
ABSTRACT

Lung cancer is the leading cause of cancer-related deaths globally. There is a strong body 
of evidence from the last two decades to support the effectiveness of lung cancer screening 
(LCS) with low radiation dose computed tomography (LDCT) in reducing lung cancer 
mortality and all-cause mortality. National programmes are approved and either ongoing 
or in planning in Poland, Croatia, the UK, Canada, Australia and the US. Other countries 
are proceeding with pilot programmes, some of which are framed as research studies. The 
European Commission’s Group of Chief Scientific Advisors recommended that lung cancer 
screening (LCS) be added to the other established cancer screening programs in Europe 
and the European Council recommended that LCS be implemented in a stepwise approach 
depending on national priorities. However, it is essential that clinical and cost-effective-
ness shown in studies and pilot programmes are replicated in national programmes. This 
is achieved through the use of evidence-based strategies across each element of screening 
from participant selection to treatment. This review addresses key quality requirements 
identified in the literature which must form part of a successful LCS program. We describe 
the challenges and, where possible, suggest solutions for the implementation of screening. 
We will highlight the areas for further research including risk-prediction models for 
screening eligibility, optimising recruitment methods, personalisation of screening inter-
vals, biomarkers, smoking cessation integration, and artificial intelligence.
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INTRODUCTION

Lung cancer is the leading cause of can-
cer-related deaths worldwide. Several ran-
domized controlled trials have shown that 
screening for lung cancer with low radia-
tion dose CT (LDCT) reduces disease-spe-
cific mortality by detecting lung cancer at 
earlier stages when prognosis is better and 
it is more amenable to treatment with cura-
tive intent1,2. National programmes are ap-
proved and either ongoing or in planning 
in Poland, Croatia, the UK, Canada, Austra-
lia and the U, whilst other countries are 
proceeding with pilot programmes, some of 
which are framed as research studies3. This 
growing body of evidence led the European 
Council in November 2022, to adopt a rec-
ommendation to implement screening for 
lung cancer in a stepwise approach4,5. It is 
estimated that 130-320 people need to be 
screened with LDCT to avoid one lung can-
cer death, depending on the selected screen-
ing interval6,7. Furthermore, in contrast to 
both breast and bowel cancer screening, meta-
analyses have shown a 3-5% all-cause mortal-
ity reduction1,2,8.

Careful consideration must now be given to 
how to optimise design and delivery to en-
sure the program is clinically and cost-effec-
tive. However, many challenges remain across 
key aspects such as defining screening eligi-
bility, maximising participation and adher-
ence, screening intervals and smoking cessa-
tion integration. This review will describe 
crucial quality requirements which should 
form part of a successful lung cancer screen-
ing program and discuss current challenges 
to full implementation.

SCREENING ELIGIBILITY

Establishing robust and targeted eligibility 
criteria reduces the number needed to screen 
to detect lung cancer. Whilst this improves 
the efficiency of the programme and likely 
reduces the level of harm in those who do not 
develop lung cancer, it limits the population 
that can benefit and will inevitably miss some 
cancers. Selection criteria should therefore pro-
vide an acceptable balance between these con-
siderations. Several approaches exist to iden-
tify high-risk individuals. Earlier studies such 
as the National Lung Screening Trial (NLST) 
and Dutch-Belgian randomised lung cancer 
screening trial (NELSON) used age and cu-
mulative smoking exposure alone in their se-
lection criteria7,9. The US preventive services 
task force (USPSTF) subsequently recommend-
ed annual screening in 2013 for those aged 
55-80 with a 30 pack-year smoking history 
and currently smoke or have quit in the past 
15 years10. In 2020, the eligibility was extended 
to individuals aged 50-80 years and a smok-
ing history of 20 pack-years to increase the 
proportion of individuals who may develop 
lung cancer with lower smoking histories and 
reduce racial disparities11. The latter substan-
tially increases the size of the eligible popu-
lation and hence the total cost of the pro-
gramme. However, age and smoking history 
alone may oversimplify lung cancer risk pre-
diction by not considering important risk fac-
tors, such as family history of lung cancer, 
smoking intensity, personal history of lung 
disease and exposure to asbestos12. 

