appropriate equity in coverage and standards; this should involve capacity considerations.
4) There should be regionally and locally based steering committees to oversee and monitor the screening

programmes which should report to the national committee.
5) There should be defined roles to which individuals are appointed to take overall responsibility for

standards of the assessment and recruitment process, radiology reporting and clinical work-up.
6) There should be documented mechanisms to ensure equity of access to the programme.

Invitation methods standards
7) Identification of the potentially eligible population should be via electronic records containing data on

smoking habits where these exist.
8) National programmes should consider creating a population record of individual smoking habits as

part of health surveys.
9) Where there is no such national record, invitation methods should be deployed in a variety of settings

that may include high-risk geographic locations, smoking cessation clinics, community centres,
occupational health clinics and via other screening programmes.

10) Materials providing accurate information about LCS should be distributed to high-risk individuals via
mail and social media, and should include written material and educational videos.

11) Information and invitations should be tailored to account for potential inequity in access and uptake in
minority groups

12) The first approach to potential participants should be via primary care, where possible.
13) Invitation methods should include: provision of information in a format sensitively designed for the

demographic and designed to reduce fear; pre-invitation letters, texts, reminders and pre-scheduled
appointments; and repeat appointments for non-attenders.
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14) There should be easy geographical and physical access to screening and appointments with easy
rescheduling for participants.

15) Feedback from non-attenders should be sought and used to improve invitation methods.
16) Patient advocacy groups should be part of the engagement with potential participants.

Risk assessment for entry into screening programmes standards
17) Multivariable models that have been externally validated in the local population or one very similar

are preferred over age and smoking history alone.
18) Multivariable models or single criteria (e.g. presence of pulmonary nodules) may be used to stratify

participants into annual or biennial screening intervals.
19) Participants should be reassessed for eligibility by risk threshold; this can be done in silico if using

multivariable model(s).
20) Participants should be reassessed for fitness at each screening round to ensure they can still benefit

from screening.

Smoking cessation standards
21) CT screening programmes should include an integrated smoking cessation intervention for participants

who are smokers.
22) The smoking cessation service should be comprehensive, and include smoking cessation practitioners,

availability of pharmacotherapy and regular follow-up.
23) Smoking cessation services should be co-located with the screening services and offered at the same

time on an opt-out basis.

Non-attendance and exiting the programme standards
24) Methods effective in increasing baseline participation should be employed to reduce non-attendance

(see Invitation methods in the Detailed review and results section).
25) In addition, appointments for ongoing screening should be made as soon as possible after the previous

screen and reminders provided nearer the time of the scan.
26) Information for participants should emphasise the importance of ongoing screening for the individual.
27) Programmes should have navigators (nurse, patient or both) to support the participants in ongoing

screening as well as helping with administration such as reminders, identifying travel needs and
facilitating rescheduling.

28) Participants should exit the programme once they no longer meet the eligibility criteria; they should be
given clear information why they should no longer be screened and information about what to do if
they have symptoms that could be due to lung cancer.

Imaging acquisition and reporting standards
CT and software
29) The minimum specification is a 16-row multi-detector CT calibrated according to the manufacturer’s

specifications, capable of delivering low radiation dose protocols (see standard 35). There should be
regular checks on the equipment according to local protocol.

30) For volumetric software:
a) It is the preferred method for assessment of solid pulmonary nodules.
b) The same software should be used to compare volumes.
c) Where there are software updates these should be recorded and the supplier provide evidence that:

i) the upgrade provides the same measurements; or
ii) ensure that the user is prompted to re-measure nodules from preceding scans.

d) It must be directly or indirectly integrated into picture archiving and communication systems,
capable of automated image retrieval of historical imaging.

e) Additional desirable standards for volumetry are provided in supplementary appendix F.
31) Computer-aided detection should be used as a concurrent or second reader. A false positive rate of <2

per case is desirable for computer-aided detection systems.

CT image acquisition protocol
32) Participants should be comfortably positioned supine, with arms above their head and thorax in the

midline of the scanner. Maximal inspiration should be rehearsed prior to the scan and imaging should
be performed during suspended maximal inspiration. No intravenous contrast material should be
administered.
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33) Programmes should use their standard scanogram to localise the start and end positions of the scan.
The frontal localiser should be performed in the postero-anterior projection and at the lowest possible
setting to minimise breast dose.

34) The lung parenchyma (lung apices to bases) must be scanned in its entirety in a single cranio-caudal
acquisition. The field of view should be selected as the smallest diameter as measured from the widest
point of outer rib to outer rib large enough to accommodate the entire lung parenchyma. Thin detector
collimation (⩽1.25 mm) will be used.

35) The CT dose index volume (CTDIvol) must be kept as low as possible with the effective radiation
dose well below 2 mSv. The kVp and mAs settings are adjusted according to the height and weight of
participants. Ultra-LDCT should be used where considered to be of equivalent diagnostic sensitivity
to LDCT.

36) Image reconstruction should be standardised and used for any follow-up examinations, with particular
emphasis on ensuring that slice thickness, reconstruction increment, reconstruction algorithm and field
of view are identical. Slice thickness should be ⩽1.25 mm. If iterative reconstruction is used, this
should be kept constant at follow-up.

Reporting
37) Image interpretation should be performed on systems which permit scrolling through the dataset with

variable thickness and orientation using multiplanar reformations and maximum intensity projection.
Volumetric segmentation of nodules should be checked visually.

38) All scan data should be archived and retained; a national repository should be considered to facilitate
education and research.

39) Readers must report a substantial number of thoracic CT scans annually as part of their normal clinical
practice (over 500), including a significant proportion of lung cancer CT scans.

40) Readers must be familiar with the use and limitations of nodule volumetry software and apply agreed
guidelines for nodule management.

41) A structured reporting proforma must be used to promote consistency and assist audit.

Thoracic CT reader quality assurance
42) Each programme should have documented quality assurance mechanisms in place for CT reading.

Quality assurance for CT reading may include:
a) Ensuring a minimum level of training and expertise of readers, including continuous professional

development in LCS.
b) Ensuring initial CT reads of radiologists without experience of LCS are reviewed by more

experienced readers (e.g. first 50 cases).
c) Periodic review of CT readers reports by expert panels, including referral recommendations.
d) Evaluation of all readers’ recall rates, false positive rates and false negative rates, with

identification of outliers. This includes incidental findings.
e) Evaluation of readers against validated cases.

43) National or regional consortia of expert radiologists may be the best way to address capacity,
education and quality assurance.

Interval and surveillance standards
44) Annual LDCT is the preferred interval if capacity and total economic and health service impact allow.
45) Biennial intervals may be applied for lower risk groups using LDCT findings or multivariable risk

prediction models to select participants.
46) Participants should be aware of the reason they have been stratified.
47) Screening intervals should not exceed 2 years.
48) Surveillance scans with a shorter interval than 1 year should follow pulmonary nodule guidelines.

Communication of results standards
49) Communication of results for each finding needs to be systematically designed for local populations,

with local patient representative input.
50) The outcome should be communicated within a timeframe not exceeding 4 weeks from the LDCT.
51) Communication of negative and indeterminate findings can be via mail with an offer of support via

telephone or videocall. Communications should include a reminder of the symptoms of lung cancer
and the importance of smoking cessation.
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52) Communication of positive findings should be face to face, usually within an urgent clinic.
53) Feedback from participants should be collected via a formal process and the results used to improve

the participant experience.

Data management standards
54) An end-to-end, validated data management system is the optimum system for an organised LCS

programme.
55) Data management systems must be supported by an agreed national minimum dataset that allows

regular centralised audit and reporting of key outcome metrics (see table 3 in the Detailed review and
results section).

56) Data management system have to adhere to information governance and General Data Protection
Regulation regulations.

Detailed review and results of technical standards
Capacity and infrastructure requirements
Evidence review
The evidence review for this section was limited to papers which covered capacity and infrastructure
requirements. Of 138 full texts reviewed, 30 papers were included, alongside two websites [10, 17]. These
ranged from single-site pilot/trial data to national protocol/consensus statements.

A US 10-pillar model has also been produced which summarises the elements that are felt to be required to
support a successful LCS programme [18]. The ATS/ALA implementation guide provides detailed
guidance on various aspects of capacity and infrastructure, and also gives examples from many sites in the
USA [9, 10]. The NHSE TLHC standard protocol has set out requirements for the capacity and
infrastructure needed to run LCS [12], and there is a Spanish expert consensus statement on how to
implement and evaluate screening in Spain [19]. Smaller trials and single-site pilot projects have also
summarised their individual requirements [20–23]. There were key capacity and infrastructure requirements
identified as essential to be able to deliver a CT screening programme which are summarised in table 1.
The ATS/ALA implementation guide notes that programmes may be “centralised”, where all of the
screening process is coordinated from a centre, or “decentralised”, where the programme provides the
LDCT but with all other elements left with the referred and hybrid programmes [9, 10].

Another aspect which was considered in the literature was how to assess the readiness of a centre to
implement LDCT screening. One US study proposed that tools could be employed to assess
implementation readiness, with the Diabetes Care Coordination Readiness Assessment given as an example
[24, 25]. The tool considers five domains: organisational capacity, care coordination, clinical management,
quality improvement and infrastructure. A wide range of other readiness assessment tools exist which the
authors suggest could be adapted for use to assess readiness to start LDCT screening, with suggested

TABLE 1 Key essential capacity and infrastructure requirements for delivery of a lung cancer screening
programme from literature review

1) Risk assessment and recruitment: administrative team, nurse/health advisor, primary care or pulmonology
requirement to assess eligibility and coordinate shared decision making required in some programmes

2) Education resource: all members of the delivery team but especially administration, primary care, radiology
and pulmonology

3) Information resource for participants
4) Insurance and reimbursement or funding mechanism
5) LDCT scanning capacity and availability, with mobile/community sites available if required
6) Radiology scheduling, reporting and quality assurance
7) Multidisciplinary clinical management teams to work-up and treat referred participants
8) Management teams responsible for screening implementation and quality assurance
9) Programme coordinator and patient navigator
10) Information technology resources to enrol and track patients accurately, ensure follow-up and monitor the

programme
11) Integrated smoking cessation support and advice
12) Alignment with local services/support from local leadership

LDCT: low-dose computed tomography.
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metrics for implementation readiness being competing priorities, concurrent activities, ongoing or
upcoming systems challenges and system readiness [26].

Some small studies have looked at current capacity constraints and what impact LDCT screening may have
on these [27, 28]. A 2016 study by RODIN et al. [29] highlighted inequities in access to radiotherapy
machines, radiation oncologists and medical physicists across Europe. Access to CT scanners also varies
widely between countries. Data on the number of CT scanners by country and per million population have
been produced by the Organisation for Economic Co-operation and Development (OECD) and show wide
geographical variation in availability [17]. A microsimulation model using data from the US National
Cancer Database has been published to look at the potential increase in treatment demand that screening
may pose [30]. This work suggests that full-scale implementation of LCS would cause a major increase in
surgical demand, with a peak within the first 5 years. The authors advise that careful surgical capacity
planning is essential for successfully implementing screening. Each country or region will have specific
areas which may require focus and investment, considering current infrastructure, the healthcare system and
competing priorities. This will also be influenced by screening uptake rates and the proportion of the
population who are eligible.

Summary
Although specific capacity requirements and infrastructural considerations will differ between countries,
there are common key requirements that are felt to be essential for the delivery of LDCT screening.

Capacity and infrastructure standards
1) Prior to commencement, and at regular intervals during the expansion and full implementation of a

LCS programme, there should be a full assessment of the essential components where the capacity
and/or infrastructure could jeopardise the safety and effectiveness of the programme. These are shown
in table 1.

Clinical governance, roles and responsibilities
Clinical governance has a central position in the overall organisation and running of a screening
programme, and is a feature of successful screening programmes [31, 32]. The detail of how clinical
governance is organised is likely to be influenced by the way the health services as a whole are organised
and funded, the level of funding per capita, and the infrastructural and clinical standards of healthcare,
especially for lung cancer [33, 34]. Nevertheless, adhering to established principles is important in all
healthcare systems as it will underpin higher quality despite the constraints that may apply. As LCS
develops, governance structures will be required and are best defined and implemented before the start.

Evidence review
87 full texts were reviewed. Two systematic reviews on LCS commissioned by two German national
agencies [35, 36], a pilot protocol for the National Cancer Screening Programme in South Korea [37],
several statement papers by societies and expert groups on the international and national level [3–5, 7, 38,
39] as well as narrative reviews covering aspects of the LCS pathway [18, 19, 21, 40–58] were reviewed.
While these described some elements that could be included in a governance structure, none dealt
specifically with the topic. Other studies provided experiences and outcome data in LCS pilots as well as
implementation initiatives within national programmes [20, 25, 59–63].

The review of society and national management standards was more informative. The American College of
Radiology (ACR) has produced accreditation standards for thoracic radiology since 1987 and has described
an accreditation process for the radiology for LCS, essentially supporting quality assurance [64]. Similarly,
the British Society of Thoracic Imaging (BSTI) and Royal College of Radiologists (RCR) have
recommendations on radiology standards [65]. The ATS/ALA implementation guide provides collated
information on locally adopted solutions in the USA as examples of how to set up clinical governance and
who to involve within LDCT LCS programmes [9, 10]. The NHSE TLHC standard protocol has set out
requirements for governance, including descriptions of roles and responsibilities in the running and
oversight of the local programme [11, 12]. National LCS standards were also identified from Germany [66]
and Poland [67, 68]. We utilised these publications and documents as an available evidence basis to
provide a suggested structure and description of the major roles that can be adapted for use in individual
national healthcare settings.
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The design of the clinical governance structure within a national LCS programme depends on whether the
programme is centralised, decentralised or a hybrid. A centralised programme takes full responsibility for
enrolling participants, managing them along the entire pathway including follow-up schedules, whereas a
decentralised LCS programme is limited to LDCT scanning, reading and reporting to referring providers
who are then in charge of organising all subsequent pathway steps.

Figure 1 shows the core roles and their responsibilities that were found in the evidence review, represented
is a hierarchical structure. This can be adapted according to the design of the programme (central or local).
Supplementary appendix D shows the roles and functions found in the literature review.

Summary
Most, if not all, screening programmes and pilots have some form of governance structure, although this is
often not well described. Those that document governance arrangements favour a hierarchical structure and
create specific roles within that with defined responsibilities. Effective governance will serve to improve
the efficiency, efficacy, monitoring and safety of LCS whether at the decentralised level or when overseen
by a national structure.

National or regional cancer authority/board at

government health department level

National or regional lung cancer screening advisory/

oversight committee/collaborative group

Local or regional screening programme management group in

healthcare management structure for country

Director of programme

Verifies procedures for selection, scanning, acting on findings and communicating with participants. 

Ensures fail-safe mechanisms for recall of participants.

Local programme steering board

(chaired by director of programme)

Responsible assessor

(normally a clinician from primary 

or secondary care)

Takes clinical responsibility for 

assessing individual cases for 

eligibility; facilitates accurate 

monitoring of recruitment; 

supports governance, training and 

quality improvement. Provides 

leadership during clinics. 

Responsible for data entry 

regarding assessment. Takes 

action on clinical findings 

identified during assessment for 

eligibility.

