
 1 

The United Kingdom Lung Cancer Screening Trial: Report on a 

pilot Randomised Controlled Trial of Low Dose Computed 

Tomography screening for the early detection of lung cancer 

 

 

Authors 

Field JK1, Duffy SW2, Baldwin DR3, Brain KE4, Devaraj A5, Eisen T6, Green BA1, Holemans 

JA7, Kavanagh T8, Kerr KM9, Ledson M7, Lifford KJ4, McRonald FE1, Nair A10, Page RD7, 

Parmar MKB11, Rintoul RC12, Screaton N12, Wald NJ2, Weller D13, Whynes DK14, Williamson 

PR1, Yadegarfar G1, Hansell DM15 

 

Corresponding Author: Professor John K. Field: j.k.field@liv.ac.uk 

 

Affiliations 

1University of Liverpool, Liverpool, UK; 2Queen Mary University of London, London, UK; 

3Department of Respiratory Medicine, Nottingham University Hospitals, Nottingham, UK; 

4Cardiff University School of Medicine, Cardiff, UK; 5St George's Hospital, London, UK; 

6University of Cambridge, Cambridge, UK; 7Liverpool Heart & Chest Hospital, Liverpool UK; 

8Lung Cancer Patient Advocate, Liverpool, UK; 9Aberdeen Royal Infirmary, Aberdeen, UK; 

10Guy's and St Thomas' NHS Foundation Trust, London, UK; 11Medical Research Council, 

London, UK; 12Papworth Hospital NHS Foundation Trust, Cambridge, UK; 13University of 

Edinburgh, Edinburgh, UK; 14University of Nottingham, Nottingham, UK; 15Royal Brompton 

and Harefield NHS Foundation Trust, London, UK 

 

Competing Interests: Dr Eisen declared:   share ownership and corporate sponsored research 

from AstraZeneca.   He is on the advisory boards of AVEO, Astellas, BMS, Bayer, Boehringer 

Ingelheim, GSK, Novartis, Pfizer and Roche.  He has declared corporate sponsored research 

from Bayer, GSK, Pfizer.  He has received honoraria from AVEO, Astellas, BMS, Bayer,BI, 

GSK, Novartis, Pfizer and Roche. 

 

REPORT WORD COUNT (main body) :   40,043 

mailto:j.k.field@liv.ac.uk


 2 

ABSTRACT 

 

Background 

Lung cancer kills more people than any other cancer in the UK, (five-year survival < 13%). 

Early diagnosis can save lives. The USA-based National Lung Cancer Screening Trial (NLST) 

reported a 20% relative-reduction in lung cancer mortality and 6.7% all-cause mortality in 

LDCT-screened subjects. 

Objectives 

Analyse LDCT lung cancer screening in a high risk UK population, determine optimum 

recruitment, screening, reading and care-pathway strategies; assess the psychological 

consequences and the health economic implications of screening. 

Design 

A pilot randomised-controlled trial comparing intervention with usual care. A population-

based risk questionnaire identified individuals at high-risk of developing lung cancer (>5% 

over five years). 

Setting 

Thoracic centres with expertise in lung cancer imaging, respiratory medicine, pathology and 

surgery: Liverpool Heart & Chest Hospital, Merseyside and Papworth Hospital, 

Cambridgeshire. 

Participants 

Individuals 50-75 years, at high-risk of lung cancer in the PCTs adjacent to the centres. 

Interventions 

A thoracic LDCT scan. Follow-up CTs as per protocol. Referral to MDT clinics determined by 

nodule size criteria. 

Main outcome measures 

Population-based recruitment based on risk-stratification 

Management of trial through web-based database 

Optimal characteristics of CT readers (radiologists vs radiographers) 
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Characterisation of CT-detected nodules utilising volumetric analysis 

Prevalence of lung cancer at baseline 

Socio-demographic factors affecting participation 

Psychosocial measures (cancer distress, anxiety, depression, decision satisfaction) 

Cost-effectiveness modelling 

Results 

247,354 population approaches. 30.7% responded positively to the screening invitation. 

Recruitment: 2,028 - CT arm, 2,027 - control arm. 

 

1994 participants underwent CT scan. 42 participants (2.1%) were diagnosed with lung cancer. 

36/42, (85.7%) of the screen-detected cancers were identified as stage 1 or 2 and 35 (83.3%) 

underwent surgical resection as their primary treatment. Lung cancer was more common in the 

lowest socioeconomic group. 

Short-term adverse psychosocial consequences were observed in participants randomised to 

the intervention arm, and in those with a major lung abnormality detected, but these differences 

were modest and temporary. Roll-out of screening as a service or design of a full trial would 

need to address issues of outreach. Health economic analysis suggests that the intervention 

could be cost-effective, but this needs to be confirmed using data on actual lung cancer 

mortality. 

Conclusions 

The UKLS pilot trial was successfully undertaken with 4,055 randomised individuals. The data 

from the UKLS trial provides evidence that adds to existing data to suggest that lung cancer 

screening in the UK could potentially be implemented in the 60-75 year age group, selected 

via the LLPv2 risk-model and using CT volumetry-based management protocols.  

Future Work 

The UKLS data will be pooled with the NELSON and other EU trials in 2016, which will 

provide European mortality and cost effectiveness data. For now, there is a clear need for 

mortality results from other trials, and for further research to identify optimal methods of 

implementation and delivery.  Strategies for increasing uptake and providing support for under-

served groups will be key to implementation. 
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Trial registration 

ISRCTN 78513845 

Funding 

Funded by the NIHR Health Technology Assessment programme and will be published in full 
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SCIENTIFIC SUMMARY 

 

Background 

Lung Cancer: the clinical problem 

Lung cancer kills more people than any other cancer. Its estimated cost to the NHS is £9,071 

per patient per year, and the total cost to the UK economy is £2.4 billion; more than any other 

cancer. The overall five-year lung cancer survival rate in the UK is <13%, largely due to late 

presentation. However, the five-year survival with stage 1a disease is over 70%. Early 

diagnosis using CT screening has the potential to save many lives, as well as reduce public 

costs. 

 

Computed Tomography Screening for lung cancer 

The USA-based National Lung Cancer Screening Trial (NLST) recently reported a 20% 

relative-reduction in lung cancer mortality and 6.7% all-cause mortality in subjects randomised 

to Low Dose Computed Tomography (LDCT) scans versus chest X-ray. The final results of 

the Dutch-Belgian trial (NELSON) are due in ~2016.  

 

Successful and cost-effective screening for lung cancer is dependent upon identifying and 

targeting high risk individuals,  utilising algorithmic risk models that take into account known 

risk-factors for lung cancer: tobacco use, age, previous respiratory disease, family, medical 

history and occupational exposures. The group selected should be of sufficiently high risk that 

the benefits will outweigh the likely harms. 

 

Lung Cancer Screening in the United Kingdom 

The National Institute for Health Research Health Technology Assessment (NIHR HTA) 

programme provided funding for a pilot study of Low Dose CT (LDCT) screening in the UK 

population to address specific questions, and inform the health service on the future 

implementation of lung cancer screening. The United Kingdom Lung Cancer Screening Trial 

(UKLS) is the subject of this report. Data from UKLS, when pooled with that from NELSON 

and other European trials, will potentially provide a sample of 36,000 subjects and associated 

mortality and cost-effectiveness figures.  
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Objectives 

 

The overall aim of the UKLS pilot trial is to contribute to the data required for an informed 

decision regarding the introduction of population-screening for lung cancer. This involves 

determining the best recruitment and screening strategies and assessing the physical and 

psychological consequences and health economic implications of screening. As the UKLS pilot 

trial is insufficiently powered to demonstrate a reduction in mortality, a further objective is to 

provide results for pooling with current European lung screening studies. 

Main outcome measures 

I. Population-based recruitment based on risk-stratification 

II. Management of trial through web-based database 

III. Optimal characteristics of CT readers (radiologists vs radiographers) 

IV. Characterisation of CT-detected nodules utilising volumetric analysis 

V. Prevalence of lung cancer at baseline 

VI. Socio-demographic factors affecting participation 

VII. Psychosocial measures (cancer distress, anxiety, depression, decision satisfaction) 

VIII. Cost-effectiveness modelling 

 

Methods 

 

UKLS is a Randomised Controlled Trial (RCT) of LDCT versus usual care for the early 

detection of lung cancer.  

 

Primary Care Trust (PCT) records for 50-75 year olds were used to approach individuals by 

letter The Liverpool Lung Project (LLP) lung cancer risk prediction algorithm (LLPv2) was 

used to calculate the positive responders’ risk status,  who were invited. The design of the trial 

follows the Wald Single-Screen Design. 

 

The UKLS pilot trial was undertaken in six PCTs around two specialist thoracic hospitals 

(Liverpool Heart and Chest Hospital (LHCH); and Papworth Hospital, Cambridgeshire, 

respectively). 4,055 high-risk subjects were recruited and randomised in a 1:1 ratio to receive 

either a single thoracic LDCT scan or usual care. Subjects were invited to a recruitment clinic, 
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shown a DVD, given time to discuss the trial with a Research Nurse, and consented. Subjects 

had their lung function measured, provided blood and other samples, completed detailed 

epidemiological, psychosocial and health economics questionnaires and were offered smoking 

cessation advice. The participants were randomised within a two-week period and the CT-scan 

group received a CT scan appointment. The CT scans were double-read, using state-of-the-art 

volumetric analysis by radiologists and radiographers based at pilot sites. Second reads were 

undertaken at the Royal Brompton and Harefield NHS Foundation Trust, London (RBH). Any 

nodules identified on LDCT-scans were treated as defined in the UKLS care-pathway protocol. 

Health and mortality outcomes of participants in both study arms will be followed up for ten 

years, via the Office for National Statistics (ONS), the Hospital Episode Statistics (HES) 

database, and the National Cancer Registration Service. 

 

Classification and management of findings 

CT findings classification was based on the UKLS radiology protocol, utilising nodule 

diameter and volume, utilising Siemens LungCARE software platform and classified into four 

categories: 

• No nodules or Category 1 (benign) nodules: no further action required 

• Category 2 (small, probably benign) nodules: follow up CT scan at 12 months 

• Category 3 (larger, potentially malignant) nodules: follow up CT scan at 3 months and 

12 months 

• Category 4 (higher chance of malignancy) nodules: immediate referral to 

Multidisciplinary Team (MDT). 

 

Where follow-up scans (3 or 12 months) were performed, the nodule volume doubling time 

(VDT) was calculated. 

 

Results 

Demographics of trial participants 

The UKLS approached 247,354 individuals in the two pilot sites, 75,958 people (30.7%) 

responded positively to the screening invitation. Demographic factors associated with positive 

response were: higher socioeconomic status, age 56-70 years, and ex-smokers. Those from 

lower socioeconomic groups and current smokers were less likely to respond.  8,729 (11.5%) 
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positive responders were calculated as having a high risk of lung cancer. Those categorised at 

high risk were more often elderly, current smokers, of lower socioeconomic status and males 

(2.4x females). 4,061 (46.5%) of the high risk positive responders consented to participate, and 

4,055 were randomised. 

 

Radiology 

CT scans were read by radiologists and specially trained radiographers, who were audited, 

reading CT scans both independently and concurrently. Sensitivity and false positive (FP) rates 

were calculated by comparing readings against reference standards; these consisted of the 

consensus view of radiologists at the central reading site (RBH), including a senior radiologist 

with >20 years experience. 

 

The mean nodule-detection sensitivity for four radiographers was 71.6% (± 8.5%), versus 

83.3% (± 8.1%) for three radiologists. The number of FPs per scan ranged from 0.6-2.9 for the 

radiographers and from 0.2-0.7 for the radiologists. 

 

Our results suggest that trained radiographers are currently unsuitable to act as sole readers in 

lung cancer screening, but that they may improve workflow for the radiologists and developed 

within a lung cancer screening programme. 

 

Results of screening 

2,028 high risk trial participants were randomised to the screening arm of UKLS, and 1994 of 

these received a thoracic CT scan. 979 participants had clear scans, 479 were scheduled for a 

12 month follow up scan, 472 were scheduled for a three month follow up scan, and 64 were 

referred directly to the multidisciplinary team (MDT). The CT scans with incidental findings 

unrelated to lung cancer were referred to the relevant MDT or their own GP. 

 

536 subjects (i.e. 472 category 3, 64 category 4) had nodules requiring a repeat scan 41 of the 

Cat 4 individuals were subsequently found to have lung cancer. However, it should be noted 

that a repeat CT at three months for category 3 nodules was mandated by the protocol. 
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Due to our failsafe policy reflecting the single screen design, there were a further 479 

individuals for whom a repeat screen was recommended at 12 months; only one of these was 

found to have a confirmed cancer. 

 

At the time of analysis, 1952/1994 (97.9%) participants had completed screening in the trial 

with no cancer found. 114 individuals had been referred to the MDT, of whom 72 did not have 

cancer. Forty two participants were diagnosed with confirmed lung cancer, 34 were detected 

at baseline or three months, giving a baseline prevalence of 1.7%. Thus, to date, 2.1% of all 

individuals screened have been diagnosed with lung cancer. 36/42 (85.7%) of the screen-

detected cancers were identified at stage 1 or 2. Of those with a confirmed cancer, 17/42 

(40.5%) were from the most deprived Index of Multiple Deprivation (IMD) quintile.  

 

We have defined false positives or rate of recall, as those requiring further diagnostic 

investigation more immediately than a repeat annual screen, but who transpired on such 

investigation not to have lung cancer. Thus on examining the number of UKLS participants 

referred to the MDT clinic, the false positive rate is 3.6% (114-42/1994); whilst the Interval 

Imaging Rate for the Category 3 nodules is 23.2% (472-9/1994).  

 

Psychosocial impact 

The short-term and long-term psychosocial impact of participation in UKLS (trial allocation 

and screening result) was examined with respect to lung cancer-specific distress (primary 

outcome), and anxiety, depression and decision satisfaction (secondary outcomes). Trial 

participants were asked to complete psychosocial questionnaires at baseline consent (T0), two 

weeks either after randomisation to the non-screening arm or receipt of their baseline CT scan 

results letter (T1), and at long-term follow-up (in January 2014, 10-27 months after attending 

the recruitment centre) (T2). 

 

Comparison of n=2756 individuals who declined participation with n=4061 individuals who 

attended recruitment clinic and consented to participate indicated that women, current smokers, 

older individuals (aged over 70 years), those in the lowest deprivation quintile, and those with 

a higher affective risk perception were less likely to participate. Further study attrition was 

observed in the same sub-groups. 
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Analysis of the short-term impact of trial allocation indicated that, in participants with low 

cancer distress at baseline, those randomised to the intervention arm reported significantly 

higher cancer distress at T1 follow up compared to controls (although not to clinically 

important levels).  At T1, control arm participants were not very satisfied with their decision 

to take part compared to those in the intervention arm.  

 

Within the intervention arm, individuals referred to the MDT due to a major lung abnormality 

reported significantly greater cancer distress and anxiety at T1 follow-up than those in any 

other group (clear scan, significant incidental finding, or recommended for repeat scan). In the 

MDT referral group, the upper confidence interval for lung cancer distress approached 

clinically significant levels. However, those in the MDT referral group reported the highest 

decision satisfaction. Individuals recommended for a repeat scan reported significantly higher 

T1 lung cancer distress compared to the clear scan group, and had the lowest decision 

satisfaction of all groups. CT scan result had no impact upon depression scores at T1. 

 

Adverse psychosocial outcomes of trial allocation and screening outcome were not evident at 

T2 long-term follow-up. In both T0 low and high scoring participants, the difference between 

trial arms in T2 cancer distress levels was not statistically significant. Control group 

participants had significantly higher T2 anxiety and depression scores than those receiving the 

intervention; however, the absolute differences between trial arms were minimal and not of 

clinical significance.  

 

Overall, transient negative consequences were observed in individuals allocated to receive 

LDCT screening and in those who received unfavourable screening results, but these 

differences resolved over time and were not clinically significant. However, a profile of risk 

factors for trial non-uptake emerged which must be addressed prior to routine implementation 

of lung cancer screening in the UK. 

 

Health economics 

Demonstrating cost effectiveness of cancer screening requires estimation of (i) net costs of 

screening versus detection via symptomatic presentation, (ii) impact upon (quality-adjusted) 
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life expectancy for screened subjects, and (iii) ratio of net-benefits to net-costs 

incurred(incremental cost-effectivness ratio, ICER). 

 

Cost estimates were based on 2011-12 NHS tariffs.  Costs incurred from UKLS are those of 

screening and re-screening (£282,490), diagnostic workup (£75,592), and treatment 

(£332,564), totalling £690,646 (95% CI £479,173 to £899,794). Recruitment costs and 

compliance were modelled from findings of other national screening programmes (e.g. UK 

colorectal screening). We assumed invitation and selection (risk assessment) costs of £10 per 

person, and a participation rate of 30%. The gross current costs of the programme amounted to 

£754,877 (CI £544,824 to £966,304). 

 

The screening benefits considered were restricted to survival gains consequent upon the screen-

detection of cancers.  Benefits comprised life expectancy following screen-detection and 

treatment, minus that which would have followed eventual symptomatic presentation in the 

absence of screening.  These expectancies were modelled from existing survival data.  The 

estimate of survival for each cancer detected was specific to sex, age, and cancer stage, and we 

incorporated stage-dependent lead times of up to six years.  To enable the summation of 

survival gains accruing at different times, we discounted future life year gains to present values 

at 3.5% annually. The model predicted total life-year gains of 137.2 (discounted 89.4) from 

detecting and treating the 42 cancers. 

 

The costs of managing these cancers which would have accrued in the absence of screening at 

various times in the future were offset against the gross programme costs of UKLS.  These 

offset costs, when discounted to present values at 3.5% annually, totalled £189,379 (CI 

£152,740 to £230,643).  Net programme costs therefore amounted to £565,498 (CI £361,102 

to £757,762).  

 

Based on a series of assumptions used to permit exploration of cost effectiveness in this pilot 

study, the incremental cost effectiveness ratio (ICER) of screen-detection compared against 

symptomatic detection is estimated as £6,325 per life-year gained.  Further exploratory 

analysis, using data from previous studies to permit calculation of the cost per QALY of 

screening results in an estimate of around £8,500 per QALY gained for screening, subject to a 

number of serious uncertainties. 
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Conclusions 

The UKLS pilot trial has demonstrated that it would be possible to design a cost-effective 

programme, with minimal adverse short-term psychosocial consequences. The 60-75 year age 

group is most likely to benefit from population-based screening.  Roll-out of screening as a 

service or design of a full trial would need to address issues of outreach. 

 

Lung cancer has been detected in 2.1% of people screened. The majority of screen-detected 

cancers were identified at stage 1 and 2, when they are potentially amenable to curative 

treatment, thus greater cost savings. In any service-based screening programme, uptake would 

differ from that seen in a trial; nevertheless trial data indicate some of the barriers to lung 

screening that would need to be considered. In order to maximise uptake, efficiency and cost-

effectiveness of lung screening, it would be necessary to attempt to engage ‘hard-to-reach’ 

groups, and those who perceive themselves to be at lower risk. In particular, these groups 

include women, older people (71-75 years), current smokers, people of lower socioeconomic 

status, and those with no prior experience of lung cancer. 

 

Future work will consider the longer term outcomes of the trial participants (via ONS, HES 

and the cancer registration service). The UKLS data will be pooled with the NELSON and 

other EU trials in 2016, which will provide European mortality and cost-effectiveness data. 

 

Research should also be directed towards establishing the optimum recruitment methods, 

frequency of screening, the best method of reading CT scans, and the longer-term psychosocial 

impact. 

 

Word Count:  2400 
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PLAIN ENGLISH SUMMARY 

 

 

Lung cancer kills more people than any other cancer. To reduce the number of deaths, we need 

to detect lung cancer at an earlier stage when it can be cured. An American trial showed that 

chest CT screening could prevent 20% of deaths from lung cancer. 

 

In view of the above, we carried out a pilot trial of low dose CT screening for lung cancer.  To 

find people at high risk of lung cancer, we sent postal questionnaires about known lung cancer 

risk factors to 250,000 people aged 50-75 years. Very few people younger than 60 years of age 

were at high risk. Four thousand high risk people joined the trial: half were offered a CT scan 

of their lungs; the others were not screened. 

 

In total, 1994 people had a CT scan; 979 of those people had clear scans, 951 needed repeat 

scans because of a minor change, and 64 people had major findings. Forty two cancers have 

been found to date, of which 36 (85.7%) were identified at an early stage, so are potentially 

curable. From the scans, we also found 128 people with other conditions unrelated to lung 

cancer, providing these people with an earlier diagnosis. 

 

To assess the emotional impact of lung screening, we looked at standard measures of cancer 

distress, anxiety and depression. Although some people, particularly those with an abnormal 

scan result, experienced more cancer distress, this was still at normal levels. 

 

Our results suggest that CT screening for lung cancer could be cost-effective, but further 

research is needed to confirm this. 

 

Word count:  258 
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CHAPTER 1: INTRODUCTION 

 

1.1 Lung cancer: the clinical problem 

 

Lung cancer kills more people than any other cancer, both in the UK and worldwide. It accounts 

for 13% of all malignant diagnoses in the UK, but over 20% of all UK deaths from malignancy 

(and 6% of total deaths). In the UK, in 2011, there were over 43,000 lung cancer diagnoses, 

and nearly 35,000 lung cancer deaths.1 Although improving, the five-year survival rate from 

lung cancer in the UK, for all stages, is less than 10% for both men and women; amongst the 

lowest for all cancer types1 (www.roycastle.org). Irrespective of age, about three-quarters of 

patients with lung cancer present at a late stage where treatment is palliative and survival poor. 

 

Based on the large piece of work undertaken by the International Association for the Study of 

Lung Cancer (IASLC) Lung Cancer Staging project,2 overall survival is best predicted by the 

stage of disease. Individuals with pT1aN0 have a five-year survival rate of 77%, compared 

with 22% for pT4Nx disease, and as low as 2% in pT4- malignant effusion and nodules. The 

poor survival rates in the UK are mainly due to most lung cancers being identified at a late 

stage, thus there is a clear rationale for seriously considering a national screening programme. 

 

The estimated cost of lung cancer to the NHS is £9,071 per patient per year (compared with 

£2,776 per patient per year for all cancer types),3 and the total cost of lung cancer to the UK 

economy is £2.4 billion; more than any other cancer.3 This reflects the relatively high incidence 

of lung cancer, compounded by poor survival and high mortality. Although age-standardised 

lung cancer deaths have declined over the past few years, due to lower tobacco use and possibly 

greater public awareness, many ex-smokers remain at high risk of developing lung cancer. 

Their absolute risk is dependent on their age, smoking duration prior to tobacco cessation, 

interval since quitting and other factors such as exposure to asbestos. This group of individuals 

now outnumbers current smokers both in the USA and Europe, and will continue to do so over 

the next two to three decades. There is therefore a significant population at high risk of 

developing lung cancer, who could potentially benefit from screening and early detection. 
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1.2 Risk factors for lung cancer 

 

Tobacco use is the major aetiological factor underlying lung cancer. The population attributable 

fraction for tobacco smoke (i.e. the percentage of lung cancer cases that are caused by tobacco), 

is 86%, representing around 34,600 cases in the UK (2010 figures).4 Around 15% of lung 

cancer cases in never-smokers are most likely due to a range of environmental exposure, 

genetic factors, as well as second hand smoke.4  Other factors listed by the International Agency 

for Research on Cancer (IARC) as having a causative role in lung cancer include ionising 

radiation (e.g. from x-rays, radon gas or previous radiotherapy), and occupational exposures 

such as asbestos and silica.5 Lung cancer is more common in people with a family history of 

the disease, particularly in siblings,6 and in those with a previous history of respiratory diseases 

(COPD, chronic bronchitis, emphysema, TB and pneumonia),7, 8 Lung cancer is more common 

in people from deprived socioeconomic groups:9 people from the most deprived socioeconomic 

quintile in England are 2.5 times as likely to develop lung cancer as those from the highest 

quintile (after adjusting for age; 2000-2004 figures).10 Furthermore, this trend has been 

consistent since the mid-1990s.10, 11 Recent work has supported the case that air pollution is 

independently associated with lung cancer.12 Lung cancer incidence increases with age, with 

around 75% of new UK cases arising in individuals aged 65 years and over (2008-2010 data).1 

Lung cancer is more common in males, with lifetime risks in the UK of around 7.1% for men 

and 5.6% for women.1 

 

1.3 Risk models for lung cancer prediction 

 

Based on the known risk factors for lung cancer, a number of algorithmic risk models have 

been developed in order to predict a person’s likelihood of developing the disease.13 Use of 

such models provides the potential to target screening or resources towards those at highest 

risk.14 The majority of these risk models are based predominantly upon age and smoking; these 

include Bach,15 Spitz,16 Tammemagi,17 and more recently that of Kovalchik.18 However, the 

predictive accuracy of lung cancer risk models may be further improved by the addition of 

other epidemiological risk factors.19 In the UK, the Liverpool Lung Project (LLP) risk model 

has been developed from a large case-control study of the same name.20, 21 The LLP risk 

prediction model incorporates age, sex, family history of lung cancer, smoking duration, 

javascript:void(0);
javascript:void(0);
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personal history of other cancers and non-malignant respiratory diseases, and occupational 

exposure to asbestos.20, 21 The LLP model is a robust algorithm that has been validated in two 

international case-control populations (Harvard and EUELC) and one independent cohort (LLP 

7,500).22 The LLP risk model has distinctive strengths. Firstly, the predictor variables are all 

explicitly defined and can be readily assessed at the time of patient presentation, and, secondly, 

patients can be assigned to their appropriate risk class on the basis of information from the 

initial history alone. The utilisation of risk models, specifically the LLP risk model, has recently 

been highlighted by the National Cancer Institute (NCI).23 

 

1.4 Screening for lung cancer 

 

Worldwide, a number of cohort studies and Randomised Controlled Trials (RCTs) of screening 

for early detection of lung cancer have been, or are being, conducted.24 These have used both 

chest x-ray and low dose computed tomography (LDCT) screening; the latter is the superior 

method.24 

 

1.4.1 Chest radiography & sputum cytology lung cancer screening 

The earliest lung screening trial was undertaken in London in the 1960s: over 55,000 

individuals were randomised to either chest radiography every six months for three years, or 

chest radiography at the beginning and end of the three year period.25 No mortality difference 

was found between the two groups. Three major trials in the USA, and one in Czechoslovakia, 

were developed in the 1970s; these trialled chest radiography with or without sputum cytology, 

but none showed any reduction in lung cancer mortality. A more recent trial is the lung 

component of the National Cancer Institute (NCI) Prostate, Lung, Colorectal & Ovarian 

(PLCO) screening trial of 150,000 individuals. In this trial, those in the intervention arm were 

offered chest radiography at baseline and then annually for three subsequent years (smokers) 

or two subsequent years (never-smokers); those in the control arm were given ‘usual care’ only. 