Several multi-variable lung cancer risk-predic-
tion models have been developed to improve 
pre-test probability and efficiency of screen-
ing. Although they have not been adopted 
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widely, the Prostate, Lung, Colorectal and 
Ovarian (PLCOm2012) model13 and modified 
Liverpool Lung Project (LLPv2) model14 have 
been particularly well evaluated and are rec-
ommended in the NHS Targeted Lung Health 
Check (TLHC) Standard Protocol15. However, 
the models remain heavily dependent on age 
and smoking history (for Western popula-
tions). Detailed smoking history is often lack-
ing in routine electronic health records, even 
those with comprehensive population cover-
age such as the UK primary care dataset16. 
Most countries do not have a comprehensive 
record of the smoking history of individuals 
and so the whole population within the eligi-
ble age range has to be approached. Where 
records do exist, it may be possible to at least 
contact people who have ever smoked, thus 
avoiding contacting many people who are not 
at high enough risk. In the English programme, 
all ever-smokers are identified and invited for 
screening and then eligibility is determined 
in a second step. It is crucial to identify meth-
ods to improve smoking data completeness 
to maximise efficiency. There is an emerging 
role for digital health “apps” and social media 
(e.g. the NHS Health app) where users can 
input their smoking habits. However, retro-
spective analyses found the PLCOm2012 and 
LLPv2 models had only moderate discrimina-
tion and were not well calibrated once exter-
nally validated in the English primary care 
population17. 

Compared to seven other models, the Can-
Predict (lung) model has recently been shown 
to have the best performance for discrimina-
tion, calibration, and net benefit. It demon-
strates higher sensitivity than both LLPv2 and 
PLCOm2012 in the UK primary care popula-
tion18. The study proposed that the model 

could be used as a single-step alternative to 
the process of determining eligibility, thereby 
also improving cost-effectiveness. Further re-
search is required to determine if the CanPre-
dict (lung) model will continue to outperform 
the LLPv2 and PLCOm2012 when compared in 
the context within which they were designed 
to be used i.e., CanPredict (lung) applied di-
rectly on the primary care record, compared 
with LLPv2 and PLCOm2012 where data are col-
lected directly from participants19.

Models developed for ever-smokers in the 
Western population were found to have mod-
erate discrimination in the Korean popula-
tion, prompting the development of a risk 
model tailored to the population that showed 
better discrimination and calibration20. It is 
important that different risk prediction mod-
els are validated for target population demo-
graphics where risk factors may differ before 
they are implemented into guidelines and 
practice21. 

Multi-variable models may also select a pop-
ulation with a greater proportion of individ-
uals with significant comorbidity. Concern 
about this has led some groups not to recom-
mend risk prediction models. Individuals 
must have a reasonable chance of benefiting 
from early detection of lung cancer to maxi-
mise the effectiveness of screening. Their fit-
ness must also be reassessed at each screen-
ing round to ensure ongoing benefit. Better 
attention to treatment of comorbid disease 
and the impact on all-cause mortality is a 
subject of ongoing research22,23.

There is further emerging evidence for inte-
gration and validation of biomarkers into 
risk prediction models to improve accuracy, 
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particularly in populations with lower smok-
ing histories20,24,25. Machine learning tools ap-
plied to chest x-ray prediction of lung cancer 
are also in development which would further 
reduce reliance on accurate and detailed smok-
ing histories26. 

Further models have been developed to better 
predict risk after the prevalence round. These 
have not yet been deployed but may signifi-
cantly improve efficiency and allow stratifi-
cation by screen interval27,28.

RECRUITMENT, PARTICIPATION  
AND ADHERENCE

Maximising recruitment, participation, and 
adherence of those at highest risk of lung can-
cer is crucial to ensuring optimal clinical and 
cost effectiveness. Participation rates in the 
US, where LDCT screening has been funded 
since 2015, were estimated to be only 14-19% 
in 2018, although only 4-7% in the uninsured 
group, demonstrating challenges in real-world 
uptake29,30. 

The main approaches to recruitment have 
largely involved local strategies such as invi-
tation letters, advertising, and community 
outreach. The pilot UK Lung Cancer Screen-
ing (UKLS) trial used a true population-level 
approach in recruitment (all people aged 50 
to 75) and found that only 3.5% were eligi-
ble and willing to participate, albeit with a 
risk threshold of > 5% over five years31. Cur-
rent smokers and socioeconomically deprived 
groups were less likely to participate, despite 
them being at highest risk32,33 a finding that 
is replicated in many studies and pilots and 
in other screening programmes33. Female sex 

and older age were also associated with low-
er participation rates32,34. Ensuring equitable 
uptake is therefore key to maximising benefit 
and overall effectiveness. 