Responsible radiologist

(normally the radiologist

who reads the LDCT)

Takes clinical responsibility for the 

LDCT in individual cases. 

Responsible for LDCT report data 

entry. Ensures findings are 

communicated for action and any 

urgent referral either direct to the 

responsible clinician or via other 

prespecified urgent pathways.

Responsible clinician

(normally a pulmonologist 

receiving referrals from the 

programme)

Takes clinical responsibility for the 

work-up in the secondary care 

lung cancer service.

FIGURE 1 A basic centralised structure with hierarchies, roles and responsibilities. LDCT: low-dose computed
tomography.
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Governance and roles standards
2) LCS programmes should have a clearly defined and documented governance structure.
3) There should be a national oversight committee or a collaborative group to ensure a unform approach

and appropriate equity in coverage and standards; this should involve capacity considerations.
4) There should be regionally and locally based steering committees to oversee and monitor the screening

programmes which should report to the national committee.
5) There should be defined roles to which individuals are appointed to take overall responsibility for

standards of the assessment and recruitment process, radiology reporting and clinical work-up.
6) There should be documented mechanisms to ensure equity of access to the programme.

Participant pathway
The participant pathway is important to define for each programme as it will be a clear summary of the
process and may be important in ensuring cost-effectiveness. There are numerous such pathways in
implementation guides but little in the way of evidence to inform an evidence-based pathway (other than
that reviewed in this paper for individual steps, e.g. invitation method). A sample pathway developed for
the UK National Screening Committee health economics evaluation that led to the recent recommendation
for a UK targeted LCS programme is shown in supplementary appendix E [69].

Invitation methods
Despite the established efficacy of LDCT LCS, participation in programmes has been mostly low, although
variation is seen within and between countries. In the USA, where LDCT screening has been funded since
2015, participation rates were 3.3% of the eligible population in 2015 and more recently estimated to be
14–19% in 2018, although only 4–7% in the uninsured [70–73].

Barriers to participation include emotional and practical barriers that reduce engagement and uptake and
limit the effectiveness of interventions. Practical barriers include travel, employment and other
commitments, costs of screening (especially where there is limited medical insurance) [74], and
comorbidity [75]. Among the emotional issues, we include fatalism about risk and survival, low perceived
efficacy of treatment, fear of diagnosis, stigma, guilt, and misunderstanding [75–80]. There are also
practical barriers from the provider perspective, such as difficulties in identifying eligible individuals due
to the lack of reliable data on smoking history in the population registries and electronic medical records
[77]. Most studies show that older people, females, current smokers and those in lower socioeconomic
status groups are less likely to participate [75, 81–83]. Physical distance and access are also known to be
practical barriers [84], leading to the provision of mobile CT in some programmes [12, 85–89], with one
study showing a preference for this among participants [90] and another showing no difference in
attendance rates [91].

Evidence review
Of 124 full texts reviewed, 58 were included as providing some details of invitation methods into pilots
and programmes. Invitation methods described fell broadly into two approaches: a systematic approach,
where there is an attempt to offer the whole eligible population screening, and an unsystematic approach,
where the strategies did not attempt to provide uniform access.

Systematic approaches
The UK Lung Screen (UKLS) [92] and NELSON [93] studies employed a population approach where all
people of eligible age were sent an initial letter (NELSON recruited mainly men). This was clearly shown
to have very low uptake from the total people contacted (1.6% UKLS and 2.6% NELSON). Similarly, a
study in Milan, Italy, tested the feasibility of recruiting participants via telephone contact. The call
recipient was asked if there were any family members who were over the age of 50 years and had a greater
than 30 pack-year smoking history. Those meeting these criteria were contacted and asked to participate in
the programme. Only 1.9% of a total of 2300 persons were eligible for screening and only 27% of these
(0.5% overall) agreed to participate [94]. This contrasts with the targeted systematic approach used in
several UK studies [85, 86, 91, 95, 96] and the TLHC [12, 97] where participation rates are generally over
30% and in some of the TLHC centres, over 60% (unpublished data from NHSE National Cancer
Programme Team). These studies and pilot programmes all used the NHS primary care record to identify
ever-smokers in the eligible age range and then either telephone or clinic assessment of eligibility. The
invitation method was modelled on both research from other cancer screening programmes and from LCS.
The Lung Screen Uptake Trial (LSUT) was primarily designed to test the impact on informed screening
uptake of low-burden tailored information in a population with high levels of social deprivation [98].
Although the intervention had little impact, the participation was 52–53%. This may have been because of
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the efficacy of the invitation method which combined an approach from primary care, the use of
pre-invitation letters (information about the programme before invitation), reminder letters for
non-responders, pre-scheduled appointments and a framing of the invite akin to a “Lung Health Check” in
an opt-out fashion. The reminder letter with a second appointment explained 10% uptake. The NHSE
TLHC protocol recommends ensuring easy access to the LDCT, including obtaining appointments and
changing these where desired. It recommends a formal process for contacting non-attenders and feedback
from non-attenders to evaluate their reasons [12]. There is little evidence about how to encourage repeated
non-attenders to participate.

Unsystematic approaches
Unsystematic invitation methods are the most used of all methods in trials and are also used in some
programmes. They are necessary because of the absence of a central database of people that contains
details of lung cancer risk factors, primarily smoking [99]. In a study from Canada, a primary care
administered questionnaire was developed to collect these data, but the uptake was low, and a
recommendation made for this to be incorporated into appointments [100]. Recommendations to establish a
better primary care record have been made in parts of the USA [101, 102]. Invitation methods employ
advertisements [103], media campaigns, social media [104], telephone contacts [105] and other methods
[106, 107]. Information about potentially eligible people has been obtained from questionnaires in different
settings. For example, one study administered questionnaires to new consults in a Department of Radiation
Oncology and Otolaryngology and found that of 546 new consults, 528 people completed questionnaires
and 104 (20%) met criteria for LCS [108]. A further study incorporated information about CT screening
into an information video on smoking cessation, and showed that this increased the usage of both CT and
LDCT among those shown the video [109].

Equality
Disparities have been described in several minority groups, including racial [110–114] and sexual
orientation [115, 116]. A study used what is said to be the first mobile CT to screen uninsured people in
the USA, aged 55–64 years from underprivileged backgrounds. This study found a baseline cancer
detection rate of 2.2% (12 out of 550); this was despite excluding people aged over 64 years with
Medicare cover [117].

Summary
Invitation methods for LCS need to take into account the barriers that prevail in the eligible population.
The invitation methods associated with the highest participation rates identify and approach the potentially
eligible population via primary care electronic records. They use primary care as the first approach,
providing information in a format which has been designed for the demographic and designed to reduce
fear (e.g. the “Lung Health Check”). They employ pre-invitation letters, texts, reminders, pre-scheduled
appointments and repeat appointments for non-attenders. New programmes should have high visibility and
person-facing materials need to present balanced information on benefits and harms, tailored to the
demographic. The lack of a population-based electronic record containing details of smoking habits means
that other approaches need to be taken which are less effective but can include a variety of methods to
engage with potential participants. Patient advocacy groups may play an important part in supporting
informed decisions about participation.

Invitation methods standards
7) Identification of the potentially eligible population should be via electronic records containing data on

smoking habits where these exist.
8) National programmes should consider creating a population record of individual smoking habits as

part of health surveys.
9) Where there is no such national record, invitation methods should be deployed in a variety of settings

that may include high-risk geographic locations, smoking cessation clinics, community centres,
occupational health clinics and via other screening programmes.

10) Materials providing accurate information about LCS should be distributed to high-risk individuals via
mail and social media, and should include written material and educational videos.

11) Information and invitations should be tailored to account for potential inequity in access and uptake in
minority groups

12) The first approach to potential participants should be via primary care, where possible.
13) Invitation methods should include: provision of information in a format sensitively designed for the

demographic and designed to reduce fear; pre-invitation letters, texts, reminders and pre-scheduled
appointments; and repeat appointments for non-attenders.
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14) There should be easy geographical and physical access to screening and appointments with easy
rescheduling for participants.

15) Feedback from non-attenders should be sought and used to improve invitation methods.
16) Patient advocacy groups should be part of the engagement with potential participants.

Risk assessment for entry into screening programmes
Screening for lung cancer differs from other established cancer screening programmes in that it is targeted
to a population at higher risk of developing lung cancer because the benefit is greater [118]. In addition, it
may also be a stratified programme where an element of the programme (for LCS, this is the screen
interval) is varied according to level of risk. Definitions of targeted and stratified screening have been
published by the UK National Screening Committee [119]. In most randomised controlled trials of LCS,
eligibility has been determined by age and tobacco smoking criteria [120, 121]. A number of multivariable
risk prediction models have been developed that are more sensitive and specific, but are still heavily
dependent on smoking and age [122, 123]. Some have been used successfully in trials and pilot
programmes and have yielded higher detection rates, although they may also select people with more
comorbidities [8, 92, 124, 125].

Evidence review
Of 137 full texts reviewed, 58 contained information about entry criteria according to risk. Both NELSON
and the National Lung Screening Trial (NLST) used age and smoking criteria [93, 120], and some later
trials used multivariable models [85, 96, 125–128].

Age and smoking criteria
NLST entry criteria were a minimum of 30 pack-years and a quit time within 15 years of entry in people
aged 55–74 years [120]. These were later modified to a recommendation to screen people in the wider age
range of 55–80 years. Most recently, the US Preventive Services Task Force (USPSTF) has widened the
criteria considerably to include people aged 50–80 years who have smoked at least 20 pack-years and quit
within 15 years [129]. However, it has been shown that multivariable models provide a more efficient
method to select participants, although they may select some individuals who have greater comorbidity
[130–133].

Multivariable models
In a recent systematic review, 27 studies were identified describing 30 different models that predicted
either lung cancer incidence or mortality [134]. 14 out of 27 studies described external validation. Studies
have shown that criteria used in studies based on age and smoking select fewer people who develop lung
cancer and a fitter population, mainly by virtue of including younger people [127, 135–137]. Models vary
in their complexity and most earlier comparative studies show similar performance, with the Prostate,
Lung, Colorectal and Ovarian Cancer Screening Trial PLCOm2012 model often achieving the highest
discrimination [122, 123, 138]. However, these comparative studies did not test the latest models [139,
140], and performance of any model may be influenced by the population to which it is applied and the
quality of the input data [141]. Another suggested approach is to apply a simple “pre-screening” approach
where basic criteria are applied to electronic data records to “enrich” the population before more complex
models are employed [141, 142]. Although most models predict risk, an alternative approach is to predict
benefit in terms of life years gained [143].

Risk prediction in selected populations
People with a previous history of cancer have been shown to be at increased risk of lung cancer and this
has led some to suggest these should be included in LCS, e.g. survivors of lymphoma [144], breast, head
and neck, and lung cancer [145].

Age and smoking criteria have been shown to be less effective in some East Asian populations because of
their reliance on smoking history [146]. Here, bespoke multivariable models have been developed, e.g. in
Taiwan where screening is offered to never-smokers [146–148]. Newer models have been proposed using
blood biomarkers and/or genetic information in both Western and Eastern populations [149–155].

Occupational exposures are included in the National Comprehensive Cancer Network (NCCN) selection
criteria. One study showed that when NCCN guidelines were applied in a group of workers exposed to
carcinogens the cancer detection rate was 1.6% despite only 45% meeting NLST criteria [156]. Similarly,
working for 5 years or more in US construction was found to be equivalent to having a positive family
history, a previous history of cancer or a diagnosis of COPD [157]. Several screening programmes for
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workers exposed to asbestos have been described [158–162]. Mortality from lung cancer and all-cause
mortality was reduced by 59% and 39%, respectively, in one retrospective study that compared participants
in a screening programme with a non-participant control group [158]. While a systematic review of seven
cohort studies concluded that workers exposed to asbestos had a similar lung cancer incidence to heavy
smokers [161], another study suggested that asbestos exposure alone was not sufficient to make workers
eligible for screening and instead other risk factors were required [160]. The Liverpool Lung Project risk
models include asbestos exposure as a variable [163, 164].

There is little evidence to support simple age and smoking criteria as the preferred method to assess
eligibility other than as a way to identify a population that is potentially eligible. Furthermore, risk
thresholds can be more precisely defined. Never-smokers are unlikely to be eligible for screening unless/
until biomarkers become available that can be applied [165]. Combining clinical data with genetic variants
has been shown to improve risk prediction in smokers [149], but how this can be cost-effective in
screening programmes is not clear. Novel approaches include using artificial intelligence applied to chest
radiographs in the prediction of lung cancer [166].

Stratification
Analyses of both NELSON and the NLST showed that the presence of nodules on baseline or subsequent
screens increases the risk of lung cancer [167, 168], and a lower risk in NLST participants with a negative
baseline screen prompted the suggestion of a longer screening interval in this population [169]. More
recently, multivariable models have been developed to better define subsequent risk and may offer a
risk-stratified approach to screening [139, 170–173].

Fitness assessment
Participants should have a reasonable chance of benefiting from early detection of lung cancer. This
essentially means that there is a high chance of cure.

It is noted that even early detection of lung cancer that is at a later stage can benefit lung cancer patients
because their fitness is better and they may therefore benefit more from systemic anticancer therapy.
However, this is not considered further here. A check should be made for any of the exclusion criteria for
fitness enough to prevent curative intent treatment. Using this approach, most screening trial and pilots
show high treatment rates [85, 92, 120, 121].

Reassessment method
Reassessment may apply to people who exit the programme if risk falls below the baseline criteria, e.g.
having quit smoking for more than 15 years or developed a new health problem in USPSTF criteria [129].
Where multivariable models have been used, there can be a repeat risk assessment that could be first
completed in silico using existing data but with the age changed and assuming there has been no change in
smoking status and other model parameters. This can be followed up using confirmed data. The interval
between risk assessments may need to vary depending on proximity to risk threshold.

Summary
Selecting a population at high risk of lung cancer is a key factor in ensuring efficiency. Multivariable
models are evolving and show superior cancer detection rates compared with simple age and smoking
criteria. They can also facilitate variable thresholds according to cost-effectiveness and willingness-to-pay
threshold. Newer models and those incorporating biomarkers, genetic factors, artificial intelligence and
applied in specific populations may further improve accuracy.

Risk assessment for entry into screening programmes standards
17) Multivariable models that have been externally validated in the local population or one very similar

are preferred over age and smoking history alone.
18) Multivariable models or single criteria (e.g. presence of pulmonary nodules) may be used to stratify

participants into annual or biennial screening intervals.
19) Participants should be reassessed for eligibility by risk threshold; this can be done in silico if using

multivariable model(s).
20) Participants should be reassessed for fitness at each screening round to ensure they can still benefit

from screening.

Research recommendations
• Multivariable models should be validated in the population in which they will be used.
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• Evaluation of novel approaches using additional risk factors and in specific populations should ensure
that the impact on prognosis and hence efficacy of screening is included.

• Research into the best multivariable model for individual programmes should investigate accuracy, ease
of application and potential to increase inequities.

• Evaluation of the best way, and at what interval, risk should be recalculated in individuals previously
found to be below the risk threshold.

