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Introduction 

Lung cancer is responsible for nearly two million deaths across the world every year1. This is the single 

biggest cause of cancer death and accounts for approximately 20% of all cancer-related deaths. Lung 

cancer survival is driven by the stage at presentation. In the United Kingdom (UK), 57% of patients 

with stage I lung cancer, where curative-intent treatment can be considered, survive for five years or 

more. This compares to only 3% of patients with stage IV lung cancer, where treatment is palliative2. 

In 2020, 44% of patients with lung cancer in England presented at stage IV disease, compared to 20% 

at stage I and 28% at stages I-II combined3. Therefore, a key ambition in the strategy for improving 

outcomes in lung cancer is earlier diagnosis and the National Health Service (NHS) ‘Long Term Plan’ 

has set a target to diagnose 75% of all cancers at stage I-II by the year 20284.              

 

Earlier diagnosis of symptomatic lung cancer  

Lung cancer can present with no symptoms, lung-specific symptoms (haemoptysis, cough, 

breathlessness and chest pain) and non-specific symptoms (weight loss, fatigue, loss of appetite). 

Many of these symptoms are exceptionally common with a very broad range of alternative diagnoses, 

providing a diagnostic challenge for clinicians. There are, therefore, barriers at both a public level, in 

how to interpret and mange such symptoms, and at healthcare professional level, in when to perform 

further investigation such as a chest-X-ray (CXR) and when to refer to hospital on a suspected lung 

cancer pathway. Public insight research in the North of England identified that a lack of validation of 

symptoms that could be caused by lung cancer, previous experiences in seeking healthcare 

professional review, an underestimation of the potential risk of lung cancer and a lack of prioritisation 

of an individual’s symptoms in the context of an over-stretched health care service can all act as 

barriers for the public to seek help with symptoms that could be caused by lung cancer5. Similar 

challenges face community-based clinicians in when to investigate or refer to hospital when symptoms 

could be caused by lung cancer. Almost one in three (30%) of patients with lung cancer have had three 



or more consultations with their primary care physician before they are referred on the suspected 

lung cancer pathway suggesting an opportunity for earlier diagnosis6. One pivotal goal in the earlier 

diagnosis of symptomatic lung cancer is to increase access and uptake to CXRs for patients with 

persistent symptoms (lasting greater than 3 weeks) that could be caused by lung cancer. In a large city 

in the North of England, a dedicated public awareness campaign encouraging the public to have a CXR 

if they had cough, breathlessness or chest pain lasting 3 weeks or more (and offered a direct access 

pathway without seeing a community physician) increased the volume of chest x-rays by over 80%7. 

This was followed by a subsequent 8.8% increase in patients diagnosed at stage I-II (26.5% pre-

campaign, 35.3% during campaign) and 9.3% reduction in the absolute number of patients diagnosed 

with stage IV lung cancer (1,254 pre-campaign, 1,137 during campaign)7. Whilst CXRs are an important 

tool in the diagnosis of lung cancer, 20-25% of patients with lung cancer will still have a normal CXR8. 

There is, therefore, important healthcare professional education and safety netting systems required 

to ensure that false reassurance is not provided by a normal CXR and patients in whom the suspicion 

of lung cancer persists should still be referred on the suspected cancer pathway. Furthermore, 

increasing the number suspected lung cancer referrals from primary to secondary care is associated 

with improved survival and earlier diagnosis of lung cancer. A national cohort study of 1.4 million 

patients in the UK demonstrated a reduced risk of death from lung cancer in patients from GP practices 

with a high referral rate on the suspected cancer pathway (HR 0.95, 95%CI 0.94-0.97)9. In summary, 

public awareness campaigns, healthcare professional education and clinical pathways that increase 

presentation in primary care, increase CXR uptake and increase suspected lung cancer referrals for 

patients with persistent symptoms that could be caused by lung cancer are the key priorities to 

improve the earlier diagnosis of symptomatic lung cancer in the UK.    

        

 

 



Low-dose CT screening for asymptomatic lung cancer - summary of key RCTs 

Screening for asymptomatic lung cancer began in the 1960s but was limited to assessing the roles of 

sputum cytology and CXR. Despite the increased incidence and resections rates of lung cancers in 

several randomised controlled trials (RCTs), none were able to demonstrate a mortality reduction10-14. 