Numerous psychological and practical barriers 
to participation and adherence to screening 
have been identified (Table 1), often more 
common in the more deprived socioeconom-
ic groups. In the Lung Screen Uptake Trial 
(LSUT), “targeted, stepped and low burden” 
materials for recruitment were used to mini-
mise psychological barriers35 as well as a num-
ber of measures known to improve participa-
tion in other screening programmes33. The 
participation rate was 52.6%, (compared to 
24.9% in NELSON) with uptake particularly 
improved among those living in areas of high-
est deprivation. Methods included a primary 
care approach, pre-invitation letters, remind-
er letters for non-responders, pre-scheduled 
appointments and framing to “lung health 
check”. The latter may reduce fear compared 
to the word “cancer” and encourage partici-
pation. Given the improved participation rate, 
these methods could form a minimum stan-
dard. Facilitation of transport or provision of 
mobile CT scanners in hard-to-reach commu-
nities may address distance and access issues 
to screening33.

Table 1. Practical and psychological barriers to lung cancer 
screening37

Practical barriers Psychological barriers

Travel (physical distance, access)
Employment
Costs of screening (including 

access to medical insurance)
Comorbidity
Other commitments

Fatalism
Fear
Stigma
Guilt
Low perceived efficacy  

of treatment
Misunderstanding 
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Individuals with a documented history of 
smoking or diagnosis of chronic obstructive 
pulmonary disorder (COPD) recorded in pri-
mary care records were invited to the Liver-
pool Lung Health Check36. This pilot had an 
uptake rate of 40% in the first round provid-
ing further evidence of the importance of the 
electronic health record in identifying eligi-
bility. 

Further research is needed to evaluate how 
participation and adherence to subsequent 
screening rounds can be improved. It is also 
necessary to test whether these methods trans-
late into different populations across Europe.

MANAGEMENT OF SCREEN-
DETECTED FINDINGS

Clinical management of pulmonary nodules 
and lung cancer are well established across 
international guidelines38,39 and will not be 
addressed in this review. 

Over two thirds of individuals screened with 
LDCT for lung cancer have findings not rele-
vant to the primary aim of screening – so-
called “incidental findings”40. However, the 
vast majority of these are coronary artery cal-
cification and/or emphysema, probably better 
termed “expected” findings given the popula-
tion selection criteria. A retrospective review 
of participants in the Cleveland Clinic LCS 
program observed that incidental findings 
were present in 94% of participants screened 
but only 15% warranted further evaluation41. 
Actions relating to these findings risk physical 
harm from unnecessary investigations and 
psychological harm such as anxiety42. These 
will in turn place a significant burden on the 

health care system. Clear guidance and pro-
tocols can standardise the approach to inci-
dental findings and reduce the proportion of 
screening participants that require onward 
referral, thereby minimising harms and finan-
cial impact43,44. A European Consensus State-
ment on management of incidental findings 
has recently been published that was based 
on an extensive systematic review of the lit-
erature on the commonest findings45. Table 2 
shows the suggested management of common 
incidental findings.

WORKFORCE AND TECHNICAL 
CAPACITY 

The US 10-pillar model reflects the elements 
required to support a successful LCS program. 
A well-staffed and well-trained workforce as 
well as sufficient technical capacity are essen-
tial to maximising clinical and cost effective-
ness. The NHS TLHC Standard Protocol has 
outlined the specific requirements that ser-
vices across England are expected to meet to 
ensure equitable provision and monitoring of 
LCS15. Although workforce and technical ca-
pacity vary by country, concerns remain about 
the ability to deliver a full screening program 
with many healthcare systems still recovering 
from the effects of the Covid-19 pandemic. 

Before the start of a programme, careful eval-
uation of current workforce and technical ca-
pacity to deliver LCS is crucial. In Europe, 
there is widespread variation in availability of 
CT scanners with 9.64 per million population 
in Hungary compared to 46.39 per million pop-
ulation in Iceland in 202046. Uneven distri-
bution is also seen within countries such as 
the UK. This has been mitigated through the 
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Table 2. Management of incidental findings on LDCT screening based on recommendations from the European Consensus Statement

Finding Reporting recommendation Suggested action if baseline or new

If clinical information is available (as in some European sites), this should be considered in producing the report and recommendation. However, this table assumes no clinical information is available.