Smoking cessation
In most populations, LCS is offered to people who have ever smoked tobacco. In most screening trials and
pilots, a substantial proportion of those screened were current smokers, typically 35–55% [85, 92, 120, 121].
Smoking cessation is a well-established cost-effective intervention that reduces mortality from many
conditions, including COPD and ischaemic heart disease, and has been shown to double the impact of
LCS on mortality reduction from lung cancer in the NLST [174–176].

Evidence review
Of 76 full texts reviewed, 26 contained some details of smoking cessation used in the development of the
statements. The majority of LCS trials provided brief advice and referral for smoking cessation. Trials that
measured smoking cessation all concluded that the smoking cessation rates were above that observed in the
general population [177–181]. The optimal strategy for integrating smoking cessation has been the focus of
much research [15, 174, 179, 182–194]. There are limited data around provision of other services, such as
psychological support, within the screening programme. There is no consistent evidence of a “licence to
smoke” effect, whereby a normal scan discourages quitting. Indeed, there is some research to suggest that
LCS represents a “teachable moment” where participants maybe particularly receptive to smoking cessation
interventions [189, 195–197]. Research published in abstract form from the UK has shown that quit rates of
over 30% at 1 year can be achieved using opt-out, co-located, comprehensive cessation services with
follow-up [183, 198]. Of all current smokers attending for screening, 86% took up the initial consultation,
with 85% of these agreeing to a 4-week period of smoking cessation support [198]. Another randomised trial
in the UK showed that immediate telephone-based smoking cessation, including pharmacotherapy, resulted in
a 21% self-reported quit rate at 3 months compared with 9% in controls [199].

Smoking cessation is known to be cost-effective, so in assessing cost-effectiveness of screening
programmes the quit rate needs to be included. From the literature, quit rates vary, so a variety of quit rates
should be modelled to allow an assessment of how achieving these might influence the overall
cost-effectiveness of the screening programme.

In the context of the light-touch intervention in the UKLS trial, the smoking cessation rate in the
intention-to-treat population at 2 years was 15% [177]. This should be regarded as the worst-case scenario
(15% 2-year quit rate) and increments above this should be modelled up to 30%.

Summary
Evidence shows that LCS is an opportunity to markedly increase smoking cessation rates. The most
effective method is to use comprehensive smoking cessation services that are located at the site, and
provided at the time, of the LDCT.

Smoking cessation standards
21) CT screening programmes should include an integrated smoking cessation intervention for participants

who are smokers.
22) The smoking cessation service should be comprehensive, and include smoking cessation practitioners,

availability of pharmacotherapy and regular follow-up.
23) Smoking cessation services should be co-located with the screening services and offered at the same

time on an opt-out basis.

Research recommendations
• Research should directly compare co-located services with those at a separate site.
• Research should determine the optimal strategy to deliver smoking cessation in individual programmes.
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Non-attendance and exiting the programme
Non-attendance may be an issue at the start of the screening process where participants elect not to take up
an appointment where this is offered. The factors that influence this, and their mitigations, are reviewed in
the Invitation methods section. Attendance at subsequent screening rounds, essential if the full potential of
the process is to be realised for participants, is usually termed “adherence”. It is variously defined in
studies as attendance within a timeframe, e.g. adherence was defined as attendance for the annual screen
within 18 months of the baseline scan in a US study from Colorado by HIRSCH et al. [200]. In other
studies, adherence included attendance for additional imaging and work-up.

Evidence review
Of 82 full texts reviewed, 16 had useful information about this topic, including three systematic reviews
[81, 201, 202] and four additional papers identified from reference lists. As the evidence review found that
some studies measured adherence to the next screen, while others included adherence to any
recommendation, both are included particularly because the findings were very similar.

Participant and programme features important in non-attendance
The features of individuals that are less likely to attend are similar to those that characterise people that
choose not to participate in screening at baseline [81]. These are people in underprivileged groups [203–
205], current smokers [201], the non-White population in the USA [112, 202], participants with a lower
risk perception [201, 204, 205] and negative baseline CT [201, 206]. Unlike baseline participation, there
was no clear relationship with sex and people aged under 60 years were least adherent while those aged
60–75 years were most adherent [201]. Programme-related factors associated with adherence are shown in
table 2.

In the meta-analysis by LAM et al. [201], the overall second round non-attendance rate from 12 studies was
28% (95% CI 20–37%), with a wide range of 5–63%. Much of the evidence for both non-attendance and
methods employed to improve adherence comes from the USA, which has the longest Western
implementation period for a national programme. Navigators have been identified as an important way to
improve adherence [205, 207, 208]. It is established that either nurse navigators or lay patient navigators
improve baseline participation. In one primary network-based randomised controlled trial in the USA,
patient navigators assessed eligibility, undertook shared decision making, and addressed concerns and
barriers [209]. Participation among eligible people was 94% and of all people approached, 31% in the
navigator arm and 17% in the control arm had a CT. The HIRSCH et al. [200] study in Colorado showed
that a nurse navigator-administered reminder achieved reattendance in 63% of participants. Both the ATS/
ALA implementation guide and the NHSE TLHC protocol recommend the same methods that are applied
at the baseline invitation to be applied for ongoing screens [10, 12]. In addition, some examples given in
the ATS/ALA implementation guide are to schedule a repeat appointment as soon as possible and to
provide reminders 30, 60 and 90 days after the screening due date to participants and their physicians. The
evidence for the efficacy of this is mainly found in other cancer screening programmes [82].

Exiting the programme
Most programmes have defined eligibility criteria and hence participants are assumed to exit the
programme when they no longer meet these due to exceeding the age threshold or other exclusion criteria
developing, such as another life-limiting condition. The NHSE TLHC protocol states that participants

TABLE 2 Programme-related factors associated with attendance/adherence in lung cancer screening
programmes [201]

Factor Impact on attendance/adherence

Primary care recommendation Increased
Programme navigator Increased
Mobile LDCT [203, 259] Increased in some settings where access to fixed site limited
Increased distance to service [205] Decreased
Reminders Increased
Centre type (academic versus community) No impact
Urban versus rural setting [72] Unclear
Uninsured [260] Decreased

LDCT: low-dose computed tomography.
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should exit the programme when they reach the upper age limit, but should also be assessed for
comorbidity and fitness to confirm eligibility and should exit if they are no longer eligible [12]. There is
also a recommendation to hand over any ongoing follow-up need, specifically nodules under follow-up or
new nodules on the final screening CT. The ATS/ALA implementation guide notes that the ALA do not
force people to exit the programme if they reach the 15-year smoking quit duration [10].

Summary
Non-attendance is a substantial issue in LCS, with high rates seen in trials, pilots and programmes. Similar
factors are associated with reduced adherence and baseline participation, so the same methods used to
maximise participation seem appropriate, adapted to ongoing screening and follow-up of findings. Exiting
the programme has little evidence but it is defined in at least one programme protocol; participants should
understand why they are exiting.

Non-attendance and exiting the programme standards
24) Methods effective in increasing baseline participation should be employed to reduce non-attendance

(see Invitation methods section).
25) In addition, appointments for ongoing screening should be made as soon as possible after the previous

screen and reminders provided nearer the time of the scan.
26) Information for participants should emphasise the importance of ongoing screening for the individual.
27) Programmes should have navigators (nurse, patient or both) to support the participants in ongoing

screening as well as helping with administration such as reminders, identifying travel needs and
facilitating rescheduling.

28) Participants should exit the programme once they no longer meet the eligibility criteria; they should be
given clear information why they should no longer be screened and information about what to do if
they have symptoms that could be due to lung cancer.

Research recommendation
• Future research into the ongoing psychological outcomes of screening and how this might influence

adherence is needed [210, 211].

LDCT acquisition, reading and reporting
Evidence review
The evidence was taken from trials and protocols for pilot programmes as well as the NHSE protocol and
quality assurance standards [11, 12], the ACR/Society of Thoracic Radiology (STR) technical statement
[212], and the European Society of Thoracic Imaging (ESTI) standard [213]. A total of 54 full-text
references were reviewed.

Acquisition
Minimising radiation dose is important to maximise the benefit/risk ratio (cancer deaths prevented/cancers
caused by radiation) [214]. In a recent evaluation, assuming NLST mortality benefit of 20%, the ratio was
10 for women and 25 for men [215]. However, this is likely an underestimate as modelling was from age
50 years for eligible lifetime annual screening and with an underestimate of deaths prevented (higher in
NELSON). It is also noted that the benefits of screening occur earlier than the risks of cancer caused by
screening [215].

Improvement in technology has resulted in a reduction in effective radiation dose [216]. For example, in
the NLST 4–16-detector-row scanners delivered 2.19–2.4 mSv [217] compared with NELSON where
16-row scanners were used, to achieve a lower dose for participants <80 kg [218]. The ESTI advise the use
of at least a 32-row CT scanner, 100–120 kVp for standard-sized participants, 140 kVp for larger
participants, a slice thickness of maximum 1.0 mm (preferred ⩽0.75 mm), and a CT dose index volume
(CTDIvol) of 0.4, 0.8 and 1.6 mGy for participants <50, 50–80 and >80 kg, respectively [213]. The NHSE
protocol and quality assurance standards provide the same recommendations as the ESTI standard [11, 12].
The ACR/STR statement is less restrictive on number of detectors and slice thickness [212].

Thin slices (0.9–1.25 mm) are necessary for accurate volumetric assessment of pulmonary nodules [126,
218–221]. Changing slice thickness or reconstruction algorithms between screening rounds should be
avoided in case volume measurement of lung nodules is affected [222].

With the development of newer radiation dose reduction techniques such as iterative and model-based
reconstruction, photon-counting technology, CT with tin filtration, and denoising algorithms, dose can be
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further reduced [223–228]. Thus, scanning protocols with a radiation dose similar to that of a chest
radiograph, so-called “submillisievert” or ultra-LDCT, are possible.

Reading and reporting
There are no well-defined standards for human and automated reading of imaging, or for documentation of
findings. Although double-reading was employed in several trials, this was not replicated in programme
protocols except for initial training [7, 11, 12, 64, 218, 229]. Expertise is variously defined by national
thoracic radiology societies and in protocols [11, 18]. These give minimum requirements for number of CT
scans reported, attendance at training courses and multidisciplinary meetings. Most LCS programmes
provide further education tools for those recent to field. The ESTI, for example, has a certification course
(LCS diploma) [230]. For semi-automated and automated reading, commercially available software should
be “CE” approved in the European Union. Several structured reporting proforma [11] have been used and
can be linked to management guidelines such as the ACR Lung-RADS [13].

Decision making within the LCS programme
The management of actionable findings from the screen are not within the scope of this technical standard
as they are the subject of established guidelines. However, it is important to ensure the aforementioned
infrastructural elements are in place so that guideline-driven management is implemented efficiently. This
often involves multidisciplinary teams (MDTs) dedicated to the review and management of findings,
although other alert mechanisms are employed. There is evidence to show that MDT management of
findings reduces the number of actionable findings [231] compared with no such approach [232].

Imaging acquisition and reporting standards
CT and software
29) The minimum specification is a 16-row multi-detector CT calibrated according to the manufacturer’s

specifications, capable of delivering low radiation dose protocols (see standard 35). There should be
regular checks on the equipment according to local protocol.

30) For volumetric software:
a) It is the preferred method for assessment of solid pulmonary nodules.
b) The same software should be used to compare volumes.
c) Where there are software updates these should be recorded and the supplier provide evidence that:

i) the upgrade provides the same measurements; or
ii) ensure that the user is prompted to re-measure nodules from preceding scans.

d) It must be directly or indirectly integrated into picture archiving and communication systems,
capable of automated image retrieval of historical imaging.

e) Additional desirable standards for volumetry are provided in supplementary appendix F.
31) Computer-aided detection should be used as a concurrent or second reader. A false positive rate of <2

per case is desirable for computer-aided detection systems.

CT image acquisition protocol
32) Participants should be comfortably positioned supine, with arms above their head and thorax in the

midline of the scanner. Maximal inspiration should be rehearsed prior to the scan and imaging should
be performed during suspended maximal inspiration. No intravenous contrast material should be
administered.

33) Programmes should use their standard scanogram to localise the start and end positions of the scan.
The frontal localiser should be performed in the postero-anterior projection and at the lowest possible
setting to minimise breast dose.

34) The lung parenchyma (lung apices to bases) must be scanned in its entirety in a single cranio-caudal
acquisition. The field of view should be selected as the smallest diameter as measured from the widest
point of outer rib to outer rib large enough to accommodate the entire lung parenchyma. Thin detector
collimation (⩽1.25 mm) will be used.

35) The CT dose index volume (CTDIvol) must be kept as low as possible with the effective radiation
dose well below 2 mSv. The kVp and mAs settings are adjusted according to the height and weight of
participants. Ultra-LDCT should be used where considered to be of equivalent diagnostic sensitivity
to LDCT.

36) Image reconstruction should be standardised and used for any follow-up examinations, with particular
emphasis on ensuring that slice thickness, reconstruction increment, reconstruction algorithm and field
of view are identical. Slice thickness should be ⩽1.25 mm. If iterative reconstruction is used, this
should be kept constant at follow-up.
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Reporting
37) Image interpretation should be performed on systems which permit scrolling through the dataset with

variable thickness and orientation using multiplanar reformations and maximum intensity projection.
Volumetric segmentation of nodules should be checked visually.

38) All scan data should be archived and retained; a national repository should be considered to facilitate
education and research.

39) Readers must report a substantial number of thoracic CT scans annually as part of their normal clinical
practice (over 500), including a significant proportion of lung cancer CT scans.

40) Readers must be familiar with the use and limitations of nodule volumetry software and apply agreed
guidelines for nodule management.

41) A structured reporting proforma must be used to promote consistency and assist audit.

Thoracic CT reader quality assurance
42) Each programme should have documented quality assurance mechanisms in place for CT reading.

Quality assurance for CT reading may include:
a) Ensuring a minimum level of training and expertise of readers, including continuous professional

development in LCS.
b) Ensuring initial CT reads of radiologists without experience of LCS are reviewed by more

experienced readers (e.g. first 50 cases).
c) Periodic review of CT readers reports by expert panels, including referral recommendations.
d) Evaluation of all readers’ recall rates, false positive rates and false negative rates, with

identification of outliers. This includes incidental findings.
e) Evaluation of readers against validated cases.

43) National or regional consortia of expert radiologists may be the best way to address capacity,
education and quality assurance.

Research recommendation
• Further research into the impact of lower radiation dose techniques on the quality of images is needed.

CT interval and surveillance
Varying the interval between LDCT is important to ensure that indeterminate findings are properly
monitored and in stratifying the screening programme according to risk. Surveillance of pulmonary nodules
is not within the remit of this technical standard because there are well-established and effective guidelines
in existence. These recommend shorter intervals than the next annual screen from the index CT depending
on the size of the nodule as measured either by manual diameter or semi-automated volumetry [4, 13, 14].
However, varying the interval between scheduled screens may also depend on the presence of nodules.