No mortality benefit was observed for the chest x-ray arm.26, 27 

1.4.2 Low dose computed tomography lung cancer screening 

LDCT, which was introduced in the late 1990s, offers a major advance in imaging 

technology.28 LDCT is more sensitive than chest radiography, and has enabled detection of 
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lung tumours smaller than one centimetre. Early studies using this technology include the USA-

based Early Lung Cancer Action Project (ELCAP)29 in 1,000 high-risk smokers; the Mayo 

Clinic project in 1,520 individuals, including annual sputum cytology,30 the Milan study31 and 

a three-year mass screening programme using a mobile CT unit in Japan.32 The ELCAP 

(observational) study was later expanded to an international collaboration including 30,000 

subjects. The EU-US Spiral CT Collaboration was initiated in 2001 in Liverpool. Subsequent 

meetings throughout Europe resulted in the development of collaborative protocols to provide 

a mechanism for different trial groups to work together, and for outcome data to be comparable 

between studies. The ultimate aim – pooling of results – was formalised in the ‘Liverpool 

Statement 2005’.33 

1.4.2.1 National Lung Cancer Screening Trial  

The first major RCT for lung cancer LDCT screening was the USA National Lung Cancer 

Screening Trial (NLST),34 which is a combination of two trials, one set up by the US National 

Cancer Institute (NCI) and the other by the American College of Radiology Imaging Network 

(ACRIN). The NLST started in 2002 and completed enrolment in 2004. NLST recruited over 

53,000 people aged 55–74, with a 30 pack-year smoking history, who had smoked within 15 

years. These subjects were randomised to LDCT or chest X-ray, with lung cancer mortality as 

the outcome. The X-ray control arm of the study comprised data from those individuals who 

had been screened in the PLCO26 trial. NLST reported a 20% relative reduction in lung cancer 

mortality in the LDCT arm.35 Furthermore, all-cause mortality was reduced by 6.7% in the 

low-dose CT group compared with the X-ray group. 

1.4.2.2 European lung cancer screening trials 

In Europe, the Dutch-Belgian randomised LDCT lung cancer screening trial (NELSON) was 

launched in 2003 and is currently under way.36 In planning the study, attention was focused on 

selecting a high risk population to reduce the cost but retain the power of the study. Potential 

study participants were approached by letter with a questionnaire on their smoking exposure 

and whether they wished to be included in the trial. The questionnaire was initially sent to 

335,441 men and women aged 50-75 years old. Based on this dataset, the selection criteria 

were developed, depending on duration of smoking, time since smoking cessation in ex-

smokers, number of cigarettes smoked per day, and the mean estimated expected lung cancer 

mortality rate. In this trial, LDCT screening takes place in years one, two and four, with ten 

years of follow-up. The trial has 15,422 individuals, randomised in equal numbers to LDCT or 
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‘usual care’, with lung cancer mortality as the outcome. A number of small trials have been 

initiated, in anticipation of combination with partner studies, or a future meta-analysis. These 

include the Danish Lung cancer screening trial (DLCST) the MILD, ItaLung and Dante Trials 

in Italy37-39 and the French randomised pilot study, Depiscan.40 The ItaLung, MILD and 

DLCST have all reported on their mortality data, which showed no difference in the CT 

screened arm; however none of the studies were powered to provide such a result.41-43  A 

summary of the European lung cancer screening trials is shown in Table 1. 

 

An overview of the European randomised lung cancer CT screening trials (EUCT) was 

prepared by the seven contributing PIs, and this paper also discussed the implementation of CT 

screening in Europe, post NLST.44 The overview was based on the epidemiological, 

radiological, and nodule management aspects of their trials at August 2010,44, 45 Including the 

data from the United Kingdom Lung Cancer Screening Trial (UKLS), 36,000 individuals will 

be available for a final mortality data testing after the NELSON36 trial has reported in 2015. 

 

Table 1: Overview of the European randomised lung cancer CT screening trials, based on the 

2010 data; adapted from Field et al.46 NELSON= Dutch-Belgian lung cancer screening trial. 

DLCST = Danish lung cancer screening trial. LUSI = German Lung Cancer Screening 

Intervention Study. ITALUNG = Italian Lung cancer Computed Tomography screening trial. 

DANTE = Detection and screening of early lung cancer by Novel imaging Technology and 

molecular assays. MILD = Multi-centric Italian Lung Detection Trial. Data are correct to 

August 2010. **Cut off date 1st January 2011. 
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Trial Name NELSON36 DLCST47 LUSI15 DANTE38 ITALUNG41 MILD39 

No. of rounds  4 5 5 5 4 5 

No. screening 

sites 

4 1 1 3 5 3 

Vendor CT 

scanner 

Siemens and 

Philips  

Philips Toshiba  

and 

Siemens  

Philips Siemens and 

General 

Electric 

Siemens 

and 

Philips 

No. of Rows 16 16 16 and  

128  

1 and 16  1 and 16 6-16 

Volumetric 

analysis 

Yes Yes Yes No No Yes 

Screen 

interval  

1, 2 and 2.5 

yrs 

1 year 1 year 1 year 1 year Random-

isation to  

1 or 2 yrs 

Screen arm 

(n) 

7515 2052 2029 1276 1613 1185 and 

1182 

Control arm 

(n) 

7907 2052 2023 1196 1593 1630 

Mean age at 

randomisation

years (± SD)  

59 (6) 57 (5) 58 (5) 65 (5) 61 (4) 59 (6) 

% Current 

smokers at 

randomisation  

55% 76% 61% 55 % 65% 63% 

Mean pack-

years (± SD) 

42 (19) 36 (13) 36 (18) 47 (25) 43 (18) 43 (15) 

Females  16% 45% 34% 0 % 35% 32% 

Follow-up 

since 

randomisation  

6 yrs 5 yrs 3 yrs 6 yrs 6 yrs 5 yrs 

Person years 

of follow-

up** 

90,655 23,248 4,073 13,541 14,453 15,589 
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Recruitment 

completed 

Yes Yes Yes Yes Yes No 

Screening 

completed 

No Yes No Yes Yes No 

Detection rate 

baseline, % 

0.9% 0.8% 1.1% 2.2% 1.5% 0.8% 

Detection rate 

2nd round, % 

0.5% 0.6% 0.65% 0.5% 0.4% 0.5% 

 

1.5 Lung Cancer Screening in Clinical Practice in the United Kingdom 

 

In order to make a case for the provision of screening as a service, we need a reliable estimate 

of the effect of LDCT screening on mortality in comparison to usual care. To date, only one 

trial (NLST) has demonstrated a reduction in mortality from CT screening48 but even when the 

results of NLST are combined with the three European trials that have reported on mortality 

(ItaLung, MILD, DLCST), there is still a 19% reduction.46 If we assume that LDCT screening 

does reduce mortality, it is then necessary to demonstrate that this can be achieved in a cost 

effective manner. This in turn requires information about benefits and harms as well as the 

optimum way to select and recruit individuals at risk. The final results of NELSON36 and the 

pooled European RCTs will provide valuable information on mortality and cost effectiveness 

data. Additionally, it is now apparent that some of the NLST participants had little chance of 

benefitting from the trial, as they were at very low risk of developing lung cancer: whilst this 

makes the reduction in mortality in the NLST more impressive, it also highlights the need for 

a more cost-effective approach and the minimisation of harms in those who are unlikely to 

benefit. In comparison, the NELSON36 study has adequate power to demonstrate a substantial 

benefit in a high risk group. 

 

The UK National Screening Committee has determined 22 criteria for the viability, 

effectiveness and appropriateness of a screening programme,49 20 of which are relevant to 

LDCT lung cancer screening. Black et al50 have undertaken a systematic review of the literature 

in order to ascertain whether there was evidence for any clinical effectiveness utilising LDCT 

for lung cancer screening. This review was undertaken at a time when there was a paucity of 

real data and thus the conclusions were drawn from two small trials with very variable results. 
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Not surprisingly, their conclusion stated that there was insufficient evidence at the time to 

support LDCT screening.  

 

As part of feasibility studies prior to the start of the UKLS trial, a cost effectiveness model was 

developed by Professor David Whynes, utilising the most conservative costings within the UK 

and NHS tariffs. This estimated the incremental cost effectiveness ratio of a single screen 

amongst a high-risk male population to be around £14,000 per quality-adjusted life year 

(QALY) gained.51 

 

1.6 The United Kingdom Lung Cancer Screening Trial  

 

To begin to address some of these questions, the National Institute for Health Research Health 

Technology Assessment (NIHR HTA) programme provided funding for a pilot study of LDCT 

screening in the UK population. Successful and cost-effective screening for lung cancer relies 

firstly upon identifying and targeting high risk individuals,14 the US and European trials have 

used a combination of age and smoking history as trial eligibility criteria. However, as noted 

above, a number of more formal lung cancer risk prediction algorithms have been developed,13 

and these may have utility in selecting those people who are suitable for screening.14 In the 

UK, the risk model of choice is the Liverpool Lung Project (LLP) algorithm,20, 21 and this model 

has been used as the basis for risk assessment in the UKLS. 

 

The UKLS, whose pilot phase is the subject of this report, is a multicentre RCT of LDCT for 

the early detection of lung cancer in high-risk subjects (>5% risk over five years, based on  the 

LLP model) aged 50-75 years. During the pilot phase of the UKLS trial, 4,061 high-risk 

subjects were consented between August 2011 and February 2013.  

 

The design of the main UKLS trial follows the Wald Single-Screen Design, which will enable 

early observation of the rate at which lung cancer incidence and mortality return to control 

levels, and in turn inform policy-makers on the appropriate screening frequency.52  

 

However, as only a pilot UKLS trial was undertaken, the data for mortality assessment can 

only be calculated when pooled with the other EU screening trials. The UKLS incorporates a 
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number of other elements that are specific to the area of lung cancer screening RCTs. Firstly, 

UKLS is a population-based study, which randomly approached 250,000 individuals aged 50-

75 years through local Primary Care Trust (PCT) records. Secondly, UKLS employs a validated 

lung cancer risk prediction model at an individual level22 to identify high risk subjects; thus 

targeting resources to those most likely to benefit from screening. Thirdly, UKLS is unique in 

having a formal care pathway plan, based on categorisation (size, volume and growth) of lung 

nodules.52 Fourthly, UKLS uses state of the art volumetric analysis of lung nodules identified 

on LDCT scan: this has only been used consistently by one other trial, NELSON.36 

 

The UKLS pilot trial focused on two geographical areas, covering six PCTs around Liverpool 

and Cambridge. These areas were selected as they both have a specialist thoracic hospital 

(Liverpool Heart and Chest Hospital and Papworth Hospital, respectively). Additionally, they 

cover very different populations in disparate areas of England, encompassing a broad range of 

socioeconomic groups that are representative of the UK as a whole. Liverpool is a large coastal 

port with an industrial heritage, and has the highest incidence of lung cancer in England, 

together with a very high risk community within the region. Papworth is located in a rural area 

(individuals with lower risk of lung cancer but greater distances to travel for screening) but has 

adjacent cities whose populations are at significant risk of developing lung cancer, albeit lower 

than that of Liverpool. 

 

1.6.1 Rationale for UKLS pilot trial 

By combining results of the UKLS pilot trial with those from NELSON36 and other European 

studies, it will be possible to model any likely mortality benefit of LDCT screening and 

treatment of early lesions. The pilot trial will also enable assessment of screening uptake, and 

factors that are unique to the UK population and the NHS. This will include testing the 

intervention against the criteria outlined by the UK Screening Committee, especially some of 

those criteria concerning cost-effectiveness. The potential cost-effectiveness of UKLS has been 

maximised by the trial design, i.e. selection of a population at sufficiently high risk to yield a 

substantial number of tumours in return for the screening activity.14 However, as the pilot trial 

is insufficiently powered to demonstrate a reduction in mortality, and a decision has been made 

not to fund the full UKLS trial, cost-effectiveness will have to be modelled. 
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1.6.2 Overall Aim of the UKLS Trial 

The overall aim of the UKLS pilot trial is to contribute to the data required for an informed 

decision to be made regarding the introduction of population screening for lung cancer. This 

involves determining the best recruitment and screening strategies, introducing a screening 

protocol for the management of CT detected nodules, establishing that the individuals selected 

for screening are at a sufficiently high risk for the benefits of the screening to outweigh the 

harms, and assessing the physical and psychological consequences and the health economic 

implications of screening. Further objectives are to create a resource for future improvements 

to screening strategies and to provide data for the EU lung cancer pooling to ascertain European 

mortality. 
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CHAPTER 2: METHODS 

 

2.1 Objectives 

 

The primary objective of this study was to carry out a pilot RCT examining the use of 16 

channel (or higher) multi-detector CT (MDCT) in the screened group to identify early lung 

cancer. As UKLS is a pilot study, the main objectives are to provide data to facilitate decision 

making by funders and policy makers regarding the possibility of future introduction of lung 

cancer screening into the NHS. At this stage, the trial does not have sufficient power to draw 

any definitive conclusions regarding clinical or mortality benefits, or to provide categorical 

health economic impact figures. However, it is possible to use the pilot data in algorithms to 

model the likely clinical and economic impact of a larger scale screening project. The pilot 

study has also been designed to monitor the performance of all aspects of the clinical care 

pathway and the research evaluation technicalities, including a bespoke web-based UKLS 

database. 

 

2.2 Trial design 

 

The UKLS is a RCT of LDCT versus usual care, for the early detection of lung cancer. The 

methods for the UKLS pilot study were derived from an initial feasibility study, and follow the 

Wald Single-Screen Design.52 Other screening trials have used this design, including the UK 

Flexisig Trial, the UK Aortic Aneurysm Screening Trial and the Singapore Breast Screening 

Trial.53-55 UKLS is similar in methodology to NELSON,36 and this will allow a combined 

analysis of results to increase the statistical power of both trials. 

 

Two main components were used in UKLS: an initial questionnaire-based screen to identify 

high risk individuals from the population, followed by a RCT with intervention (LDCT) and 

control arms. Participants were allocated randomly to trial arms in a 1:1 ratio. Figure 1 

illustrates the trial recruitment process. The UKLS trial design, patient information booklet and 

questionnaires were discussed with our patient representatives at each stage of the development 

of the trial. 
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Figure 1: UKLS Trial Recruitment and implementation process 

UKLS Pilot - Approach Primary Care Trusts (PCTs) , Directors of Public Health

PCTs to provide access to anonymised patient data on their premises to 
select population (50-75 years). 250,000 in the pilot trial

Data with identifiers provided to Radar. Radar to print invitation letters with patient 
names and addresses. Letter to be signed by the Director of Public Health.  [First 
information pack will contain:  invitation Letter; 1st Screening Questionnaire; Non-
Participant Questionnaire; Participant Information Sheet; Pre-paid envelope to Radar]

Response

Radar scans in the 1st questionnaire and provides 
data to UKLS trial to calculate risk scores 

Probably High Risk

Radar sends eligible high risk responders a 2nd information pack which 
contains: UKLS Participant Information Booklet; 2nd Questionnaire; 

Non-Participant Questionnaire; Pre-paid envelope to Radar

Response

The responders' data is scanned in by Radar and sent to 
the UKLS team with individual names and contact details 

CLINIC VISIT : 
Eligible participants from the UKLS database invited to a recruitment clinic: watch  UKLS 
information DVD, meet with UKLS Research Nurse to discuss trial and give consent. 
They will be asked to give samples and to complete a touch screen questionnaire

RANDOMISATION 

ARM 1: LDCT Scan 

Inform recruit of outcome and 
send appointment for CT scan

CT Scan: 1st and 2nd Read -
Volumetric analysis 

Report issues to Recruit & GP 

Follow UKLS Care Pathway depending on Category of Nodule  

Cat 1 - No further action

Cat 2 - Repeat Scan 12 months

Cat 3 - Repeat Scan  in 3 months; if positive, scan in 9 
months

Cat 4 - Refer to MDT for clinical work-up & treatment

All patients Followed up clinically and recorded on UKLS 
Database; F/U also by Cancer Registry, ONS & HES.

Second  Psychosocial and Health Economics 
Questionnaire sent

ARM 2: Non 
intervention

Inform recruit of 
outcome 

No Response 

Probably Low Risk 

No 
Response 
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2.2.1 Ethical approval and research governance 

The study received approval from the National Information Governance Board (NIGB).  

Ethical approval for the study was given by Liverpool Central Research Ethics Committee in 

December 2010 (reference number 10/H1005/74. Site specific assessments were obtained from 

the Primary Care Trusts (PCTs) covering Liverpool, Sefton and Knowsley in the North and 

Bedfordshire, Cambridgeshire and Peterborough in the South. The trial was registered with the 

International Standard Randomised Controlled Trial Register (ISRCTN) under the reference 

78513845.   

 

A summary of the changes made to the original protocol is given in Appendix 1.  Additionally, 

as fewer people than anticipated were at high risk of lung cancer (and therefore eligible for the 

trial), two alterations were made to the original plan. Firstly, even though the response rate to 

the initial UKLS questionnaire was at the expected level, the anticipated proportion of 

responders with a risk of >5% over a five year period was far lower than expected. This 

observation may indicate that lower risk people are more health conscious or simply more 

willing to participate in trials. Thus in order to achieve the 4,000 high risk individuals, the 

number of population approaches was increased from 82,000 to 250,000 (this is expanded on 

further in the section on Sample Size). Secondly, the Liverpool Lung Project (LLP) risk 

assessment model (used to determine eligibility for the trial) was adapted to include in the risk 

calculation a history of respiratory diseases (COPD, tuberculosis, bronchitis and emphysema) 

as well as pneumonia. Additionally, for the purposes of calculating lung cancer risk, a history 

of pipe or cigar smoking was classified in the same way as cigarette smoking. The refined 

model is known as LLPv2 (see Appendix 2).  

 

2.3 Participants 

 

2.3.1 Eligibility criteria 

The eligibility criteria for trial participants are shown below. 

2.3.1.1 Inclusion criteria 

Five-year lung cancer risk >5%, based on the LLPv2 Risk Prediction Model (includes age, sex, 

smoking duration (cigarettes, pipe and cigars), previous history of respiratory diseases (COPD, 
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emphysema, bronchitis, pneumonia, tuberculosis), history of previous cancer, family history 

(early/late onset), exposure to asbestos) 

Males and females aged between 50 to 75 years old 

Fully informed written consent given 

2.3.1.2 Exclusion criteria 

Unable to give consent  

Co-morbidity which would unequivocally contraindicate either screening or treatment if lung 

cancer were detected  

A CT scan of the chest performed within the year preceding the invitation to be screened 

Any condition precluding written informed consent 

Inability to lie flat 

 

2.3.2 Setting and population approaches  

As UKLS is a population study, its starting point was NHS Primary Care Trust (PCT) records 

covering regions in the vicinity of two thoracic hospitals specialising in lung cancer imaging, 

pathology and surgery: Liverpool Heart and Chest Hospital, and Papworth Hospital, 

Cambridgeshire. Records relating to 249,988 individuals aged 50-75 years residing in specific 

PCT areas (Liverpool, Knowsley, Sefton, Cambridgeshire, Peterborough and Bedfordshire) 

were provided by the PCTs to a third party data management company (Radar). Following 

exclusions by the PCTs, 247,354 of these individuals were approached by post by Radar. 

Approaches took place over two time periods: August 2011 – March 2012, and May – August 

2012. 

 

The initial contact from the data management company took the form of an invitation letter (on 

the respective PCT-headed notepaper), a UKLS participant information sheet and 

Questionnaire 1 (see Appendix 3). This questionnaire covered smoking history and duration, 

personal history of non-malignant lung diseases (e.g. pneumonia, COPD, emphysema, 

bronchitis, tuberculosis) and previous malignancy, exposure to asbestos, and family history of 

lung and other cancers; in addition, it enquired whether the individual would be interested in 

participating in a screening study. For those who were unwilling to complete the entire 

questionnaire, and who were not interested in participating further, there was a shorter non-
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participation questionnaire (covering smoking status, lung cancer prior experience and 

concern, and educational level), which they were asked to return instead (see Appendix 3). 

 

2.3.3 Response categorisation 

Approached subjects were categorised as follows, based on their response to the first invitation: 

Positive Responders: individuals who returned Questionnaire 1, and agreed to participate in 

UKLS; Negative Responders: individuals who declined to participate in UKLS, but supplied 

some basic information by completing the shorter, non-participation questionnaire; Non-

responders: individuals who did not respond to the first invitation. 

 

2.3.4 Risk assessment/eligibility for trial 

Completed Questionnaire 1s (from positive responders) were returned to the data management 

company, scanned, and the data analysed automatically in order to identify individuals at high 

risk of developing lung cancer over the next five years (LLP risk score ≥ 5).20 A modified 

version of the LLP risk algorithm (LLPv2) was utilised for risk calculations (see Appendix 2). 

This incorporated additional respiratory parameters (i.e. COPD, emphysema, bronchitis and 

tuberculosis) as well as pneumonia, and also included both pipe and cigar usage within the 

smoking criteria. (Risk assessment was not carried out for negative responders, as this was not 

possible from the limited information they supplied). High risk positive responders were 

contacted with a further questionnaire (Questionnaire 2) (see Appendix 3) to establish eligibility 

for the RCT (i.e. no exclusion criteria met),52 and sent a detailed Patient Information Booklet: 

these people were also asked to consent to release of their personal information to the UKLS 

research team. Non-responders to this second invitation were sent a reminder letter (see 

Appendix 3). 

 

2.3.5 UKLS research clinics 

Individuals responding to, and eligible on the basis of, the second questionnaire were invited 

to one of the recruitment centres (Liverpool Heart and Chest Hospital, or Papworth Hospital, 

Cambridge). They were shown a DVD outlining the UKLS study56 and provided with an 

opportunity to ask any questions in a discussion group (n=6-8) with the recruitment clinic 

administrator or on a one-to-one basis with a research nurse. Following informed consent, 
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subjects underwent spirometry (FEV1/FVC ratio), and provided blood, buccal swab, nasal 

brushings and sputum specimens. Recruits also completed a touch-screen questionnaire; this 

consisted of follow-up epidemiological and clinical questions, and psychosocial and quality of 

life questions including the Hospital Anxiety and Depression Scale (HADS)57 and the Cancer 

Worry Scale (CWS-R)58, 59 adapted for lung cancer. All smokers (both CT screened and non-

screened) were offered smoking cessation advice sheets and a list of local NHS Stop Smoking 

services. 

2.3.5.1 Collection, storage and archiving of clinical samples 

Up to 24ml of blood were taken from each participant at the research clinic visit. Blood 

samples, buccal swabs, nasal brushings and sputum samples were labelled as detailed in the 

respective UKLS SOP, and packaged. The packages were collected on a daily basis by courier 

for delivery to the University of Liverpool Experimental Cancer Medicine Centre (LECMC) 

Good Clinical Laboratory Practice (GCLP) laboratory, where they were processed and entered 

into their Laboratory Information Management system (LIMS). A quality control check of 

these samples has been conducted (see Appendix 6). 

2.3.5.2 Use of UKLS samples 

A UKLS Access Committee has been established with external members of UKLS and also a 

patient representative. This access committee will oversee the release of UKLS data and 

specimens. The principle underlying release will be based on externally funded projects 

requesting the use of data/material, which will add considerable information and quality to the 

UKLS trial data. 

 

2.4 Randomisation and blinding 

 

Following attendance at a research clinic, recruits were randomised by computer into the 

intervention arm (LDCT scan, screen group) or the control arm (usual care, non-screen group) 

at a ratio of 1:1. Individuals were informed which group they were in within two weeks of 

randomisation. Due to the nature of the intervention, a blinded trial design was not feasible.  

2.4.1 Sequence generation, allocation concealment mechanism and implementation 

The randomisation method was developed by the UKLS database designers (Artex, 

Netherlands). Upon upload of subjects to the database, each subject was given a randomly 
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generated unique code, consisting of eight characters (0-9; A-Z). All subjects who had given 

fully informed signed consent were available for randomisation; a minimum of two subjects 

from the same site (Liverpool or Papworth) were required in order for randomisation to be 

implemented. Each time randomisation took place, the computer generated a random shift 

number, so that the order of characters in each participant’s unique code was shifted by this 

number. The rearranged codes were then ordered alphanumerically, and split on a 1:1 basis 

into A (intervention) or B (control) groups. The outcome was thus dependent both on the 

unique codes of the participants available for randomisation, and the random shift number. 

Randomisation was carried out once per week by the trial manager or data manager, using a 

button function within the database. As the process was fully automated, the operator was 

unable to influence the process. Once participants had been randomised, it was not possible for 

their allocation to change. A more detailed example of the randomisation sequence is given in 

Appendix 4. 

 

2.5 Interventions 

 

Subjects in the intervention group received a thoracic LDCT scan several weeks post-

randomisation, either at Liverpool Heart and Chest Hospital, or Papworth Hospital, Cambridge. 

Full details are given in Chapter 4 (Radiology). 

 

2.5.1 Follow up 

Any lesions identified on LDCT-screening were treated as per the planned UKLS care pathway 

in the study protocol52 (e.g. follow up scan or referral to multidisciplinary team) (see Chapter 

4; Figure 12). Health and mortality outcomes of UKLS participants in both study arms will be 

followed for ten years, via the Office for National Statistics (ONS), the Hospital Episode 

Statistics (HES) database, and the National Cancer Registration Service. The full protocol for 

the UKLS study is available online.60 
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2.6 UKLS trial working with primary care 

 

While the UKLS trial did not use primary care-based recruitment of participants, it included 

strategies to engage effectively with the General Practitioners (GPs) of participating patients. 

This took the form of updating the GPs in the PCT areas of the progress of the UKLS trial, 

with specific information on their own patients. The aim was to inform the GPs as to when 

their patients had been approached and recruited, and to provide them with CT scan results and 

any significant outcomes. GPs were also given information about how they could contact the 

study team with any queries or concerns.   

 

2.6.1 Initial contact with General Practitioners 

The UKLS Project Management team wrote to the lead GP and the practice manager in the GP 

practice to inform them that individuals in their practice were being approached regarding the 

UKLS trial. They were provided with a copy of the 14-page UKLS patient information booklet 

and a poster to place in their surgery to inform patients that the UKLS trial was recruiting in 

their area. This enabled the GPs to respond to questions their patients may have concerning the 

trial. 

 

2.6.2 Spirometry result  

Once a participant had been consented at the pilot site recruitment centre and the lung function 

(FEV1/FVC) had been measured as part of the recruitment process, a letter was sent to the GP 

with a copy of the Lung Function report, to enable them to act on lung function readings which 

indicated COPD. 

 

2.6.3 CT scan results letter 

Copies of letters sent to the UKLS recruits regarding CT scan results were also sent to their 

GP, with details on the follow-up procedures. 
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2.6.4 Referral to Multi Disciplinary Team 

Details of participants referred to the MDT’s with Category 4 nodules, or participants reported 

to have significant other finding (SOFs), were reported to the GPs. 