Pulmonary

Emphysema Classify as:
–– Mild (< 25%) 
–– Moderate (25-50%) 
–– Severe > 50%

Refer those with moderate to severe radiological emphysema for clinical assessment
Smoking cessation referral for all current smokers

Interstitial lung abnormalities (ILA) Report all ILA Surveillance as part of a screening programme or
ILA involving more than 5% of either the whole lungs or a lung zone could be referred  

for specialist review

Bronchiectasis Report bronchiectasis when moderate or severe (defined as internal 
bronchial luminal diameter > 2x adjacent artery)

Refer for clinical assessment if moderate or severe

Respiratory bronchiolitis 
interstitial lung disease (RB-ILD)

Report presence of RB-ILD Smoking cessation referral

Consolidation Classify as:
–– likely inflammatory
–– possibly malignant

Refer to lung cancer service if cancer is possible.
Repeat CT at 6 weeks or 3 months if likely inflammatory

Pleural effusion/ thickening Report size and laterally Refer for clinical assessment and work-up if suspicious appearances including a new effusion, 
malignant appearing pleural thickening or mass 

Pleural plaques Reporting pleural plaques may be appropriate where compensation 
is offered for their presence* 

Reporting of pleural plaques may be appropriate is their presence  
is to be used in lung cancer risk assessment*

Ensure that no clinical activity is generated for benign appearances

Tuberculosis (TB) Report if active TB likely and differential diagnoses Referral into local TB service

Bronchial wall thickening Do not report No action required

Extrapulmonary

Coronary calcification (CAC) Report CAC
Classify (using simple visual scoring) as:

–– None
–– Mild
–– Moderate
–– Severe

Clinician assessment of cardiovascular risk if moderate or severe CAC present
Primary preventive measures (if not already taking)

Aortic valve disease Report aortic valve calcification (AVC) if moderate or severe
Classify using simple visual scoring

Refer those with moderate or severe AVC for evaluation with echocardiography 

Thoracic aortic calcification/ 
dilatation

Do not report thoracic aortic calcification
Thoracic aorta diameter

–– < 45 do not report
–– ≥ 45 report

Referral for further assessment for those with thoracic aorta > 45 mm diameter according to local 
guidelines/ pathways

Mediastinal mass Report size, position and density/ texture Cystic lesions do not require further assessment*
Options for management include surveillance as part of the screening programme or
work-up with PET/CT/MRI, depending on clinical assessment

Mediastinal lymph nodes Report mediastinal and hilar lymphadenopathy ≥ 15 mm short axis ≥ 15 mm short axis and no explainable cause refer for clinical assessment
Surveillance options include short interval CT scan at 3- 6 months

Thyroid abnormalities Report nodules ≥ 15 mm* or those with suspicious features such  
as local lymphadenopathy or punctate calcification

Referral for further investigation for nodules ≥ 20 mm or those with suspicious features 

Cardiac decompensation/ 
pericardial effusion

Pericardial fluid
–– Trivial/ small- do not report
–– Moderate/ large- report

Referral for echocardiography/ clinical assessment for those with moderate/ large pericardial 
effusions

Oesophageal lesions Report significant dilatation, diffuse wall thickening, or focal lesions Referral for further assessment according to local guidelines/ pathways

Abdominal aortic aneurysm (AAA) Report all AAA Referral for further assessment/ surveillance according to local guidelines/ pathways

Breast nodules Report size, site, calcification and density Refer any breast lesion that is not previously known, or lesions that are not clearly cystic,  
and/or not coarsely calcified, for triple assessment according to local guidelines/pathways

Liver lesions Report size and attenuation Benign features: sharp margin and homogenous low attenuation (≤ 20 Hounsfield Unit (HU)), (focal) 
fatty sparing or deposition do not require further investigation*

Lesions < 1 cm 
–– No further investigation (unless the patient is high risk- cirrhosis or other hepatic risk factors)*

Lesions ≥ 1 cm and no benign features:
–– Referral for further investigation with CE CT/ ultrasound/ MRI

Renal lesions Report size, site, attenuation, calcification Homogenous hypodense or hyperdense cysts < 3 cm do not require further investigation*, larger 
lesions should be evaluated in the next screening round. 

Soft tissue or mixed density renal mass > 1 cm - refer for further assessment with CE CT or MRI

Bone abnormalities Check HU at level of L1 and report if:
–– 100-130 HU- osteopenia
–– < 100 HU- osteoporosis

An alternative approach is:
–– Report > 50% loss of vertebral height in at least one vertebra

Referral for risk assessment (+/- DEXA) and bone protection for HU ≤ 130 or > 50% loss of vertebral 
height

Adrenal lesions Report size and attenuation Lesions < 10 mm or < 10 HU in density do not require further investigation* 
Lesions 10-40 mm or with attenuation > 10 HU can be followed up at the next annual screening 

round or referred for further evaluation with CE CT or MRI
Adrenal lesions stable on CT over 12 months may not require further investigation