Evidence review
Of 43 full texts reviewed, useful evidence on this topic was obtained from nine. Some trials of CT
screening have described different screen intervals but the majority used annual screens. The Multicentric
Italian Lung Detection (MILD) trial randomised 4099 participants to no screening, annual screening or
biennial screening and found after a 5-year follow-up that 36% more cancers were detected in the annual
group compared with the biennial group; the trial was underpowered for mortality outcomes [220]. In an
analysis of the NLST, the finding of any non-calcified nodule (⩾4 mm) was associated with a 2-fold
increased risk of lung cancer between 2–5 years and 5–7 years after the screen [233]. The NELSON trial
showed that previously indeterminate findings conferred a greater subsequent risk of lung cancer [167].
Participants with a negative screen (no nodules, or nodule <50 mm3 or nodule with a volume change of
<25% if on follow-up) had a 0.6% chance of lung cancer in the next 2.5 years compared with 3.7% of
participants who had at least one indeterminate screen (nodule 50–500 mm3 or volume doubling time 400–
600 days on follow-up). However, another study [171] found that the risk of developing cancer was also
related to the risk as estimated by a multivariable model in people with negative scans. This has led others
to develop risk prediction models that use the CT findings and other risk factors to predict risk more
accurately, which may then be used to define the best screening interval [234]. This study found that
compared with the TLHC protocol, where scans with nodules <5 mm in diameter prompt a biennial CT,
the use of a multivariable model delayed diagnosis in 30% of lung cancers compared with 40% in the
simple TLHC approach but referred a similar proportion for biennial CT. The evidence for extending
screening beyond 2 years is limited; in the NELSON trial the final screening round was at an interval of
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2.5 years and the proportion of interval cancers was higher and with more late-stage cancers than the
2-year interval between rounds 2 and 3, leading to the conclusion that this was too long an interval [235].

Simulation health economic models have been used to estimate relative cost-effectiveness of annual,
biennial and risk-stratified screening. GOFFIN et al. [236], based on the Canadian healthcare system,
concluded that over 20 years, biennial screening was associated with the same number of quality-adjusted
life years and was more cost-effective than annual screening. However, in another analysis for the
Canadian Government, TEN HAAF et al. [237] concluded that annual screening was more cost-effective.
The analysis for the USPSTF showed that all annual scenarios modelled were more cost-effective than
biennial [238], while a modelling study for the UK was less clear [239]. A further modelling study showed
that stratified screening reduced harms while maintaining mortality benefit [240]. National protocols and
statements recommend annual screening with the exception of the NHSE TLHC where a stratified
approach is taken.

Summary
The difference in cost-effectiveness between annual and biennial screening is small, although annual
screening may prevent more deaths. Based on baseline CT findings and other risk factors, participants may
undergo stratified screening to reduce harms while maintaining mortality benefit.

Interval and surveillance standards
44) Annual LDCT is the preferred interval if capacity and total economic and health service impact allow.
45) Biennial intervals may be applied for lower risk groups using LDCT findings or multivariable risk

prediction models to select participants.
46) Participants should be aware of the reason they have been stratified.
47) Screening intervals should not exceed 2 years.
48) Surveillance scans with a shorter interval than 1 year should follow pulmonary nodule guidelines.

Research recommendations
• Do multivariable models incorporating imaging findings improve the clinical and cost-effectiveness of

LDCT screening through stratifying screening intervals?

Communication of results
Timely and accurate communication of the outcome of the screen is essential to mitigate any anxiety and
to ensure prompt management of any actionable findings.

Evidence review
Of 52 full texts reviewed, detail of communication methods was limited, but informative in 21.
Communication may involve patient navigators [20], primary care physicians, pneumologists or others. If
letters are used, details on serious findings were not included, but were addressed in face-to-face
conversations [12, 241]. Support lines were described for patients for contact with an experienced
healthcare worker or administrator [12, 229].

Focus on patients
At the time of results disclosure, patients want to be treated with empathy, have their concerns recognised
and addressed, and understand the care plan [78, 241–243]. Communicating concrete information on the
next steps can improve adherence [244].

Timeframe
Half of patients in the NELSON trial reported “dread” while awaiting LCS results [245]. Early
communication of results can help alleviate distress [246]. It is important that serious findings are acted on
immediately and indeterminate findings followed up as required [247].

Communication of normal results should be accompanied by information about continued risk of lung
cancer (which may be provided as a percentage based on a multivariable model) in order to mitigate
possible over-reassurance of patients. Patients who were allocated to follow-up scans or referrals to MDT
boards were more likely to experience psychological distress [248]. The importance of not ignoring red
flag symptoms and the importance of not smoking should be emphasised. A number of commercially
available software tools are available to help generate result notification letters, among other functions [18].

https://doi.org/10.1183/13993003.00128-2023 18

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.



Form of communication
Letters are a commonly used form of informing patients. In the UK SUMMIT study involving 1900
participants, 82.8% were satisfied with receiving their results by letter. 86.3% stated it was their preferred
communication method. Patients from less deprived socioeconomic quintiles were more likely to report
that the letter contained insufficient information; elderly individuals (over 70 years old) were less likely to
do so [249]. A qualitative investigation among patients and healthcare providers involved in LCS
programmes revealed that even among patients with normal findings, patients would have preferred a
conversation over a letter, while physicians thought the letter to be sufficient [241]. There is tension
between clinicians’ preference for efficiency and patients’ strong preference for a conversation. In the
setting of incidental nodules, patient-centred communication is associated with lower distress and greater
adherence to evaluation [250, 251]. Information may also be integrated with smoking cessation advice
[109, 252].

Summary
Communication of results is a key point in the participant pathway and provides an opportunity for
support, education and encouragement to continue with the screening process. Although time- and
resource-efficient methods are often preferred, these may not be appropriate when communicating
indeterminate or unclear results. There appears to be some disparity in the views of participants and
healthcare professionals on the method and type of information needed, which is the subject of ongoing
and future research [78].

Communication of results standards
49) Communication of results for each finding needs to be systematically designed for local populations,

with local patient representative input.
50) The outcome should be communicated within a timeframe not exceeding 4 weeks from the LDCT.
51) Communication of negative and indeterminate findings can be via mail with an offer of support via

telephone or videocall. Communications should include a reminder of the symptoms of lung cancer
and the importance of smoking cessation.

52) Communication of positive findings should be face to face, usually within an urgent clinic.
53) Feedback from participants should be collected via a formal process and the results used to improve

the participant experience.

Data management
Evidence review
The evidence reviewed was limited to data management systems which have been used in LCS trials or
programmes. Six full texts were reviewed, of which three were included as they mentioned data
management approaches [12, 18, 253]. They comprised one protocol document, one expert summary and
one implementation pilot. Two websites about specific data management systems currently available for
LCS were also accessed as part of this process, alongside one Bill (H.R.107 – Lung Cancer Screening
Registry and Quality Improvement Act of 2021) which is currently undergoing review in the US Congress,
and the website for the Centers for Medicare & Medicaid Services (CMS) [254–257].

Systems that allow administration, registration of data and monitoring of participants in a screening
programme in an integrated solution are optimal. A good data management system provides structured and
automated data collection which enables participants to be identified and tracked throughout the screening
programme. Integration with imaging platforms, ideally with an all-in-one, end-to-end software solution is
ideal. Data management systems that collect data in a format that facilitates submission, ideally in
real-time, to national datasets for analysis, allow continuous monitoring and mitigation of clinical risks.
The data management system must also adhere to information governance and General Data Protection
Regulation requirements.

Data management systems are required to have a minimum mandatory dataset, which is agreed in advance
and may be updated. Two publications have suggested data items to be included in a minimum dataset,
which are summarised in supplementary appendix G [12, 255]. However, the CMS have subsequently
removed the requirement for imaging facilities to participate in a CMS-approved screening registry, along
with the minimum required data elements, pending the outcome of US Congress Bill H.R.107.

Commercial bespoke data management programmes are currently available and many more are in
development [256, 257]. US Congress Bill H.R.107 seeks to establish grant programmes and requirements
for registries that collect data from LCS under Medicare. It aims to provide funding to help establish free
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registries, with the requirement that these registries are interoperable. The Bill also provides grants to
support the development of related quality measures for LCS [254].

Quality metrics
The data management system must collect data required to provide the performance metrics for the
programme. A detailed report on quality metrics for US LCS was published in 2021 [258]. From 30
suggested metrics, seven items achieved consensus for inclusion, but performance targets were not agreed
for any. A suggested collection of performance metrics is provided in table 3.

Data management standards
54) An end-to-end, validated data management system is the optimum system for an organised LCS

programme.
55) Data management systems must be supported by an agreed national minimum dataset that allows

regular centralised audit and reporting of key outcome metrics (table 3).
56) Data management systems have to adhere to information governance and General Data Protection

Regulation regulations.

Conclusions
The extensive literature review completed for this collaborative ERS Task Force provided the basis for a
technical standard that will be an important reference for LCS programmes at all stages of development. It
will help those tasked with implementation to negotiate with policymakers, stakeholders and funders for
the best financial and structural environment to achieve a high-quality programme. Furthermore, the
standard will foster common best practice across Europe and facilitate international comparisons on
programme performance, with optimisation a likely outcome.
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TABLE 3 Key performance indicators

Invitation and attendance:
proportion and total
number

Proportion of eligible age range identified as ever-smokers from registry or questionnaire
Proportion of ever-smokers who undergo lung cancer risk assessment
Proportion of ever-smokers who are eligible for LDCT and invited
Proportion attending for CT scan if high risk and invited for screening

Smoking cessation Proportion of people attending for LDCT and are current smokers who are offered smoking cessation advice
Proportion of current smokers meeting smoking cessation practitioner
Proportion of current smokers attending screening who report quitting at 12 months

Screening outcome (all
screened)

Proportion of participants screened who receive screening results within 4 weeks
Proportion of participants screened with indeterminate findings
Proportion of participants screened with referral for incidental findings
Proportion of participants screened recalled for interim surveillance CT (prevalence/incidence)
Proportion of participants undergoing further investigation other than surveillance CT
Proportion of participants screened attending an urgent cancer clinic or similar
Proportion of participants with screen-detected lung cancer stage I/II
Proportion of participants who have surgery for adenocarcinoma in situ and atypical adenomatous hyperplasia
Proportion of participants who develop interval lung cancers
Proportion of participants with lung cancer undergoing treatment with curative intent
Proportion of participants with suspected lung cancer undergoing invasive test(s) for benign disease
Proportion of participants who have surgery for suspected lung cancer that have lung resections for benign disease
Proportion of participants referred for surgery who undergo surgery within 4 weeks from referral
Proportion of cancers diagnosed after surveillance at stage IB and higher

Ongoing screening Proportion of participants remaining eligible who attend for next screen within 6 months of intended interval

(LD)CT: (low-dose) computed tomography.

https://doi.org/10.1183/13993003.00128-2023 20

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.



submitted work. H. Ashraf declares a grant from the Norwegian Cancer Society, outside of the work. G. Veronesi
declares consulting fees/advisory boards for/from Roche, Medronic, Ab Medica and AstraZeneca, and grants from
the Ministry of Health, AIRC and INAIL, outside the submitted work. T.G. Blum declares a grant from the EU4
Health consortium, outside the submitted work. All other authors have no conflicts of interest to declare.

Support statement: Supported by the European Respiratory Society (grant: TF-2020-18). Funding information for
this article has been deposited with the Crossref Funder Registry.

References
1 Scientific Advice for Policy by European Academies (SAPEA). Improving cancer screening in the European

Union. Accessed evidence report 10. 2022. https://sapea.info/wp-content/uploads/cancer-screening-report.
pdf Date last accessed: 13 April 2023.

2 Council of the European Union. Proposal for a Council Recommendation on strengthening prevention
through early detection: a new EU approach on cancer screening replacing Council Recommendation 2003/
878/EC. 2022. https://health.ec.europa.eu/document/download/9b904a22-41bd-45b6-9a79-d3ac6d48ba19_en?
filename=com_2022-474_act_en.pdf Date last accessed: 13 April 2023.

3 Kauczor HU, Bonomo L, Gaga M, et al. ESR/ERS white paper on lung cancer screening. Eur Respir J 2015; 46:
28–39.

4 Oudkerk M, Devaraj A, Vliegenthart R, et al. European position statement on lung cancer screening. Lancet
Oncol 2017; 18: e754–e766.

5 Kauczor HU, Baird AM, Blum TG, et al. ESR/ERS statement paper on lung cancer screening. Eur Respir J
2020; 55: 1900506.

6 International Early Lung Cancer Action Program. International Early Lung Cancer Action Program: Screening
Protocol. 2023. www.ielcap.org/wp-content/uploads/2023/04/I-ELCAP-protocol.pdf Date last accessed: 15
May 2023.

7 Wiener RS, Gould MK, Arenberg DA, et al. An official American Thoracic Society/American College of Chest
Physicians policy statement: implementation of low-dose computed tomography lung cancer screening
programs in clinical practice. Am J Respir Crit Care Med 2015; 192: 881–891.

8 Mazzone PJ, Silvestri GA, Patel S, et al. Screening for lung cancer: CHEST Guideline and Expert Panel
Report. Chest 2018; 153: 954–985.

9 Thomson CC, McKee AB. American Thoracic Society/American Lung Association lung cancer screening
implementation guide. Am J Respir Crit Care Med 2018; 198: 1120–1121.

10 American Thoracic Society/American Lung Association. American Thoracic Society/American Lung
Association lung cancer screening implementation guide. 2018. www.lungcancerscreeningguide.org Date last
accessed: 22 August 2022.

11 NHS England – National Cancer Programme. Targeted screening for lung cancer with low radiation dose
computed tomography. Quality assurance standards prepared for the Targeted Lung Health Checks programme.
2019. www.england.nhs.uk/wp-content/uploads/2019/02/B1647-quality-assurance-standards-targeted-lung-
health-checks-programme-v2.pdf Date last accessed: 22 August 2022.

12 NHS England – National Cancer Programme. Targeted screening for lung cancer with low radiation dose
computed tomography. Standard protocol prepared for the Targeted Lung Health Checks Programme. 2019.
www.england.nhs.uk/wp-content/uploads/2019/02/B1646-standard-protocol-targeted-lung-health-checks-pro
gramme-v2.pdf Date last accessed: 22 August 2022.

13 American College of Radiology. Lung RADS v 1.1. 2019. www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/
LungRADSAssessmentCategoriesv1-1.pdf Date last accessed: 22 August 2022.

14 Callister ME, Baldwin DR, Akram AR, et al. British Thoracic Society guidelines for the investigation and
management of pulmonary nodules. Thorax 2015; 70: Suppl. 2, ii1–ii54.

15 Fucito LM, Czabafy S, Hendricks PS, et al. Pairing smoking-cessation services with lung cancer screening: a
clinical guideline from the Association for the Treatment of Tobacco Use and Dependence and the Society
for Research on Nicotine and Tobacco. Cancer 2016; 122: 1150–1159.

16 Li J, Chung S, Martinez MC, et al. Smoking-cessation interventions after lung cancer screening guideline
change. Am J Prev Med 2020; 59: 88–97.

17 Organisation for Economic Co-operation and Development. OECD Stat. 2021. https://stats.oecd.org Date last
accessed: 1 October 2021.

18 Fintelmann FJ, Bernheim A, Digumarthy SR, et al. The 10 pillars of lung cancer screening: rationale and
logistics of a lung cancer screening program. Radiographics 2015; 35: 1893–1908.