 

2.6.5 General Practitioner questionnaire on significant other findings 

A follow up letter with a short questionnaire was sent to all the GPs at the end of the pilot, 

requesting the outcome of the SOFs.  

 

2.6.6 General Practitioner queries 

The UKLS developed a mechanism for dealing with concerns and feedback from primary care. 

Like all studies of this kind, patients will often discuss their participation with their GP; 

furthermore, GPs were informed about the involvement of their patients in the trial. As a 

consequence, while the trial was conducted largely independently of primary care (in terms of 

recruitment of patients and follow-up of patients with 'positive' screening results), GPs were 

made aware of the study and were able to contact the study team with any concerns. 

 

We received a small number of written communications from GPs. They were read first by the 

'core' study team (led by John Field) and a draft response formulated. Then, the UKLS primary 

care lead (David Weller) was sent the draft response for further input. There were no complaints 

of adverse clinical outcomes from the screening process amongst the correspondence received. 

On the whole complaints related to 1) misunderstandings about who was responsible for 

follow-up investigations (while the study materials indicated that all such follow-up would be 

co-ordinated by the study team, in a couple of instances the GP thought he/she was responsible 

for ordering the investigations) and 2) concerns over patient anxiety generated through 

involvement in the study (again, through misunderstanding of written materials and 

communications). 

 

In all cases the issues appeared to be addressed and resolved through our letters back to GPs - 

we did not hear further from the GPs concerned, and there are no ongoing unresolved issues. 
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2.7 Outcomes 

 

2.7.1 Primary outcomes 

I. Population-based recruitment based on risk-stratification: Compliance rate percentage 

(response to initial questionnaire); percentage with LLPv2 risk > 5%; percentage 

response to questionnaire 2 “wishing to participate” 

II. Management of trial through web-based database: The UKLS trial recruitment, CT 

images and clinical pathway were successfully managed through the bespoke web 

based UKLS database. 

III. Optimal characteristics of CT readers (radiologists vs radiographers): radiologists and 

radiographers were assessed at each pilot site and also at the second read site. 

IV.  Characterisation of CT-detected nodules utilising volumetric analysis: The proportions 

of the CT screened individuals receiving a repeat CT scan (at 3, 6, 9 or 12 months) are 

reported. 

V. Prevalence of lung cancer at baseline: The base line for the UKLS was found to be 

1.7%.  In addition details are provided for those individuals diagnosed at three month 

repeat scan) 

 

2.7.2 Secondary outcomes 

VI. Socio-demographic factors affecting participation. 

VII.  Psychosocial measures (cancer distress, anxiety, depression, decision satisfaction):  

Likely psychosocial impact of participating in a lung cancer screening trial (Hospital 

Anxiety and Depression Scale; Cancer Worry Scale adapted for lung cancer; Decision 

Satisfaction). Preliminary data on reasons for non-participation/barriers to participation 

VIII.  Cost-effectiveness modelling:  Modelling of Health Economics data regarding the 

likely consequences of undertaking a larger trial or population screening (using EQ5D 

questionnaire) 

 

2.7.3 Tertiary outcome 

Future pooling of pertinent data with similarly designed European lung cancer screening trials, 

such as NELSON.36 Data to be pooled are those relating to lung cancer detection, incidence 
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and mortality. (The pooling of the data, and subsequent interpretation, lies outside the remit of 

this report). 

 

2.8 Sample size 

 

The original protocol for the pilot UKLS study allowed for a cohort of approximately 82,000 

individuals to be approached, with the aim of identifying and randomising 4,000 high risk 

individuals from this cohort. Initially, 88,897 individuals were approached, and, although the 

response rate was as expected, the number of responders at high risk of lung cancer was much 

lower than anticipated. (Data presented later in this report suggest that this may partly reflect a 

response bias). The protocol was amended to enable a total of 250,000 individuals to be 

approached to provide at least 4,000 high risk individuals. The actual number approached 

(including the original cohort of 88,897) was 247,354; this yielded 4,061 high risk individuals 

who were enrolled into the RCT.  However, a total of 8,729 high risk individuals were 

identified from the 250,000 approaches. 

 

2.9 Data storage and analysis 

 

Data were input to and stored on the bespoke UKLS system builder database, built by Artex 

(Netherlands), with data security approved by the NIGB. All contacts with participants, letters, 

CT findings etc. were recorded in the database. Statistical and data analysis was undertaken 

using Stata v12. 

 

2.9.1 Socioeconomic data analysis 

Index of Multiple Deprivation (IMD) rank61 was obtained from postcode data in an anonymised 

form for all 249,988 individuals whose details were provided by the PCTs (including non-

responders). UK IMD data were analysed and reported as ranks within quintiles based on 

England-wide population data: Quintile 1 (Q1; most deprived) = IMD ranks 1-6496; Quintile 

2 (Q2; above average deprivation) = 6497-12993; Quintile 3 (Q3; average) = 12994-19489; 

Quintile 4 (Q4; below average deprivation) = 19490-25986; Quintile (Q5; least deprived) = 

25987-32482. 
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The English Indices of Deprivation 2010 comprise the official measure of deprivation in 

England. The most commonly used of these ten indices is the IMD, which is calculated from 

38 separate indicators, based on weighted data from the following seven domains: Income 

Deprivation (22.5%), Employment Deprivation (22.5%), Health Deprivation and Disability 

(13.5%), Education, Skills and Training Deprivation (13.5%), Barriers to Housing and Services 

(9.3%), Crime (9.3%), and Living Environment Deprivation (9.3%). For the purposes of 

measuring deprivation, England is divided into 32,482 ‘Lower layer Super Output Areas’ 

(LSOAs), with each area being carefully defined by its local geography, and containing in the 

region of 1,500 residents (minimum 1000 residents). IMD ranks, which provide a relative 

measure of deprivation in small areas across England, range from 1 (most deprived LSOA) to 

32,482 (least deprived LSOA). 

 

2.9.2 UKLS pilot trial statistical analysis plan 

As this is a pilot trial, not powered for the endpoint of lung cancer mortality, analysis of the 

endpoint features is secondary in this plan, as the main UKLS trial was not funded. However, 

at the appropriate time, lung cancer mortality data will be analysed and will be pooled with the 

NELSON trial data. Risk scores were analysed based on a modification of the LLP risk model 

as published20, 62 (see Appendix 2).  The modifications took account of other smoking materials 

with the same projected risk as cigarette smoking and other respiratory diseases with the same 

projected risk as pneumonia. 

2.9.2.1 Primary analyses 

a) Descriptive tables of numbers in the pathway to recruitment; number approached, numbers 

and percentages not responding, responding negatively, responding positively, positive 

responders deemed eligible, recruited, and randomised to each group. The same figures 

stratified by age, sex and region. 

b) Descriptive tables of recruits to both arms, in terms of demographic variables, individual 

risk factors, and combined LLPv2 risk score. These will not be accompanied by formal 

inference, as the randomisation implies that any differences between the two arms will be 

by chance.63 

c) Diagnostic cascade in intervention arm. Number recruited, numbers and percentages 

screened, given further investigation, diagnoses of lung cancer. 
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d) Numbers (%) receiving specific further investigations: further imaging bronchoscopy, 

biopsy, surgical resections. 

e) Clinical and TN staging of cancers diagnosed as a result of the CT screen in the 

intervention arm. 

f) Estimate associations between recommendation of further investigation and demographic 

variables, individual risk factors and the LLP risk score, using logistic regression.64 

g) Estimate associations between screen-detected cancer in the intervention arm and 

demographic variables, individual risk factors, and LLP risk score, using logistic 

regression. 

h) Compare lung cancer incidence over two years and stage distributions of lung cancers 

diagnosed between intervention and control arms, using Poisson regression. 

i) Descriptive tables to illustrate results of (f), (g) and (h). 

2.9.2.2 Secondary analyses 

a) Detailed analysis of demographic and risk factors by response and recruitment status, using 

logistic regression, first with response as endpoint and second with recruitment as 

endpoint. 

b) Long-term follow-up of both arms for incidence by stage of lung cancer, to be analysed by 

proportional hazards regression.65 

c) Long-term follow-up of both arms for all-cause mortality, to be analysed by proportional 

hazards regression. 

d) Estimate association of lung cancer incidence in follow-up with baseline findings and 

procedures in the intervention group, using proportional hazards regression. 

e) Descriptive tables to illustrate results of (a), (b) and (c), (d). 

f) Radiology and pathology reviews will be the subject of separate protocols. 
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CHAPTER 3: RECRUITMENT OF PARTICIPANTS 

 

3.1 Introduction and rationale 

 

Successful introduction of any screening programme requires knowledge of the likely response 

and uptake, which can potentially be affected by a number of socio-demographic factors. From 

both an ethical and a cost-effectiveness point of view, it is imperative to target screening 

towards individuals who are at sufficiently high risk to warrant undergoing a screening 

intervention. It is also important to identify ‘hard to reach’ groups within the population, so 

that there is the potential to target these groups specifically. This chapter therefore focuses on 

the response to the screening invitation, and the socio-demographic factors affecting risk of 

lung cancer and decision to participate in the trial. 

 

3.1.1 Objectives and outcomes 

To document overall response rate to the initial invitation to participate in UKLS, percentage 

of positive responders at high risk of lung cancer, and trial participation rate amongst high risk 

responders. To assess the impact of specific socio-demographic factors (age, sex, 

socioeconomic status, region and smoking status) on trial uptake. To use these data to suggest 

particular demographic groups to be targeted to maximise screening uptake in any future lung 

cancer screening programme. 

 

3.2 Methods 

 

The methods for this chapter are described in detail in chapter 2. 

 

3.3 Results 

 

3.3.1 Overall response rate and risk 

Figure 2 and Appendix 5 show the overall response rate, numbers at high risk, and clinic 

attendance.  Details of 249,988 individuals in the 50-75 age range were provided by the PCTs 
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to the data management company. The PCTs sent additional information requesting that 2,634 

of these not be contacted (e.g. because they were recently deceased). The remaining 247,354 

individuals were therefore approached by the data management company. Out of these, 

148,608 (60.1%) were non-responders (no questionnaire returned), 22,788 (9.2%) were 

negative responders (non-participation questionnaire returned), and 75,958 (30.7%) were 

positive responders (questionnaire 1 returned; willing to participate). Of the positive 

responders, 8,729 (11.5%) were classified by the LLPv2 risk prediction model to be at high risk 

(5% or greater over the next five years) of developing lung cancer (mean LLPv2 risk score = 

8.77%, versus 1.00% for the low risk group). Of the high risk responders, 5,967/8,729 (68.4%) 

returned the second questionnaire and agreed to participate in the RCT. A total of 1,291 

individuals were subsequently excluded as either (a) they did not meet the inclusion criteria 

(e.g. because they had had a previous CT scan of the chest), (b) they had not completed the 

eligibility questionnaire correctly, (c) they replied after maximum trial recruitment numbers 

had been reached, or (d) they were unable to give fully informed consent). Five hundred and 

eighty two individuals either changed their mind or failed to attend clinic, and a further 33 

attended the recruitment clinic but declined to consent. In total, therefore, 4,061 individuals 

(5.3% of all positive responders, and 46.5% of all high risk positive responders) consented and 

were recruited into the RCT (see Figure 2). 
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Figure 2  Consort Diagram showing participant flow from initial contact to CT screening  
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3.3.2 Factors influencing response rate and risk 

Sex, age, socioeconomic status, region (North vs. South) and smoking status were analysed 

with respect to (a) response to the initial invitation letter, (b) risk status, and (c) participation 

of high risk people in the UKLS screening trial. The actual numbers involved are tabulated in 

Appendix 5; trends are discussed in this chapter. 

3.3.2.1 Sex 

Men and women were approached in approximately equal numbers (n=123,748 and 123,606 

respectively), but females were slightly more likely to respond positively to the first 

questionnaire (30.3% of males and 31.1% of females were positive responders). However, men 

were 2.4 times more likely to be classified as at high LLP risk: 2016 (16.4%) of male and 832 

(6.7%) of female positive responders had a high LLP risk score. The frequency of non-

responders was greater for men than for women (62.0% of males; 58.2% of females), and the 

converse was true of negative responders (7.7% of males; 10.7% of females). Having been 

identified as high risk, and invited to participate in the trial, females were more likely than 

males to opt out of UKLS (45.5% vs. 35.8%; Chi-squared = 44.987, p<0.0001). 

3.3.2.2 Age 

Positive response rate ranged from 26.6% in the 50-55 age group to 35.0% in the 61-65 age 

group, before dropping to 27.6% in the eldest (71-75) age group (see Figure 3). Age is a major 

component of the LLP risk model, so unsurprisingly had a major impact upon risk 

classification: only 82 out of 16,273 positive responders (0.5%) in the 50-55 age group were 

classified as high risk, compared to 2,046 (24.8%) in the 71-75 group. In addition to the 

youngest (50-55) age group having the lowest positive response rate and the least likelihood of 

being at high risk, high risk individuals in this age group were also less likely than those in any 

other age group to consent to participate in the RCT; only 29 out of 82 (35%) consented. Thus, 

overall in the 50-55 age group, just 29 of 61,168 individuals originally approached (0.05%) 

were recruited to the RCT (see Figure 4). The different age profiles of the original approached 

group versus high risk clinic attendees are shown in Figure 4. A total of 94.2% of high risk 

clinic attendees were aged 61-75 years (compared with 58.1% of the 247,354 subjects 

originally approached). 
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Figure 3: Impact of age upon initial response rate, LLP risk and trial consent rate  

 

When lung cancer risk was considered by individual year of age, there was a steady increase 

in the percentage of people at high risk, with a progressive increase starting from age 59 (6.1% 

at high risk; see Figure 5) 

 

 

Figure 4: Age distribution of the original approached population sample, positive responders, 

high risk responders and recruits to the RCT. In the latter two categories, percentages for the 

youngest age group are shown to the left of the y-axis. Nearly 95% of trial recruits were aged 

61 or over. 
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Figure 5: Percentage of UKLS positive responders (n=75,958) with an LLP risk of >5%, by 

individual year of age. (There are n=8 individuals aged 76y; these are included with the 75 year 

old group). See Appendix 5 for primary data. 
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Figure 6: Social demographics of UKLS sample. Distribution of individuals within IMD 

National Quintiles, by area. Much more deprivation is seen in the Liverpool areas (Liverpool, 

Knowsley and Sefton), than in the Cambridgeshire areas (Cambridgeshire, Peterborough and 

Bedfordshire). However, the overall socioeconomic distribution of the UKLS sample is similar 

to that of the entire English population: this was an inherent feature of the study design. 

 

The positive response rate increased steadily with higher socioeconomic status: 21.7% of 

individuals in the lowest (most deprived) IMD quintile gave a positive response compared with 

39.7% in the highest quintile (p<0.001;) (see Figure 7). The proportion of individuals with a 

high LLP risk score decreased with higher socioeconomic status; ranging from 18.2% in the 

most deprived quintile to 8.3% in the least deprived quintile (p<0.001;) (see Figure 8). As the 

social gradient of response and the social gradient of LLP risk were offset by each other, the 

socio-demographic spectrum of the individuals attending clinic was in proportion to that of the 

original approached sample (see Figure 8). People attending clinic therefore spanned all IMD 

quintiles in roughly equal numbers, including a representative proportion from more deprived 

postcodes (see Figure 8). However, of the high risk individuals invited for screening, there was 

a trend towards individuals of higher socioeconomic status being more likely to consent to 

participate in the trial (see Figures 7 and 8). 
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Figure 7: Impact of socioeconomic status upon initial response rate (lower line), LLP risk 

(bars) and trial consent rate (upper line). 

 

 

Figure 8: Socioeconomic distribution of the original approached population sample, positive 

responders, high risk responders and recruits to the RCT. The social demographic spectrum of 

the high risk individuals participating in the trial is roughly in proportion to that of the original 

approached sample. 
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3.3.2.4 Region 

There was a higher response rate from individuals in the southern region (Cambridgeshire, 

Peterborough and Bedfordshire) compared with the northern region (Liverpool, Knowsley and 

Sefton) (35.0% vs 26.4%). Much, but not all, of this difference could be accounted for by the 

different social demographic spectrum between the two regions. When stratified by IMD 

quintile, there was still a tendency for a better response rate from the southern compared to the 

northern region (see Figure 9). Within each IMD quintile, individuals from the North were 

slightly more likely than those from the South to be at high risk of lung cancer (see Appendix 

5). In the southern region, the likelihood of high risk people consenting to the RCT increased 

with IMD quintile (from 18% to 60%), whereas, in the northern region, the likelihood of 

consent was static (around 45%) for the lowest four IMD quintiles, but dropped to 35% in the 

highest IMD quintile. 

 

 

 

Figure 9: Positive Response rate to initial approach, stratified by both region (North/Liverpool 

and South/Cambridgeshire) and IMD Quintile. A slightly better response rate was observed in 

the Southern region in each IMD quintile. 
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3.3.2.5 Smoking 

Of the 75,958 positive responders, 73,934 (97.3%) gave information about their smoking 

habits. A total of 43.4% were never-smokers, 14.7% current smokers, and 39.3% ex-smokers 

(see Figure 10). Of the 22,788 negative responders, 22,024 (96.6%) provided information 

about their smoking habits. Never smokers totalled 51.3%, 9.1% were current smokers, and 

36.2% ex-smokers (see Figure 10). National smoking data (from the Office for National 

Statistics) for the 50+ age group give an expected distribution of 49.5% never-smokers, 17.5% 

current smokers, and 33% ex-smokers.66 Thus the observed values in our sample of both 

positive and negative responders are significantly different from population values (Chi-

squared test; p<0.0001). The data suggest that ex-smokers are more likely to respond positively 

to a screening invitation, with current and never smokers being less likely to respond positively. 

Negative responders are enriched with never-smokers, but comparatively few current smokers 

respond negatively. From expected population figures (and accounting for known figures from 

responders) it was possible to estimate the smoking status of the non-responders, of whom 

approximately 20% are probably current smokers (see Figure 10). 

 

 

Figure 10: Smoking status amongst UKLS positive and negative responders, and likely 

smoking status amongst non-responders, based on expected values from age 50+ population 

figures less known figures from responders. In this case, ‘non-responders’ includes 2,024 

positive responders and 764 negative responders who did not provide their smoking status. 
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Unsurprisingly, smokers and ex-smokers were much more likely than never-smokers to have 

an LLP risk of >5%. Of the 75,958 positive responders, 3,724 (33.5% of 11,130) current 

smokers and 4,995 (16.7% of 29,855) ex-smokers were designated high risk. However, only 

ten (0.03% of 32,949) never-smokers had a high LLP risk score, and only two of these 

consented to participate in the RCT. In total, therefore, 21.3% of current and ex-smoking 

positive responders were high risk, and 9.9% participated in the RCT. Of the high risk 

individuals, ex-smokers were more likely than current smokers to consent to participate in the 

RCT (49.9% vs. 42.1%; Chi-squared = 27.744; p<0.0001). 

 

3.3.3 Interaction between smoking and socioeconomic status 

As people in more deprived socioeconomic groups are more likely to smoke, it is important to 

control for any possible confounding effects. Data were therefore stratified by both IMD 

quintile and smoking status. For all IMD national quintiles, the proportion of ex-smokers 

among positive responders was around 40%. Of the positive responders in the most deprived 

quintile, 27.6% were current smokers, decreasing to 9.1% in the least deprived quintile (see 

Appendix 5). Comparing positive and negative responders, there were proportionally more 

current smokers among positive responders, and proportionally more never smokers among 

negative responders, across all IMD quintiles. There were proportionally more ex-smokers in 

positive responders in all but the most deprived IMD quintile (see Appendix 5). 

 

Based on known smoking prevalence rates for 50-75 year olds in each IMD quintile,67 it was 

possible to calculate the expected number of smokers in each IMD quintile for the 247,354 

approached subjects (see Appendix 5). By subtracting the known number of smokers amongst 

positive and negative responders, this allowed an estimation of smoking status for non-

responders in each IMD quintile. It was then possible to estimate the percentage of current 

smokers, ex-smokers and never smokers who respond positively to the first screening invitation 

(see Figure 11). The calculated response rate is generally lower among current smokers 

compared to the overall response rate for the relevant quintile (i.e. there is a smaller proportion 

of smokers amongst responders than would be expected from quintile-matched population 

figures). However, in the most and least deprived quintiles it appears that the response rate 

among smokers is similar to, or greater than, the overall response rate for that quintile (see 

Figure 11). For ex-smokers and never-smokers, positive response rate increases with 

socioeconomic status across all IMD quintiles, whereas the positive response rate amongst 
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current smokers only rises in the upper two quintiles of IMD. The group least likely to respond 

positively are never smokers in the most deprived IMD quintile (calculated as 17.2% positive 

response rate), followed by current smokers in the three most deprived quintiles (calculated as 

21.0-22.2% positive response rate). The highest positive response rate is seen in current 

smokers from the least deprived IMD quintile (calculated as 45.2% positive response rate). The 

general trend across all IMD quintiles is consistent with the overall trend discussed above: ex-

smokers are the most likely group to accept an invitation to be screened for lung cancer. 

 

 

Figure 11: Interaction between smoking status and socioeconomic status in determining initial 

response to the UKLS invitation. Calculated positive response rate, percent, by smoking status 

and IMD Quintile. The line (and percentages) denotes the known positive response rate of all 

individuals within that IMD quintile. Calculations were based on Health Survey for England 

population smoking figures for each IMD quintile, for an age group of 50-75 years (see 

Appendix 5). 
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3.4 Discussion 

 

The overall response rate from the 247,354 individuals approached from the population was 

30.7%, which is consistent with the response rate anticipated when planning the trial, and the 

response rate from similar studies. A number of demographic factors were found to influence 

recruitment, participation and risk status. The main findings are discussed below. 

 

3.4.1 Sex 

Although women are slightly more likely than men to respond positively to an invitation to 

take part in UKLS, more men than women are designated as being at high LLP risk (6,141 

males versus 2,588 females, giving a gender ratio of 2.4:1). However, national lung cancer 

incidence figures for the 50-74 age group in the UK give a much smaller male : female ratio of 

1.34:1.1 In addition, as high risk women are significantly more likely than high risk men to opt 

out of the screening trial, it is possible that women are under-represented in the trial. It will be 

interesting to consider the longer term sex-related outcomes in the UKLS participants in future 

follow up, as data become available through ONS, cancer registry and HES. 

 

3.4.2 Age 

Response rate was highest in the middle age group (61-65 years), and lowest in the youngest 

group (50-55 years). There was a fall-off in response in the oldest age group (71-75 years), 

who conceivably are less concerned about their risk of lung cancer, or anticipate more practical 

difficulties with participating in the study. Nevertheless, as the oldest age group has the greatest 

percentage at high LLP risk (24.8% of 71-75 years positive responders were high risk) this age 

group was reasonably well represented in terms of trial participation (22.4%, of clinic attendees 

were aged 71-75 years, compared to 12.1% of the originally approached population). However, 

as around one third of lung cancers in the UKLS age range occur in individuals of 71-75 years,1 

it could be argued that it would be desirable to screen more people from this oldest group. The 

best represented age group in the RCT itself was the 66-70y group, who accounted for 39.8% 

of trial participants. 

 

Only 234 (5.8%) clinic attendees were aged 60 or below, of whom only 29 (0.7%) were in the 

50-55 years age group. Thus the youngest (50-55 years) age group yielded a trial participation 
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rate of just 0.05% of the 61,168 originally invited to participate in UKLS. This has implications 

for cost-effectiveness, and, under the LLP model of risk prediction, suggests that it would not 

be prudent to include this age group in any future population-based lung screening studies or 

programmes. 

 

In order to determine more accurately when response rate and risk increase to a point where 

screening is viable from a detection and cost-effectiveness point of view, we analysed LLP risk 

by individual year of age. The results suggest a fairly sharp increase at 59 years of age in the 

percentage of positive responders at high LLP risk, from around 3.1% at age 58 to 6.1% at age 

59 and 7.5% at age 60. This suggests that setting the lower cut-off point for eligibility at 60 

years old would be a reasonable strategy for future studies. By considering data only from 

individuals aged between 60-75 years, 8,339 out of the 49,468 positive responders in this age 

group (16.9%) are at high LLP risk (compared to just 1.5% for the 50-59y group). 

 

3.4.3 Socioeconomic group 

There was a strong positive correlation between higher socioeconomic group (less deprived 

quintile of IMD) and positive response to the screening invitation. Similar trends have also 

been observed in other screening studies, and the lower uptake is considered to relate to barriers 

including fear and fatalistic beliefs about cancer68, 69 and poorer self-rated health in people from 

lower socioeconomic groups.70 Unlike with other cancers (e.g. breast cancer) there are marked 

socio-demographic differences in lung cancer risk, with individuals from lower socioeconomic 

groups being at greater risk of developing the disease: this largely relates to disparate tobacco 

use in different socioeconomic groups. It is therefore not ideal that those at highest risk are the 

least likely to take up the offer of screening. Our data suggest that this works at two levels: 

individuals at highest risk of lung cancer (i.e. from the lower socioeconomic groups) are less 

likely to respond to the initial screening invitation, and also less likely to attend clinic after 

having been identified as at high risk. Consideration will have to be given to addressing this in 

any future screening programme. Within each socioeconomic quintile, although there is a 

significant difference in screening uptake between Liverpool and Cambridgeshire, the 

difference is not large. Most of the difference in uptake between the two regions therefore 

relates to the different social demographics of the two areas. 
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3.4.4 Smoking status 

Analysis suggested that ex-smokers are the most responsive to a screening invitation, and the 

most likely to participate in the trial once identified as high risk. It could be argued that 

consciously deciding to stop smoking and being motivated to participate in screening are 

related decisions, perhaps made by individuals who are more health aware, or perceive greater 

risks from smoking. The initial response rate from current smokers was lower than would be 

expected based on age matched population figures, possibly suggesting that current smokers 

are less likely to want to consider their cancer risk, or feel more threatened by the prospect of 

lung cancer screening. However, it was observed that, if smokers take the trouble to respond, 

they are more likely in percentage terms to be positive rather than negative responders. The 

converse is true for never-smokers, who perhaps (correctly) view their own risk as low and 

hence are over-represented amongst negative responders. Having been identified as at high 

risk, current smokers were significantly more likely than ex-smokers to opt out of the trial; 

conceivably this could also be related to their perception of high risk or threat. Only two never-

smokers participated in the RCT; it is clear that this is not a group to be targeted in a population-

based screening approach. 