* Where there is no action required it may not be required to report the finding at all. This is at the discretion of individual programs. 
DEXA: dual-energy X-ray absorptiometry; MRI: magnetic resonance imaging; PET: positron emission tomography. Reproduced with permission of the ERS 2024: European Respiratory Journal 62 (4) 2300533; DOI: 10.1183/13993003.00533-2023. 
Published 19 October 2023..
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development a hybrid approach to screening 
with decentralised units (e.g. mobile CT scan-
ners in trucks) in hard-to-reach communities 
to improve equity in coverage33. In the UK, 
the Royal College of Radiologists Clinical Ra-
diology Workforce Census 2022 report found 
radiology capacity insufficient to meet de-
mand, with an estimated shortage of 29% of 
radiologists, projected to rise over the next 
10 years47. Inequities also exist in access to 
radiotherapy equipment, radiation oncologists 
and medical physicists48. US models have pre-
dicted that the radiology workforce there can 
absorb lung cancer screening in most areas of 
the country, except in areas of most deprivation 
and low income, ironically those areas with the 
highest burden of disease49. LCS will inevitably 
give rise to more surgical demand. Blom et al.50, 
estimated 37% more lung cancer surgeries in 
the US in 2015-2040 compared to no screening. 
Thus, successful implementation will require 
investment in workforce and equipment, with 
approaches in place to optimise and/or redis-
tribute available resources. Artificial intelli-
gence (AI) applied to detection and analysis 
of pulmonary nodules, quantification of find-
ings such as coronary artery calcification, ILA 
and emphysema, has great potential to im-
prove accuracy and efficiency51. Additional 
research and evaluation are needed urgently 
to ensure AI performs as expected in terms 
of accuracy and without generating unman-
ageable numbers of false positive findings. 

CLINICAL GOVERNANCE 

Robust and clearly defined clinical gover-
nance structures will provide mechanisms 
to support high-quality, effective and safe 
screening practices. A national standardised 

screening protocol should be provided with 
minimum requirements outlined to optimise 
accuracy and consistency across different lo-
calised programs52. This should be accompa-
nied by a quality assurance standard that in-
cludes aspects of the structural requirements 
and monitoring of performance standards. In 
the UK, this has been addressed by the NHSE 
TLHC with requirements clearly documented 
in its Standard Protocol15 and Quality Assur-
ance Standard53. The American College of Ra-
diology (ACR) and the Royal College of Radiol-
ogists and the British Society of Thoracic 
Imaging (BSTI) in the UK have defined tho-
racic radiology standards54-56. 

Clear leadership and accountability need to 
be established from the start of the program57. 
Hierarchical structures with defined roles and 
responsibilities have been favoured in several 
programs and pilots including the NHSE 
TLHC. National organizations have been set 
up to oversee screening programs and ensure 
equitable coverage and standards. Multidisci-
plinary collaborative groups allow stakeholders 
to advise on all aspects of the screening pro-
gram, guide program development and ensure 
governance is consistent and effective58. Further 
essential roles and responsibilities involved in 
clinical governance of a central or local lung 
cancer screening program have recently been 
defined by a European Taskforce (Table 3). 

Communities targeted by lung cancer screen-
ing programs, especially those considered 
“hard to reach”, must be involved early in the 
program to advocate on behalf of that com-
munity and inform program planning and 
development59. Establishing clear governance 
is therefore key to the implementation of a 
successful screening program.
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SMOKING CESSATION 
INTERVENTIONS

Up to 55% of participants in trials and pi-
lots identify as current smokers compared 
to 15-20% in the general population aged 55-
80 years7,9,31,61. Lung cancer screening there-
fore offers an important opportunity to pro-
vide smoking cessation services in a high-risk 
group. The NLST trial demonstrated that sev-
en years of smoking abstinence was associat-
ed with a reduction in lung cancer mortality 
comparable to LDCT screening62. Integration 
of evidence-based smoking cessation interven-
tions maximises mortality reduction from lung 
cancer and other tobacco-related diseases such 
as chronic obstructive pulmonary disorder 
and ischaemic heart disease compared to 
screening alone62. Even short-term smoking 
cessation of three weeks prior to lung cancer 
surgery can reduce postoperative morbidity 
and mortality64. A cohort study demonstrat-
ed that postdiagnosis smoking cessation in 
patients with early-stage lung cancer was 

associated with reduced lung cancer progres-
sion, increased survival time and decreased 
lung cancer and all-cause mortality during 
a seven-year follow-up period, compared to 
those that continued to smoke65. Smoking ces-
sation is therefore a key component of lung 
cancer screening.

Most trials have offered brief advice and 
referral to smoking cessation services. The 
NELSON trial observed that participants in 
the screening arm had higher smoking cessa-
tion rates than the background general pop-
ulation rate (14.5% versus 6-7%)66. The UKLS 
trial also demonstrated higher smoking cessa-
tion rates in the screened population, especial-
ly in participants receiving an abnormal result67. 
There are multiple opportunities throughout 
the screening process to support participants 
with smoking cessation, i.e. as “teachable mo-
ments”68. Offering these at multiple points 
can lead to an accrued benefit of improving 
reach, thereby maximising clinical and cost-
effectiveness. 