In the 1990s, the role of low-dose computed tomography (LDCT) for detecting lung lesions was gaining 

traction and led to direct comparisons with CXR, eventually being proven to be superior at detecting 

early stage lung cancer in several studies, including the Early Lung Cancer Action (ELCAP) project15-17.  

These study results reignited an interest in lung cancer screening, this time examining the potential 

role of LDCT. 

In 2011, publication of The National Lung Screening Trial (NLST)18 was a breakthrough moment for 

lung cancer screening. This large American-based study randomised 53,454 participants, aged 55-74 

with at least a 30 pack year smoking history and smoked within 15 years, to annual LDCT or CXR. Early 

stage lung cancer detection was significantly increased by LDCT and, more significantly, a 20% (95% CI 

6.8-26.7; p=0.004) reduction in lung cancer mortality was demonstrated. Additionally, the results also 

demonstrated a 6.7% (95% CI 1.2-13.6; p=0.02) reduction in all-cause mortality. Since the publication 

of NLST, the US Preventive Services Task Force (USPSTF) have recommended screening with LDCT be 

offered to individuals matching NLST criteria, extended to age 8019. 

Since then, several smaller European studies (Table 1) have further demonstrated LDCT screening’s 

ability to create a stage shift towards earlier detection of lung cancer but without the statistical power 

to further demonstrate mortality reductions. This was until publication of the Dutch-Belgian NELSON 

study in 2020, the second largest lung cancer screening RCT to ever be conducted, which was also 

powered to demonstrate mortality reduction20. Participants aged 50-75, with a smoking history of 

either ≥15  cigarettes for 25 years or ≥10 cigarettes for 30 years, were randomised to either LDCT 

screening at baseline, 1 year, 3 years and 5.5 years or no screening. At 10-years, lung cancer related 

mortality was reduced by 24% (0.76; 95% CI 0.61-0.94, 0=0.01) in the LDCT arm overall, with a more 



significant mortality reduction in female participants (0.67; 95% CI 0.38-1.14). The trial was not 

powered to look at overall mortality. Additionally, the Multicentric Italian Lung Detection (MILD) trial, 

comparing annual LDCT, biennial LDCT (every 24 months) and no screening in participants aged ≥49 

years with at least a 20 pack years smoking history, has also now demonstrated a statistically 

significant reduction in lung cancer mortality of 39% (0.61; 95%CI: 0.39-0.95) after 10 years of follow-

up21. 

 

Real world outcomes from lung cancer screening implementation programmes in the UK 

More recently, focus has shifted from RCTs demonstrating mortality reductions to smaller-scale 

studies demonstrating implementation. This has been primarily led by UK-based programmes over the 

past six years. Adopting a ‘Lung Health Check ‘approach, whereby participants from higher risk and 

more deprived geographical locations are invited to a face-to-face lung health check (or equivalent) 

and those at high risk of lung cancer, determined prospectively through the use of risk-prediction 

models, are selected for real-world LDCT lung cancer screening. 

The Manchester Lung Health Checks, first piloted in 2016 using community-based mobile scanners, 

demonstrated a lung cancer detection rate of 4.4% across two annual screening rounds (3% at baseline 

and 1.6% at one-year) through offering LDCT screening to those with a PLCOm2012 score of 1.51%22,23. 

Overall, 80% of screen detected cancers were diagnosed at an early stage (I-II), demonstrating an 

almost 5-fold reduction in stage IV disease compared with age-equivalent lung cancer diagnosis across 

Manchester. In the end, 89% of patient diagnosed with cancer received curative intent treatment with 

a surgical resection rate of 60%22,23. Similarly, the ‘Liverpool Healthy Lung Project’, published in 201924, 

reported a lung cancer detection rate of 1.9% through offering LDCT screening to those with a LLPv2 

(Liverpool Lung Project) risk score of 5.0%, with 76% being diagnosed at stages I-II. The smaller West 

London screening pilot, which offered options of both mobile community-based scanners and fixed 



hospital scanners participants with a PLCOm2012 score of 1.51% or LLPv2 2.0%, reported a lung cancer 

detection rate of 2.5%, with 58.6% diagnosed at stage I25. 