 

3.4.5 Interaction between smoking and Index of Multiple Deprivation 

The likelihood of a positive response to a CT screening invitation is lower both in more 

deprived socioeconomic groups, and in current smokers. As smoking status and socioeconomic 

status are closely related, it is important to establish whether both independently affect response 

rate, or whether there is any confound. Predicted population smoking figures stratified by IMD 

quintile and age-adjusted to the UKLS sample67 were therefore compared with the smoking 

prevalence seen amongst UKLS positive responders in each IMD quintile. This suggests that, 

in general, socioeconomic deprivation and current smoking status both act independently to 

lower the positive response rate. However, in the highest and lowest IMD quintiles, the impact 

of smoking status on response rate is much less marked. In the highest IMD quintile (least 

deprived), the calculated positive response rate among smokers is higher than the overall 

positive response rate. In the case of the results from the lowest (most deprived) IMD quintile, 

the minimal impact of smoking status partially offsets the trend for high risk individuals being 

less likely to respond. As a general trend across all socioeconomic groups, ex-smokers are the 

most likely to respond positively (except in the least deprived quintile, where a greater 

proportion of current smokers respond positively). It is clear that smoking status and 
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socioeconomic status interact when predicting response rate, so in a possible future UK 

National lung CT screening programme, strategies may therefore need to be devised to target 

both current smokers and individuals from lower socioeconomic groups. 

 

3.5 Conclusion 

 

The demographic data from the population approached for the UKLS pilot trial provide a 

unique insight into the likely response to a lung cancer population screening trial in the UK. 

This will enable specific recommendations to be made regarding the implementation of any 

future UK-wide lung LDCT screening programme, such as initiating screening at age 60. Such 

a programme would need to give due consideration to ways to target those most at risk who 

may be least likely to take up offers of screening (i.e. the most deprived, current smokers, and 

the over 70s), and women, who may perceive themselves to be at lower risk. Possible methods 

would be to incorporate concurrent advertising, and/or utilise modified invitation materials. 
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CHAPTER 4: RADIOLOGICAL INTERVENTIONS AND OUTCOMES 

 

4.1 Introduction 

 

This chapter details the radiological methods used in the trial, including CT acquisition, the 

training and testing of CT readers, the CT reading process and the nodule management 

strategies used. 

 

4.1.1 Rationale 

Accurate and efficient CT reading is crucial to lung cancer screening. In this regard, one of the 

aims of the UKLS pilot study was to investigate the reliability of various methods of CT reading 

and CT reading strategies. The method of reading CT scans has potential implications not only 

for successful detection of lung cancers in a screening programme, but also for the cost-

effectiveness of such a programme. 

 

4.1.2 Objectives 

To investigate the following: 

i) The performance of the UKLS thoracic radiologists in nodule detection and 

interpretation (i.e nodule reporting), having undergone initial training. 

ii) The performance of UKLS radiographers in nodule reporting, having undergone initial 

training, and the comparison of radiographer performance with that of radiologists both 

in the trial and in the wider literature. 

iii) The performance of radiologists in nodule reporting when using radiographers as part 

of a “concurrent” reading strategy. 

 

4.2 Methods 

 

4.2.1  CT acquisition, storage and transfer 

CT scans were acquired using a Siemens Definition Flash 128 slice scanner (Siemens, 

Erlangen, Germany) at Papworth Hospital and Liverpool Heart and Chest Hospital (LHCH). 
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In the initial phase of the study, from November 2011 to December 2011, a Philips 

(Netherlands) Brilliance 65 scanner was employed at LHCH. 

 

Thoracic CT images were obtained (craniocaudally from lung apices to bases) during 

suspended maximal inspiration, in a single breath hold and without the administration of 

intravenous contrast. The field of view (FOV) selected was the smallest diameter as measured 

from the widest point of the outer rib to outer rib (usually no more than 35cm). Thin detector 

collimation (0.5 – 0.625mm) was used with a pitch of 0.9-1.1. Exposure factors were tailored 

to patient height and weight, with the aim of ensuring that CT dose index (CTDIvol) was kept 

below 4 milliGray (mGy), with the effective radiation dose below 2 milliSieverts (mSv). For a 

70 kg patient, a KVp (peak Kilovoltage) of 120 was used and a mAs (milliamp.seconds) 

tailored to achieve a CTDIvol of 1.6mGy. Images were reconstructed at 1mm thickness with 

0.7 increment, using a moderate spatial frequency kernel. 

 

Thin-section images were transmitted to the following locations: (i) a dedicated local Syngo 

Siemens (Forcheim, Germany) workstation (so that nodule volumetry could be performed), (ii) 

local PACS servers (so that images could be stored and subsequently retrieved to the 

workstation), and (iii) a central site (Royal Brompton Hospital, London) via the NHS Image 

Exchange Portal (Burnbank Systems, Ipswich, England) for the purposes of double reading. 

 

4.2.2 Quality assurance 

All local sites were required to have in place daily quality assurance practices for the CT 

scanner, using a water and body phantom. All doses were recorded at the time of acquisition 

on the UKLS database by radiographers. 

 

During the process of CT reading, any reader (radiologist or radiographer) could highlight 

defects in the acquisition quality of any CT, such as image degradation due to breathing 

artefact. All such cases were reviewed and discussed by the local and central radiologist, with 

respect to diagnostic quality and a decision was made as to whether a repeat CT was required.  

 

Additionally, every month for the first six months, and then quarterly, ten randomly selected 

cases from both sites were reviewed at the central site by two radiographers. CTs were assessed 

with respect to adequacy of craniocaudal coverage, adequacy of field of view, satisfactory 
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degree of inspiration, correct reconstruction algorithms, presence of motion artefacts, and the 

recorded radiation dose. Outliers were highlighted to the central site radiologist and feedback 

was provided to local sites if any of the acquisition parameters were deemed out of range. 

 

4.2.3  Reading methods 

To optimise sensitivity and specificity, all baseline CTs were read by two thoracic radiologists 

at a local (LHCH or Papworth Hospital) and central (RBH) site (see section 4.2.3.5). All 

discrepancies were reviewed by a third thoracic radiologist at the central site, who was the final 

arbiter. Once consensus had been achieved for all nodules, a letter was sent to the participant 

and their GP outlining the results of the scan. The letter also detailed whether further follow-

up CTs within the UKLS trial were required. No computer aided detection software was used. 

4.2.3.1  Nodule classification and management 

Nodules were classified into one of four categories as per the UKLS nodule management 

protocol;52 (also see Figure 12):  

Category 1: Benign nodules fulfilling one of the following criteria: a benign pattern of 

calcification, fat, measuring less than 3mm in diameter or volume <15mm3.  Or: 

Intrapulmonary lymph nodes fulfilling the following criteria: they lie within 5 mm of the 

pleura, are <8mm in diameter, are smooth bordered and ovoid and have at least one interlobular 

septum radiating from their surface. 

Category 2: If solid and intraparenchymal, a maximum diameter of 3.1-4.9mm or a volume of 

15-49mm3.  If solid and pleural or juxtapleural, a maximum diameter of 3.1-4.9mm. If non-

solid or part solid, a maximum diameter of 3.1-4.9 mm. The solid component has a diameter 

of <3mm and/or volume of <15mm3. All non-solid/ground glass opacities, independent of 

diameter. 

Category 3:  If solid and intraparenchymal, a volume of 50-500mm3. If solid and pleural or 

juxtapleural, a diameter 5-9.9mm.  If non-solid or part-solid, a diameter of the ground-glass 

component of >5mm.  If part solid, the solid component has a volume of 15-500 mm3 or has a 

maximum diameter of 3.0–9.9 mm. 
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Category 4:  If solid and intraparenchymal, a volume >500mm3. If solid and pleural or 

juxtapleural, a diameter of ≥10 mm. If part solid, the solid component has a diameter of ≥10mm 

or has a volume >500mm3. 

Nodules were managed as follows: (also see Figure 12) 

No nodules or Category 1 nodules: No further action required. 

Category 2 nodules: Follow up CT scan at 12 months. 

Category 3 nodules: Follow up CT scan at 3 months. 

Category 4 nodules: Referral to Multidisciplinary Team (MDT). 

Where follow up scans (at 3 or 12 months) were performed, the volume doubling time (VDT) 

of the nodule was calculated. VDTs were designated as: < 400 days or ≥400 days. 

 

 

MDT ASSESSMENT 

CATEGORY 1 Benign 

nodule or <3mm 

diameter or 15mm3 or 

features of an 

intrapulmonary lymph 

node 

CATEGORY 2 Solid: volume 

15-49mm3 or 3-4.9mm Part 

solid, solid component 

<15mm3 or <3mm. Non solid 

3mm – 4.9mm . 

GROWTH VDT <400 days 

or new solid component of 

non-solid nodule 

CATEGORY 4 Solid: 

volume >500mm3 

or>10mmPart solid, solid 

component: volume 

>500mm3 

Follow up CT in 

3 months 

CATEGORY 3 Solid: volume 50—

500mm3  or 5—9.9mm. Part solid, non-

solid component >5mm, solid 

component:15—500mm3  or3-

9.9mm.Non-solid: ≥5mm 

Follow up CT in 9 months VDT 

<400 days 

No Yes 

Stop 

Low dose LDCT Screen 

Advanced Cancer 

Follow up CT in 1 

year 

No Yes 

GROWTH VDT <400 days 

or new solid component of 

non-solid nodule 

No Yes 

Nodules (single or multiple) 
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Figure 12: UKLS Nodule Care Pathway Management Protocol52 

4.2.3.2  Incidental findings 

Incidental findings not related to thoracic malignancy, but regarded by both the central and 

local reader as likely to be clinically significant, were also highlighted to the participant’s GP. 

In such cases, a formal report with recommendations for further management was sent from 

the local site to the GP. 

4.2.3.3  Nodule volumetry and transfer of nodule data to UKLS database 

All CTs were read using the “LungCARE” application on the Syngo Siemens workstation, 

which provides a value for nodule size based on volume. (LungCARE, version Somaris/5 VB 

10A, Siemens Medical Solutions).  

 

Studies loaded into LungCARE were presented in the following manner: 2 x 2 viewing 

partition with a default window setting level -500 HU, width 1500 HU, default display of 

transverse maximum intensity projections (MIPs) at 10mm thickness in cine mode, 1mm-

collimation transverse images, 0.7mm-collimation coronal images, and a panel for display of 

semiautomatic volumetric segmentation analysis if performed. Readers were free to alter MIP 

thickness and window settings.  

 

The reader was required to identify and mark all nodules greater than 3mm diameter or 15mm3. 

All marked nodules were evaluated for size and recorded in the UKLS database using a non-

commercial database electronic soft-copy entry proforma (Artex Nodule Input for UKLS 

version 4.4, Logiton, Netherlands). Options for nodule categorisation and segment location 

were available from drop-down menus, while the slice position of the nodule was entered using 

free-text. Once a reading for a particular nodule had been completed, the information from the 

proforma was copied and pasted into a structured DICOM report in an Extensible Markup 

Language (XML) format. The XML file was then transferred to a local network drive, so that 

the file could be uploaded to the patient’s record on the UKLS database via a PC with web 

access. The XML file contained information regarding a nodule’s size, table position location, 

lung and segment location, category and volume. 

4.2.3.4  Reading of follow-up computed tomography scans 

A key part of the UKLS protocol was the assessment of volume doubling times to identify 

significant nodule growth on follow-up CT. If nodules were deemed to have been reliably 
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segmented at baseline and follow up, then volume doubling times were automatically 

calculated in the UKLS database. For this to happen, CT readers were required to match the 

data of follow up nodules with baseline nodules, by “dragging and dropping” the data into the 

same row as the baseline nodule in the UKLS database (see Figure 13). From October 2013, 

the UKLS protocol was changed such that follow-up CTs were read by a single reader. This 

was done because the reading of follow-up CTs largely consisted of the task of matching 

nodules on the follow up scan to existing nodules that had already been identified. (This was 

in contrast to all baseline scans, where double reading was used because of the theoretical 

benefits of using two readers to improve lung nodule detection and interpretation). 

 

 

Figure 13: Screenshot from UKLS database. Nodules at baseline, 3 months and 12 months CT 

are matched in a row. The second figure in each box refers to the slice number and the third 

figure represents nodule volume. By hovering over the nodule, a figure for VDT is generated 

automatically. All nodules with a significant VDT < 400 days are highlighted in purple (not 

shown in this example).  

4.2.3.5  Reader selection, training and testing 

4.2.3.5.1 Training and testing dataset 

Following written agreement from the NELSON36 board of investigators, 263 consecutive pre-

anonymised LDCT screening studies were procured from this study. These scans had been 

performed at Utrecht Hospital, Netherlands. This initial dataset was enriched by a further 30 

cases from the NELSON36 study containing ground-glass nodules and large Category 4 

nodules. 

 

The selected NELSON36 cases were all pre-anonymised: each study had been given a unique 

reference number, and no patient identifiable data was visible. Volumetric datasets containing 
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contiguous images were transferred via encrypted hard disk, in Digital Imaging and 

Communications (DICOM) format to the internal hard drive of the Syngo workstation used at 

the three participating trial sites (Royal Brompton Hospital, London; Liverpool Heart & Chest 

Hospital, Liverpool; and Papworth Hospital, Cambridge).  

 

The findings of the NELSON36 radiologists for each of the training CTs were provided in an 

Excel spreadsheet, and confirmed by two UKLS radiologists (AD, AN) from the Royal 

Brompton Hospital. Discrepancies between UKLS and NELSON36 radiologists’ findings were 

resolved by consensus opinion or by discussion with a third radiologist from the Royal 

Brompton Hospital (DMH). In addition, as the NELSON36 study did not specify 

intrapulmonary lymph nodes, these were also recorded by the UKLS radiologists (AD, AN). 

4.2.3.5.2 Radiologists 

All radiologist readers were experienced thoracic radiologists at cardiothoracic centres (LHCH, 

Papworth Hospital or Royal Brompton Hospital), with between six and 25 years experience, 

who regularly reported thoracic CT as part of daily clinical practice. 

 

Twenty CTs from the NELSON36 training dataset, containing examples of all categories of 

nodules, were selected by the central site radiologist (AD). These cases, and the consensus 

findings, were shown to local radiologists by AD, and a tutorial on LungCARE was provided 

if local readers did not have prior experience of using this application. AD received UKLS 

database training from the database designer (Artex, Netherlands), and in turn AD provided 

additional tutorials to other readers on uploading nodule data. 

 

Prior to commencing formal reading as part of UKLS, all radiologists read a test set of cases 

(not part of the training set) containing at least 25 nodules, and were required to achieve a 

detection rate of at least 80% compared to the NELSON radiologists. 

4.2.3.5.3 Radiographers 

All radiographers were from cardiothoracic centres (LHCH, Papworth Hospital and Royal 

Brompton Hospital) and had experience in thoracic CT acquisition. None had previously 

reported CTs. The radiographers were first given a PC-based presentation (prepared by AD) 

covering the basic principles of thoracic CT anatomy. They were then shown 20 CTs containing 

examples of different types of lung nodules as well as focal opacities such as pleural thickening 
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and atelectasis that can mimic lung nodules. They were provided with the UKLS definitions of 

lung nodules. The radiographers were also tutored in the use of the LungCARE software on 

the Syngo workstation (Siemens Medical Solutions, Forcheim, Germany) and the UKLS 

database. 

 

Local site radiographers were trained on a further 80-100 CTs, using a combination of direct 

supervision by the local radiologist on at least 20 CTs and self-directed learning via the nodule 

data spreadsheet in the remainder. Radiographers at the Royal Brompton underwent training 

using a different method. Each radiographer was required to read and record their findings on 

100 CTs from the training set, and feedback was provided by a radiologist after every batch of 

ten cases. The feedback included confirmation of nodules correctly identified, and highlighting 

missed nodules and overcalls. 

 

Finally, prior to commencing reading of UKLS studies, all radiographers read test CTs 

containing approximately 50 nodules, and were required to achieve an 80% detection rate 

compared to the NELSON radiologists.  

4.2.3.6   Reading strategies tested 

A) Reading performance of radiologists versus radiographers of UKLS scans. (November 2011 

– April 2012). 

Each CT examination was read by a single radiologist at each of the two participating sites 

(Radiologist A at Local Site 1 and Radiologist B at Local Site 2). The CTs were then 

transmitted to the central reading site for a second independent reading (by Radiologist C). 

 

The access rights to the UKLS database of the two reading radiologists at the participating sites 

were configured such that they were not able to view the recordings of other readers, but the 

central radiologist (Radiologist C) could access these readings because Radiologist C’s role 

was to identify any discrepant findings that required arbitration. The central radiologist only 

viewed the readings of the local site radiologists once he had completed his own reading. 

 

Four radiographers who were able to commit at least four hours a week over the study period, 

and who had been trained using the methods described earlier, were selected as readers. 
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Radiographer 1 read CTs at Local Site 1, and Radiographer 2 read CTs at Local Site 2. Two 

radiographers (Radiographers 3 and 4) read CTs at the central site.  

 

Sensitivity and false positives per case were compared using McNemar’s test for nodules 

identified by radiographers and radiologists for the same CTs. A sub-analysis was conducted 

to examine the impact of time on radiographers’ and radiologists’ performance (i.e. to examine 

if there was a learning effect). A further sub-analysis was conducted to identify whether 

radiographers’ and radiologists’ performance was changed by increasing the size threshold for 

nodules. 

 

After the second reading, the radiologist at the central site (Radiologist C) performed weekly 

reviews of all nodule candidates identified by radiologists for each subject to identify any 

discrepancies. Arbitration on discrepancies was provided at the central site by a thoracic 

radiologist with more than 20 years experience (DMH), and the final consensus view was 

recorded on the database.  

 

B) Reader performance of radiologists reading independently compared to radiologists using 

radiographers as concurrent readers. (June 2012 – October 2012). 

 

The same radiographers and radiologists were used for this study. An additional radiologist 

(Radiologist D) also participated in reading at the central site. Radiologists either read CTs 

independently as single readers (as described above) or concurrently with radiographers. The 

workflow in concurrent reading was as follows: 

 

Each CT was first read by a radiographer on the LungCARE workstation, who uploaded his or 

her report to the UKLS database. The radiographer’s stored nodule recordings (in the form of 

a DICOM structured report, or DICOM SR) were then made available to the reading 

radiologist. For each recording, the radiologist had one of three options. He could accept a 

particular finding if he agreed with it, or reject a finding if he disagreed with it or amend the 

recording if he agreed that the finding represented a nodule, but disagreed with its 

categorisation. Then after reviewing the radiographer’s recordings, the radiologist performed 

an independent search to identify any additional nodules missed by the radiographer. The 

radiologist then saved his recordings as a new DICOM SR, and uploaded this report to the 

UKLS database. Reading of CTs between central and local sites was co-ordinated such that 
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either the local site performed concurrent reading and the central site single reading, or vice-

versa. This ensured that a comparison between radiologists’ performance using single or 

concurrent reading could be made for the same CTs. 

 

All radiologists were asked to record on the UKLS database the time taken to read each CT 

and upload the data to the database, to the nearest minute. 

 

After both local and central readings had been performed, the radiologists at the central site 

(Radiologist C or D) reviewed all identified nodules to identify any discrepancies between 

readers. Arbitration on discrepancies was provided at the central site by a thoracic radiologist 

with more than 20 years of experience (DMH), and the final consensus answer was recorded 

on the database. All agreed category 2 to 4 nodules and intrapulmonary lymph nodes were 

considered positive in the reference standard. 

 

Sensitivity, the absolute number of false positive detections (FPs) and average FPs per case 

(expressed as mean and standard deviation) were separately determined for the cohorts of CTs 

read independently and concurrently per radiologist. The sensitivity of each radiologist was 

calculated by dividing the number of true positive nodules detected by the total number of 

nodules in the reference standard for the cases read by that radiologist. Average FPs per case 

was calculated by dividing the total number of FPs by the total number of cases read by that 

radiologist. Differences in proportions were compared using the chi-squared test or the Fisher’s 

exact test in the case of smaller sample sizes as appropriate. Differences in reading times 

between concurrent and independent reading for each reader were compared using the 

independent samples t-test. A post-hoc analysis to determine the correlation between numbers 

of nodules and reading time was subsequently performed using Spearman’s rank correlation, 

and differences in correlation coefficients analysed for statistical significance. 
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4.3 Results 

 

4.3.1 CT acquisition 

From 29th November 2011 to 8th June 2013, baseline CT scans were performed on 1994 

participants. Seven of these 1994 scans (0.4%) required repeating (six due to breathing or 

motion artefact and one due to inadequate craniocaudal coverage). 

 

The range of doses for baseline CTs was 0.54 - 3.93 mGy, with a median dose of 1.62mGy. 

 

4.3.2 Overall performance of radiographers and radiologists  

Radiographers 1, 2, 3 and 4 had sensitivities of 67.6%, 77.8%, 79.4% and 61.6% respectively 

(mean sensitivity 71.6 ± 8.5%). Radiologists A, B and C had sensitivities of 88.9%, 87.0% and 

74.0% respectively (mean sensitivity 83.3 ± 8.1%).  

 

The average false positives (FPs) per case for radiographers 1, 2, 3 and 4 were 1.2 (SD 2.1), 

2.9 (SD 2.8), 0.6 (SD 1.0) and 1.1 (SD 1.3) respectively, while that of radiologists A, B and C 

were 0.5 (SD 0.8), 0.7 (SD 1.0) and 0.2 (SD 0.5) respectively. 

 

4.3.3  Direct comparison of radiographer and radiologist performance  

The sensitivities of each radiographer compared to those of the corresponding radiologists 

within a particular radiographer-radiologist combination are illustrated in Table 2 
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Table 2 Comparison of radiographer and radiologist sensitivity for the 10 radiographer-

radiologist combinations. A negative value for the difference in sensitivity indicates a lower 

radiologist sensitivity compared to a radiographer. P values are those derived from the 

McNemar’s test. P values in bold indicate statistically significant results. 

Radiographer

-radiologist 

combination 

No of 

CTs 

read 

Radiographer 

Sensitivity 

Radiologist 

Sensitivity 

Difference p value 

1-A  130  67.6  88.0  20.4  0.0008  

1-C  130  67.6  74.5  6.9  0.30  

2-B  139  77.8  87.4  9.6  <0.0001  

2-C  139  77.8  74.5  -3.3  0.20  

3-A  68  81.0  92.2  11.2  0.01  

3-B  87  78.5  88.2  9.7  0.0087  

3-C  155  79.4  76.2  -3.2  0.32  

4-A  64  53.8  86.6  32.8  <0.0001  

4-B  49  68.7  85.5  16.8  0.0051  

4-C  113  61.6  72.0  10.4  0.0119  

 

 

Radiographer sensitivity was significantly lower than radiologist sensitivity in 7 of 10 

radiographer-radiologist combinations (range of difference, 9.7%-32.8%, P < 0.05), and not 

significantly different in 3/10 combinations.  Radiographers had significantly higher average 

FPs per case than radiologists in 8/10 combinations (range of difference, 0.4-2.6, P < 0.05), 

and there was no significant difference in the remaining two combinations (see Table 3). 
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Table 3 Comparison of radiographer and radiologist average FPs per case for the 10 

radiographer-radiologist combinations. A negative value for the difference indicates a lower 

radiologist average FPs per case compared to a radiographer. P values are those derived from 

the paired student’s t-test. P values in bold indicate statistically significant results. 

Radiographer

-radiologist 

combination  

Radiographer 

FP rate 

Radiologist 

FP rate 

Difference  P value  

1-A  1.1 ± 1.3  0.5 ± 0.8  -0.6  <0.0001  

1-C  1.1 ± 1.3  0.1 ± 0.5  -1.0  <0.0001  

2-B  2.8 ± 2.8  0.7 ± 1.1  -2.1  <0.0001  

2-C  2.8 ± 2.8  0.2 ± 0.5  -2.6  <0.0001  

3-A  0.9 ± 1.4  0.5 ± 0.8  -0.4  0.0176  

3-B  1.4 ± 2.5  0.6 ± 1.0  -0.8  0.0015  

3-C  1.2 ± 2.1  0.1± 0.5  -1.1  <0.0001  

4-A  0.4 ± 0.8  0.5 ± 0.8  0.1  0.2009  

4-B  0.8 ± 1.2  0.8 ± 1.3  0  0.71  

4-C  0.6 ± 1.0  0.2 ± 0.5  -0.4  0.0001  

 

4.3.4 Reader performance in the first ten weeks (period 1) versus second ten weeks 

(period 2) 

The two radiographers with the lowest overall sensitivity (Radiographers 1 and 4) showed a 

significant improvement in sensitivity between the first and second 10-week period (sensitivity 

50.0% in period 1 versus 74.1% in period 2 for Radiographer 1, 41.8% in period 1 versus 67.2% 

in period 2 for Radiographer 4, P < 0.005), but their sensitivity in period 2 still did not reach 

the level of Radiographers 2 and 3, who showed no significant difference in their sensitivity 

between the two periods.  
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Radiologists’ sensitivity did not significantly differ between the two periods. No radiographer 

or radiologist demonstrated a significant difference in average FPs per case between the two 

periods.  

 

4.3.5 Comparisons of sensitivity using alternate diameter thresholds  

There were 236 reference standard nodules that were 5mm or greater in diameter. When 

considering only these nodules, the number of radiographer-radiologist combinations with 

significantly lower radiographer sensitivity decreased to 4/10 combinations (range of 

difference, 17.2%-37.3%, P < 0.05). No significant difference was seen in the remaining 6/10 

combinations.   

 

4.3.6 Comparison of radiologists’ performance when reporting alone and concurrently 

with radiographers  

The overall sensitivity of each radiologist for the different reading methods is detailed in Table 

4. The mean sensitivity for radiologists reading independently was 77.5 ± 11.2%, increasing to 

90.8 ± 5.6 % with the use of concurrent reading. For all but one radiologist (Radiologist D), 

statistically significant higher sensitivity was achieved with concurrent reading compared to 

independent reading. 

 

Table 4 Sensitivity of radiologists for each reading method. Except for P values, figures shown 

are percentages. P values are those derived from the chi-square test. P values in bold indicate 

statistically significant results. 

 Radiologist 

Reading Method A B C D 

Independent  78.9  79.8  62.2  89.2  

Concurrent  90.4  98.2  84.5  90.1  

Difference  11.5  18.4  22.3  0.9  

P value  0.01  <0.0001  <0.0001  0.97  
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There was a wide variation in the average FPs per case. While the overall mean of average FPs 

per case increased from 0.33 ± 0.20 with independent reading to 0.60 ± 0.53 with concurrent 

reading, average FPs per case ranged between 0.06 and 1.38, increasing with concurrent 

reading for Radiologists A, B and C (and statistically significant for Radiologists B and C), but 

decreasing for Radiologist D (see Table 5). 