Table 3. Key roles and responsibilities in the governance of a lung cancer screening program as outlined by a European Respiratory 
Society Taskforce60

Title of role Function

National Screening Advisory Body Evaluates clinical and cost effectiveness. 
Makes national recommendations.

National Cancer Board/Team Translates recommendations for screening, national cancer plans into national LCS program.

National LCS Steering Committee  
or Collaborative Group

Develops protocol.
Advises on all aspects of the program including outcome and QA data.

Local LCS Steering Committee Direct oversight of the local program ensuring adherence to protocol. .

Director/Lead of local program Takes overall responsibility for local delivery of LCS including adherence to the agreed protocol  
and QA standards.

Responsible Radiologist Responsible for adherence of radiology team to defined standards.

Responsible Clinician Responsible for adherence of the clinical team managing indeterminate, incidental and positive findings 
from LDCT.

Responsible Assessor Responsible for ensuring the correct selection and recruitment processes.

LCS: lung cancer screening; LDCT: low-dose CT; QA:quality assurance. Reproduced with permission of the ERS 2024: European Respiratory Journal 61 (6) 2300128;  
DOI: 10.1183/13993003.00128-2023. Published 15 June 2023.
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Smoking remains a highly stigmatised be-
havioural risk factor. Alongside screening-as-
sociated psychological barriers e.g. fear and 
fatalism, a real challenge exists to address 
uptake of smoking cessation advice. Motiva-
tion for smoking cessation will vary within 
the screened population, therefore services 
presented on an ‘opt-out’ basis and co-located 
within the screening program can improve 
effectiveness. The Yorkshire Enhanced Stop 
Smoking (YESS) recently co-developed a per-
sonalised cessation booklet that incorporated 
individual LDCT images69. This included ar-
tistic impressions to improve interpretation 
and language targeting personal threat and 
efficacy perceptions. The study, so far pub-
lished in abstract, showed 12-month confirmed 
smoking cessation rates of 30% in both the 
control and intervention arms. These high quit 
rates are attributed to the opt-out support from 
a trained smoking cessation practitioner, with 
the option of pharmacotherapy located on the 
screening mobile unit70,71. The study highlights 
the importance of a comprehensive and easi-
ly accessed smoking cessation intervention. 
In another study, immediate provision of an 
intensive telephone-based smoking cessation 
intervention with follow-up, at the time of par-
ticipation in lung cancer screening, showed a 
self-reported quit rate of 21% at three months72. 
The optimal and most cost-effective approach 
is still being debated but very brief verbal 
advice is unlikely to be able to achieve equiv-
alent potential benefits in all-cause mortality. 
Provision of pharmacotherapy has been asso-
ciated with improved engagement and adher-
ence73. Multiple counselling sessions with or 
without provision of pharmacotherapy may 
be most effective74. A recent simulation study 
observed that all smoking cessation interven-
tions delivered within the screening process 

improved lung cancer mortality compared to 
screening alone with small differences in cost 
between approaches75. The choice of specif-
ic smoking cessation interventions should 
therefore be based on practical issues such as 
availability, staff training and patient prefer-
ence. Barriers to successful provision include 
time pressures, inadequate staff training and 
reimbursement issues76.

REQUIREMENTS FOR CT 
EQUIPMENT, SOFTWARE, IMAGE 
ACQUISITION AND REPORTING 

Advances in technology have led to reductions 
in effective radiation doses, improving the 
risk-benefit ratio of lung cancer screening77. 
The NHS THLC Standard Protocol outlines 
specific requirements for technology, hard-
ware, and software for lung cancer screening 
in the UK (Table 4) and has been adopted in 
the ERS Technical Standard for a compre-
hensive high-quality lung cancer screening 
program.

SCREENING INTERVALS

Determining the optimal LDCT screening in-
terval will require balancing the benefits of 
screening, namely lung cancer mortality re-
duction, with total cost and potential harms. 
Increasing screen intervals risks an increase in 
interval cancers whereas reducing the inter-
val increases radiation exposure and increas-
es the total cost78 NLST used three annual 
screening rounds and was the main source 
of evidence for the USPSTF and Centers for 
Medicare & Medicaid Services (CMS) rec-
ommendation for annual screening. USPSTF 
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modelling demonstrated that compared to 
biennial models, annual screening led to im-
proved lung cancer mortality but was associ-
ated with a higher cost79. 