The London-based Lung Screen Uptake Trial (LSUT) was a RCT investigating whether uptake of 

screening can be improved with targeted invitation strategies26. Whilst the primary aim of the study 

was negative and showed no improvement in uptake through the use of targeted invitation leaflets, 

overall uptake was significant at 52.6%, again the majority with high socioeconomic deprivation. 

Participants with any of PLCOm2012 1.51%, LLPv2 2.5% or 30 pack-years and smoked within 15 years 

(i.e. NLST criteria) were offered LDCT screening. Lung cancer prevalence was 4.7% in one baseline 

round, with 72.2% of cancers detected at an early stage and 79.4% offered radical curative-intent 

treatment27. 

These UK-based programmes have successfully demonstrated that a Lung Health Check approach to 

screening is acceptable to local participants and have been able to successfully engage highly deprived 

populations, previously missed in research trials, with the vast majority of participants being from the 

lowest deprivation quintiles in the UK. The programmes have all been able to detect significant 

numbers of early stage lung cancers amenable to radical treatment. 

 

Optimising the uptake of lung cancer screening 

Almost a decade since the USPSTF’s recommendation, utilisation of lung cancer screening remains 

universally low across the United States (US) at 19% ever participation28, of which an estimated 55% 

return for subsequent screening rounds29.  The picture in the UK is relatively improved.  Despite no 

national recommendations, the previously mentioned targeted programmes which offer screening 

within a Lung Health Check approach report between 21-53% first-time participation22,25,27, with as 

much 90% attending the second screen23.  However, to be equitable and maximally effective, 

screening programmes must do more to improve overall participation and they must also achieve a 

high-risk participant profile, yet participation has often been skewed in the opposite direction.  Those 



at highest risk of lung cancer are overrepresented within communities experiencing socioeconomic 

deprivation, where smoking prevalence is highest.  Both socioeconomic deprivation and current 

smoking status have consistently predicted lower participation internationally18,30-32, including for 

repeat participation29.  In the US, disparities have also been observed for ethnicity, with lower 

participation by those from black ethnic backgrounds, among whom lung cancer incidence and 

mortality is already higher33.  Screening programmes for other cancer types also warn of inequalities 

in participation by factors understudied in this context, such as rurality, comorbidities, and learning 

difficulties.   

Achieving equality in participation needs evidence-based interventions that overcome barriers to 

participation while also supporting participation and non-participation as voluntary, informed choices.  

Research evidencing the determinants of inequalities in participation should direct targeted 

intervention design, from which the findings to-date can be organised within the framework of the 

Integrated Screening Action Model34.  This includes motivational factors (e.g., low perceived efficacy 

of lung cancer screening/treatment, worry about high perceived risk of lung cancer35-37) as well as 

environmental and social factors affecting an individual’s opportunity and capability to take part (e.g., 

perceived stigma, travel difficulties, comorbidities)38,39.  In the LSUT, invitation materials with stepped, 

low burden and targeted content designed to address motivational factors helped reduce the 

socioeconomic gradient in participation27.  Both arms included strategies for supporting capability and 

opportunity known to be effective for lower socioeconomic groups in other cancer screening contexts 

(i.e., advanced notification, reminder, timed appointment)40; together achieving 53% attendance 

across trial arms.  While promising, inequalities persisted, and a substantial proportion of the invited 

population remained unengaged.  In line with proportionate universalism, greater resource, 

innovation, and community engagement need to be invested to engage non-responders.  The 

American Thoracic Society (ATS) recently recommended pathway navigation as one such promising 

approach41, investing additional support for those facing greater difficulty in considering and 

participating in lung cancer screening.   