 

Table 5 Average FPs per case for each reading method. A negative difference indicates a lower 

average FP per case with concurrent compared to independent reading. P values are those 

derived from the independent samples t-test. P values in bold indicate statistically significant 

results 

 Radiologist 

Reading 

Method 

A B C D 

Independent  0.31 ± 0.75  0.47± 1.10  0.06 ± 0.25  0.48 ± 0.96  

Concurrent  0.37± 0.65  1.38 ± 1.46  0.21 ± 0.61  0.42 ± 0.76  

Difference  0.06  0.91  0.15  -0.06  

P value  0.56  <0.001  0.03  0.69  

 

4.3.7 Reading times using independent and concurrent reading methods 

The mean reading times per case for concurrent reading ranged from 6.2 minutes to 8.6 

minutes, compared to 7.0 to 12.4 minutes for independent reading (see Table 6). Concurrent 

reading was faster than independent reading for all radiologists, but this increase in reading 

speed was not statistically significant for Radiologist C. Furthermore, the maximum decrease 

in mean reading time was just under 4 minutes (Radiologist A). 
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Table 6 Mean reading times of radiologists for each reading method. Numbers shown are time 

in minutes, except for P values. Numbers in parentheses are 95% confidence intervals for the 

mean. A negative difference indicates a shorter time with concurrent compared to independent 

reading. P values are those derived from the independent samples t-test. P values in bold 

indicate statistically significant results. 

 Radiologist 

Reading 

method  

 

 

A  

 

B  

 

C  

 

D  

Independent  12.4  

(11.1,13.5)  

8.8  

(7.8, 9.8)  

7.0  

(6.5, 7.5)  

8.3  

(7.4, 9.3)  

Concurrent  8.6 

(7.9, 9.3)  

6.2  

(5.5, 7.0)  

6.9  

(6.4, 7.4)  

7.0  

(6.2, 7.8)  

Difference  -3.8  -2.6  -0.1  -1.3  

P value  <0.0001  0.0001  0.65  0.03  

 

4.4 Discussion 

 

Nodule detection for lung cancer screening requires working in a systematic and uninterrupted 

fashion, with less emphasis on medical/radiological expertise. Systematic CT reading is time-

consuming; subsequently entering information into the UKLS database takes more time. We 

investigated whether radiographers might be more appropriate readers than highly trained 

radiologists to carry out these tasks. 

 

The results of our study show that in seven out of ten pairings, radiographers were less sensitive 

than radiologists for the detection of lung nodules. Radiographers also generated significantly 

more false positives than radiologists in eight out of ten combinations. However, the mean 

(72%) and range (62-79%) of sensitivities of radiographers in this study group compares 

favourably to figures reported for radiologists in the literature (see Table 7). Reassuringly, 

radiographers in general did not exceed three average FPs per case, and are thus comparable to 

computer-aided detection (CAD) systems, where average FPs per case range between 0.3 and 

15 per case.71 Therefore, we believe that these results show that the radiographers in this study 

(having initially undergone training and testing) may not yet be suitable to act as first and only 
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readers in lung cancer screening. However, their performance compared reasonably well with 

reported results for radiologists and CAD systems in the literature, and therefore these results 

certainly do not disqualify radiographers from CT reading in lung cancer screening.  

 

Table 7 Sensitivities of radiologists in a selection of nodule detection studies. NR=not reported.  

Authors  Year  No. and type of 

readers  

Mean detection 

sensitivity 

Range  

Marten et al 72 2004  4 radiologists  40  21-57  

Brochu et al 73 2007  3 radiologists  54  38-70  

Rubin et al 74 2005  3 radiologists  50  41-60  

Roos et al 75 2010  3 radiologists  53  44-59  

Wormanns et al 76 2005  3 radiologists  64  NR  

Beigelman-Aubry et al 77 2007  2 radiologists  52  46-58  

Fraioli et al 78 2007  3 radiologists  57  46-68  

Current study  2012  3 radiologists  

4 radiographers  

83  

72  

74-89 

 62-79  

 

Instead, radiographers may be well placed to act as a form of reading aid to radiologists in lung 

cancer screening.  We explored this by examining the performance of radiologists when 

reading alone compared to when reading alongside radiographers (concurrent reading). We 

found that the sensitivity of radiologists improved for the majority of radiologists (all apart 

from the most sensitive radiologist) when reading as part of a concurrent reading strategy. This 

improvement came at the expense of an increase in false positive rates. Such a phenomenon is 

somewhat difficult to explain, but it may be due to the fact that once an opacity has been 

highlighted by a radiographer, there is a tendency for radiologists to “overcall” such nodules 

and a difficulty in dismissing them. 

 

Another potential benefit of using radiographers as concurrent readers is in the time saving for 

radiologists, though this was variable with a time saving of nearly four minutes for radiologist 

A, and barely any change for radiologist C. Perhaps more importantly, we showed that 

concurrent reading did not increase reading times. This is relevant, because another (less 

tangible) benefit of concurrent reading is that it may improve workflow for the radiologist and 
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could potentially reduce reader fatigue. Tasks such as nodule marking, nodule segmentation 

and data entry are all steps that could be performed by radiographers to assist radiologists, as 

part of a concurrent reading strategy. An important question, for which the answer is currently 

unknown in the UK, is whether thoracic radiologists will volunteer to participate in lung cancer 

screening CT reading. Recruitment could be assisted if it is demonstrated that the reading 

process can be made efficient by the use of concurrent readers. 

 

There are a number of variables that could influence the success of radiographer or concurrent 

reading strategies: 

 

1) In UKLS, all nodules >3mm or 15mm75 were recorded. There is emerging evidence to 

suggest that the risk of lung cancer in these small nodules (e.g. between 3 and 5mm) is very 

low.34, 79 If the threshold for nodule size were to increase in a future lung cancer screening 

programme such that the total number of nodules recorded per CT reduced, this could have a 

substantial impact on reading times and performance. In fact, we showed that radiographer 

performance improved when very small nodules were disregarded from the analysis. Similarly, 

there is some recent evidence to suggest that a limit may be appropriate to the maximum 

number of nodules recorded in a single CT because patients with multiple nodules may actually 

be at lower risk of lung cancer.80 In UKLS the maximum number of nodules recorded per CT 

was 20, but reading could be made more efficient if a lower limit was identified. 

 

2) Another important consideration is whether future lung cancer screening programmes use 

volumetric analysis of nodule size. The benefits (e.g. increased reproducibility of nodule size) 

and the limitations (e.g. the inability to accurately segment ground glass or perivascular 

nodules) of currently commercially available volumetry applications are well described81. 

However, one advantage that is perhaps less well described is that it allows for a more 

automated evaluation of nodule size and growth, because volume doubling times can be readily 

and reliably calculated and growth can be more easily identified. This is important, because we 

have not shown (and there is no reason to believe) that radiographers would be satisfactorily 

proficient at identifying growth using visual subjective analysis. Incidentally, this can be a 

challenge for even experienced radiologists and volumetry also has the potential to assist 

radiologists in this regard (especially if they are reviewing a large number of nodules as part 

of a lung cancer screening programme). 
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3) Future studies need to be completed examining the role of radiographers versus CAD as 

concurrent readers. At present, commercially available CAD systems are substantially limited 

by the number of false positives that they generate (typically far greater than the results for 

radiographers in this study).82 However, if future CAD systems addressed this issue, it may be 

that CAD software could be used instead of or as well as radiographers. 

 

4) We have shown that a substantial proportion of screening CTs identify potentially clinically 

significant incidental findings (see Chapter 5). Further work needs to be performed to evaluate 

whether radiographers can successfully recognise incidental findings, especially pneumonia 

and mediastinal lymphadenopathy, such that the reading process for radiologists could be 

further streamlined. Whether this is possible may well depend on the types of incidental 

findings that are deemed sufficiently significant to be highlighted in a lung cancer screening 

setting. 
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CHAPTER 5:  CT SCAN FINDINGS AND THE EARLY OUTCOME OF 

PATIENTS REFERRED TO THE MULTIDISCIPLINARY TEAM 

 

5.1 Introduction 

 

This chapter describes the outcomes of the baseline and follow-up CT scans, and documents 

any lung cancers that were identified. As all trial participants will be followed up over ten years 

for health and mortality outcomes, it is only possible here to give an early indication of the 

outcomes for trial participants. This chapter should therefore not be regarded as giving 

complete information on the trial participants; only that information available to Autumn 2014. 

It is therefore not possible to draw any definitive conclusions from the current data regarding 

the long term effectiveness of lung screening. 

 

5.1.1 Outcomes 

The outcomes were: the number of baseline and follow-up scans performed, categorisation of 

any lung nodules identified on scan, number of lung cancers diagnosed (including their staging 

and treatment), and any significant other findings. Mortality is not reported, as data are not 

mature. 

 

5.2 Methods 

 

Detailed methods regarding technical aspects of CT scanning/reading are given in the previous 

chapter. In brief, the trial participants who had been randomised to the intervention arm were 

given an appointment to attend for a single thoracic CT scan at either Liverpool Heart and 

Chest Hospital (LHCH), or Papworth Hospital, Cambridgeshire. Scans were double-read by a 

radiologist at the local site (LHCH or Papworth), and a radiologist at the central site (Royal 

Brompton Hospital). Where necessary, arbitration was performed by an expert radiologist at 

the central site. 
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Any lung nodules identified on CT scan were classified into four categories. Full details of 

these categories and the formal care pathway are shown in the previous chapter (see Figure 

12). In summary, nodule categorisation and subsequent care was as follows: 

 

• No nodules or Category 1 (benign) nodules: no further action required. 

• Category 2 (small, probably benign) nodules: follow up CT scan at 12 months. 

• Category 3 (larger, potentially malignant) nodules: follow up CT scan at 3 months and 

12 months. 

• Category 4 (higher chance of malignancy) nodules: immediate referral to 

Multidisciplinary Team (MDT). 

 

For Category 2 or 3 nodules, the volume doubling time (VDT) of the nodule was calculated 

from the follow up scan (at 3 or 12 months). The VDT was used to assess the likelihood of 

malignancy.  

 

The UKLS trial protocol specified clear criteria for referral to the local lung cancer MDT. 

These were designed to select those at sufficiently high risk of lung cancer to justify further 

investigation. The subjects referred included those with a high risk of malignancy at baseline 

CT (category 4 nodules regarded as suspicious for lung cancer) and those of categories 2 and 

3 with nodules that displayed a VDT of <400 days.  In addition, the protocol specified action 

for ‘significant other findings’ (SOF). These included abnormalities detected that required 

further action, either urgent, such as the finding of a cancer from another primary site or less 

urgent, such as a likely pneumonia, requiring further imaging follow up or treatment. 

 

CT readers were required to make recommendations as per protocol wherever possible. 

However, radiologists were also at liberty to vary their recommendations on clinical grounds, 

if, in the opinion of both the local and central readers and local MDT chest physician, the CT 

appearances were not adequately covered by the protocol. 

 

Details of subjects requiring follow up for any of the criteria set out in the protocol were 

recorded in the UKLS database by the local investigators and from the general practitioners’ 

records. For lung cancer, stage, pathology and treatment offered were recorded. 

 



 83 

5.2.1 Quality control for pathology of resected nodules 

Quality control (QC) for histopathological examination of resected involved exchange between 

the reference thoracic pathologists at Liverpool (Professor John Gosney) and Papworth (Dr 

Doris Rassl) of a representative H&E-stained section from all cases. This was accompanied, 

where necessary, by any immunolabelled sections used in diagnosis and/or classification of the 

lesion. Sections were reviewed ‘blind’ and responses exchanged with appropriate discussion 

in cases of discordance. 

 

5.2.2 Statistical Analysis 

Logistic Regression was utilised in order to determine which factors were associated with 

requirement for further scans or investigations. Stata v12 was used for analysis. The following 

variables (data obtained from Questionnaire 1) were used in both univariate and multivariate 

analyses. For analyses including smoking status, the two never-smokers in the CT screening 

arm of the trial were removed from the analysis. 

5.2.2.1 Variables used in Logistic Regression 

Region (North or South), sex, age group (five year bands), socioeconomic status (IMD), 

smoking status and duration, history of respiratory disease, history of mesothelioma, history of 

previous lung cancer, history of asbestos exposure, family history of cancer. 

 

5.3 Results 

 

A total of 4,061 high risk individuals consented to take part in the RCT. Six of these were not 

randomised, either because they had undergone a recent thoracic CT scan (so were not eligible; 

n=3), changed their mind about participating (n=1), or had no randomisation partner at the 

same hospital (n=2) The remaining 4,055 high risk individuals were randomised into two 

groups. Following randomisation, 2,028 individuals were assigned to the screening arm, and 

offered a thoracic CT scan. Thirty four of these individuals were not scanned. The most 

common reasons for this were that they withdrew following consent, or a scan was felt to be 

inappropriate due to a change in their health. 1,994 individuals therefore underwent a baseline 

CT scan (see Figure 2 in Chapter 3). Details of individuals in both arms of the trial are shown 
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in Table 8; the characteristics of people in both trial arms were very similar with respect to all 

factors considered. 

 

Table 8: Demographic, risk and medical characteristics of n=4,055 individuals randomised to 

the UKLS intervention (CT screen) and control (non-screen) trial arms 

 

 

Total n=4055, as n=6 

not randomised 
  

  Screen 

Arm 

(n=2,028) 

Control 

Arm 

(n=2,027) 
  

Male: Female Ratio 1,529:499 

(3.06:1) 

1,507:520 

(2.90:1) 
  

North:South Ratio 1,023:1,005 

(1.02:1) 

1,023:1,004 

(1.02:1) 
  

Mean (SD)  

Age, years 

67.1 (4.1) 66.9 (4.1) 

  
Median age, years 67 67 

  
Median IMD Rank 17,374 17,704 

  
Mean (SD) LLPv2 

score 

8.87 (5.12) 8.83 (4.71) 

  
Median LLPv2 score 7.11 7.35 

  
Never smokers, n (%) 2 (0.1%) 0 (0%) 

  
Current smokers, n 

(%) 

777 

(38.3%) 

791 

(39.0%) 
  

Ex-smokers, n (%) 1,249 

(61.6%) 

1,236 

(61.0%) 
  

Smoking duration 10-

19 years, n (%) ‡ 

117 (5.8%) 116 (5.7%) 

 

‡ All smoking duration figures refer to current- 

and ex-smokers combined 

Smoking duration 20+ 

years, n (%) ‡ 

1,895 

(93.4%) 

1,907 

(94.1%) 
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Smoking duration 

unknown, n (%) ‡ 

14 (0.7%) 4 (0.2%) 

  
Asbestos exposed, n 

(%) 

763 

(37.6%) 

763 

(37.6%) 
  

History of respiratory 

disease, n (%)* 

1,056 

(52.1%) 

1,023 

(50.5%) 
 

*asthma, bronchitis, TB, pneumonia, COPD, or 

emphysema 

History of blood 

cancer, n (%)** 

26 (1.28%) 31 (1.53%) 

 
**leukaemia or lymphoma, including Hodgkin's 

History of solid 

tumour*** 

378 

(18.6%) 

396 

(19.5%) 
 

***cancers of brain, head & neck, oesophagus, 

breast, colon or "other" 

Family history of lung 

cancer, at any age, n 

(%) 

498 

(24.6%) 

554 

(27.3%) 

  
Family history of lung 

cancer <60y, n (%) 

215 

(10.6%) 

215 

(10.6%) 
  

Family history of lung 

cancer >60y, n (%) 

283 

(14.0%) 

339 

(16.7%) 
  

Family history of 

other cancer (not 

lung), n (%)**** 

1026 

(50.6%) 

1019 

(50.3%) 

 

****cancers of brain, head & neck, oesophagus, 

breast, colon or "other" 

 

Figure 14 shows the outcome of the initial LDCT in a total of 1994 subjects. There were 979 

(49.1%) subjects with either clear scans or category 1 nodules that were considered benign or 

had a probability of malignancy too low to justify further investigation and follow up, as per 

protocol. 

 

A total of 1,015 (50.9%) had category 2 to 4 nodules. There were 479 (24%) subjects who had 

category 2 nodules, and were therefore recommended for a 12 month repeat scan (see Figure 

14).  Of these, 474 subjects’ repeat scans showed clear CTs (no significant growth; volume 

doubling time >400 days), and the remaining five subjects (0.8%) were referred to the MDT. 

One of these subjects was diagnosed with cancer (which was resected), and four were 

discharged or are under follow up with a presumed likely benign lesion. 
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Figure 14: Diagnostic tree showing outcomes of 1994 baseline scans 

Baseline

1994

Cat 4

(64)

Refer to MDT

(64)

Worked up by MDT

(33)

Surgery

(28)

Pathology 
confirmed

(27)

Not Cancer

(1)

Chemo and/or 
radiotherapy

(5)

Discharged  by MDT 
or clinical follow up

(31)

Cat 3 (472)

3 month scan

9 month scan (12 
months from 

baseline) (381)

EOS

(357)

Refer to MDT

(45)

Worked up by MDT 

(12)

Surgery

(10)

Pathology 
Confirmed

(7)

Not Cancer

(3)

Chemo and/or 
radiotherapy

(2)

Discharged by MDT 
or clinical follow up 

(33)

3 month scan (6 
months from 

baseline)  (19)

6 month scan (12 
months from 
baseline) (14)

EOS

(14)

EOS

(3)

EOS

(53)

Cat 2  (479)

12 month scan

Refer to MDT

(5)

Worked up by MDT

(1)

Surgery

(1)

Pathology 
confirmed

(1)

Discharged by MDT 
or clinical follow up

(4)

EOS

(474

Cat 1

(979)

EOS

979

One of these individuals had a third 3-month follow 

up scan before referral to MDT 
 

EOS = End Of Screening 

 

One person discharged from Cat 4 MDT at baseline also had several Cat 3 

nodules – so was followed up as Cat 3, with 3 month and 12 month repeat 

scans, before final discharge. This person is not included in the Cat 3 figures. 

† 

19 

24 
2† 
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Four hundred and seventy two subjects (23.6%) had Category 3 nodules and therefore 

underwent a three month interval CT. Following the three month repeat scan, 53 (11.2%) 

subjects were discharged and 19 (4.0%) were referred to the MDT (two of these had cancer). 

Nineteen subjects underwent a further three month interval CT. This was part of a protocol 

amendment that was introduced to account for new nodules appearing on the three month 

interval CT; the concern was that potentially fast growing cancers might be missed. Following 

the second three month interval CT, three subjects were discharged, one subject was referred 

to the MDT, and one subject underwent a further three month repeat scan before referral to the 

MDT; neither of these had cancer. The remainder comprised 14 subjects who underwent a six 

month CT (to complete a 12 month interval from the first CT). All of these CTs have been 

completed with no malignancy detected. Following the first three month interval CT scan, 381 

(80.7%) subjects were protocolled for a further nine month interval CT; this resulted in 357 

being discharged with no malignancy detected, and 24 being referred to the MDT, five of whom 

had cancer. Thus a total of 45 individuals initially classed as Category 3 (9.5%) were referred 

to the MDT. Of these, 11 were thought to have cancer and 34 were discharged or are under 

surveillance for a likely benign diagnosis. One subject (with metastatic cancer) had 

chemotherapy, and ten had surgery. Altogether, 10/50 (20%) of subjects referred to the MDT 

(who had category 2 or 3 nodules at baseline) had confirmed lung cancer. 

 

Sixty four subjects were referred to the MDT immediately following the baseline scan (see 

Figure 14). Thirty one of these were discharged or are under MDT surveillance for nodules 

with a presumed benign diagnosis, and 33 were thought to have cancer and underwent further 

investigations.  Five subjects had chemo-radiotherapy and 28 surgery, of whom 27 had 

histopathologically confirmed cancer. Thus 32/64 subjects (50%) of subjects referred to the 

MDT with category 4 findings at baseline had confirmed lung cancer.  

 

Table 9 summarises the number of screened individuals assigned to each category, and the 

numbers referred to the MDT and identified cancers in each category.  
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Table 9: Overall numbers of individuals in each nodule category, numbers referred to the 

multidisciplinary team (MDT) and number of lung cancers diagnosed 

Nodule 

category 

(management) 

Cat 1 

(discharged) 

Cat 2 

(repeat 

scan at 12 

months) 

Cat 3 

(repeat 

scan at 3 

months 

then 12 

months) 

Cat 4 

(Immediate 

MDT 

referral) 

TOTAL 

Number in 

category 

979 479 472 64 1994 

Number 

referred to 

MDT 

0 (N/A) 5 45 64 114 

Number of 

confirmed 

Lung Cancers 

0 (N/A) 1 9 32 42 

 

Thus, 1952/1994 (97.9%) participants completed screening in the trial with no cancer found. 

Forty two (2.1%) individuals were diagnosed with lung cancer. 

 

5.3.1 Diagnostic workup and false positives 

In the UKLS, we defined false positives or rate of recall as those requiring further diagnostic 

investigation more immediately than a repeat annual screen, but who transpired on such 

investigation not to have lung cancer.  

 

Overall, 951/1994 (47.7%) of subjects underwent at least one further CT after the initial screen. 

This comprised 479 subjects in Category 2 who underwent a 12 month interval CT and 472 in 

Category 3 (see Table 10). In addition, at the time of reporting, a further 414 CTs have been 

carried out as per protocol (see Figure 14).  

 

It should be noted that a repeat CT at three months for category 3 nodules was mandated by 

the protocol. There were a total of 536 subjects (i.e. 472 category 3, and 64 category 4) with 

nodules requiring a repeat scan. Of the 64 category 4 individuals, 41 were found to have lung 

cancer. 
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Due to our failsafe policy reflecting the single screen design (i.e. follow up of Category 2 

individuals), there were a further 479 individuals for whom a repeat screen was recommended 

at 12 months, only one of whom was found to have a confirmed cancer. 

 

The referral rate to the MDT was low and there were relatively few people with benign disease 

who had invasive tests. One hundred and fourteen (5.7%) were referred to the MDT of whom 

72 (3.6% of the total; 72/1994) did not have cancer. 

  

For complete clarity, the proportion of false positive tests is now provided in two ways, which 

allows an appreciation, in a patient-centred approach, of the variable impact on the subject in 

a trial or the patient in a programme. A “false positive” that mandates referral to the lung cancer 

MDT will usually be associated with significant psychological distress, and additional more or 

less invasive investigations with, in some cases, definitive treatment. An individual with a false 

positive so defined is thus more likely to suffer harm than one defined in a different way; that 

is, those subjects who are recalled solely for further CT imaging to clarify the nature of a 

nodule. The latter is best termed “Interval Imaging Rate” and may, in screening programmes, 

merely mean continuing in the programme rather than referral to the MDT.  For this reason all 

category 3 lesions without cancer are reported separately as false positives warranting interval 

imaging. Category 2 findings are not classified as false positives warranting recall as the cancer 

rate was found to be so low in this study that interval imaging would not be recommended.    

 

Thus on examining the number of UKLS participants referred to the MDT clinic, the false 

positive rate is 3.6% (114-42/1994 =3.6); whilst the Interval Imaging Rate for the Category 3 

nodules is 23.2% (472-9/1994). 

 

In total, 114/1994 (5·7%) participants were referred to the MDT, of whom 42 (2·1% of all 

screened) had lung cancer.  

 

5.3.2 Details of cancer diagnoses 

Of the 42 cancers with a confirmed diagnosis, 27 were diagnosed at Liverpool Heart and Chest 

Hospital, and 15 at Papworth Hospital. Twenty five were Adenocarcinoma, 12 were Squamous 
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Cell Carcinoma, three were Small Cell Carcinoma, one was a Typical Carcinoid, and one was 

of unknown type (this latter patient was treated with palliation alone).  

 

Pathological staging of cancers was completed for 35/42 cancers: 17 were T1aN0 (one Nx), 

six were TlbN0, two were T2aN0, two were T2bN0, two were T1aN1, three were T2aN1, two 

were T1-2N2, one was T3N0. Clinical staging was recorded for a further seven cancers (see 

Table 10).  Thus, 67% of the screen-detected cancers that have so far been staged (28/42) were 

identified at stage 1.  Details of all individuals referred to the MDT with a cancer diagnoses are 

shown in Table 10. 

 

 

 

 

 

 

 



 91 

Table 10: Details of cancers diagnosed.  

UKLS case 

No  

Baseline 

Nodule 

Category* 

Sex Age TNM Final STAGE Diagnosis Treatment  

1 4 M 59 pT1a pN0 IA Adenocarcinoma Surgery

  

2 4 M 66 pT1a pN0 IA Adenocarcinoma Surgery 

3 4 M 66 pT1a pN0 IA Adenocarcinoma Surgery  

4 4 M 55 pT1b pN0 IA Adenocarcinoma Surgery 

5 4 M 63 pT1a pN0 IA Adenocarcinoma Surgery  

6 4 F 64 pT1a pN0 IA Adenocarcinoma Surgery 

7 4 M 67 pT1b pN0 IA Small Cell Carcinoma Surgery/Chemotherapy  

8 4 M 62 pT1a pN0 IA Squamous Cell Carcinoma Surgery 

9 4 M 68 pT1b pN0 IA Squamous Cell Carcinoma Surgery 

10 4 M 67 pT1a pN0 IA Squamous Cell Carcinoma Surgery 

11 4 M 73 pT1b pN0 IA Squamous Cell Carcinoma Surgery  

12 4 M 71 pT1a pN0 IA Adenocarcinoma Surgery  

13 4 M 72 cT1b cN0 cM0 IA Adenocarcinoma Radiotherapy  

14 4 M 64 pT1b pN0 IA Adenocarcinoma  Surgery  

15 4 M 68 pT1a pN0 IA Adenocarcinoma  Surgery  

16 4 M 74 cT1a cN0 cM0 IA Bronchogenic Carcinoma Palliative 

17 4 M 69 pT1a pN0 IA Squamous Cell Carcinoma Surgery  

18 4 M 70 pT2a pN0 IB Adenocarcinoma Surgery 
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19 4 M 67 pT2a pN0 IB Adenocarcinoma Surgery  

20 4 M 68 pT2a pN1 IIA Squamous Cell Carcinoma Surgery/Chemotherapy 

21 4 F 67 pT1a pN1 IIA Squamous Cell Carcinoma Surgery/Chemotherapy  

22 4 F 64 pT2b pN0 IIA Adenocarcinoma Surgery/Chemotherapy 

23 4 F 73 pT2a pN1 IIA Small Cell Carcinoma Surgery/Chemotherapy 

24 4 M 63 pT1a pN1 IIA Adenocarcinoma Surgery/Chemotherapy  

25 4 M 75 pT2a pN1 IIA Squamous Cell Carcinoma Surgery/Chemotherapy  

26 4 M 64 pT2b pN0 IIA Carcinoid Surgery  

27 4 M 68 pT1a pN2 IIIA Adenocarcinoma Surgery 

28 4 F 69 pT1b pN2 IIIA Adenocarcinoma  Surgery/Chemotherapy  

29 4 M 63 cT1a cN2 cM0 IIIA Small Cell Carcinoma  Chemotherapy 

30 4 F 60 pT3 pN0 IIB Squamous Cell Carcinoma Surgery/Radiotherapy 

31 4 M 66 cT4 cN3 cM1b IV Adenocarcinoma Chemotherapy/Radiotherapy 

32 4 M 64 cT3 cN2 cM1b IV Squamous Cell Carcinoma Palliative 

33 3  M 68 pT1a pN0 IA Adenocarcinoma (two 

primaries 

Surgery 

34 3  M 69 pT1a pN0 IA Adenocarcinoma Surgery 

35 3 M 61 pT1a  pN0 IA Squamous Cell Carcinoma Surgery  

36 3  M 70 pT1a pN0 IA Adenocarcinoma Surgery  

37 3  F 70 pT1aNx** IA Adenocarcinoma  Surgery 

38 3  M 66 pT1b pN0 IA Squamous Cell Carcinoma Surgery 
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39 3  F 69 cT1a cN0 cM0 IA Adenocarcinoma Radiotherapy 

40 3 M 71 pT1a pN0 IA Adenocarcinoma Surgery 

41 3  F 75 cT4 cN2 cM1b IV Adenocarcinoma Surgery (non pulmonary) 

Radiotherapy/Chemotherapy 

42 2 F 66 pT1a pN0 IA Adenocarcinoma Surgery 

 

Table 10 Legend 

 

*Baseline Nodule Category – category 4 referred to MDT at baseline, category 3 referred for repeat CT at 3 months and 12 months, category 2 referred for 12 month repeat CT. 