19 Garrido P, Sánchez M, Belda Sanchis J, et al. Reflections on the implementation of low-dose computed
tomography screening in individuals at high risk of lung cancer in Spain. Arch Bronconeumol 2017; 53:
568–573.

20 Darling GE, Tammemagi MC, Schmidt H, et al. Organized lung cancer screening pilot: informing a
province-wide program in Ontario, Canada. Ann Thorac Surg 2021; 111: 1805–1811.

https://doi.org/10.1183/13993003.00128-2023 21

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

https://www.crossref.org/services/funder-registry/
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
https://sapea.info/wp-content/uploads/cancer-screening-report.pdf
http://www.lungcancerscreeningguide.org
http://www.england.nhs.uk/wp-content/uploads/2019/02/B1647-quality-assurance-standards-targeted-lung-health-checks-programme-v2.pdf
http://www.england.nhs.uk/wp-content/uploads/2019/02/B1647-quality-assurance-standards-targeted-lung-health-checks-programme-v2.pdf
http://www.england.nhs.uk/wp-content/uploads/2019/02/B1646-standard-protocol-targeted-lung-health-checks-programme-v2.pdf
http://www.england.nhs.uk/wp-content/uploads/2019/02/B1646-standard-protocol-targeted-lung-health-checks-programme-v2.pdf
http://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
http://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
http://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
http://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
http://www.acr.org/-/media/ACR/Files/RADS/Lung-RADS/LungRADSAssessmentCategoriesv1-1.pdf
https://stats.oecd.org
https://stats.oecd.org


21 McKee BJ, McKee AB, Kitts AB, et al. Low-dose computed tomography screening for lung cancer in a clinical
setting: essential elements of a screening program. J Thorac Imaging 2015; 30: 115–129.

22 Shields LBE, Wilkett Barnes JG, Buckley C, et al. Multidisciplinary approach to low-dose CT screening for
lung cancer in a metropolitan community. Fam Pract 2020; 37: 25–29.

23 Spalluto LB, Lewis JA, Stolldorf D, et al. Organizational readiness for lung cancer screening: a
cross-sectional evaluation at a Veterans Affairs Medical Center. J Am Coll Radiol 2021; 18: 809–819.

24 Weeks DL, Polello JM, Hansen DT, et al. Measuring primary care organizational capacity for diabetes care
coordination: the Diabetes Care Coordination Readiness Assessment. J Gen Intern Med 2014; 29: 98–103.

25 Allen CG, Cotter MM, Smith RA, et al. Successes and challenges of implementing a lung cancer screening
program in federally qualified health centers: a qualitative analysis using the Consolidated Framework for
Implementation Research. Transl Behav Med 2021; 11: 1088–1098.

26 Parchman ML, Anderson ML, Coleman K, et al. Assessing quality improvement capacity in primary care
practices. BMC Fam Pract 2019; 20: 103.

27 Smieliauskas F, MacMahon H, Salgia R, et al. Geographic variation in radiologist capacity and widespread
implementation of lung cancer CT screening. J Med Screen 2014; 21: 207–215.

28 Stang A, Schuler M, Kowall B, et al. Lung cancer screening using low dose CT scanning in Germany.
Extrapolation of results from the National Lung Screening Trial. Dtsch Arztebl Int 2015; 112: 637–644.

29 Rodin D, Grover S, Xu MJ, et al. Radiotherapeutic management of non-small cell lung cancer in the minimal
resource setting. J Thorac Oncol 2016; 11: 21–29.

30 Blom EF, Ten Haaf K, Arenberg DA, et al. Treatment capacity required for full-scale implementation of lung
cancer screening in the United States. Cancer 2019; 125: 2039–2048.

31 Aguilar Martin C, Goncalves AQ, Lopez-Pablo C, et al. Ten-year follow-up of clinical governance
implementation in primary care: improving screening, diagnosis and control of cardiovascular risk factors.
Int J Environ Res Public Health 2019; 16: 4299.

32 Sturdy S, Miller F, Hogarth S, et al. Half a century of Wilson & Jungner: reflections on the governance of
population screening. Wellcome Open Res 2020; 5: 158.

33 Blum TG, Rich A, Baldwin D, et al. The European initiative for quality management in lung cancer care. Eur
Respir J 2014; 43: 1254–1277.

34 Rich AL, Baldwin DR, Beckett P, et al. ERS statement on harmonised standards for lung cancer registration
and lung cancer services in Europe. Eur Respir J 2018; 52: 1800610.

35 Hunger T, Wanka-Pail E, Brix G, et al. Lung cancer screening with low-dose CT in smokers: a systematic
review and meta-analysis. Diagnostics 2021; 11: 5.

36 Institute for Quality and Efficiency in Health Care. Lung cancer screening with low-dose computed
tomography. 2020. www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-
report_v1-0.pdf Date last accessed: 13 April 2023.

37 Lee J, Lim J, Kim Y, et al. Development of protocol for Korean Lung Cancer Screening Project (K-LUCAS) to
evaluate effectiveness and feasibility to implement national cancer screening program. Cancer Res Treat
2019; 51: 1285–1294.

38 Couraud S, Cortot AB, Greillier L, et al. From randomized trials to the clinic: is it time to implement
individual lung-cancer screening in clinical practice? A multidisciplinary statement from French experts on
behalf of the French intergroup (IFCT) and the groupe d’Oncologie de langue francaise (GOLF). Ann Oncol
2013; 24: 586–597.

39 Rzyman W, Didkowska J, Dziedzic R, et al. Consensus statement on a screening programme for the
detection of early lung cancer in Poland. Adv Respir Med 2018; 86: 53–74.

40 van Meerbeeck JP, Franck C. Lung cancer screening in Europe: where are we in 2021? Transl Lung Cancer
Res 2021; 10: 2407–2417.

41 van der Aalst CM, Ten Haaf K, de Koning HJ. Implementation of lung cancer screening: what are the main
issues? Transl Lung Cancer Res 2021; 10: 1050–1063.

42 van der Aalst CM, Ten Haaf K, de Koning HJ. Lung cancer screening: latest developments and unanswered
questions. Lancet Respir Med 2016; 4: 749–761.

43 Shieh Y, Bohnenkamp M. Low-dose CT scan for lung cancer screening: clinical and coding considerations.
Chest 2017; 152: 204–209.

44 Rankin NM, McWilliams A, Marshall HM. Lung cancer screening implementation: complexities and priorities.
Respirology 2020; 25: Suppl. 2, 5–23.

45 Paci E. The narrow path to organized LDCT lung cancer screening programs in Europe. J Thorac Dis 2018;
10: 4556–4564.

46 Mazzone PJ. Obstacles to and solutions for a successful lung cancer screening program. Semin Respir Crit
Care Med 2016; 37: 659–669.

47 Martini K, Chassagnon G, Frauenfelder T, et al. Ongoing challenges in implementation of lung cancer
screening. Transl Lung Cancer Res 2021; 10: 2347–2355.

https://doi.org/10.1183/13993003.00128-2023 22

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf
http://www.iqwig.de/download/s19-02_lung-cancer-screening-with-low-dose-ct_extract-of-final-report_v1-0.pdf


48 Lam S, Tammemagi M. Contemporary issues in the implementation of lung cancer screening. Eur Respir Rev
2021; 30: 200288.

49 Jacobson FL, Jaklitsch MT. Computed tomography scanning for early detection of lung cancer. Annu Rev
Med 2018; 69: 235–245.

50 Goulart BH, Ramsey SD. Moving beyond the National Lung Screening Trial: discussing strategies for
implementation of lung cancer screening programs. Oncologist 2013; 18: 941–946.

51 Armstrong K, Kim JJ, Halm EA, et al. Using lessons from breast, cervical, and colorectal cancer screening to
inform the development of lung cancer screening programs. Cancer 2016; 122: 1338–1342.

52 Rzyman W, Szurowska E, Adamek M. Implementation of lung cancer screening at the national level: Polish
example. Transl Lung Cancer Res 2019; 8: S95–S105.

53 Oudkerk M, Liu S, Heuvelmans MA, et al. Lung cancer LDCT screening and mortality reduction – evidence,
pitfalls and future perspectives. Nat Rev Clin Oncol 2021; 18: 135–151.

54 Guessous I, Cornuz J. Why and how would we implement a lung cancer screening program? Public Health
Rev 2015; 1: 10.

55 Field JK, Hansell DM, Duffy SW, et al. CT screening for lung cancer: countdown to implementation. Lancet
Oncol 2013; 14: e591–e600.

56 Bade BC, Brasher PB, Luna BW, et al. Reviewing lung cancer screening: the who, where, when, why, and
how. Clin Chest Med 2018; 39: 31–43.

57 Sands J, Tammemagi MC, Couraud S, et al. Lung screening benefits and challenges: a review of the data
and outline for implementation. J Thorac Oncol 2021; 16: 37–53.

58 Veronesi G, Baldwin DR, Henschke CI, et al. Recommendations for implementing lung cancer screening with
low-dose computed tomography in Europe. Cancers 2020; 12: 1672.

59 Carlos RC, Sicks JD, Chiles C, et al. Lung Cancer Screening in the National Cancer Institute Community
Oncology Research Program: availability and service organization. J Am Coll Radiol 2019; 16: 427–434.

60 Gould MK, Sakoda LC, Ritzwoller DP, et al. Monitoring lung cancer screening use and outcomes at four
cancer research network sites. Ann Am Thorac Soc 2017; 14: 1827–1835.

61 McKee BJ, McKee AB, Flacke S, et al. Initial experience with a free, high-volume, low-dose CT lung cancer
screening program. J Am Coll Radiol 2013; 1: 586–592.

62 Rosen MP, Corey J, Siewert B. Establishing a computed tomography screening clinic. J Thorac Imaging 2012;
27: 220–223.

63 Balata H, Ruparel M, O’Dowd E, et al. Analysis of the baseline performance of five UK lung cancer screening
programmes. Lung Cancer 2021; 161: 136–140.

64 Kazerooni EA, Armstrong MR, Amorosa JK, et al. ACR CT accreditation program and the lung cancer
screening program designation. J Am Coll Radiol 2016; 1: R30–R34.

65 British Society of Thoracic Imaging and Royal College of Radiologists. Considerations to ensure optimum
roll-out of targeted lung cancer screening over the next five years. 2022. www.rcr.ac.uk/sites/default/files/
final_pdf_considerations_to_ensure_optimum_roll-out_of_targeted_lung_cancer_screening.pdf Date last
accessed: 26 September 2022.

66 Bundesamt für Strahlenschutz. Bericht Lungenkrebsfrüherkennung mittels LDCT – Wissenschaftliche
Bewertung des Bundesamtes für Strahlenschutz gemäß § 84 Absatz 3 Strahlenschutzgesetz. [Early detection
of lung cancer using low-dose computed tomography – Scientific assessment by the Federal Office for
Radiation Protection in accordance with § 84 Paragraph 3 of the Radiation Protection Act.] 2021. www.bfs.
de/SharedDocs/Pressemitteilungen/BfS/EN/2021/013.html Date last accessed: 13 April 2023.

67 Agencja Oceny Technologii Medycznych i Taryfikacji. Rekomendacja nr 10/2020 z dnia 30 listopada 2020
Prezesa Agencji Oceny Technologii Medycznych i Taryfikacji w sprawie zalecanych technologii medycznych,
działań przeprowadzanych w ramach programów polityki zdrowotnej oraz warunków realizacji tych
programów, dotyczących wykrywania raka płuca. [Recommendation No. 10/2020 of November 30, 2020 of
the President of the Agency for Health Technology Assessment and Tariffication on recommended medical
technologies, activities carried out under health policy programs and the conditions for the implementation
of these programs regarding the detection of lung cancer.] 2020. https://bipold.aotm.gov.pl/assets/files/ppz/
2020/REK/10_2020.pdf Date last accessed: 13 April 2023.

68 Ogólnopolski Program Wczesnego Wykrywania Raka Płuca. Ogólnopolski Program Wczesnego Wykrywania
Raka Płuca (WWRP) za Pomocą Niskodawkowej Tomografii Komputerowej (NDTK) – połączenie prewencji
wtórnej z pierwotną w celupoprawy świadomości dotyczącej raka płuca wśród społeczeństwa i personelu
ochrony zdrowia. [National Program for Early Detection of Lung Cancer (WWRP) using low-dose computed
tomography (LDCT) – combining secondary and primary prevention to improve lung cancer awareness
among the public and health care personnel.] 2021. www.power.gov.pl/media/72320/Zalacznik_17_
Ogolnopolski_Program_WWRP.pdf Date last accessed: 13 April 2023.

69 UK National Screening Committee. UK NSC recommendations on targeted screening for lung cancer. 2022.
https://view-health-screening-recommendations.service.gov.uk/lung-cancer Date last accessed: 10 November 22.

https://doi.org/10.1183/13993003.00128-2023 23

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.rcr.ac.uk/sites/default/files/final_pdf_considerations_to_ensure_optimum_roll-out_of_targeted_lung_cancer_screening.pdf
http://www.rcr.ac.uk/sites/default/files/final_pdf_considerations_to_ensure_optimum_roll-out_of_targeted_lung_cancer_screening.pdf
http://www.rcr.ac.uk/sites/default/files/final_pdf_considerations_to_ensure_optimum_roll-out_of_targeted_lung_cancer_screening.pdf
http://www.bfs.de/SharedDocs/Pressemitteilungen/BfS/EN/2021/013.html
http://www.bfs.de/SharedDocs/Pressemitteilungen/BfS/EN/2021/013.html
http://www.power.gov.pl/media/72320/Zalacznik_17_Ogolnopolski_Program_WWRP.pdf
http://www.power.gov.pl/media/72320/Zalacznik_17_Ogolnopolski_Program_WWRP.pdf
https://view-health-screening-recommendations.service.gov.uk/lung-cancer
https://view-health-screening-recommendations.service.gov.uk/lung-cancer
https://view-health-screening-recommendations.service.gov.uk/lung-cancer
https://view-health-screening-recommendations.service.gov.uk/lung-cancer
https://view-health-screening-recommendations.service.gov.uk/lung-cancer
https://view-health-screening-recommendations.service.gov.uk/lung-cancer


70 Jemal A, Fedewa SA. Lung cancer screening with low-dose computed tomography in the United States –
2010 to 2015. JAMA Oncol 2017; 3: 1278–1281.

71 Zahnd WE, Eberth JM. Lung cancer screening utilization: a behavioral risk factor surveillance system
analysis. Am J Prev Med 2019; 57: 250–255.

72 Zgodic A, Zahnd WE, Advani S, et al. Low-dose CT lung cancer screening uptake: a rural–urban comparison.
J Rural Health 2022; 38: 40–53.

73 Narayan AK, Gupta Y, Little BP, et al. Lung cancer screening eligibility and use with low-dose computed
tomography: results from the 2018 Behavioral Risk Factor Surveillance System cross-sectional survey. Cancer
2021; 127: 748–756.

74 Tailor TD, Tong BC, Gao J, et al. Utilization of lung cancer screening in the Medicare fee-for-service
population. Chest 2020; 158: 2200–2210.