Treating tobacco dependency in lung cancer screening programmes 

Implementing smoking cessation interventions is likely to improve the overall effectiveness and cost 

effectiveness of screening programmes42. Individuals eligible for lung cancer screening believe the 

offer of smoking cessation support is acceptable and expected as part of the lung cancer screening 

process43-45, and attendance at screening may provide a “teachable moment”; an opportunity to 

inform participants of the harmful effects of smoking at a time where they may be receptive to change 

their behaviour 46-48.  Indeed, an invitation to or attendance at lung cancer screening has been shown 

to increase motivation for quitting and quit rates in comparison to control groups49,50.  A recent review 

of smoking cessation interventions in lung cancer screening reported baseline smoking cessation rates 

of between 7%-23% amongst smokers participating in research studies, regardless of intervention.  

Those receiving abnormal scan results appear to be particularly likely to quit smoking following 

engagement with lung cancer screening, with numerous studies reporting higher quit rates following 

an abnormal scan result or referral to a physician as compared to a normal scan result51-54. It has also 

been suggested that the provision of personalised information regarding the impact of smoking on 

their health may encourage uptake of lung cancer screening in those potential participants who 

smoke45. 

Given quit attempts are more likely to be successful if made with evidence-based support, attendance 

at lung cancer screening should be accompanied by an offer of an effective intervention. A systematic 

review synthesizing evidence regarding smoking cessation interventions in LDCT screening reported 

that there was insufficient data to suggest a particular approach to smoking cessation in the lung 

cancer screening setting55. Since this review was published, studies from countries including the UK, 

US, Canada, Italy, Netherlands and Belgium have investigated the efficacy of smoking cessation 

interventions in the LCS setting, with evidence of a greater impact of more intensive interventions (for 

example behavioural counselling and pharmacotherapies) compared to low intensity interventions 

(for example brief advice, self-help and internet materials).  A UK based study has shown a high uptake 



of an opt-out smoking cessation service offered to all smokers, co-located within a lung cancer 

screening programme56. The study is also testing the efficacy of adding a personalized intervention 

comprising the use of heart and lung images captured during the LDCT scan, highlighting areas of 

coronary artery calcification and emphysema, as part of the smoking cessation intervention56. 

Research in this area is continuing, however, with the US SCALE (Smoking Cessation within the Context 

of Lung Cancer Screening) collaboration testing various permutations of smoking cessation 

intervention strategy and intensity with a core of data collection measures to allow meaningful 

comparisons57.  

The effects of smoking cessation extend beyond lung cancer. People who smoke are also at risk of 

premature death due to chronic obstructive pulmonary disease (COPD), heart disease and stroke.  

Subjects eligible for lung cancer screening have a three times greater relative risk death due to heart 

disease than a non-smoker58 and participants in lung cancer screening studies have shown notable 

proportions of coronary artery calcification and emphysema59-61. There is thus a potential opportunity 

to provide better management and reduce the clinical impact of these conditions through effective 

smoking cessation intervention delivered as part of lung cancer screening, building on the teachable 

moment in those attending for screening.  

 

Minimising harm from lung cancer screening 

Any form of screening has the potential to cause harm if not performed in a safe and quality assured 

manner. In lung cancer screening, unnecessary radiation, overdiagnosis and actions related to false 

positive findings are the most significant harms that need considered. The evidence base for lung 

cancer screening is based on the use of LDCT, which is 70-90% less than a standard CT Thorax (1.5-

mSv vs 7-8-mSv). To reduce this risk further, newer programmes are now using ultra-low dose CTs, 

which can achieve a dose one-tenth of conventional LDCT62. Whilst exposure from a single LDCT is not 

concerning, repeated scanning over a participant’s lifetime carries risk that needs to be justified in the 



screening selection process, in addition to risks from downstream imaging of positive finding, such as 

Positron Emission Tomography (PET) CT and image guided biopsies. Nonetheless, several studies have 

defined the risk of radiation-induced cancer deaths as a consequence of LDCT lung cancer screening 

to be very low and not enough to outweigh the potential benefits63-65. 