 

**Participant underwent wedge resection. Clinical stage was cT1a cN0 cM0. 
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5.3.2.1  Demographics of people diagnosed with lung cancer 

Of the 42 individuals with a screen-detected lung cancer, 32 were men and ten were women 

(i.e. 1.8% of all individuals screened, for both sexes). The mean age at trial recruitment for the 

cancer patients was 66.9y (median 67y; range 55-75 years). This was similar to the mean age 

of all screened (67.1y). 17/42 (40.4%) people with a confirmed cancer were from the most 

deprived IMD quintile (Q1), 5 (11.9%) were from Q2, 9 (21.43%) from Q3, 4 (9.5%) from Q4 

and 7 (16.7%) from the least deprived IMD quintile (Q5). 

5.3.2.2 Predictors of subjects requiring further investigations 

Variables from Questionnaire 1 (see Appendix 3) were used in both univariate and multivariate 

logistic regression analyses to establish which factors were associated with participants 

requiring follow up scans or investigations (i.e. Category 2, 3 and 4 individuals; n=1,015) 

versus individuals with clear scans (Category 1; n=979). In the univariate analysis, both female 

gender (Odds Ratio 1.25; 95%CI 1.02-1.53; p<0.032) and a previous history of respiratory 

disease (Odds Ratio 1.25; 95%CI 1.05-1.49; p<0.012) were associated with requiring further 

scans. In the multivariate analysis, a previous history of respiratory disease (Odds Ratio 1.28; 

95%CI 1.06-1.54; p<0.009) was associated with requiring further scans. 

5.3.2.3 Further work up by MDT 

Table 11 shows the further investigations and procedures that have so far been done for subjects 

referred to the MDT. Only 8.6% of subjects who did not have confirmed cancer had needle 

biopsies and 4.3% had surgery. These are the two procedures most associated with 

complications. Overall, of 114 subjects referred to the MDT, 11 subjects (15.3%) without 

confirmed cancer had either a biopsy or surgery and nobody had both. This includes one subject 

with likely lung cancer. Thus only 0.55% of subjects screened underwent semi-invasive or 

invasive tests for benign disease. 

  



95 

 

Table 11 Work up by MDT 

No cancer confirmed, n = 72 Lung cancer confirmed, 

n = 42 

Investigation Number % Number % 

Further CT 61 84.7 42 100.0 

Needle biopsy 7 9.7 15 35.7 

EBUS 1 1.4 3 8.3 

PET 13 18.05 37 88.9 

Oncology referral 1 1.4 13 36.1 

Surgical referral 4 5.5 35 83.3 

Discharged 3 4.3 21 58.3 

Other outcome 2 2.9 4 11.1 

Outpatient follow up 21 30.0 21 58.3 

Not suitable for 

MDT 0 0.0 0 0 

 

5.3.2.4  Treatment 

Table 10 shows the treatment received by subjects with lung cancer. Reflecting the early stage, 

35 of 42 subjects (83.3%) had surgery as their primary treatment. Of these eight also had 

chemotherapy and one had radiotherapy. Chemotherapy was the primary treatment in three 

patients and radiotherapy was offered to two subjects who declined surgery. Treatment was 

palliative (supportive care) in two subjects. 

 

5.3.3 Incidental Findings 

To date, over the course of the UKLS screening trial, 128 Significant Other Findings (SOF) 

have been identified on the CT scans by the trial radiologists. Most of these findings related to 

thoracic disease, but 17 extra-thoracic SOFs were also identified. Individuals with a SOF on 

scan were referred for further investigations and treatment to either a relevant specialist or 

MDT, or their own GP. Details of the thoracic and extra-thoracic SOFs are shown in Tables 12 

and 13 respectively. 
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Table 12: Clinically significant thoracic incidental findings, for which a supplementary 

radiology report was sent to the GP or appropriate MDT 

CT Finding N= 

Aortic dilatation 4 

Severe aortic valve calcification 5 

Mediastinal Mass 4 

Mediastinal or hilar lymphadenopathy 6 

Pneumonia 41 

Bronchiectasis 5 

Pleural thickening 8 

Smoking related interstitial lung disease 7 

Severe emphysema 9 

Interstitial fibrosing lung disease (unspecified) 6 

Non-specific interstitial pneumonia (NSIP) 2 

Usual interstitial pneumonia (UIP) 12 

Sarcoidosis 1 

Oesophageal thickening or dilatation 2 

Breast mass 1 

Lobar collapse 2 

TOTAL 115 

 

Table 13: Clinically significant extra-thoracic incidental findings, for which a supplementary 

radiology report was sent to the GP or appropriate MDT 

CT Finding N= 

Biliary dilatation 1 

Adrenal mass 3 

Cirrhosis 1 

Hydronephrosis 1 

Liver mass 1 

Pancreatic cysts 1 

Renal mass 3 

Splenomegaly 1 

Thyroid mass 1 

TOTAL 13 
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SOFs were managed locally in Liverpool or Papworth. For any incidental findings that were 

identified before 9th December 2013, the participants’ GPs were contacted by UKLS and asked 

to provide follow up and outcome data. The results from both Liverpool and Papworth are 

detailed below. Follow up information for incidental findings arising after 9th December 2013 

has not yet been requested, hence the figures below do not include all of the incidental findings 

detailed above (see Tables 12 and 13). 

 

In the Liverpool cohort, 55 SOFs were identified, and the patients’ primary care physician 

informed. Seventeen different conditions were identified, including eight abdominal 

conditions. Thoracic conditions included: pneumonia (n=18), pulmonary fibrosis (n=8), pleural 

thickening (n=5), bronchiectasis (n=3), lymphadenopathy (n=3), severe emphysema (n=3), 

lobar collapse (n=2), oesophageal thickening (n=2), mediastinal mass (n=2), thyroid mass 

(n=1), thoracic aortic aneurysm (n=1). Abdominal abnormalities included: adrenal lesion 

(n=2), abdominal aortic aneurysm (n=2), cirrhosis of the liver (n=1), splenomegaly (n=1), renal 

mass (n=1), pancreatic cyst (n=1). Further information on these patients was identified from 

secondary care records and 31 responses from primary care for follow up data. Whilst the vast 

majority of pneumonias were managed in primary care, at least 22 of the others were referred 

to secondary and tertiary care for further investigation and management.  

 

There were 48 SOFs in the Papworth cohort.  The general practitioners of patients with SOFs 

were contacted by letter and asked to take appropriate action. For five cases with a potentially 

life threatening condition the letter was followed up with a telephone call a few days later to 

ensure that action had been taken. Thoracic conditions included: interstitial lung disease 

(n=10); severe emphysema (n=2); pneumonia (n=16); atypical pneumonia (n=4); 

lymphadenopathy (n=3); posterior mediastinal mass (duplication cyst) (n=1); thymoma (n=1); 

aortic calcification (n=4). Abdominal conditions included: renal mass (n=2); adrenal mass 

(n=1); hepatic mass (n=1); abdominal aortic aneurysm (n=1); biliary dilatation (n=1); 

hydronephrosis (n=1). In 29 cases, outcomes are known from secondary care records or via the 

primary care follow-up questionnaire. Of these, the UKLS identified diagnosis was already 

known to the GP in three cases and no further action was taken. In 12 cases the GP treated the 

patient and in 14 cases the patient was referred to secondary or tertiary care. 
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Overall, about 5% of patients had a SOF identified. Nearly all of these were previously 

undiagnosed conditions. Their identification empowered primary care physicians to manage or 

appropriately refer on, for the patient’s benefit. 

 

5.4 Discussion 

 

These preliminary findings from the single screen UKLS study have confirmed several 

suppositions and hypotheses: The lung cancer detection rate is 2.1%. This means that the LLP 

risk assessment model has performed as expected. All subjects had to have a five year risk of 

lung cancer of at least 5%. A greater than 1% risk on prevalence screening would therefore be 

expected. Unlike other CT screening studies, LLP avoids the problem of screening people at 

very low risk where the harms of screening may outweigh the benefit. The low threshold for 

imaging follow up of abnormal findings resulted in 47.7% of subjects needing follow up CT at 

three months and/or one year. This was to be expected as the UKLS protocol indicated repeat 

scans for people with Category 2 nodules which accounted for around 50% of nodules. 

However, only one lung cancer was detected from this category. Nine lung cancers have been 

confirmed from the group of Category 3 nodules. For both of these categories the probability 

of finding lung cancer in the nodules is below the baseline risk of the population as a whole 

and for category 3 (although numbers are too small to draw any real conclusion) it is 1.9%. 

Two lung cancers were identified by the three month interval CT so it could be argued that this 

step is necessary. However we are not able to comment on the effect on prognosis of detection 

of these lung cancers after three months rather than after a 12 month interval. Whether an 

annual screen is the best strategy for managing both Category 2 and 3 nodules should be 

determined by reference to other studies with larger numbers and by monitoring outcomes of 

future screening programmes. The immediate work up strategy for the category 4 findings 

resulted in the greatest number of confirmed lung cancers; 50% of category 4 subjects referred 

to the MDT had lung cancer. Overall, only 5.7% of subjects were referred to the MDT, which 

demonstrates the utility of the imaging recall protocol. Furthermore those subjects who 

underwent further investigation mostly underwent further imaging with few having minimally 

invasive or invasive procedures for benign disease. This rate of investigation of benign disease 

was similar to that found in NELSON36 and NLST. Active treatment rates were high; 83% of 

subjects with confirmed lung cancer had surgery, reflecting the high proportion of patients with 
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stage 1 or 2 disease. Of those patients who had surgery for later stage 3a disease, this was only 

detected at surgery, a feature thought to be associated with a more favourable prognosis. A 

variety of significant other findings were detected. These included the detection of other 

cancers including malignant melanoma and renal carcinoma as well as important benign 

conditions such as severe emphysema.  Not all of these benign diagnoses were known to the 

subject or their doctor. The detection of these other conditions (especially cancer) may clearly 

benefit subjects although it is not possible to measure the effect in this study. It is important to 

note how many more cancers appeared to be detected in the lower socioeconomic groups. 

Although numbers are relatively small there was a marked difference between the 

socioeconomic profile of the subjects screened (which was similar to the population as a whole) 

and that of those who had lung cancer. This raises a number of issues that may be important if 

screening programmes are to begin. Since the risk of lung cancer is most strongly related to 

age and smoking, it is likely that the main reason for the observed rates in the lower 

socioeconomic groups is that the subjects smoked more. This would be in keeping with the 

way the LLPv2 selects individuals at a risk of at least 5% over five years. There will be a 

proportion of people at much greater risk by virtue of their smoking habit. This observation 

also has implications for the recruitment of people into programmes. At selection, we observed 

that the lower socioeconomic groups more at risk yet were less likely to participate and we now 

know that the same group, when recruited, do indeed have a greater prevalence of lung cancer. 

This serves to emphasise the importance of effective methods of recruitment of these relatively 

disadvantaged people into screening programmes if the effectiveness of such programmes is to 

be maximised. 
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CHAPTER 6: PSYCHOSOCIAL OUTCOMES 

 

6.1 Background 

 

6.1.1 The importance of assessing psychosocial impact of lung cancer screening 

Alongside clinical evidence, an evaluation of psychosocial harms and benefits is essential when 

considering the introduction of a new screening programme.  Studies of cancer screening in 

the general population have highlighted adverse psychosocial effects, in particular those 

associated with abnormal, false positive or inconclusive test results.83, 84 The psychosocial 

impact of low dose computed tomography (LDCT) screening for lung cancer has been 

examined in controlled trials outside the UK, in terms of effects of both trial allocation and 

screening results.85-91 Overall, evidence from these trials suggests that LDCT screening does 

not produce long-term anxiety or other adverse effects which could deter high-risk individuals 

from further help-seeking or future participation in a lung screening programme. However, it 

is important to examine psychosocial effects within the UKLS trial context to ensure that any 

future lung screening programme is tailored to the specific needs of the UK high risk 

population.  

 

6.1.2 Barriers to uptake of lung cancer screening 

Previous studies have highlighted some of the demographic and psychosocial barriers to lung 

screening uptake. Silvestri et al92  reported that smokers perceived fewer benefits and were less 

likely to consider lung cancer screening compared to non-smokers. Non-participants in the 

Dutch-Belgian Randomised Controlled Lung Cancer Screening Trial (NELSON) were more 

likely to be female and former smokers, and to have a lower perceived risk of lung cancer and 

less positive beliefs about the benefits of lung screening compared to participants.93 In the first 

88,897 individuals approached to take part in UKLS, participation was more likely in ex-

smokers and those in higher socioeconomic groups.94 Other barriers may include fears about 

lung screening tests and radiation exposure, and fatalistic beliefs about lung cancer.95, 96 
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6.1.3 Psychosocial impact of lung screening trial allocation 

The psychosocial impact of trial group assignment has been examined in both the NELSON 

trial88 and the Danish Lung Cancer Screening Trial (DLCST).85 In NELSON, the intervention 

and control groups were equivalent in a range of psychosocial outcomes, both general and 

cancer-specific.88 Similarly, the DLCST found no differential effects of trial allocation on 

psychosocial outcomes at one year follow-up.85 Although those in the control group reported 

slightly worse psychosocial outcomes on some measures at follow-up, the difference between 

groups was not significant when examining the mean increase in scores on each scale. The 

National Cancer Institute’s Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial 

(PLCT)87 reported poorer health-related quality of life in the intervention groups on one 

measure (mental component of SD-12), but no difference on any other psychosocial measure. 

 

6.1.4 Psychosocial impact of lung screening results 

Recent trials which have examined the psychosocial effects of lung screening results indicate 

that the negative impact of receiving an unfavourable result, especially in relation to cancer-

specific distress, tends to diminish over time. The NELSON trial reported poorer quality of 

life, increased general anxiety and clinically elevated levels of cancer-specific distress at two 

months follow-up in high-risk individuals receiving an indeterminate CT scan result compared 

to those receiving a negative (normal) result.  However, these effects did not persist at six 

months follow-up, i.e. after the second screening round.88, 89   

 

A similar pattern was observed in the Pittsburgh Lung Screening Study (PLuSS)86 with a 

temporary increase in stated anxiety in those with an indeterminate screening result, although 

cancer-related fear did not return to baseline levels at one year follow-up.   Participants in the 

PLCO Cancer Screening Trial, who received at least one abnormal result, across any of the 

cancers being screened, reported higher cancer-specific distress in the short-term compared to 

those who had received all normal screening results.87 No significant differences were found 

on the mental or physical components of the SF-12, nor were there differences on any of the 

measures at nine months follow-up, suggesting that negative psychosocial consequences of 

lung screening results are not long lasting.  
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6.2 Aim 

 

To assess the short-term psychosocial consequences of lung cancer screening.  

 

6.3 Objectives 

 

Specific objectives were to examine: 

• Factors associated with trial non-uptake in high risk individuals 

• The short-term and long-term impact of trial allocation on lung cancer-specific distress 

(primary outcome), anxiety, depression and decision satisfaction (secondary outcomes) 

• The impact of baseline CT scan result on lung cancer-specific distress, anxiety, 

depression and decision satisfaction 

• The long-term impact of screening outcome on lung cancer-specific distress, anxiety, 

depression and decision satisfaction 

• The short-term and long-term impact of trial allocation on the primary outcome 

adjusting for effect modifiers. 

 

6.4 Hypotheses 

 

1. Intervention arm participants will report higher short-term cancer distress compared to 

those in the control arm. In particular, those intervention arm participants who receive 

a positive result of their baseline CT scan will report higher short-term cancer distress 

than those with negative (normal) results. 

2. There will be no difference in long-term cancer distress between trial arms or between 

screening outcome groups. 
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6.5 Methods 

 

6.5.1 Participants  

A random sample of 247,354 individuals aged between 50 and 75 years of age from six primary 

care trusts (PCTs) (three from the Liverpool area and three from the Cambridge area) were 

initially invited to take part in the UKLS trial by completing a risk assessment questionnaire 

based on the Liverpool Lung Project Risk Prediction Model. Individuals who were identified 

as being at high risk of lung cancer were then sent further information about the trial and invited 

to participate. Following completion of a further screening questionnaire to identify trial 

eligibility, people meeting the criteria were invited to attend the recruitment centre.  High risk 

individuals who attended the recruitment centre, were confirmed as eligible, and consented to 

take part in the trial were included in the psychosocial outcomes component of the study. 

Individuals who actively declined to take part by completing an optional non-participation 

questionnaire are referred to as negative responders. 

 

6.5.2 Procedure 

At the UKLS trial recruitment centre, participants completed a baseline touch screen 

questionnaire which included a number of psychosocial measures (referred to as T0). 

Participants were sent a follow-up psychosocial questionnaire (T1) approximately two weeks 

after receiving either 1) the letter detailing that they had been assigned to the control arm of 

the trial (control group) or 2) the baseline CT scan result letter (intervention  group). A freepost 

envelope was included with the questionnaire pack for participants to return their completed 

questionnaires to the data management company RADAR. Between September 2012 and 

January 2013, a subset of just over 600 participants who did not return their T1 questionnaire 

received a reminder.  A further follow-up questionnaire (T2) and freepost envelope were sent 

in January 2014 (10 to 27 months after attending the recruitment centre) to all participants who 

were still alive and not “off study”. 
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6.5.3 Measures 

6.5.3.1 Lung cancer-specific distress 

The revised 6-item Cancer Worry Scale58, 59 was adapted to measure lung cancer-specific 

distress. The scale includes six items each measured on a 4-point likert scale (score range 6 to 

24). Participants were asked to complete the scale thinking about how they felt in the past week. 

The scale was found to have good internal consistency (T0 α=.81, T1 α=.85, T2 α=.85). A score 

above 12.5 corresponds to a clinically significant threshold score on the General Health 

Questionnaire-28.97 One question from the Cancer Worry Scale was included in the non-

participation questionnaire (“How concerned are you, if at all, about the possibility of getting 

lung cancer some day?”). For comparisons between trial participants and negative responders 

who completed the non-participation questionnaire, responses to this question were re-coded 

into three categories of affective risk perception: none (“not at all” concerned), lower 

(“somewhat” concerned) and higher (“moderately” or “very” concerned). 

6.5.3.2 General anxiety and depression  

The Hospital Anxiety and Depression Scale (HADS)57 was used to measure general levels of 

anxiety and depression.  Anxiety and depression sub-scales each include seven items on a 0 to 

3 scale, anchored to how participants felt in the last week (score range 0 to 21). Good internal 

consistency was found both anxiety (T0 α=.81, T1 α=.87, T2 α=.87) and depression (T0 α=.73, 

T1 α=.84, T2 α=.84). Scores of 0-7 were classified as ‘normal’, 8-10 as ‘mild’ anxiety or 

depression, and 11-14 and 15-21 as ‘moderate’ and ‘severe’ respectively.57  

6.5.3.3 Decision satisfaction 

Satisfaction with the decision to participate in the trial was measured using the Satisfaction 

with Decision Scale98 6-item scale with five response categories ranging from ‘strongly 

disagree’ to ‘strongly agree’. Scale scores were summed and then averaged so that possible 

scores ranged from 1 to 5 (T0 α=.94, T1 α=.95, T2 α=.96). Due to a bi-modal distribution in 

the current study, a binary variable was created to reflect lower decision satisfaction (score <5, 

“not very satisfied”) and higher decision satisfaction (score=5, “very satisfied”).   

6.5.3.4 Demographic Variables 

Educational attainment, marital status and ethnic group were included in the T0 questionnaire. 

Age (around the time of risk calculation) and gender were provided by the PCTs (via the data 

management company).  For analyses examining barriers to trial uptake, age was categorised 
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into three groups: younger age (≤65 years), recently retired (66-70 years) and older age (≥71 

years). IMD scores and ranks were established by the data management company using 

participants’ postcodes. IMD ranks were analysed using standard quintiles based on England-

wide population data; quintile 1: 1-6496, quintile 2: 6497-12993, quintile 3: 12994-19489 

quintile 4: 19490-25986 and quintile 5: 25987-32482. Quintile 1 reflects those most deprived 

and quintile 5 those least deprived. 

6.5.3.5 Smoking status 

Smoking status was collected in the UKLS questionnaire 1 (UKLSQ1). Participants were 

identified as current smokers, ex-smokers or never smokers. Very few high-risk participants 

had never smoked, hence this category was excluded during analyses. 

6.5.3.6 Experience of lung cancer 

Participants were asked in the T0 questionnaire whether they had a friend or close family 

member who had been diagnosed with lung cancer. Five responses were available and were 

categorised into two groups “yes” (included responses “yes, self”, “yes, someone close”, “yes 

self and someone close”, “yes, prefer not to say who”) and “no” (response “no”). 

6.5.3.7 CT scan result 

Participants in the intervention group were categorised according to their CT scan result both 

at baseline and longer-term follow up (result of their most recent scan): 

• Negative: those who received a negative (normal) result. 

• Negative with incidental finding: those who received a significant incidental finding 

but no lung abnormality. 

• Positive for repeat scan: those who were recommended to attend for a repeat scan in 3 

or 12 months. 

• Positive for MDT referral: those referred to the multidisciplinary team (MDT) with a 

major lung abnormality. 

6.5.3.8 Long-term screening outcome  

Screening outcome has been defined based on participants’ screening history and the outcome 

of their final CT scan (where relevant) at the time of T2 questionnaire completion: 
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• True negative: those who received a negative (normal) result and no lung cancer 

diagnosed. 

• False positive: those who were recommended to attend for a repeat scan in 3 or 12 

months, but then had a final negative (normal) result and no lung cancer diagnosed. 

• True positive: those who were recommended to attend for a repeat scan in 3 or 12 

months or referred to the MDT with a major lung abnormality, and lung cancer was 

diagnosed. 

• Incidental finding: those who received a significant incidental finding (either at baseline 

scan or repeat scan) but no lung cancer diagnosed. 

Participants who had a MDT referral but no lung cancer diagnosed were excluded from long-

term outcome analyses, as were those still awaiting their final scan or result at the time of 

completing T2. Those whose results were not classified were also excluded as they did not 

follow the standard care pathway and / or their psychosocial situation did not reflect their 

categorisation in the main trial, for example mesothelioma patients were classified as Category 

1 (end of screening). 

 

6.5.4 Statistical analyses 

Analyses were conducted using SPSS v.20. A mean replacement strategy was used where 

participants were missing data on the psychosocial variables. Scale scores were assessed for 

normality and log transformed in cases of non-normal distribution (cancer distress, anxiety and 

depression). Statistical associations between individual characteristics and trial participation 

were examined using univariable and multivariable regression modelling. Attrition bias was 

assessed using chi-squared and independent t-tests. 

6.5.4.1 Primary analyses  

At each follow-up endpoint, psychosocial outcomes of trial allocation and screening results 

were assessed using ANCOVAs (adjusted for baseline psychosocial score) and chi-squared 

tests as appropriate.   

The assumptions of ANCOVA, including homogeneity of regression slopes and linearity, were 

tested. Regression slopes for lung cancer distress scores were heterogeneous at short-term 
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follow-up, therefore subgroup analyses were performed separately for high and low cancer 

distress thresholds (above or below 12.5). Sensitivity analyses were performed to assess any 

confounding effects of data timing issues. At short-term assessment, participants were 

identified as protocol deviations and excluded from analyses if they completed their T1 

questionnaire less than 10 days after their baseline scan result letter or control arm allocation 

letter was sent. At long-term assessment, participants who received a final scan or scan result 

within the two weeks prior to or succeeding T2 completion were identified as protocol 

deviations and were excluded from the data set.  

To account for multiple testing, a conservative p value of 0.01 was used to indicate statistical 

significance. Effect size was calculated using the 2 statistic (where a value of .01 represents a 

weak effect, .06 represents a moderate effect, and .14 represents a strong effect). Following 

significant ANCOVA results, post hoc pairwise comparisons (using the Sidak correction and 

p value of 0.05 to indicate statistical significance) were carried out to identify group 

differences.  

6.5.4.2  Secondary analyses 

Linear mixed effects modelling was performed to account for both short-term and long-term 

cancer distress. The model evaluated the impact of trial allocation after adjustment for baseline 

cancer distress, with a random subject intercept and slope separately for each outcome. 

Sensitivity analyses were conducted (separately for participants with low or high baseline 

cancer distress scores), each with different cancer distress effect modifiers included: 

(1) Univariable analysis evaluating the impact of trial allocation adjusting for baseline 

cancer distress only and each additional effect modifier separately.  

(2) Preconceived scientifically justified multivariable analysis evaluating the impact of 

trial allocation after adjustment for baseline cancer distress and other scientifically 

important effect modifiers: age group, smoking, deprivation quintile, and time since 

attended recruitment centre.  

(3) Preconceived scientifically justified multivariable analysis evaluating the impact of 

trial allocation after adjustment for baseline cancer distress and all other scientifically 

and statistically important effect modifiers. This involved a forward stepped model 

fitting process, assuming analysis (2) as the base model using the maximum likelihood 

approach for handling degrees of freedom and nested models. Effect modifiers were 
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included if a likelihood ratio was significant at p≤0.01 and were sequentially introduced 

in order of statistical importance. Covariates considered for inclusion as effect 

modifiers were trial site, gender, ethnicity, marital group, and experience of lung 

cancer.  

All trial group-by-main effect interactions were then assessed for statistical importance. After 

the optimal and parsimonious statistical model was found, parameter estimates, standard errors 

and p values were estimated using the residual maximum likelihood approach to handling 

degrees of freedom. 

For all the above, effect modifiers are summarised, interpreted and compared between nested 

analyses.  