75 Ali N, Lifford KJ, Carter B, et al. Barriers to uptake among high-risk individuals declining participation in
lung cancer screening: a mixed methods analysis of the UK Lung Cancer Screening (UKLS) trial. BMJ Open
2015; 5: e008254.

76 Quaife SL, Waller J, Dickson JL, et al. Psychological targets for lung cancer screening uptake: a prospective
longitudinal cohort study. J Thorac Oncol 2021; 16: 2016–2028.

77 Wang GX, Baggett TP, Pandharipande PV, et al. Barriers to lung cancer screening engagement from the
patient and provider perspective. Radiology 2019; 290: 278–287.

78 Ruparel M, Quaife S, Baldwin D, et al. Defining the information needs of lung cancer screening participants:
a qualitative study. BMJ Open Respir Res 2019; 6: e000448.

79 See K, Manser R, Park ER, et al. The impact of perceived risk, screening eligibility and worry on preference
for lung cancer screening: a cross-sectional survey. ERJ Open Res 2020; 6: 00158-2019.

80 Carter-Harris L, Brandzel S, Wernli KJ, et al. A qualitative study exploring why individuals opt out of lung
cancer screening. Fam Pract 2017; 34: 239–244.

81 Schutte S, Dietrich D, Montet X, et al. Participation in lung cancer screening programs: are there gender and
social differences? A systematic review. Public Health Rev 2018; 39: 23.

82 Baldwin DR, Brain K, Quaife S. Participation in lung cancer screening. Transl Lung Cancer Res 2021; 10:
1091–1098.

83 McRonald FE, Yadegarfar G, Baldwin DR, et al. The UK Lung Screen (UKLS): demographic profile of first
88,897 approaches provides recommendations for population screening. Cancer Prev Res 2014; 7: 362–371.

84 Sahar L, Douangchai Wills VL, Liu KK, et al. Using geospatial analysis to evaluate access to lung cancer
screening in the United States. Chest 2021; 159: 833–844.

85 Crosbie PA, Balata H, Evison M, et al. Implementing lung cancer screening: baseline results from a
community-based ‘Lung Health Check’ pilot in deprived areas of Manchester. Thorax 2019; 74: 405–409.

86 Crosbie PA, Gabe R, Simmonds I, et al. Yorkshire Lung Screening Trial (YLST): protocol for a randomised
controlled trial to evaluate invitation to community-based low-dose CT screening for lung cancer versus
usual care in a targeted population at risk. BMJ Open 2020; 10: e037075.

87 Rohatgi KW, Marx CM, Lewis-Thames MW, et al. Urban–rural disparities in access to low-dose computed
tomography lung cancer screening in Missouri and Illinois. Prev Chronic Dis 2020; 17: E140.

88 Raju S, Khawaja A, Han X, et al. Lung cancer screening: characteristics of nonparticipants and potential
screening barriers. Clin Lung Cancer 2020; 21: e329–e336.

89 Martin AN, Hassinger TE, Kozower BD, et al. Disparities in lung cancer screening availability: lessons from
Southwest Virginia. Ann Thorac Surg 2019; 108: 412–416.

90 Balata H, Tonge J, Barber PV, et al. Attendees of Manchester’s Lung Health Check pilot express a preference
for community-based lung cancer screening. Thorax 2019; 74: 1176–1178.

91 Bartlett EC, Kemp SV, Ridge CA, et al. Baseline results of the West London lung cancer screening pilot study
– impact of mobile scanners and dual risk model utilisation. Lung Cancer 2020; 148: 12–19.

92 Field JK, Duffy SW, Baldwin DR, et al. UK Lung Cancer RCT pilot screening trial: baseline findings from the
screening arm provide evidence for the potential implementation of lung cancer screening. Thorax 2016; 71:
161–170.

93 van Iersel CA, de Koning HJ, Draisma G, et al. Risk-based selection from the general population in a
screening trial: selection criteria, recruitment and power for the Dutch-Belgian randomised lung cancer
multi-slice CT screening trial (NELSON). Int J Cancer 2007; 120: 868–874.

94 Veronesi G, Colombo P, Novellis P, et al. Pilot study on use of home telephoning to identify and recruit
high-risk individuals for lung cancer screening. Lung Cancer 2017; 105: 39–41.

95 Quaife SL, Ruparel M, Beeken RJ, et al. The Lung Screen Uptake Trial (LSUT): protocol for a randomised
controlled demonstration lung cancer screening pilot testing a targeted invitation strategy for high risk and
‘hard-to-reach’ patients. BMC Cancer 2016; 16: 281.

96 Ghimire B, Maroni R, Vulkan D, et al. Evaluation of a health service adopting proactive approach to reduce
high risk of lung cancer: the Liverpool Healthy Lung Programme. Lung Cancer 2019; 134: 66–71.

https://doi.org/10.1183/13993003.00128-2023 24

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.



97 Grover H, Ross T, Fuller E. Implementation of targeted screening for lung cancer in a high-risk population
within routine NHS practice using low-dose computed tomography. Thorax 2020; 75: 348–350.

98 Quaife SL, Ruparel M, Dickson JL, et al. Lung Screen Uptake Trial (LSUT): randomized controlled clinical trial
testing targeted invitation materials. Am J Respir Crit Care Med 2020; 201: 965–975.

99 Cole AM, Pflugeisen B, Schwartz MR, et al. Cross sectional study to assess the accuracy of electronic health
record data to identify patients in need of lung cancer screening. BMC Res Notes 2018; 11: 14.

100 O’Brien MA, Sullivan F, Carson A, et al. Piloting electronic screening forms in primary care: findings from a
mixed methods study to identify patients eligible for low dose CT lung cancer screening. BMC Fam Pract
2017; 18: 95.

101 Li J, Chung S, Wei EK, et al. New recommendation and coverage of low-dose computed tomography for
lung cancer screening: uptake has increased but is still low. BMC Health Serv Res 2018; 18: 525.

102 Fabbrini AE, Lillie SE, Partin MR, et al. Initial results of a lung cancer screening demonstration project: a
local program evaluation. Am J Manag Care 2018; 24: 272–277.

103 Lee J, Kim Y, Kim HY, et al. Feasibility of implementing a national lung cancer screening program: interim
results from the Korean Lung Cancer Screening Project (K-LUCAS). Transl Lung Cancer Res 2021; 10:
723–736.

104 Zhao Y, Huo J, Prosperi M, et al. Exploring lung cancer screening discussions on Twitter. Stud Health
Technol Inform 2019; 264: 2011–2012.

105 Fagan HB, Fournakis NA, Jurkovitz C, et al. Telephone-based shared decision-making for lung cancer
screening in primary care. J Cancer Educ 2020; 35: 766–773.

106 Hudson JN, Quinn GP, Wilson LE, et al. Evaluation of promotional materials to promote low-dose computed
tomography (LDCT) screening to high-risk consumers and health care providers. J Cancer Educ 2018; 33:
1043–1051.

107 Henschke CI, Yankelevitz DF, Jirapatnakul A, et al. Implementation of low-dose CT screening in two different
health care systems: Mount Sinai Healthcare System and Phoenix VA Health Care System. Transl Lung
Cancer Res 2021; 10: 1064–1082.

108 Waddle MR, Ko SJ, May J, et al. Improving identification of candidates for lung cancer screening in a high
risk population. Lung Cancer 2020; 148: 79–85.

109 Raz DJ, Ismail MH, Haupt EC, et al. Improving utilization of lung cancer screening through incorporating a
video-based educational tool into smoking cessation counseling. Clin Lung Cancer 2021; 22: 83–91.

110 Williams RM, Beck KH, Butler J 3rd, et al. Lung cancer screening decisional needs among African American
smokers of lower socioeconomic status. Ethnicity Health 2020; 27: 565–583.

111 Williams RM, Beck KH, Butler J 3rd, et al. Development of decisional values statements for lung cancer
screening among African American Smokers. J Cancer Educ 2020; 35: 412–418.

112 Tailor TD, Farrow NE, Gao J, et al. Lung cancer screening eligibility and use: a population health perspective
of one community. N C Med J 2021; 82: 321–326.

113 Steiling K, Loui T, Asokan S, et al. Age, race, and income are associated with lower screening rates at a
safety net hospital. Ann Thorac Surg 2020; 109: 1544–1550.

114 Poghosyan H, Fortin D, Moen EL, et al. Differences in uptake of low-dose CT scan for lung cancer among
White and Black adult smokers in the United States – 2017. J Health Care Poor Underserved 2021; 32:
165–178.

115 Matthews AK, McCabe SE, Lee JGL, et al. Differences in smoking prevalence and eligibility for low-dose
computed tomography (LDCT) lung cancer screening among older U.S. adults: role of sexual orientation.
Cancer Causes Control 2018; 29: 769–774.

116 Veliz P, Matthews AK, Arslanian-Engoren C, et al. LDCT lung cancer screening eligibility and use of CT scans
for lung cancer among sexual minorities. Cancer Epidemiol 2019; 60: 51–54.

117 Raghavan D, Wheeler M, Doege D, et al. Initial results from mobile low-dose computerized tomographic lung
cancer screening unit: improved outcomes for underserved populations. Oncologist 2020; 25: e777–e781.

118 Kovalchik SA, Tammemagi M, Berg CD, et al. Targeting of low-dose CT screening according to the risk of
lung-cancer death. N Engl J Med 2013; 369: 245–254.

119 UK National Screening Committee. Definitions applied to screening. 2022. www.gov.uk/government/
organisations/uk-national-screening-committee Date last accessed: 13 April 2023.

120 National Lung Screening Trial Research Team. Reduced lung-cancer mortality with low-dose computed
tomographic screening. N Engl J Med 2011; 365: 395–409.

121 de Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced lung-cancer mortality with volume CT screening
in a randomized trial. N Engl J Med 2020; 382: 503–513.

122 Ten Haaf K, Jeon J, Tammemagi MC, et al. Risk prediction models for selection of lung cancer screening
candidates: a retrospective validation study. PLoS Med 2017; 14: e1002277.

123 Wilson DO, Weissfeld J. A simple model for predicting lung cancer occurrence in a lung cancer screening
program: the Pittsburgh Predictor. Lung Cancer 2015; 89: 31–37.

https://doi.org/10.1183/13993003.00128-2023 25

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.gov.uk/government/organisations/uk-national-screening-committee
http://www.gov.uk/government/organisations/uk-national-screening-committee
http://www.gov.uk/government/organisations/uk-national-screening-committee
http://www.gov.uk/government/organisations/uk-national-screening-committee
http://www.gov.uk/government/organisations/uk-national-screening-committee


124 Winkler Wille MM, van Riel SJ, Saghir Z, et al. Predictive accuracy of the PanCan lung cancer risk prediction
model – external validation based on CT from the Danish Lung Cancer Screening Trial. Eur Radiol 2015; 25:
3093–3099.

125 Tammemagi MC, Schmidt H, Martel S, et al. Participant selection for lung cancer screening by risk
modelling (the Pan-Canadian Early Detection of Lung Cancer [PanCan] study): a single-arm, prospective
study. Lancet Oncol 2017; 18: 1523–1531.

126 Baldwin DR, Duffy SW, Wald NJ, et al. UK Lung Screen (UKLS) nodule management protocol: modelling of a
single screen randomised controlled trial of low-dose CT screening for lung cancer. Thorax 2011; 66:
308–313.

127 Tammemagi MC, Darling GE, Schmidt H, et al. Selection of individuals for lung cancer screening based on
risk prediction model performance and economic factors – the Ontario experience. Lung Cancer 2021; 156:
31–40.

128 Maisonneuve P, Bagnardi V, Bellomi M, et al. Lung cancer risk prediction to select smokers for screening
CT – a model based on the Italian COSMOS trial. Cancer Prev Res 2011; 4: 1778–1789.

129 US Preventive Services Task Force. Screening for lung cancer: US Preventive Services Task Force
Recommendation Statement. JAMA 2021; 325: 962–970.

130 Tammemagi MC, Ruparel M, Tremblay A, et al. USPSTF2013 versus PLCOm2012 lung cancer screening
eligibility criteria (International Lung Screening Trial): interim analysis of a prospective cohort study. Lancet
Oncol 2022; 23: 138–148.

131 Tammemagi MC. Selecting lung cancer screenees using risk prediction models-where do we go from here.
Transl Lung Cancer Res 2018; 7: 243–253.

132 Balata H, Blandin Knight S, Barber P, et al. Targeted lung cancer screening selects individuals at high risk of
cardiovascular disease. Lung Cancer 2018; 124: 148–153.

133 Robbins HA, Zahed H, Lebrett MB, et al. Explaining differences in the frequency of lung cancer detection
between the National Lung Screening Trial and community-based screening in Manchester, UK. Lung Cancer
2022; 171: 61–64.

134 Toumazis I, Bastani M, Han SS, et al. Risk-based lung cancer screening: a systematic review. Lung Cancer
2020; 147: 154–186.

135 Tammemagi MC, Katki HA, Hocking WG, et al. Selection criteria for lung-cancer screening. N Engl J Med
2013; 368: 728–736.

136 Tammemagi MC, Lam S. Screening for lung cancer using low dose computed tomography. BMJ 2014; 348:
g2253.

137 Roe OD, Markaki M, Tsamardinos I, et al. ‘Reduced’ HUNT model outperforms NLST and NELSON study
criteria in predicting lung cancer in the Danish screening trial. BMJ Open Respir Res 2019; 6: e000512.

138 Ostrowski M, Binczyk F, Marjanski T, et al. Performance of various risk prediction models in a large lung
cancer screening cohort in Gdansk, Poland – a comparative study. Transl Lung Cancer Res 2021; 10:
1083–1090.

139 Robbins HA, Alcala K, Swerdlow AJ, et al. Comparative performance of lung cancer risk models to define
lung screening eligibility in the United Kingdom. Br J Cancer 2021; 124: 2026–2034.

140 Katki HA, Kovalchik SA, Petito LC, et al. Implications of nine risk prediction models for selecting
ever-smokers for computed tomography lung cancer screening. Ann Intern Med 2018; 169: 10–19.

141 O’Dowd EL, Ten Haaf K, Kaur J, et al. Selection of eligible participants for screening for lung cancer using
primary care data. Thorax 2022; 77: 882–890.

142 Triplette M, Donovan LM, Crothers K, et al. Prediction of lung cancer screening eligibility using simplified
criteria. Ann Am Thorac Soc 2019; 16: 1280–1285.

143 Cheung LC, Berg CD, Castle PE, et al. Life-gained-based versus risk-based selection of smokers for lung
cancer screening. Ann Intern Med 2019; 171: 623–632.

144 Wattson DA, Hunink MG, DiPiro PJ, et al. Low-dose chest computed tomography for lung cancer screening
among Hodgkin lymphoma survivors: a cost-effectiveness analysis. Int J Radiat Oncol Biol Phys 2014; 90:
344–353.

145 Halpenny DF, Cunningham JD, Long NM, et al. Patients with a previous history of malignancy undergoing
lung cancer screening: clinical characteristics and radiologic findings. J Thorac Oncol 2016; 11: 1447–1452.