Overdiagnosis is the finding of a cancer through screening that would have never caused harm within 

the patient’s lifetime, either due to the indolent biology of the tumour or due to death from competing 

causes of mortality. In large RCTs, overdiagnosis is measured as the excess number of lung cancers in 

the intervention arm as compared with the control arm, with a large span of reported figures ranging 

from none in the ITALUNG study to 67% in DLCST66,67. In NLST, the overdiagnosis rate was initially 

estimated at 18%18. Weaknesses with this estimation included a short period of follow-up, only 6.5 

years, not long enough to overcome lead-time bias, and included treatment of indolent 

bronchioloalveolar carcinomas (BAC), which accounted for almost 80% of the overdiagnosed cases, 

and entity now managed conservatively. Recent publication of updated NLST follow-up data after a 

longer period of 11 years suggests the overdiagnosis rate to be closer to 3%68. More recently, the 

NELSON trial estimated an overdiagnosis upper limit of 8.9%, expected to reduce further over time. 

The risk of overdiagnosis can potentially be reduced further by identifying and addressing other 

smoking-related competing caused of mortality, such as cardiovascular disease and COPD, and by 

incorporating a selection process by which those most likely to benefit, in terms of life-years gained, 

are identified for screening, though the evidence-base for this approach is still developing. 

LDCT scans detect benign nodules as well as lung cancers, which provides a challenge for screening 

programmes. Investigation and treatment of a screen-detected benign lesion is deemed to be a false 

positive result and harms associated to this include stress and anxiety, though this tends to be short-

lived69, as well as physical complications as a consequence of invasive investigations and, ultimately, 

surgery. The definition of positive nodules has varied across screening trials, leading to a wide range 

of reported false positive rates (1.3%-28.8%). The use of detailed, evidence-based, pulmonary nodules 



management algorithms70,71 has been shown to reduce the rate of false positive findings. As an 

illustration, the reported false positive rate in NLST, where any non-calcified nodule ≥4mm was 

defined as positive, was 23.3%. In comparison, NELSON, where volumetric measurements, larger 

positive size definitions and surveillance groups identified, reported much lower false positive rates 

of 1.2%. More recently, real-world data from five UK-based screening programmes reported an overall 

false positive rate of 2.2%, significantly lower than that reported in NLST and the majority of European 

screening trials outside of NELSON72. 

 

Managing incidental findings during lung cancer screening 

LDCT scans produce images from the lower neck to the upper abdomen and leads to the identification 

of significant numbers of incidental findings (IFs) in those areas73. IFs in lung cancer screening are 

defined as LDCT findings that can potentially affect the health of the patient and are not related to 

lung cancer itself74. The ever-increasing numbers of screening programmes internationally means that 

IFs are becoming increasingly prevalent internationally. The prevalence of IFs in screening populations 

is highly variable, particularly as there is no international consensus guidelines as to how they should 

be classified and managed. As a result, IF prevalence rates have ranged between 1%-41% across 

studies75,76, although generally significantly lower number of patients have findings that require 

further intervention77. The American College of Radiology (ACR) Lung CT Screening Reporting and Data 

System (Lung-RADS) has an “S” modifier for clinically significant non-lung cancer findings with a 

reported prevalence rate of 10%, although the definition of these findings is arbitrary78. Many of these 

incidental findings are benign and clinically insignificant79, but identification of others when coupled  

with appropriate interventions may also lead to a reduction in all-cause mortality as the targeted 

populations of lung cancer screening patients are also at risk for significant age and smoking related 

co-morbidities80. As such, effective screening programmes need to have strategies and resources in 



place to effectively manage significant IFs in order to benefit the populations it serves and maintain 

safety.          

The most common IFs occur in the cardiovascular system, followed by renal, pulmonary and hepatic 

lesions81. Up to 80% of patients undergoing CT thorax have and IF of coronary artery calcification. 

Although not as effective as specific Coronary CT examinations, LDCT scanning has been shown to 

correlate well with risk of death and therefore patients may benefit from intervention on severe 

disease incidentally found at screening82. Aortic Aneurysmal disease is another incidental cardiac 

finding found in over 8% of screening cases and aneurysmal dilatation of greater than 4.5cm should 

prompt specialist referral for surveillance imaging77. From a pulmonary perspective, the major IFs 

include emphysema, Interstitial Lung Disease (ILD), pulmonary infections and pleural abnormalities. 