 

6.6 Results 

 

6.6.1 Trial participation 

A flow diagram of participation in the trial is shown in Figure 15. In total, 4,061 individuals 

(5.3% of 75,958 positive responders; 46.5% of all high risk positive responders) attended the 

recruitment clinic and were consented into the trial. Of these, 4,039 trial participants completed 

baseline T0 psychosocial questionnaires: 4,037 were randomised (n=2,018 intervention, 

n=2,019 control) and 3,232 of the randomised participants completed T1 psychosocial 

questionnaires (n=1,653/84% intervention, n=1,579/78% control). At T2, 2,855 participants 

completed psychosocial questionnaires (n=1,553/82% intervention, n=1,302/65% control).  
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  Information packs sent 247,354 

 

No response 

148,608 (60.1%) 

Positive response 

75,958 (30.7%)  

Negative response 

22,788 (9.2%) 

High risk 8729 (11.5%) 

Positive response 

5,967 (68.4%) 

No response 

2,008 (19.4%) 

Negative response 

754 (12.2%)  

2nd Information packs sent to high risk positive responders  

 

Attended clinic and consented to UKLS 4,061 

 

Randomisation 4,055 

 

6 not randomised (4 

ineligible, 2 no 

randomisation partner) 

CT-Scan group 2028 

T0Q completed 2018 (/2028=99.5%) 

(no T0 data 10) 

 

1467 

Control group 2027 

T0Q completed 2019 (/2027=99.6%) 

(no T0 data 8) 

T1Q completed 1653 (/1965=84.1%) 

T1Q not completed 312 

Protocol deviation 63  

(no T0 data 10, T1 not sent 34, protocol 

deviation at T1 19) 

T1Q completed 1579 (/2016=78.3%) 

T1Q not completed 437 

Protocol deviation 11  

(no T0 data 8, T1Q not sent 2, protocol 

deviation at T1 1) 

T2Q completed 1553 (/1888=82.3%) 

T2Q not completed 335 

Protocol deviation 140 (no T0 data 10 T2Q not 

sent 57, protocol deviation at T2 73) 

T2Q completed 1302 (/1993=65.3%) 

T2Q not completed 691 

Protocol deviation 34 (no T0 data 8, T2Q not sent 26, 

protocol deviation at T2 0) 

T0Q = psycho-social baseline touch screen questionnaire (collected at recruitment centre) 

T1Q = psycho-social short-term follow-up questionnaire (sent 2 weeks after result or control arm letter) 

T2Q = psycho-social longer-term follow-up questionnaire (sent January 2014) 
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Figure 15: Trial participation flow diagram 

 

6.6.1.1 Barriers to Trial Uptake 

Of 8,729 high risk individuals, the current analysis compared 4,061 individuals who attended 

recruitment clinic and consented to participate with 2,762 individuals who declined 

participation (i.e. 754 negative responders, 2,008 non-responders). Of the negative responders, 

five were subsequently excluded due to reported gender discrepancies and one was reported as 

deceased. 

 

Age, gender, smoking and socioeconomic group were statistically significantly associated with 

trial uptake (see Table 14). Women were less likely to take part compared with men (OR=0.64; 

p<.001), and current smokers were less likely to take part than ex-smokers (OR=0.70, p<.001). 

Older individuals were less likely to participate in the trial compared with younger individuals 

aged ≤65 years (OR=0.73, p<.001) and those recently retired (OR=0.76, p<.001), but the 

difference in uptake between younger individuals and those recently retired was not statistically 

significant. Individuals in the highest socioeconomic group (quintile 5) were most likely to 

participate. Individuals in the lowest quintile were almost twice as likely to decline trial 

participation compared to those in the highest quintile (OR=0.56, p<.001). 

 

Individuals with a higher affective risk perception were less likely to take part in the trial 

compared with individuals reporting no or lower levels of affective risk perception (OR=0.52, 

p<.001 and OR=0.64, p<.001 respectively after adjusting for age, gender, smoking and 

socioeconomic group). There was no statistically significant difference between none and 

lower levels of affective risk perception (see Table 15).  There were no significant interactions 

between the included main effects (e.g. the interaction between gender and affective risk was 

not statistically important, p=0.81). 



111 

 

Table 14: Univariable and multivariable analyses of factors influencing trial uptake in 

high risk individuals 

 

Non-

participants 

(n=2756)‡ 

n (%) 

Trial 

participants  

(n=4061)‡ 

n (%) 

Univariabl

e OR 

(95% CI) 

p value 

Multivariable 

OR (95% CI) 

¶ 

p value 

Gender  

Male 

 
1770 (64) 3041 (75) 1.00 (REF) 

Female 

 
986 (36) 1020 (25) 

0.60 (0.54-

0.67) 
<0.001*** 

0.64 (0.58-

0.71) 

<0.001**

* 

Age range 

Younger age  

(≤65 years) 
838 (30) 1249 (31) 1.00 (REF) 

Recently retired 

(66-70 years) 
1087 (39) 1742 (43) 

1.08 (0.96-

1.21) 
0.22 

1.05 (0.93-

1.18) 
0.47 

Older population 

(≥71 years) 
831 (30) 1070 (26) 

0.86 (0.76-

0.98) 
0.02 

0.73 (0.64-

0.80) 

<0.001**

* 

Older compared to 

recently retired 
  

0.80 (0.71-

0.90) 
<0.001*** 

0.70 (0.62-

0.79) 

<0.001**

* 

Smoking  

Current smoker 

 
1334 (48) 1568 (39) 

0.67 (0.61-

0.74) 
<0.001*** 

0.70 (0.63-

0.78) 

<0.001**

* 

Ex-smoker 

 
1418 (51) 2591 (61) 1.00 (REF) 

Never smoked† 

 
4 (<1) 2 (<1) (-) 

Socioeconomic group 

Quintile 1 (most 

deprived) 
924 (34) 1090 (27) 

0.52 (0.45-

0.60) 
<0.001*** 

0.56 (0.49-

0.65) 

<0.001**

* 

Quintile 2  

 
448 (16) 487 (12) 

0.48 (0.40-

0.57) 
<0.001*** 

0.49 (0.42-

0.59) 

<0.001**

* 

Quintile 3 

 
483 (18) 723 (18) 

0.66 (0.56-

0.77) 
<0.001*** 

0.68 (0.58-

0.80) 

<0.001**

* 

Quintile 4  

 
447 (16) 732 (18) 

0.72 (0.61-

0.85) 
<0.001*** 

0.73 (0.62-

0.86) 

<0.001**

* 

Quintile 5 (least 

deprived) 
453 (16) 1029 (25) 1.00 (REF) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 
¶Adjusted for all other variables in the model. 

†Smoking data <2% never smoked therefore excluded from analysis. 

***p<0.001 
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Table 15: Univariable and multivariable analyses of level of affective risk perception 

influencing trial uptake in high risk individuals 

 

Negative 

responders 

(n=748) 

n (%) 

Trial 

participants  

 (n=4061) 

n (%) 

Univariable 

OR (95% 

CI) 

p value 

Multivariable 

OR (95% CI) 

¶ 

p value 

Affective risk perception 

 

None 

 
129 (19) 1054 (26) 1.00 (REF) 

Lower 

 
213 (32) 1493 (37) 

0.86 (0.69-

1.09) 
0.22 

0.82 (0.65-

1.04) 
0.09 

Higher 

 
329 (49) 1478 (37) 

0.55 (0.45-

0.69) 
<0.001*** 

0.52 (0.42-

0.65) 
<0.001*** 

Higher 

compared 

with lower 

  
0.64 (0.53-

0.77) 
<0.001*** 

0.64 (0.53-

0.77) 
<0.001*** 

¶Adjusted for age, gender, smoking and socioeconomic group 

***p<0.001 

 

 

6.6.2  Attrition bias 

6.6.2.1 Baseline touch-screen questionnaire completion 

Descriptive statistics for those who did (n=4,039) and did not (n=22) complete T0 

questionnaires at the recruitment centre are shown in Table 33 (see Appendix 7). Statistical 

comparisons were not conducted due to the small number of non-completers. 

6.6.2.2 Baseline CT scan attendance 

Of 2,018 participants in the intervention arm, 31 did not attend their baseline CT scan. 

Descriptive statistics for scan attendees and non-attendees are provided in Table 34 (see 

Appendix 7). A trend towards lower decision satisfaction was observed in non-attendees, but 

this should be interpreted with caution due to the small sample size, which precluded formal 

statistical testing. 

6.6.2.3 Follow-up questionnaire completion  

Statistical comparisons between those who did and did not complete short-term and long-term 

follow-up psychosocial questionnaires, respectively, are displayed in Tables 16 and 17.  
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At both time points, questionnaire completion was associated with older age (p≤.01), being 

male (p≤.01), being married or cohabiting (p<.001), higher educational attainment (p<.001), 

being an ex-smoker (compared to being a current smoker, p<.001) and taking part in the 

Papworth site (p≤.001). Note that a large amount of data on educational level were missing or 

non-informative, therefore the results for this variable should be interpreted with caution. 

Questionnaire completion was also associated with deprivation (p<.001), with a greater 

proportion of completers in the highest IMD quintile at T1 and T2 and a greater proportion of 

non-completers in the lowest quintile at T2. Differences between completers and non-

completers in ethnicity were not statistically significant at either follow-up. 

A greater proportion of non-completers were from the control arm at each time point (both at 

p<.01). While this suggests differential drop-out, it should be noted that protocol exclusions 

were more frequent in the screening arm. Those who completed follow-up questionnaires 

reported significantly lower baseline scores on all psychosocial measures compared to non-

completers (all at p<.001). However, the absolute differences were very small and scores were 

in the low range for both groups. Lung cancer experience was significantly associated with 

questionnaire completion, with a great proportion of non-completers having had experience of 

lung cancer (p≤.01). Differences between completers and non-completers in decision 

satisfaction were not statistically significant at either follow-up.  
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Table 16: Comparison of T1 completers and non-completers  
 

 T1 completers 

(n=3232) ‡ 

n (%) or mean (SD) 

T1 non-completers 

(n=749) ‡ 

n (%) or mean (SD) 

Test statistic  

(p-value) 

Trial  

allocation 

Intervention  1653 (51) 312 (42) 
χ2

(1) = 21.9 (<.001) 
Control  1579 (49)  437 (58) 

Site 
Liverpool 1585 (49) 420 (56) 

χ2
(1) = 12.0 (.001) 

Papworth 1647 (51) 329 (44) 

Age 67.73 (3.98) 67.28 (4.46) t(1041.7) = -2.5 (.01) 

Gender 
Male   2446 (76)  533 (71) 

χ2
(1) =  6.6 (.01) 

Female 786 (24)  216 (29) 

Education^  

Up to GCSE/O level or 

equivalent  

1007 (43) 334 (57) 

χ2
(1) = 35.4 (<.001) 

Beyond GCSE/O level or 

equivalent 

 1310 (57)  250 (43) 

Ethnicity  
White   3190 (99) 739 (99) 

χ2
(1) = 1.9 (.17) 

Non-white 26 (1)  10 (1) 

Marital 

status  

Married /cohabiting   2410 (75) 508 (68) 
χ2

(1) = 14.6 (<.001) 

Not married/cohabiting*   814 (25) 240 (32) 

IMD 

Quintile 1  843 (26) 222 (30) 

χ2
(4) =  23.6 (<.001) 

Quintile 2  367 (11) 109 (15) 

Quintile 3  574 (18) 135 (18) 

Quintile 4   578 (18)  141 (19) 

Quintile 5  870 (27)  142 (19) 

Smoking status 

(UKLSQ1) 

Current smoker  1194 (37) 338 (45) 
χ2

(1) =  17.4 (<.001) 
Ex-smoker  2037 (63) 410 (55) 

Never smoker  1 (<1)** 1 (<1)** n/a 

Experience of lung cancer (T0) 
No  1870 (58) 396 (53) 

χ2
(1) = 6.3 (.01) 

Yes  1355 (42) 352 (47) 

Cancer distress (T0) + 
2.16 (0.28) 

8.65  

2.21 (0.31) 

9.16  
t(3968) = 4.9 (<.001) 

Anxiety (T0) + 1.52 (0.71)  1.65 (0.71) t(3973) = 4.3 (<.001) 
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3.59   4.20  

Depression (T0) + 
1.27 (0.67) 

2.56   

1.37 (0.66) 

2.94 
t(3971) = 3.7 (<.001) 

Decision satisfaction 

(T0 )  

Not very 

satisfied  

 1916 (59) 428 (57) 

χ2
(1) = 1.0 (.32) 

Very satisfied  1308 (41) 317 (43) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 
+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

*not married/cohabiting = single, widowed, divorced/separated.  

**data excluded from analysis due to small cell size. 

^ A substantial amount of data were missing or uninformative for the education variable.  
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Table 17: Comparison of T2 completers and non-completers  

 

 T2 

completers 

(n=2855) ‡ 

n (%) or 

mean (SD) 

T2 non-

completers 

(n=1026) ‡ 

n (%) or 

mean (SD) 

Test 

statistic 

(p-value) 

Trial  

allocation 

Intervention 1553 (54) 335 (33) χ2
(1) = 

142.9 

(<.001) 
Control 1302 (46) 691 (67) 

Site 
Liverpool 1336 (47) 622 (61) χ2

(1) = 57.7 

(<.001) Papworth 1519 (53) 404 (39) 

Age 
67.79 

(3.98) 
67.19 (4.31) 

t(1691.2) = -

4.1 (<.001) 

Gender 
Male  2166 (76) 736 (72) χ2

(1) = 6.8 

(.009) Female 689 (24) 290 (28) 

Education^  

Up to GCSE/O 

level or equivalent  
940 (44) 367 (53) 

χ2
(1) = 15.8 

(<.001) Beyond GCSE/O 

level or equivalent 
1196 (56) 330 (47) 

Ethnicity  
White  2825 (99) 1004 (99) χ2

(1) = 4.4 

(.04) Non-white 21 (1) 15 (1) 

Marital 

status  

Married /cohabiting  2174 (76) 672 (66) 
χ2

(1) = 44.1 

(<.001) 

Not 

married/cohabiting*  
675 (24) 352 (34) 

IMD 

Quintile 1 668 (23) 373 (36) 

χ2
(4) = 73.1 

(<.001) 

Quintile 2 338 (12) 126 (12) 

Quintile 3 523 (18) 170 (17) 

Quintile 4  545 (19) 157 (15) 

Quintile 5 781 (27) 200 (19) 

Smoking status 

(UKLSQ1)  

Current 

smoker 
1009 (35) 490 (48) χ2

(1) = 50.0 

(<.001) 
Ex-smoker 1845 (65) 536 (52) 
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Never 

smoker 
1 (<1)** 0 (0)** n/a 

Experience of lung cancer 

(T0) 

No 1683 (59) 522 (51) χ2
(1) = 20.4 

(<.001) Yes 1166 (41) 503 (49) 

Cancer distress (T0) + 
2.16 (0.28) 

8.64 

2.20 (0.32) 

9.06 

t(1615.1) = 

4.5 (<.001) 

Anxiety (T0) + 
1.51 (0.71) 

3.52 

1.64 (0.71) 

4.17 

t(3873) = 5.2 

(<.001) 

Depression (T0) + 
1.25 (0.66) 

2.51 

1.38 (0.68) 

2.96 

t(3871) = 5.0 

(<.001) 

Decision 

satisfaction (T0)  

Not very 

satisfied  
1668 (59) 612 (60) 

χ2
(1) = 0.52 

(.47) Very 

satisfied 
1179 (41) 410 (40) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 
+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

*not married/cohabiting = single, widowed, divorced/separated. 

**data excluded from analysis due to small cell size. 

^A substantial amount of data were missing or uninformative for the education variable. 

 

6.6.2.4 Baseline sample characteristics 

Comparisons were made between the intervention and control arm, including only those who 

completed T0 questionnaires and were therefore in the psychosocial sample. As indicated in 

Table 18, demographic characteristics and baseline psychosocial scores were similar for the 

trial arms due to the adequate randomisation process, hence test statistics were not warranted.  
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Table 18: Baseline psychosocial sample characteristics by trial allocation  

 

 Intervention 

(n = 2018) ‡ 

n (%) or mean 

(SD) 

Control  

(n = 2019) ‡ 

n (%) or mean 

(SD) 

Site 
Liverpool 1003 (50) 1016 (50) 

Papworth 1002 (50) 1016 (50) 

Age 67.72 (4.04) 67.59 (4.13) 

Gender 
Male  1520 (75) 1500 (74) 

Female 498 (25) 519 (26) 

Education^  

Up to GCSE/O level or 

equivalent  

678 (46) 683 (46) 

Beyond GCSE/O level or 

equivalent 

788 (54) 791 (54) 

Ethnicity  
White  1992 (99) 1992 (99) 

Non-white 18 (1) 19 (1) 

Marital status  
Married /cohabiting  1483 (74) 1471 (73) 

Not married/cohabiting*  528 (26) 545 (27) 

IMD 

Quintile 1 545 (27) 533 (26) 

Quintile 2 243 (12) 242 (12) 

Quintile 3 358 (18) 361 (18) 

Quintile 4  353 (18) 376 (19) 

Quintile 5 519 (26) 507 (25) 

Smoking status 

(UKLSQ1) 

Current smoker 772 (38) 787 (39) 

Ex-smoker 1244 (62) 1232 (61) 

Never smoker 2 (<1) 0 (0) 

Experience of lung cancer (T0) 
No 1168 (58) 1126 (56) 

Yes 846 (42) 889 (44) 

Cancer distress (T0) + 
2.17 (0.29) 

8.75 

2.17 (0.29) 

8.74 

Anxiety (T0) + 
1.55 (0.71) 

3.72 

1.54 (0.71) 

3.67 
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Depression (T0) + 
1.30 (0.68) 

2.66 

1.28 (0.67) 

2.61 

Decision satisfaction 

(T0)  

Not very satisfied  1228 (61) 1158 (58) 

Very satisfied 786 (39) 853 (42) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 
+log transformed scores in normal text and original scale scores in italics. 

*not married/cohabiting = single, widowed, divorced/separated. 

^A substantial amount of data were missing or uninformative for the education variable. 

 

6.6.3    Short-term outcomes analysis  

The final sample for short-term psychosocial outcomes analysis (i.e. trial participants who had 

completed both T0 and T1 psychosocial questionnaires) consisted of 3232 individuals (see 

Figure 1). Mean age of participants was 67.7 years (see Table 16). The majority of participants 

were male (76%), were married or cohabiting (75%) and were of white ethnic origin (99%). A 

third (31%) of the sample were educated up to and including GCSE, O level or equivalent, and 

40% were educated beyond (data on educational level were missing or non-informative for 

28% of the sample). Most of the sample comprised of ex-smokers (63%). There was a spread 

of different levels of deprivation within the sample, with just over a quarter being in the highest 

quintile and just over a quarter being in the lowest quintile. Low mean levels of cancer distress, 

anxiety and depression were observed at baseline (see Tables 16 and 19). When categorised, 

10% of the sample showed high levels of cancer distress at baseline, 8% showed moderate to 

severe levels of anxiety and 3% showed moderate to severe levels of depression. Just over 40% 

were very satisfied with their decision to take part in UKLS. Comparisons between trial 

allocation groups showed no significant differences in baseline characteristics (Table 19). 
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Table 19: T1 sample baseline characteristics by trial allocation  

 Intervention 

(n = 1653) ‡ 

n (%) or mean 

(SD) 

Control  

(n = 1579) ‡ 

n (%) or mean 

(SD) 

Test statistic  

(p-value) 

Site 
Liverpool 819 (50) 766 (49) χ2

(1) = 0.35  

(.56) Papworth 834 (51) 813 (52) 

Age 
67.71 (3.94) 67.75 (4.02) t(3230) = 0.30 

(.77) 

Gender 
Male  1253 (76) 1193 (76) χ2

(1) = 0.03  

(.87) Female 400 (24) 386 (24) 

Education^  

Up to GCSE/O level or 

equivalent  

516 (44) 491 (43) 

χ2
(1) = 0.40  

(.53) Beyond GCSE/O level or 

equivalent 

654 (56) 656 (57) 

Ethnicity  
White  1632 (99) 1558 (99) χ2

(1) = 0.01  

(.91) Non-white 13 (1) 13 (1) 

Marital status  
Married /cohabiting  1239 (75) 1171 (74) χ2

(1) = 0.33  

(.57) Not married/cohabiting*  409 (25) 405 (26) 

IMD 

Quintile 1 447 (27) 396 (25) 

χ2
(4) = 3.28  

(.51) 

Quintile 2 193 (12) 174 (11) 

Quintile 3 292 (18) 282 (18) 

Quintile 4  280 (17) 298 (19) 

Quintile 5 441 (27) 429 (27) 

Smoking status 

(UKLSQ1) 

Current smoker 621 (38) 573 (36) χ2
(1) = 0.59 

(.44) Ex-smoker 1031 (62) 1006 (64) 

Never smoker 1 (<1) 0 (0) n/a 

Experience of lung cancer (T0) 
No 974 (59) 896 (57) χ2

(1) = 1.62  

(.20) Yes 675 (41) 680 (43) 

Cancer distress (T0) +  
2.16 (0.28) 

8.71 

2.15 (0.28) 

8.60 

t(3223) = -1.26 

(.21) 
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Anxiety (T0) + 
1.53 (0.71) 

3.63 

1.51 (0.71) 

3.55 

t(3225) = -0.74 

(.46) 

Depression (T0) + 
1.28 (0.68) 

2.58   

1.26 (0.67)  

2.54 

t(3224) = -0.52 

(.60) 

Decision satisfaction 

(T0)  

Not very satisfied  1000 (61) 916 (58) χ2
(1) = 1.82  

(.18) Very satisfied 651 (39) 657 (42) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 
+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

*not married/cohabiting = single, widowed, divorced/separated. 

^A substantial amount of data were missing or uninformative for the education variable. 

 

Hypothesis 1: Intervention arm participants will report higher short-term cancer distress 

compared to those in the control arm 

As shown in Table 20, different effects of trial allocation on T1 lung cancer distress were found 

for participants who scored above and below the distress threshold (12.5) at baseline. For those 

with low baseline distress, T1 distress scores were significantly higher in the intervention 

group, though not to clinical levels and with a very small effect size. For those with high 

baseline distress (326/3225=10%), the effect of trial allocation on T1 cancer distress was not 

significant: mean levels of cancer distress remained high and bordered on clinical levels 

regardless of trial allocation (153/326=47%). The effect of trial allocation on T1 general 

anxiety was not statistically significant. Significantly higher log transformed depression scores 

were found in the control group, but the absolute difference was very small. When converted 

back to the original scale (0-21 range), depression scores were low and within the normal range 

for both control and intervention groups. 

  



 

Page 122 of 235 
 

Table 20: Short-term psychosocial outcomes of trial allocation  

+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

**baseline measure of the respective variable was included as a covariate. 

 

A significantly greater proportion of control arm participants were not very satisfied with their 

decision to take part (66%, 953/1451) compared to those in the intervention arm (58%, 

875/1499) (χ2
(1)=16.7, p<.001).  

Sensitivity analyses showed small changes in F values but not in statistical significance levels, 

therefore further exclusions were not made.  

 

Hypothesis 2: Intervention arm participants with a positive baseline CT scan result will 

report higher short-term cancer distress compared to those with negative results 

As shown in Figure 15, 1653 participants who completed a T1 questionnaire were eligible for 

inclusion in the impact of baseline scan result analyses. Thirteen cases were excluded due to 

discrepancies in classification of their test result.  

Outcome (T1) Intervention   

M (95% CI)+ 

Control    

M (95% CI)+ 

Test statistic, p-

value, effect 

size  

Cancer distress** in 

low scorers at T0 

(n=2896) 

2.14 (2.13, 2.16) 

8.54 (8.44, 8.64) 

2.11 (2.10, 2.12) 

8.26 (8.16, 8.36) 

F(1, 2893)=14.92, 

p<.001, 2=.005 

Cancer distress** in 

high scorers  at T0 

(n=326) 

2.50 (2.46, 2.53) 

12.14 (11.73, 

12.55) 

2.53 (2.50, 2.57) 

12.61 (12.15, 

13.09) 

F(1, 323)=2.26,  

p=.13, 2=.007 

Anxiety** (n=3209) 
1.54 (1.51, 1.57) 

3.67 (3.54, 3.80) 

1.56 (1.53, 1.59) 

3.78 (3.64, 3.92) 

F(1, 3206)=1.23,  

p=.27, 2 <.001 

Depression** 

(n=3208) 

1.26 (1.23, 1.29) 

2.53 (2.42, 2.63) 

1.34 (1.31, 1.37) 

2.81 (2.70, 2.92) 

F(1, 3205)=14.36, 

p<.001, 2=.004 
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Preliminary analyses were conducted to test for potential covariates and are shown in Appendix 

7 Table 35. Baseline differences between the screening result groups were not significant, 

hence only the baseline scores of each dependent variable were included as covariates. 

 

Table 21 shows a statistically significant difference in T1 lung cancer distress among the 

different result groups. Participants who were positive for MDT referral (major lung 

abnormality) were significantly more distressed than each of the other result groups (negative 

mean difference = 0.36, p<.001; negative with incidental finding mean difference = 0.33, 

p<.001; positive for repeat scan mean difference = 0.24, p<.001). Lung cancer distress scores 

for the MDT group approached clinical thresholds, with upper confidence intervals crossing 

into clinically significant levels. Participants who were positive for a repeat scan also reported 

significantly greater T1 cancer distress than those receiving a negative (normal) result (mean 

difference = 0.12, p<.001).  

 

Differences in T1 general anxiety were found between groups. Those referred to MDT reported 

significantly greater anxiety than those receiving any other result (negative mean difference = 

0.36, p<.001; incidental finding mean difference = 0.37, p=.022; positive for repeat scan mean 

difference = 0.31, p=.003), although their scores were in the low/normal range. The difference 

in anxiety between the MDT referral group and the incidental finding group was not significant 

when sensitivity analysis accounted for test timing issues. When participants who had 

completed their T1 questionnaires more than a month after they had been sent their result were 

excluded (n=174), the difference in anxiety for these groups was no longer significant (mean 

difference = 0.28, p=.18).  Differences in depression scores were not statistically significant 

for any of the screening result groups.  

 

There was a significant association between screening result group and decision satisfaction 

(Table 22). A greater proportion of screening participants who were positive for MDT referral 

were very satisfied with their decision compared to the other three groups. Those who were 

positive for repeat scan had the greatest proportion not very satisfied with their decision.  
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Table 21: Short-term psychosocial outcomes of baseline screening results  

Outcome (T1) Negative 

 (n=763)+ ‡ 

M (95% CI) 

Negative with 

incidental finding  

(n=41)+ ‡ 

M (95% CI) 

Positive for 

repeat scan  

(n=788)+ ‡ 

M (95% CI) 

Positive for MDT 

referral 

 (n=48)+ ‡ 

M (95% CI) 

Test statistic, p-

value, effect size 
 

Cancer distress 

(n=1634) 

2.12 (2.10, 2.13) 

8.32 (8.18, 8.45) 

2.15 (2.08, 2.22) 

8.56 (7.97, 9.19) 

2.23 (2.22, 2.25) 

9.34 (9.19, 9.49) a 

2.47 (2.41, 2.54) 

11.88 (11.10, 12.72) 

abc 

F(3, 1629)= 55.94, 

p<.001, 2=.093 

Anxiety (n=1630) 
1.51 (1.47, 1.55) 

3.54 (3.35, 3.73) 

1.50 (1.32, 1.68) 

3.49 (2.75, 4.39) 

1.56 (1.52, 1.60) 

3.76 (3.57, 3.96) 

1.87 (1.70, 2.04) 

5.49 (4.48, 6.67) abc^ 

F(3, 1625) = 5.79, 

p=.001, 2=.011 

Depression (n=1630) 
1.27 (1.23, 1.31) 

2.55 (2.41, 2.70) 

1.20 (1.02, 1.38) 

2.31 (1.76, 2.97) 

1.26 (1.22, 1.30) 

2.51 (2.37, 2.66) 

1.40 (1.24, 1.56) 

3.05 (2.44, 3.78) 

F(3, 1625) = 1.10, p=.35, 

2=.002 

+log transformed scores in normal text and original scale scores in italics (analyses performed using log transformed scores). Estimated marginal 

means are presented. 