The NELSON trial was not able to show that 
a two-year interval led to a higher proportion 
of more advanced-stage interval lung cancers 
compared to a one-year interval, but may have 

Table 4. Standards for imaging acquisition and reporting as set out by the NHS THLC Standard Protocol and ERS Technical Standard15,60

CT equipment 16-channel multi-detector CT calibrated according to manufacturer’s specifications, capable of delivering low 
radiation dose protocols

Volumetric software Preferred method for assessment of pulmonary nodules
Remain constant to compare volumes accurately
Where upgrades/updates are required by the supplier:

–– Dates must be recorded
–– Evidence must be provided that the upgrade provides the same measurements or that the user is prompted  
to re-measure nodules from previous scans if measurement capability changes
–– Integrated (directly or indirectly) into picture archiving and communications systems, capable of automated 
retrieval of, and comparison with previous imaging

Computer aided detection (CAD) is to be used as a concurrent or second reader with a false positive rate  
of < 2 per case

Image acquisition:
–– Patient position

–– Localiser

–– Volumetric CT scan

–– Exposure factors

–– Image reconstruction

Participant to lie supine, arms above their head and thorax in the midline of the scanner
Maximal inspiration should be rehearsed prior to the scan
Imaging to be performed during suspended maximal inspiration
No intravenous contrast administered

Programs should use their standard scanogram to localise the start and end positions of the scan
Frontal localiser should be performed in the posteroanterior (PA) projection and at the lowest possible setting  

to minimise breast dose

Lung parenchyma (lung apices to bases) must be scanned in its entirety in a single cranio-caudal acquisition
Field of view selected as the smallest diameter as measured from widest point of outer rib to outer rib large enough 

to accommodate the entire lung parenchyma
Thin detector collimation (≤ 1.25 mm) to be used

Calculated radiation dose < 2 mSv
Vary kVp and mAs settings according to participant height and weight
Ultra LDCT to be used where available where considered to be of equivalent diagnostic sensitivity to LDCT

Standardisation of image reconstruction for subsequent follow-up examination where possible, with emphasis  
on ensuring slice thickness, reconstruction increment, and reconstruction algorithm are constant

Slice thickness ≤ 1.25 mm
Iterative reconstruction should be kept constant at follow up if used

Reading and reporting

–– Quality assurance

Image interpretation should be performed on systems which permit scrolling through the data set with variable 
thickness and orientation using multi-planar reformations and maximum intensity projection. Volumetric  
segmentation of nodules should be visually checked by radiologists

All scan data acquired should be archived and retained at a local or central site
Radiologists should report a minimum of 500 thoracic CTs annually as part of their routine clinical practice,  

a significant proportion of which should be lung cancer CTs
Readers must be familiar with the use and limitations of nodule volumetry software and apply guidelines for nodule 

management
Structured reporting proforma should be used to allow consistency and audit

Minimum level of training and expertise of readers should be ensured with continuing professional development
Initial CT reads (e.g. first 50) of radiologists inexperienced in the lung cancer screening setting should be reviewed  

by more experienced readers
Periodic review of CT readers reports by expert panels
Evaluation of all readers’ recall rates, false positive rates and false negative rates, with identification of outliers
Evaluation of readers against validated cases

LDCT: low radiation dose computed tomography.
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been underpowered for this. NELSON did 
demonstrate that the final 2.5-year interval 
was too long80. Significantly more stage 3B/4 
lung cancers were detected at the final 2.5-year 
interval compared to the one-year interval 
(17.3% versus 6.8%, p = 0.02).

The Multicentric Italian Lung Detection (MILD) 
study demonstrated that biennial screening 
following a negative baseline LDCT almost 
halved the number of follow-up LDCTs re-
quired whilst maintaining comparable mor-
tality benefits to annual screening81. 

Personalised risk stratification leveraging CT 
findings and established risk factors for lung 
cancer may help determine the most appropri-
ate LDCT interval and further improve screen-
ing efficiency and cost-effectiveness. For exam-
ple, individuals stratified to lower risk of lung 
cancer could have an extended LDCT interval, 
thereby reducing total scans, exposure to radia-
tion, radiologist workload and programme 
costs. The inclusion of CT findings such as em-
physema and consolidation to the Lung Cancer 
Risk Assessment Tool (LCRAT) extended screen 
intervals in low-risk participants following a 
negative LDCT82. However, this was also asso-
ciated with increased incidence of delayed lung 
cancer diagnoses. The NHSE TLHC employs a 
much simpler method of stratification with all 
participants with actionable lung nodules hav-
ing screens at three months and one year whilst 
those without nodules have a biennial screen. 
This was based on findings from both NLST 
and NELSON that cancer detection rates were 
more than double if nodules were present83,84.