Several studies have shown that LDCT can identify COPD with comparable accuracy to pulmonary 

function testing83. LDCT may identify COPD at an earlier stage than normally achieved through referral 

for spirometry and effective earlier interventions may be initiated, particularly smoking cessation, that 

may reduce the burden of disease. Similarly, earlier interventions may be initiated with the 

identification of ILD and pulmonary infections that may improve ling term outcomes. In Idiopathic 

Pulmonary Fibrosis particularly, early initiation of anti-fibrotic treatment such as Pirfenidone can 

result in overall mortality improvements84. Outside the cardiopulmonary systems, thyroid nodules, 

mediastinal masses, unexplained lymphadenopathy, non-pulmonary malignancies, renal and 

gallbladder calculi are identified occasionally and may require further intervention on a case by case 

basis80.  

 

 

 

 



Conclusions 

Lung cancer remains a serious condition with poor outcomes and continues to be the world’s biggest 

cause of cancer death. Diagnosis of symptomatic cancer is all too often delayed and more is needed 

in terms of public awareness campaigns, healthcare professional education and clinical pathways that 

increase presentation in primary care, increase CXR uptake and increase suspected lung cancer 

referrals for patients with persistent symptoms to improve the earlier diagnosis of symptomatic lung 

cancer. The evidence-base now exists to justify LDCT screening for asymptomatic high-risk 

populations, with three RCTs successfully demonstrating a mortality reduction, and recent real-life 

data from the UK has demonstrated that screening can be successfully implemented. However, to 

maximise benefits of screening on a wider scale, efforts must be made to optimise screening uptake, 

especially amongst high-risk populations with significant socioeconomic deprivation, integrate 

tobacco dependency treatment, minimise screening-related harms and adequately manage incidental 

findings in a quality assured and protocolised manner. By undertaking all of the above, there can be 

optimism that bleak trends in lung cancer outcomes can be improved upon significantly in the future.  



Table 1: Details of selection, methods and results from European lung cancer screening RCTs 

PY=Pack years; LDCT=Low-dose computer tomography; CPD=Cigarettes per day; LLP=Liverpool Lung Project risk model;PLCOm2012=Prostate, 

Lung, Colorectal and Ovarian trial risk model, the 2012 model; PanCan=Pan-Canadian study risk model 

 

 

 

 

 

 

 

Study 
 

Screening 
Methods 

(duration) 

Number of 
participants 

Enrolled 

Age 
eligibility 
criteria 
(years) 

Smoking 
eligibility 
criteria 

Baseline 
Cancer 

Detection 
Rate (%) 

Proportion 
of Early 

Stage (I+II) 
Cancers (%) 

Surgical Resection 
Rate (%) 

DANTE 

Annual 
LDCT vs 

No Screen 
(4 years) 

2,472 60-74 

≥20 PY; 
Ex-smokers 

quit within 10 
years 

2.2 57.0 67.9 

ITALUNG 

Annual 
LDCT vs 

No Screen 
(4 years) 

3,206 55-69 

≥20 PY; 
Ex-smokers 

quit within 10 
years 

1.5 47.6 81.0 

DLCST 

Annual 
LDCT vs 

No Screen 
(5 years) 

4,104 50-70 

≥20 PY; 
Ex-smokers 

quit within 10 
years 

0.8 53.0 65.0 

MILD 

Annual 
LDCT vs 
Biennial 
LDCT vs 

No Screen 
(5 years) 

4,479 ≥49 

≥20 PY; 
Ex-smoker 

quit within 10 
years 

0.8 63.0 84.0 

LUSI 

Annual 
LDCT vs 

No Screen 
(5 years) 

4,052 50-69 

At least: 
a) 15 CPD for 
25 years OR 

b) 10 CPD for 
30 years; 

Ex-smoker 
quit within 10 

years 

1.1 80.0 Not stated 

UKLS 

Single 
LDCT vs 

No Screen 
(Single 
round) 

4,055 50-75 LLPv2 ≥5% 1.7 85.7 83.0 

NELSON 

LDCT at 1, 
2, 4 & 6.5 
years vs 

No Screen 

15,822 50-75 

At least: 
a) 15 CPD for 
25 years OR 

b) 10 CPD for 
30 years; 

Ex-smoker 
quit within 10 

years 

0.9 70.8 Not Stated 
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