146 Wu FZ, Huang YL, Wu CC, et al. Assessment of selection criteria for low-dose lung screening CT among Asian
ethnic groups in Taiwan: from mass screening to specific risk-based screening for non-smoker lung cancer.
Clin Lung Cancer 2016; 17: e45–e56.

147 Wu X, Wen CP, Ye Y, et al. Personalized risk assessment in never, light, and heavy smokers in a prospective
cohort in Taiwan. Sci Rep 2016; 6: 36482.

148 Chien LH, Chen CH, Chen TY, et al. Predicting lung cancer occurrence in never-smoking females in Asia:
TNSF-SQ, a prediction model. Cancer Epidemiol Biomarkers Prev 2020; 29: 452–459.

149 Young RP, Hopkins RJ, Gamble GD. Clinical applications of gene-based risk prediction for lung cancer and
the central role of chronic obstructive pulmonary disease. Front Genet 2012; 3: 210.

https://doi.org/10.1183/13993003.00128-2023 26

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.



150 Lyu Z, Li N, Chen S, et al. Risk prediction model for lung cancer incorporating metabolic markers:
development and internal validation in a Chinese population. Cancer Med 2020; 9: 3983–3994.

151 Lin H, Zhong WZ, Yang XN, et al. A clinical model to estimate the pretest probability of lung cancer, based
on 1198 pedigrees in China. J Thorac Oncol 2012; 7: 1534–1540.

152 Lam VK, Scott RJ, Billings P, et al. Utility of incorporating a gene-based lung cancer risk test on uptake and
adherence in a community-based lung cancer screening pilot study. Prev Med Rep 2021; 23: 101397.

153 Hung RJ, Warkentin MT, Brhane Y, et al. Assessing lung cancer absolute risk trajectory based on a polygenic
risk model. Cancer Res 2021; 81: 1607–1615.

154 Jia G, Wen W, Massion PP, et al. Incorporating both genetic and tobacco smoking data to identify high-risk
smokers for lung cancer screening. Carcinogenesis 2021; 42: 874–879.

155 Carozzi FM, Bisanzi S, Carrozzi L, et al. Multimodal lung cancer screening using the ITALUNG biomarker
panel and low dose computed tomography. Results of the ITALUNG biomarker study. Int J Cancer 2017; 141:
94–101.

156 Welch LS, Dement JM, Cranford K, et al. Early detection of lung cancer in a population at high risk due to
occupation and smoking. Occup Environ Med 2019; 76: 137–142.

157 Dement JM, Ringen K, Hines S, et al. Lung cancer mortality among construction workers: implications for
early detection. Occup Environ Med 2020; 77: 207–213.

158 Barbone F, Barbiero F, Belvedere O, et al. Impact of low-dose computed tomography screening on lung
cancer mortality among asbestos-exposed workers. Int J Epidemiol 2018; 47: 1981–1991.

159 Carrillo MC, Alturkistany S, Roberts H, et al. Low-dose computed tomography (LDCT) in workers previously
exposed to asbestos: detection of parenchymal lung disease. J Comput Assist Tomogr 2013; 37: 626–630.

160 Maisonneuve P, Rampinelli C, Bertolotti R, et al. Low-dose computed tomography screening for lung cancer
in people with workplace exposure to asbestos. Lung Cancer 2019; 131: 23–30.

161 Ollier M, Chamoux A, Naughton G, et al. Chest CT scan screening for lung cancer in asbestos occupational
exposure: a systematic review and meta-analysis. Chest 2014; 145: 1339–1346.

162 Wiethege T, Harth V, Duell M, et al. Erweitertes Vorsorgeangebot für asbestverursachte Erkrankungen –
Sachstand und aktuelle Entwicklungen. Low-Dose HRCT-Untersuchung zur Früherkennung von
Lungentumoren. [Extended range of preventive care for diseases caused by asbestos – status and current
developments. Low-dose HRCT examination for the early detection of lung tumors.] 2016. www.dguv.de/
medien/ipa/publikationen/ipa-journale/ipa-journale2016/documents/ipa_journal_1603_hrct.pdf Date last
accessed: 13 April 2023.

163 Raji OY, Duffy SW, Agbaje OF, et al. Predictive accuracy of the Liverpool Lung Project risk model for
stratifying patients for computed tomography screening for lung cancer: a case-control and cohort
validation study. Ann Int Med 2012; 1: 242–250.

164 Field JK, Vulkan D, Davies MPA, et al. Liverpool Lung Project lung cancer risk stratification model:
calibration and prospective validation. Thorax 2021; 76: 161–168.

165 Kerpel-Fronius A, Tammemagi M, Cavic M, et al. Screening for lung cancer in individuals who never smoked:
an International Association for the Study of Lung Cancer Early Detection and Screening Committee report.
J Thorac Oncol 2022; 17: 56–66.

166 Patel BN, Langlotz CP. Beyond the AJR: “Deep learning using chest radiographs to identify high-risk smokers
for lung cancer screening computed tomography: development and validation of a prediction model”. AJR
Am J Roentgenol 2021; 217: 521.

167 Yousaf-Khan U, van der Aalst C, de Jong PA, et al. Risk stratification based on screening history: the
NELSON lung cancer screening study. Thorax 2017; 72: 819–824.

168 Balekian AA, Tanner NT, Fisher JM, et al. Factors associated with a positive baseline screening exam result
in the National Lung Screening Trial. Ann Am Thorac Soc 2016; 13: 1568–1574.

169 Patz EF Jr, Greco E, Gatsonis C, et al. Lung cancer incidence and mortality in National Lung Screening Trial
participants who underwent low-dose CT prevalence screening: a retrospective cohort analysis of a
randomised, multicentre, diagnostic screening trial. Lancet Oncol 2016; 17: 590–599.

170 Gonzalez Maldonado S, Hynes LC, Motsch E, et al. Validation of multivariable lung cancer risk prediction
models for the personalized assignment of optimal screening frequency: a retrospective analysis of data
from the German Lung Cancer Screening Intervention Trial (LUSI). Transl Lung Cancer Res 2021; 10:
1305–1317.

171 Robbins HA, Berg CD, Cheung LC, et al. Identification of candidates for longer lung cancer screening
intervals following a negative low-dose computed tomography result. J Natl Cancer Inst 2019; 111: 996–999.

172 Tammemagi MC, Ten Haaf K, Toumazis I, et al. Development and validation of a multivariable lung cancer
risk prediction model that includes low-dose computed tomography screening results: a secondary analysis
of data from the National Lung Screening Trial. JAMA Netw Open 2019; 2: e190204.

173 Veronesi G, Maisonneuve P, Rampinelli C, et al. Computed tomography screening for lung cancer: results of
ten years of annual screening and validation of cosmos prediction model. Lung Cancer 2013; 82: 426–430.

https://doi.org/10.1183/13993003.00128-2023 27

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.dguv.de/medien/ipa/publikationen/ipa-journale/ipa-journale2016/documents/ipa_journal_1603_hrct.pdf
http://www.dguv.de/medien/ipa/publikationen/ipa-journale/ipa-journale2016/documents/ipa_journal_1603_hrct.pdf
http://www.dguv.de/medien/ipa/publikationen/ipa-journale/ipa-journale2016/documents/ipa_journal_1603_hrct.pdf
http://www.dguv.de/medien/ipa/publikationen/ipa-journale/ipa-journale2016/documents/ipa_journal_1603_hrct.pdf


174 Tanner NT, Kanodra NM, Gebregziabher M, et al. The association between smoking abstinence and mortality
in the National Lung Screening Trial. Am J Respir Crit Care Med 2016; 193: 534–541.

175 Levy DE, Regan S, Perez GK, et al. Cost-effectiveness of implementing smoking cessation interventions for
patients with cancer. JAMA Netw Open 2022; 5: e2216362.

176 Zhu D, Zhao G, Wang X. Association of smoking and smoking cessation with overall and cause-specific
mortality. Am J Prev Med 2021; 60: 504–512.

177 Brain K, Carter B, Lifford KJ, et al. Impact of low-dose CT screening on smoking cessation among high-risk
participants in the UK Lung Cancer Screening Trial. Thorax 2017; 72: 912–918.

178 Moldovanu D, de Koning HJ, van der Aalst CM. Lung cancer screening and smoking cessation efforts. Transl
Lung Cancer Res 2021; 10: 1099–1109.

179 Pozzi P, Munarini E, Bravi F, et al. A combined smoking cessation intervention within a lung cancer
screening trial: a pilot observational study. Tumori 2015; 101: 306–311.

180 Gomez MM, LoBiondo-Wood G. Lung cancer screening with low-dose CT: its effect on smoking behavior.
J Adv Pract Oncol 2013; 4: 405–414.

181 van der Aalst CM, van Klaveren RJ, van den Bergh KA, et al. The impact of a lung cancer computed
tomography screening result on smoking abstinence. Eur Respir J 2011; 37: 1466–1473.

182 Cressman S, Peacock SJ, Tammemägi MC, et al. The cost-effectiveness of high-risk lung cancer screening
and drivers of program efficiency. J Thorac Oncol 2017; 12: 1210–1222.

183 Murray RL, Brain K, Britton J, et al. Yorkshire Enhanced Stop Smoking (YESS) study: a protocol for a
randomised controlled trial to evaluate the effect of adding a personalised smoking cessation intervention
to a lung cancer screening programme. BMJ Open 2020; 10: e037086.

184 Tramontano AC, Sheehan DF, McMahon PM, et al. Evaluating the impacts of screening and smoking
cessation programmes on lung cancer in a high-burden region of the USA: a simulation modelling study.
BMJ Open 2016; 6: e010227.

185 Pineiro B, Simmons VN, Palmer AM, et al. Smoking cessation interventions within the context of low-dose
computed tomography lung cancer screening: a systematic review. Lung Cancer 2016; 98: 91–98.

186 Meza R, Cao P, Jeon J, et al. Impact of joint lung cancer screening and cessation interventions under the
new recommendations of the U.S. Preventive Services Task Force. J Thorac Oncol 2022; 17: 160–166.

187 Heffner JL, Coggeshall S, Wheat CL, et al. Receipt of tobacco treatment and one-year smoking cessation
rates following lung cancer screening in the Veterans Health Administration. J Gen Intern Med 2022; 37:
1704–1712.

188 Evans WK, Gauvreau CL, Flanagan WM, et al. Clinical impact and cost-effectiveness of integrating smoking
cessation into lung cancer screening: a microsimulation model. CMAJ Open 2020; 8: E585–E592.

189 Pistelli F, Aquilini F, Falaschi F, et al. Smoking cessation in the ITALUNG lung cancer screening: what does
“teachable moment” mean? Nicotine Tob Res 2020; 22: 1484–1491.

190 Park ER, Gareen IF, Japuntich S, et al. Primary care provider-delivered smoking cessation interventions and
smoking cessation among participants in the National Lung Screening Trial. JAMA Intern Med 2015; 175:
1509–1516.

191 Villanti AC, Jiang Y, Abrams DB, et al. A cost-utility analysis of lung cancer screening and the additional
benefits of incorporating smoking cessation interventions. PLoS One 2013; 8: e71379.

192 Marshall HM, Courtney DA, Passmore LH, et al. Brief tailored smoking cessation counseling in a lung cancer
screening population is feasible: a pilot randomized controlled trial. Nicotine Tob Res 2016; 18: 1665–1669.

193 Eyestone E, Williams RM, Luta G, et al. Predictors of enrollment of older smokers in six smoking cessation
trials in the lung cancer screening setting: the Smoking Cessation at Lung Examination (SCALE)
collaboration. Nicotine Tob Res 2021; 23: 2037–2046.

194 Cao P, Jeon J, Levy DT, et al. Potential impact of cessation interventions at the point of lung cancer
screening on lung cancer and overall mortality in the United States. J Thorac Oncol 2020; 15: 1160–1169.

195 Meltzer LR, Unrod M, Simmons VN, et al. Capitalizing on a teachable moment: development of a targeted
self-help smoking cessation intervention for patients receiving lung cancer screening. Lung Cancer 2019;
130: 121–127.

196 Sly JR, Miller SJ, Li Y, et al. Low-dose computed tomography lung cancer screening as a teachable moment
for smoking cessation among African American smokers: a feasibility study. J Psychosoc Oncol 2018; 36:
784–792.

197 Poghosyan H, Kennedy Sheldon L, Cooley ME. The impact of computed tomography screening for lung
cancer on smoking behaviors: a teachable moment? Cancer Nurs 2012; 35: 446–475.

198 Murray RL. Personalized smoking cessation support in a lung cancer screening program: the Yorkshire
Enhanced Stop Smoking Study (YESS). 2022. www.ilcn.org/top-rated-abstracts-presented-during-presidential-
symposium Date last accessed: 13 April 2023.

199 Williams PJ, Philip KEJ, Gill NK, et al. Immediate, remote smoking cessation intervention in participants
undergoing a Targeted Lung Health Check: Quit Smoking Lung Health Intervention Trial, a randomized
controlled trial. Chest 2023; 163: 455–463.

https://doi.org/10.1183/13993003.00128-2023 28

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium
http://www.ilcn.org/top-rated-abstracts-presented-during-presidential-symposium


200 Hirsch EA, New ML, Brown SP, et al. Patient reminders and longitudinal adherence to lung cancer screening
in an academic setting. Ann Am Thorac Soc 2019; 16: 1329–1332.

201 Lam ACL, Aggarwal R, Cheung S, et al. Predictors of participant nonadherence in lung cancer screening
programs: a systematic review and meta-analysis. Lung Cancer 2020; 146: 134–144.

202 Kunitomo Y, Bade B, Gunderson CG, et al. Racial differences in adherence to lung cancer screening
follow-up: a systematic review and meta-analysis. Chest 2022; 161: 266–275.

203 Crosbie PA, Balata H, Evison M, et al. Second round results from the Manchester ‘Lung Health Check’
community-based targeted lung cancer screening pilot. Thorax 2019; 74: 700–704.

204 Wildstein KA, Faustini Y, Yip R, et al. Longitudinal predictors of adherence to annual follow-up in a lung
cancer screening programme. J Med Screen 2011; 18: 154–159.

205 Montes U, Seijo LM, Campo A, et al. Factors determining early adherence to a lung cancer screening
protocol. Eur Respir J 2007; 30: 532–537.

206 Barbosa EJM Jr, Yang R, Hershman M. Real-world lung cancer CT screening performance, smoking
behavior, and adherence to recommendations: Lung-RADS category and smoking status predict adherence.
AJR Am J Roentgenol 2021; 216: 919–926.

207 Moizs M, Bajzik G, Lelovics Z, et al. Characterization of individuals taking part in low dose computed
tomography (LDCT) screening program. Pathol Oncol Res 2015; 21: 1167–1173.

208 Spalluto LB, Lewis JA, LaBaze S, et al. Association of a lung screening program coordinator with adherence
to annual CT lung screening at a large academic institution. J Am Coll Radiol 2020; 17: 208–215.

209 Percac-Lima S, Ashburner JM, Rigotti NA, et al. Patient navigation for lung cancer screening among current
smokers in community health centers a randomized controlled trial. Cancer Med 2018; 7: 894–902.

210 Kummer S, Waller J, Ruparel M, et al. Mapping the spectrum of psychological and behavioural responses to
low-dose CT lung cancer screening offered within a Lung Health Check. Health Expect 2020; 23: 433–441.