There is ongoing research and debate on how 
to optimise the LDCT interval to improve 
cost-effectiveness, limit total cost and reduce 

the harm of screening. The 4-In-The-Lung-Run 
(4ITLR) trial plans to randomise 24,000 par-
ticipants across several European countries, 
to evaluate the safety of risk-stratified screen-
ing intervals following a negative baseline CT, 
compared to annual screens. Further research 
is also needed to define the role of artificial 
intelligence and biomarkers in refining opti-
mal screening intervals.

COMMUNICATION OF RESULTS 

Timely and consistent communication of re-
sults to participants is essential to reduce psy-
chological distress associated with LCS85. Re-
sults must also be communicated promptly 
and effectively among healthcare staff to en-
able timely management and follow-up of 
findings. A recent ERS Technical Standard 
recommends outcomes are communicated 
within four weeks of the LDCT60.

Communication of results may involve a va-
riety of healthcare staff including primary 
care physicians, lung cancer specialists, or 
patient navigators who have been used to 
provide “end-to-end” support for participants 
throughout the screening pathway86.

Studies have explored patient preferences re-
garding methods for communication of re-
sults. Serious findings should be communi-
cated face-to-face at clinic visits15. A qualitative 
study in the US highlighted many patients 
were dissatisfied with the communication of 
normal or low-risk findings by letter in the 
LCS setting87. Reasons included the lack of 
opportunity to ask questions, leaving them 
feeling confused and concerned. Conversa-
tions can be time-consuming and not feasible 
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in the context of national screening programs. 
The Study to Understand Mortality and Mor-
bidity in COPD (SUMMIT) study in the UK 
however demonstrated high rates of satisfac-
tion with receiving results by letter in prefer-
ence to verbal communication via telephone 
appointment88. Further work is required to 
understand the geographical variation in rates 
of satisfaction. Provision of an advice line and 
support resources may mitigate some dissat-
isfaction where results are not received face-
to-face. Communication of normal or low-risk 
findings should accompany education about 
smoking cessation and continued risk of lung 
cancer to encourage participants to adhere to 
the screening process.

Health literacy is a key consideration and has 
been found to be an independent predictor of 
participation in population-based screening 
programs for breast, cervical and colorectal 
cancer89. Lower health literacy levels are as-
sociated with patients from lower income 
backgrounds who we know are at higher risk 
of lung cancer90. Communication of results 
must therefore address varying levels of health 
literacy to enable shared decision making 
among a diverse population.

DATA MANAGEMENT 

An effective data management system (DMS) 
is central in successful implementation of lung 
cancer screening. Despite this being well man-
aged in trials, approaches to data manage-
ment within programs such as the NHS THLC 
have been variable. Simple spreadsheets for 
data collection have been used by many sites 
which limits the ability to review real-time 
data and monitor program performance. The 

NHS THLC53 and US roundtable group55 have 
suggested minimum required dataset items 
which would allow monitoring of key perfor-
mance indicators. Further integration with 
imaging platforms and risk stratification tools 
is ideal. Establishing a single national DMS 
with standardised protocols for data manage-
ment would optimise consistency and accura-
cy. Interoperability with national health data 
systems is a key consideration whilst maintain-
ing adherence to information governance and 
General Data Protection Regulation (GDPR) 
guidelines.

CONCLUSION

Evidence from randomised control trials and 
pilot programs have confirmed the efficacy of 
LDCT screening in detecting lung cancer at 
an early stage. This growing body of evidence 
has supported pilot implementation across 
many health systems that are now engaged 
in the process of wider implementation. If the 
results of the trials are to be replicated and 
improved upon, it is crucial that programs 
proactively adopt evidence-based strategies 
with clear protocols and quality assurance 
standards to maximise public health benefit. 
Reliable population-level data is crucial to 
identify those at highest risk of lung cancer 
who are most likely to benefit from screening. 
Further research is required in areas that can 
improve clinical and cost-effectiveness of lung 
cancer screening such as improved eligibility 
criteria and recruitment methods, which will 
need to be validated for the target population. 
Personalised screening intervals will likely 
play an important role in balancing risks and 
benefits of screening, thereby improving ef-
fectiveness. Finally, as recommended by the 
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European Commission, countries need to use 
the evidence base from research, and that ac-
cumulating from the programmes already un-
derway, to model the impact on capacity and 
resources to determine a feasible timeline to 
achieve a substantial reduction in their mor-
tality from lung cancer.
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