211 Kummer S, Waller J, Ruparel M, et al. Psychological outcomes of low-dose CT lung cancer screening in a
multisite demonstration screening pilot: the Lung Screen Uptake Trial (LSUT). Thorax 2020; 75: 1065–1073.

212 American College of Radiology/Society of Thoracic Radiology. ACR-STR practice parameter for the
performance and reporting of lung cancer screening thoracic computed tomography (CT). 2019. www.acr.
org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf Date last accessed: 30 August 2022.

213 European Society of Thoracic Imaging. Chest CT for lung cancer screening – technical standards. 2020.
www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf Date last accessed: 30
August 2022.

214 Bundesamt für Strahlenschutz. Lungenkrebsfrüherkennung mittels Niedrigdosis-Computertomographie.
[Early detection of lung cancer using low-dose computed tomography.] 2021. https://doris.bfs.de/jspui/
bitstream/urn:nbn:de:0221-2021082028027/3/35-21_Lungenkrebsfrueherkennung-mittels-Niedrigdosis-Compu
tertomographie.pdf Date last accessed: 12 November 2022.

215 Nekolla EA, Brix G, Griebel J. Lung cancer screening with low-dose CT: radiation risk and benefit–risk
assessment for different screening scenarios. Diagnostics 2022; 12: 364.

216 Murugan VA, Kalra MK, Rehani M, et al. Lung cancer screening: computed tomography radiation and
protocols. J Thorac Imaging 2015; 30: 283–289.

217 National Lung Screening Trial Research Team. The National Lung Screening Trial: overview and study
design. Radiology 2011; 258: 243–253.

218 Xu DM, Gietema H, de Koning H, et al. Nodule management protocol of the NELSON randomised lung
cancer screening trial. Lung Cancer 2006; 54: 177–184.

219 Pedersen JH, Ashraf H, Dirksen A, et al. The Danish randomized lung cancer CT screening trial – overall
design and results of the prevalence round. J Thorac Oncol 2009; 4: 608–614.

220 Pastorino U, Rossi M, Rosato V, et al. Annual or biennial CT screening versus observation in heavy smokers:
5-year results of the MILD trial. Eur J Cancer Prev 2012; 21: 308–315.

221 Becker N, Motsch E, Gross ML, et al. Randomized study on early detection of lung cancer with MSCT in
Germany: study design and results of the first screening round. J Cancer Res Clin Oncol 2012; 138:
1475–1486.

222 Devaraj A, van Ginneken B, Nair A, et al. Use of volumetry for lung nodule management: theory and
practice. Radiology 2017; 284: 630–644.

223 Vonder M, Dorrius MD, Vliegenthart R. Latest CT technologies in lung cancer screening: protocols and
radiation dose reduction. Transl Lung Cancer Res 2021; 10: 1154–1164.

224 Miller AR, Jackson D, Hui C, et al. Lung nodules are reliably detectable on ultra-low-dose CT utilising
model-based iterative reconstruction with radiation equivalent to plain radiography. Clin Radiol 2019; 74:
409.e17–409.e22.

225 Zhang M, Qi W, Sun Y, et al. Screening for lung cancer using sub-millisievert chest CT with iterative
reconstruction algorithm: image quality and nodule detectability. Br J Radiol 2018; 91: 20170658.

226 Eberhard M, Stocker D, Milanese G, et al. Volumetric assessment of solid pulmonary nodules on
ultralow-dose CT: a phantom study. J Thorac Dis 2019; 11: 3515–3524.

https://doi.org/10.1183/13993003.00128-2023 29

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.acr.org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf
http://www.acr.org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf
http://www.acr.org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf
http://www.acr.org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf
http://www.acr.org/-/media/ACR/Files/Practice-Parameters/CT-LungCaScr.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
http://www.myesti.org/content-esti/uploads/ESTI-LCS-technical-standards_2019-06-14.pdf
https://doris.bfs.de/jspui/bitstream/urn:nbn:de:0221-2021082028027/3/35-21_Lungenkrebsfrueherkennung-mittels-Niedrigdosis-Computertomographie.pdf
https://doris.bfs.de/jspui/bitstream/urn:nbn:de:0221-2021082028027/3/35-21_Lungenkrebsfrueherkennung-mittels-Niedrigdosis-Computertomographie.pdf
https://doris.bfs.de/jspui/bitstream/urn:nbn:de:0221-2021082028027/3/35-21_Lungenkrebsfrueherkennung-mittels-Niedrigdosis-Computertomographie.pdf
https://doris.bfs.de/jspui/bitstream/urn:nbn:de:0221-2021082028027/3/35-21_Lungenkrebsfrueherkennung-mittels-Niedrigdosis-Computertomographie.pdf


227 Messerli M, Kluckert T, Knitel M, et al. Ultralow dose CT for pulmonary nodule detection with chest x-ray
equivalent dose – a prospective intra-individual comparative study. Eur Radiol 2017; 27: 3290–3299.

228 Jungblut L, Bluthgen C, Polacin M, et al. First performance evaluation of an artificial intelligence-based
computer-aided detection system for pulmonary nodule evaluation in dual-source photon-counting
detector CT at different low-dose levels. Invest Radiol 2022; 57: 108–114.

229 Field JK, Duffy SW, Baldwin DR, et al. The UK Lung Cancer Screening Trial: a pilot randomised controlled
trial of low-dose computed tomography screening for the early detection of lung cancer. Health Technol
Assess 2016; 20: 1–146.

230 European Society of Thoracic Imaging. ESTI Diploma. 2021. www.myesti.org/diploma Date last accessed: 13
April 2023.

231 Bartlett EC, Belsey J, Derbyshire J, et al. Implications of incidental findings from lung screening for primary
care: data from a UK pilot. NPJ Prim Care Respir Med 2021; 31: 36.

232 Morgan L, Choi H, Reid M, et al. Frequency of incidental findings and subsequent evaluation in low-dose
computed tomographic scans for lung cancer screening. Ann Am Thorac Soc 2017; 14: 1450–1456.

233 Pinsky PF, Nath PH, Gierada DS, et al. Short- and long-term lung cancer risk associated with noncalcified
nodules observed on low-dose CT. Cancer Prev Res 2014; 7: 1179–1185.

234 Robbins HA, Cheung LC, Chaturvedi AK, et al. Management of lung cancer screening results based on
individual prediction of current and future lung cancer risks. J Thorac Oncol 2022; 17: 252–263.

235 Yousaf-Khan U, van der Aalst C, de Jong PA, et al. Final screening round of the NELSON lung cancer
screening trial: the effect of a 2.5-year screening interval. Thorax 2017; 72: 48–56.

236 Goffin JR, Flanagan WM, Miller AB, et al. Biennial lung cancer screening in Canada with smoking cessation –
outcomes and cost-effectiveness. Lung Cancer 2016; 101: 98–103.

237 Ten Haaf K, Tammemagi MC, Bondy SJ, et al. Performance and cost-effectiveness of computed tomography
lung cancer screening scenarios in a population-based setting: a microsimulation modeling analysis in
Ontario, Canada. PLoS Med 2017; 14: e1002225.

238 de Koning HJ, Meza R, Plevritis SK, et al. Benefits and harms of computed tomography lung cancer
screening strategies: a comparative modeling study for the U.S. Preventive Services Task Force. Ann Intern
Med 2014; 160: 311–320.

239 Duffy SW, Field JK, Allgood PC, et al. Translation of research results to simple estimates of the likely effect
of a lung cancer screening programme in the United Kingdom. Br J Cancer 2014; 110: 1834–1840.

240 Cao P, Jeon J, Meza R. Evaluation of benefits and harms of adaptive screening schedules for lung cancer: a
microsimulation study. J Med Screen 2022; 29: 260–267.

241 Wiener RS, Clark JA, Koppelman E, et al. Patient vs clinician perspectives on communication about results
of lung cancer screening: a qualitative study. Chest 2020; 158: 1240–1249.

242 Slatore CG, Wiener RS. Pulmonary nodules: a small problem for many, severe distress for some, and how to
communicate about it. Chest 2018; 153: 1004–1015.

243 Molina Y, Hohl SD, Ko LK, et al. Understanding the patient-provider communication needs and experiences
of Latina and non-Latina White women following an abnormal mammogram. J Cancer Educ 2014; 29:
781–789.

244 Gillespie C, Clark J, Weiner R. Veteran experiences with lung cancer screening and motivations for
adherence to screening and surveillance. 2018 AcademyHealth Annual Research Meeting, Seattle,
2018. https://academyhealth.org/sites/default/files/arm_2018_agenda_book_1.pdf

245 van den Bergh KA, Essink-Bot ML, Bunge EM, et al. Impact of computed tomography screening for lung
cancer on participants in a randomized controlled trial (NELSON trial). Cancer 2008; 113: 396–404.

246 Williamson S, Patterson J, Crosby R, et al. Communication of cancer screening results by letter, telephone
or in person: a mixed methods systematic review of the effect on attendee anxiety, understanding and
preferences. Prev Med Rep 2019; 13: 189–195.

247 National Lung Screening Trial Research Team. Lung Cancer incidence and mortality with extended follow-up
in the National Lung Screening Trial. J Thorac Oncol 2019; 14: 1732–1742.

248 Brain K, Lifford K, Carter BR, et al. Long-term psychosocial outcomes of low dose computed tomography
screening: results of the UK Lung Cancer Screening (UKLS) randomised controlled trial. Thorax 2016; 71:
996–1005.

249 Dickson JL, Bhamani A, Quaife SL, et al. The reporting of pulmonary nodule results by letter in a lung
cancer screening setting. Lung Cancer 2022; 168: 46–49.

250 Moseson EM, Wiener RS, Golden SE, et al. Patient and clinician characteristics associated with adherence. A
cohort study of veterans with incidental pulmonary nodules. Ann Am Thorac Soc 2016; 13: 651–659.

251 Slatore CG, Wiener RS, Golden SE, et al. Longitudinal assessment of distress among veterans with incidental
pulmonary nodules. Ann Am Thorac Soc 2016; 13: 1983–1991.

252 Raz DJ, Ismail MH, Sun V, et al. Incorporating lung cancer screening education into tobacco cessation group
counseling. Tob Prev Cessat 2020; 6: 12.

https://doi.org/10.1183/13993003.00128-2023 30

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.myesti.org/diploma


253 Goel AK, DiLella D, Dotsikas G, et al. Unlocking radiology reporting data: an implementation of synoptic
radiology reporting in low-dose CT cancer screening. J Digit Imaging 2019; 32: 1044–1051.

254 Congress.gov. H.R.107 – Lung Cancer Screening Registry and Quality Improvement Act of 2021. 2021. www.
congress.gov/bill/117th-congress/house-bill/107/titles Date last accessed: 14 April 2023.

255 Centers for Medicare & Medicaid Services. Screening for lung cancer with low dose computed tomography
(LDCT). 2015. www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=
N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20 Date last accessed: 14 April 2023.

256 iDNA Ltd. NELSON+ Data Management System. 2022. www.i-dna.org/data-management Date last accessed:
31 May 2022.

257 Medtronic Ltd. LungGPS™ Patient Management Platform. 2022. www.medtronic.com/covidien/en-us/
products/interventional-lung-solutions/lunggps-patient-management-platform.html Date last accessed: 31
May 2022.

258 Mazzone PJ, White CS, Kazerooni EA, et al. Proposed quality metrics for lung cancer screening programs: a
National Lung Cancer Roundtable project. Chest 2021; 160: 368–378.

259 Sone S, Li F, Yang ZG, et al. Results of three-year mass screening programme for lung cancer using mobile
low-dose spiral computed tomography scanner. Br J Cancer 2001; 84: 25–32.

260 Zgodic A, Zahnd WE, Miller DP Jr, et al. Predictors of lung cancer screening utilization in a
population-based survey. J Am Coll Radiol 2020; 17: 1591–1601.

https://doi.org/10.1183/13993003.00128-2023 31

EUROPEAN RESPIRATORY JOURNAL ERS TECHNICAL STANDARD | D.R. BALDWIN ET AL.

http://www.congress.gov/bill/117th-congress/house-bill/107/titles
http://www.congress.gov/bill/117th-congress/house-bill/107/titles
http://www.congress.gov/bill/117th-congress/house-bill/107/titles
http://www.congress.gov/bill/117th-congress/house-bill/107/titles
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&ncaid=304&doctype=all&timeframe=30&sortBy=updated&bc=20
http://www.i-dna.org/data-management
http://www.i-dna.org/data-management
http://www.i-dna.org/data-management
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html
http://www.medtronic.com/covidien/en-us/products/interventional-lung-solutions/lunggps-patient-management-platform.html

	Developing a pan-European technical standard for a comprehensive high-quality lung cancer computed tomography screening programme: an ERS technical standard
	Abstract
	Introduction and scope
	Methods
	Results
	Topics relating to components of a LCS programme
	Summary of technical standards
	Capacity and infrastructure standards
	Governance and roles standards
	Invitation methods standards
	Risk assessment for entry into screening programmes standards
	Smoking cessation standards
	Non-attendance and exiting the programme standards
	Imaging acquisition and reporting standards



	CT and software
	CT image acquisition protocol
	Reporting
	Thoracic CT reader quality assurance
	Outline placeholder
	Outline placeholder
	Interval and surveillance standards
	Communication of results standards
	Data management standards


	Detailed review and results of technical standards
	Capacity and infrastructure requirements
	Evidence review
	Summary
	Capacity and infrastructure standards

	Clinical governance, roles and responsibilities
	Evidence review
	Summary
	Governance and roles standards

	Participant pathway
	Invitation methods
	Evidence review



	Systematic approaches
	Unsystematic approaches
	Equality
	Outline placeholder
	Outline placeholder
	Summary
	Invitation methods standards

	Risk assessment for entry into screening programmes
	Evidence review



	Age and smoking criteria
	Multivariable models
	Risk prediction in selected populations
	Stratification
	Outline placeholder
	Outline placeholder
	Fitness assessment
	Reassessment method
	Summary
	Risk assessment for entry into screening programmes standards
	Research recommendations

	Smoking cessation
	Evidence review
	Summary
	Smoking cessation standards
	Research recommendations

	Non-attendance and exiting the programme
	Evidence review



	Participant and programme features important in non-attendance
	Exiting the programme
	Outline placeholder
	Outline placeholder
	Summary
	Non-attendance and exiting the programme standards
	Research recommendation

	LDCT acquisition, reading and reporting
	Evidence review



	Acquisition
	Reading and reporting
	Decision making within the LCS programme
	Outline placeholder
	Outline placeholder
	Imaging acquisition and reporting standards



	CT and software
	CT image acquisition protocol
	Reporting
	Thoracic CT reader quality assurance
	Outline placeholder
	Outline placeholder
	Research recommendation

	CT interval and surveillance
	Evidence review
	Summary
	Interval and surveillance standards
	Research recommendations

	Communication of results
	Evidence review



	Focus on patients
	Timeframe
	Form of communication
	Outline placeholder
	Outline placeholder
	Summary
	Communication of results standards

	Data management
	Evidence review



	Quality metrics
	Outline placeholder
	Outline placeholder
	Data management standards



	Conclusions
	References