‡Ns vary within each cell due to missing data. 
asignificantly greater than mean score for negative result.   
bsignificantly greater than mean score  for negative with incidental finding.  

csignificantly greater than mean score for positive for repeat scan. 
^not significantly different to Negative/incidental finding group in sensitivity analysis (excluding those who completed follow-up questionnaires 

>1 month after their result letter). 
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Table 22: Short-term decision satisfaction according to baseline screening result 

 

Negative  

(n=702) 

n (%) 

Negative with 

incidental finding  

(n=39)  

n (%) 

Positive for 

repeat scan  

(n=705)  

n (%) 

Positive for 

MDT referral  

(n=42)  

n (%)  

Test statistic  

(p-value) 

Decision satisfaction 

(T1)  

Not very satisfied  378 (54) 22 (56) 450 (64) 18 (43) χ2
(3) = 18.8 

(<.001) Very satisfied 324 (46) 17 (44) 255 (36) 24 (57) 
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6.6.4   Long-term outcomes analysis 

Data were available for 2855 trial participants for the long-term outcomes analysis (Figure 15). 

Demographic and psychosocial characteristics of the sample at T2 were very similar to those 

of the sample included in T1 outcome analyses (see Table 19 and Appendix 7 Table 36). 

 

Hypothesis 3: There will be no difference in long-term cancer distress between trial arms 

Analyses of T2 cancer distress scores were split by high and low baseline scores due to 

differential short-term effects of trial allocation on these groups. These effects were not evident 

at long-term follow-up: in both T0 low and high scoring participants, the difference between 

trial arms in T2 cancer distress levels was not statistically significant (Table 23). Control group 

participants had significantly higher T2 anxiety and depression scores than those receiving the 

intervention; however, the absolute differences between trial arms were minimal and not of 

clinical significance. When converted to raw scores, all three measures for both trial arms were 

within the normal range. 

 

A significantly greater proportion of those in the control arm (74%, 883/1189) were not very 

satisfied with their decision to take part in screening compared with the intervention arm (60%, 

855/1422, χ2
(1) =58.2, p<.001). 
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Table 23: Long-term psychosocial outcomes of trial allocation  

+log transformed scores in normal text and original scale scores in italics. 
++ test statistics calculated from log transformed scores (analyses performed using log 

transformed scores). 

**baseline measure of each psychosocial variable was included as a covariate to its T2 

outcome. 

 

 

Hypothesis 4: There will be no difference in long-term cancer distress between screening 

outcome groups 

The impact of screening outcome was assessed at long-term follow up. Participants were 

excluded if they had no baseline scan, had a MDT referral but no lung cancer diagnosed, were 

awaiting their scan or results, or had results that were not classified (n=267). Figure 16 indicates 

the final number of participants in each T2 screening outcome group: 23 true positive (i.e. lung 

cancer diagnosed), 445 false positive, 740 true negative and 78 incidental screening results.  

 

Outcome (T2) Intervention   

M (95% CI)+ 

Control    

M (95% CI)+ 

Test statistic++, 

p-value, effect 

size  

Cancer distress** in 

low scorers at T0 

(n=2574) 

2.10 (2.09, 2.11) 

8.15 (8.05, 8.25) 

2.09 (2.08, 2.10) 

8.10 (7.99, 8.25) 

F(1, 2571)=0.51, 

p=.48, 2<.001 

Cancer distress** in 

high scorers  at T0 

(n=268) 

2.44 (2.39, 2.48) 

11.43 (10.93, 

11.95) 

2.46 (2.41, 2.51) 

11.69 (11.11, 

12.30) 

F(1, 265)=0.43,  

p=.51, 2=.002 

Anxiety** (n=2836) 
1.54 (1.51, 1.57) 

3.66 (3.52, 3.80) 

1.61 (1.58, 1.65) 

4.02 (3.86, 4.19) 

F(1, 2833)=11.50,  

p=.001, 2=.004 

Depression** 

(n=2834) 

1.33 (1.30, 1.36) 

2.77 (2.67, 2.89) 

1.39 (1.36, 1.42) 

3.01 (2.89, 3.14) 

F(1, 2831)=8.65, 

p=.003, 2=.003 
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Figure 16: Screening outcome groups at T2 

Note: participants were categorised into screening outcome groups based on screening history 

and outcome of the final CT scan (where relevant) at the time of T2 questionnaire completion. 

 

As shown in Table 37 (see Appendix 7), differences between T2 screening outcome groups on 

baseline measures were not observed.  

 

Differences between screening outcome groups in T2 cancer distress, anxiety and depression 

were not statistically significant.  The raw scores of all psychosocial variables in all groups 

were observed to be within the normal range and not clinically relevant. Similarly, no 

differences were found in satisfaction with decision to take part in screening between the four 

groups (see Table 25). 
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Table 24: Impact of screening outcome at long-term follow-up 

Outcome 

(T2) 

True 

Negative 

(n=740)+ ‡ 

M (95% CI) 

Incidental 

Finding 

 (n=78)+ ‡ 

M (95% CI) 

False Positive 

(n=445)+ ‡ 

M (95% CI) 

True Positive 

 (n=23)+ ‡ 

M (95% CI) 

Test 

statistic++, p-

value, effect 

size 
 

Cancer 

distress 

(n=1279) 

2.11 (2.09, 

2.12) 

8.22 (8.09, 

8.36) 

2.14 (2.09, 2.19) 

8.48 (8.06, 8.93)  

2.14 (2.12, 

2.16) 

8.51 (8.33, 

8.70) 

2.20 (2.10, 

2.30) 

9.01 (8.16, 

9.96) 

F(3, 1274)= 2.88, 

p=.04, 2=.007 

Anxiety 

(n=1280) 

1.57 (1.53, 

1.62) 

3.82 (3.61, 

4.03) 

1.45 (1.32, 1.59) 

3.28 (2.74, 3.89) 

1.52 (1.47, 

1.58) 

3.59 (3.34, 

3.85) 

1.37 (1.13, 

1.62) 

2.94 (2.08, 

4.03) 

F(3, 1275) = 1.94, 

p=.12, 2=.005 

Depression 

(n=1278) 

1.34 (1.30, 

1.39) 

2.84 (2.68, 

3.00) 

1.22 (1.09, 1.35) 

2.38 (1.97, 2.85) 

1.38 (1.33, 

1.44) 

2.98 (2.78, 

3.20) 

1.26 (1.02, 

1.49) 

2.52 (1.79, 

3.44) 

F(3, 1273) = 2.04, 

p=.11, 2=.005 

+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

‡Ns vary due to missing data. 
++ test statistics calculated from log transformed scores.  

**baseline measure of each psychosocial variable was included as a covariate to its T2 

outcome. 

 

 

Table 25: Long-term decision satisfaction in screening outcome groups 

 

 True 

Negative 

(n=678)‡ 

n (%) 

Incidental 

Finding 

(n=71)‡ 

n (%)  

False 

Positive 

(n=408)‡ 

n (%) 

True 

Positive 

(n=21)‡ 

n (%) 

Test 

statistic  

(p-value) 

Decision 

satisfaction 

(T2)  

Not very 

satisfied 
411 (61) 39 (55) 239 (59) 6 (29) χ2

(3) = 

9.29 (.03) 

Very satisfied 267 (39) 32 (45) 169 (41) 15 (71) 

‡Ns vary due to missing data. 
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6.6.5   Secondary analysis - linear mixed effects modelling 

6.6.5.1 Impact of trial allocation  

As an extension to ANCOVA, a linear mixed effects multivariable regression model was fitted 

to examine the impact of trial allocation on cancer distress at both T1 and T2. The fixed effects 

included baseline cancer distress and trial allocation, and the random effects included a random 

intercept and slope. After adjustment for baseline cancer distress, the difference in logn mean 

distress between the intervention and control arm was 0.02 (95% CI -0.13 to 0.17, p=.42) (see 

Table 26). When back transformed to scores on the original distress scale, this equated to a 

relative increase of 2% for those in the intervention arm (95% CI - 12% to 19%).  

6.6.5.2  Univariable analysis   

Low baseline cancer distress (< 12.5)  

 

The overall pattern of cancer distress across trial allocation groups was examined, adjusting for 

baseline score and independently for additional effect modifiers. No statistical difference was 

observed between the intervention and control arms in cancer distress after adjustment for any 

additional effect modifier (see Table 26). For example, after adjusting for gender, the logn mean 

difference in cancer distress between intervention and control was 0.02 (95% CI -0.13 to 0.16; 

p=.40). This equated to a relative increase in original cancer distress scores of 2% in the 

intervention group (95% CI - 12% to 17%) compared to the control group.  
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Table 26: Univariable analyses of the difference in logn cancer distress between trial 

allocation groups for low baseline distress scorers, using a linear mixed effects model  

 

Logn difference in cancer distress (Intervention – 

Control) 

   
Estimate SE p-value 95% CI 

Effect modifiers          Lower Upper 

Base model (baseline cancer distress 

& trial allocation) 0.02 0.012 .42 -0.13 0.17 

        

 
&   Gender  

 
0.02 0.011 .40 -0.13 0.16 

 
&   Age group* 0.02 0.012 .43 -0.14 0.17 

 
&   Smoking status 0.01 0.012 .46 -0.14 0.17 

 
&   Site 

 
0.02 0.011 .43 -0.14 0.16 

 
&   IMD 0.01 0.012 .46 -0.14 0.16 

 
&   Education group^  0.02 0.014 .34 -0.16 0.21 

 
&   Ethnic group 0.02 0.012 .43 -0.14 0.17 

 

&   Time since recruitment 

centre‡ 0.02 0.013 .41 -0.12 0.15 

 
&   Result group Not Estimable  

 
&   Marital status+ 0.02 0.013 .43 -0.14 0.18 

  &   Experience of lung cancer 0.02 0.012 .40 -0.14 0.17 

*Age groups: up to 65, 66-70, over 70 

^A substantial amount of data were missing or uninformative for the education variable. 

‡ Time since recruitment centre groups: < 3 months, 3-6 months, 6-12 months, >12 months 

+ Marital status: single, widowed, divorced, living together, married  

 

The difference in cancer distress between the category levels of each modifier are shown in 

Table 27. The following effect modifiers explained cancer distress (p<.001): age group, 

smoking status, trial site, socioeconomic group, marital status, gender, lung cancer experience, 

and screening outcome group. Younger participants (65 years and under) were more distressed 

than those over 70, equating to a back-transformed increase of 6% in raw cancer distress scores 

for those up to age 65 (95% CI 5% to 8%). Those aged 66-70 were also more distressed than 

those over 70. Higher cancer distress scores were found in current smokers compared to ex-
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smokers, participants recruited from the Liverpool area, those who were more deprived 

(quintiles 1-3 compared with quintile 5), single or divorced (compared to married) individuals, 

females, and those who had experience of lung cancer.  

 

Since only intervention group participants received a CT scan, trial allocation group was fully 

nested with the result group effect modifier. Those who needed a repeat scan or MDT referral 

reported higher cancer distress than those who received a negative result.  
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Table 27: Cancer distress effect modifiers analysed over T1 and T2 using a linear mixed 

effects model for participants with low baseline cancer distress 

Baseline effect modifier 
Logn difference in cancer distress 

  
     95 % CI  
      Estimate SE Lower Upper p-

val

ue 

Age group       

    Up to 65   -  Over 70 0.06 0.008 0.05 0.08 <.001 
    66 to 70    -  Over 70 0.04 0.007 0.02 0.05 <.001 

        
Smoking status      
    Ex smoker           -    Current smoker   -0.08 0.006 -0.06 -0.09 <.001 
    Never smoked†    -    Current smoker -0.00 0.165 0.32 -0.33 .99 

        
Site        
    Liverpool  Papworth 0.07 0.006 0.06 0.08 <.001 

        
IMD       
    Most deprived (Q1)  -     Most affluent (Q5)     0.09 0.008 0.07          0.10 <.0

01 
    Q2   -    Q5 0.05 0.011 0.03 0.07 <.0

01 
    Median affluent (Q3)   -   Q5 0.03 0.009 0.01 0.04 .00

4 
    Q4   -    Q5 0.02 0.009         

0.00 

0.04 .02

9 
        

Education ^       
    Up to GCSE   -    Beyond GCSE 0.01 0.007 0.00 0.03 .05 

        
Ethnic group       
     White    -    

Non white 

 0.01 0.035 -0.06 0.08 .79 
        

Marital status       
    Married    -    Single -0.04 0.013 -0.02 -0.07 .00

1 
    Married    -    Living together 0.01 0.013 -0.02 0.04 .41 
    Married    -   Widowed -0.03 0.011 -0.00 -0.05 .03 
    Married    -   Divorced -0.05 0.010 -0.03 -0.07 <.0

01 
        

Gende

r 

       
    Female   -   

Male 

 0.04 0.007 0.03 0.06 <.0

01 
        

Time since attended recruitment centre       
   3 to 6 months  -    < 3 months -0.00 0.013 -0.03 0.03 1.0

0 
   6 to 12 months  -   < 3 months  -0.05 0.016 -0.09 -0.01 .03 
   > 12 months  -    < 3 months  -0.03 0.013 -0.12 0.06 .19 

        
Result group*       
    Negative with Incidental finding    -   

Negative  

0.02 0.022 -0.02 0.07 .33 
    Positive for a repeat scan               -    

Negative 

0.09 0.009 0.07 0.11 <.0

01 
    Positive for MDT referral                -    

Negative 

               -     

0.20 0.023 0.15 0.24 <.0

01 
        

Experience of lung cancer      
    Yes    -    No 

experience 

  0.05 0.006 0.03 0.06 <.001 
^A substantial amount of data were missing or uninformative for the education variable. 

† very small N (2 participants) in the never smoked group. 

*Result group data only appropriate/relevant for those in the intervention arm. 
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High baseline cancer distress (>= 12.5) 

 

When the previous analyses were repeated in those with high baseline cancer distress scores, 

a similar pattern was observed to that found for low baseline cancer distress scorers (data not 

shown). 

6.6.5.3 Impact of trial allocation adjusting for baseline cancer distress and other 

scientifically important effect modifiers  

 

Low baseline cancer distress (< 12.5)  

 

Having fit the scientifically justified and preconceived effect modifiers, the impact of trial 

allocation was not statistically significant. The logn mean difference was 0.03 (95% CI -0.14 

to 0.19, p=.33) (see Table 28, left panel). Of the other effect modifiers included in the model, 

deprivation was significantly associated with distress, with those in the two most deprived 

groups being more distressed than those in the least deprived group (p<.01).  Age group (p≤.01) 

and smoking status (p<.001) also influenced cancer distress, with participants up to age 70 and 

current smokers (compared with ex-smokers) reporting higher cancer distress. Time since 

recruitment centre attendance was not significantly associated with distress. 

High baseline cancer distress (>= 12.5) 

 

The impact of trial allocation was not statistically significant in participants with high baseline 

cancer distress (logn(difference) = -0.04 (95% CI -0.09 to 0.02, p=.20) (see Table 29, left 

panel). Only age group was found to influence cancer distress, with those under 70 reporting 

more distress than those over 70 years (p<.001). 

6.6.5.4 Impact of trial allocation adjusting for baseline cancer distress and all other 

scientifically and statistically important effect modifiers  

 

Low baseline cancer distress (< 12.5) 

 

After fitting and adjusting for all terms in the model, the impact of trial allocation on cancer 

distress was not statistically significant (logn(difference) = 0.03 (95% CI -0.20 to 0.26, p=.39). 

A forward stepping model fitting approach to nested models showed the following to be 

statistically important effect modifiers associated with higher cancer distress: Liverpool 

recruitment site (p<.001), female gender (p=.006), and having prior experience of lung cancer 

(p<.001) (see Table 28, right panel). After adjustment for the other effect modifiers, neither 
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marital status (p=.24) nor ethnicity (p=.90) were found to exhibit a statistically significant 

effect on cancer distress. 

 

Consistent with secondary analysis (2), the following scientifically justified effect modifiers 

were significant: age and smoking status. Current smokers reported higher distress than ex-

smokers (p<.001), and participants aged up to 65 years reported higher distress than those over 

70 years (p<.001).  

 

Including recruitment site in the model removed the effect of deprivation quintile on cancer 

distress. From this, it can be surmised that the initial association between cancer distress and 

deprivation was likely to be confounded by recruitment site. Table 38 (see Appendix 7) shows 

that while half (50%) of those recruited from Liverpool were in the most deprived group and 

the rest distributed throughout the other four quintiles, almost half (46%) of those recruited 

from the Papworth site were in the least deprived group and the rest distributed throughout the 

other four quintiles. 

High baseline cancer distress (>= 12.5) 

The same model that was found from the forward stepping process was fitted on the participants 

with high baseline cancer distress. There was no impact of trial allocation on cancer distress, 

after adjustment for the other explanatory variables (see Table 29 right panel). However, it 

should be noted that the study was not powered to detect any differences in this particular 

subgroup, which is likely to be underpowered due to the relatively small sample size and effect 

size.  The only significant influence on cancer distress was age group, with those aged 70 and 

under reporting higher cancer distress than those aged over 70 years. 

 

As with the analyses for low baseline cancer distress scorers, the inclusion of recruitment site 

showed a trend (p=.02) towards higher cancer distress in participants from Liverpool compared 

to Papworth. 
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Table 28: Multivariable analyses for cancer distress adjusted for important effect modifiers - low baseline distress 

 

 

Multivariable analysis adjusted for 

scientifically important effect modifiers 

only (secondary analysis 2)^ 

Multivariable analysis adjusted for scientifically 

and statistically important effect modifiers 

(secondary analysis 3)† 

     95% CI     95% CI  

      Estimate SE Lower Upper p-value   Estimate SE 

Low

er Upper 

p-

value 

Allocation group (Intervention - 

Control) 0.03 0.017 -0.14 0.19 .36  0.03 0.018 

-

0.20 0.26 .39 

Deprivation quintiles            
      Most deprived (Q1) - Most affluent 

(Q5)  0.07 0.010 0.05 0.09 <.001  0.02 0.012 

-

0.01 0.04 .13 

       Q2 - Q5   0.03 0.012 0.01 0.06 .005  0.01 0.012 

-

0.02 0.03 .66 

       Median deprived (Q3) - Q5 0.02 0.010 0.00 0.04 .02  -0.00 0.010 

-

0.02 0.02 .89 

        Q4 - Q5   0.02 0.010 0.00 0.04 .05  0.01 0.010 

-

0.01 0.03 .59 

Smoking status            

        Never smoked   -  Current smoker -0.04 0.158 -0.35 0.27 .79  -0.03 0.157 

-

0.34 0.27 .83 

        Ex-smoker          -  Current smoker -0.06 0.007 -0.07 -0.04 <.001  -0.06 0.007 

-

0.05 -0.08 <.001 

Age group              
       Up to 65 - Over 70  0.05 0.009 0.03 0.07 <.001  0.05 0.009 0.03 0.07 <.001 

        66 to 70  - Over 70  0.02 0.009 0.01 0.04 .01  0.02 0.008 0.02 0.04 .02 

Time since attended 

recruitment centre             
        3 to 6 months - < 3 months -0.02 0.015 -0.05 0.01 .23  -0.03 0.015 0.00 -0.05 .09 
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        6 to 12 months - < 3 months  -0.05 0.020 -0.00 -0.11 .05  -0.06 0.026 

-

0.11 -0.01 .03 

        > 12 months - < 3 months -0.04 0.016 -0.14 0.06 .14  -0.05 0.025 

-

0.00 -0.10 .05 

Ln Baseline cancer distress 0.521 0.016 0.49 0.59 <.001  0.555 0.013 0.53 0.58 <.001 
              

Statistically important additional cancer distress effect 

modifiers                   

Site: Liverpool - Papworth       - N/A  0.06 0.008 0.04 0.07 <.001 

Experience of lung cancer: Yes – no                                          - N/A  0.03 0.007 0.02 0.05 <.001 

Gender:  Female - Male          - N/A   0.02 0.008 0.01 0.04 .004 

^adjusting for: trial allocation, deprivation, smoking status, age group, time since attended recruitment centre and baseline (T0) cancer distress. 

† adjusting for: trial allocation, deprivation, smoking status, age group, time since attended recruitment centre, baseline (T0) cancer distress, 

recruitment site, experience of lung cancer and gender. 
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Table 29: Multivariable analyses for cancer distress adjusted for important effect 

modifiers - high baseline cancer distress 

  
Multivariable analysis 

adjusted for scientifically 

important effect modifiers 

only (secondary analysis 2)^ 

 
Multivariable analysis adjusted for 

scientifically and statistically 

important effect modifiers. 

(secondary analysis 3)† 
Cancer distress 

effect modifiers 

  
95% CI 

    
95% CI 

 

  Estim

ate 

SE Lo

wer 

Upp

er 

p-

val

ue 

 
Estim

ate 

SE Lo

wer 

Upp

er 

p-

valu

e 

Allocation group 

(Intervention – 

Control) 

-0.04 0.0

27 

-

0.09 

0.0

2 

.20 
 

-0.03 0.0

27 

-

0.08 

0.0

2 

.26 

Deprivation 

quintiles 

           

     Most deprived 

(Q1) - Most affluent 

(Q5)  

0.01 0.0

40 

-

0.10 

0.1

0 

.87 
 

-0.08 0.0

5 

-

0.17 

0.0

2 

.14 

     Q2 - Q5 0.00 0.0

54 

-

0.10 

0.1

1 

.95 
 

-0.06 0.0

58 

-

0.17 

0.0

6 

.34 

     Median deprived 

(Q3) – Q5 

0.07 0.0

45 

-

0.02 

0.1

6 

.13 
 

0.02 0.0

48 

-

0.07 

0.1

1 

.68 

     Q4 - Q5 0.06 0.0

42 

-

0.02 

0.1

4 

.16 
 

0.03 0.0

43 

-

0.06 

0.1

1 

.49 

Smoking status 
           

    Never smoked - 

Current smoker 

N / A 
 

N / A 

    Ex-smoker          - 

Current smoker 

-0.04 0.0

27 

-

0.09 

0.0

2 

.18 
 

-0.04 0.0

27 

-

0.09 

0.0

2 

.17 

Age 
           

     Up to 65 - Over 

70 

0.16 0.0

40 

0.08 0.2

4 

<.0

01 

 
0.16 0.0

41 

0.08 0.2

4 

<.0

01      66 to 70  - Over 

70 

0.18 0.0

38 

0.10 0.2

5 

<.0

01 

 
0.17 0.0

38 

0.10 0.2

5 

<.0

01 Time since 

attended 

recruitment centre 

           

     3 to 6 months     - 

< 3 months 

0.00 0.0

54 

-

0.10 

0.1

1 

.94 
 

-0.02 0.0

54 

-

0.12 

0.0

9 

.77 

     6 to 12 months  - 

< 3 months  

-0.12 0.0

66 

-

0.25 

0.0

1 

.07 
 

-0.11 0.0

65 

-

0.24 

0.0

2 

.08 

     > 12 months       

- < 3 months  

-0.05 0.0

28 

-

0.11 

0.0

0 

.07 
 

-0.05 0.0

28 

-

0.11 

0.0

0 

.06 

Ln Baseline cancer 

distress 

0.669 0.1

19 

0.43 0.9

0 

<.0

01 

  0.624 0.1

19 

0.38

9 

0.8

60 

<00

1 Statistically important 

additional cancer distress effect 

modifiers 

                  

Site:  Liverpool - 

Papworth  

- N/A 
 

0.09 0.0

36 

-

0.16 

-

0.0

2 

.02 

Lung cancer 

experience: Yes - 

no 

- N/A 
 

0.03 0.0

27 

-

0.03 

0.0

8 

.31 

Gender:  Female - 

Male 

- N/A   0.03 0.0

28 

-

0.02 

0.0

9 

.22 
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^adjusting for: trial allocation, deprivation, smoking status, age group, time since attended 

recruitment centre and baseline (T0) cancer distress. 

† adjusting for: trial allocation, deprivation, smoking status, age group, time since attended 

recruitment centre, baseline (T0) cancer distress, recruitment site, experience of lung cancer 

and gender. 

 

6.7  Discussion  

 

The purpose of this chapter was to examine the psychosocial impact of participation in UKLS 

lung screening, in order to inform the implementation of a potential lung cancer screening 

programme. The present results should be interpreted alongside evidence of feasibility and 

cost-effectiveness when weighing up the benefit to harm ratio of LDCT lung screening for high 

risk individuals in the UK. 

 

6.7.1   Impact of trial allocation 

 

Short-term negative consequences were observed in individuals allocated to receive LDCT 

screening, with higher cancer distress in the intervention arm at 2-4 weeks follow-up. However, 

this was a temporary effect that did not persist at long-term follow-up. Linear mixed effects 

modelling confirmed that, despite the notional increase in cancer distress for those in the 

intervention arm in the short-term (but not in the long-term), there was little evidence of a 

meaningful difference between trial allocation groups once effect modifiers had been taken 

into account. Similarly, both the NELSON88 and PLCO87 trials found minimal long-term 

psychosocial effects of allocation to LDCT screening or no screening control. Although UKLS 

participants who were assigned to the control group reported slightly higher long-term anxiety 

and depression, the absolute differences were again small and not clinically significant. The 

latter trend is likely to reflect the control group’s disappointment and frustration at having been 

identified as high risk but denied the intervention, supported by the finding that a greater 

proportion were less satisfied with their decision to participate compared to the intervention 

arm. This finding mirrors the Danish Lung Cancer Screening Trial in which control arm 

participants reported more negative consequences85 perhaps perceiving a missed opportunity 

to gain reassurance from screening.  
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Overall, scores on measures of distress, anxiety and depression in the present trial were within 

the normal range in each arm and at each time point. For the minority of participants with pre-

existing high cancer distress, short-term distress levels were high regardless of trial allocation. 

These individuals could be identified for additional psychosocial support during routine lung 

screening.97 Individual difference variables that adversely influenced levels of cancer distress 

over time, regardless of trial allocation, included female gender, younger age (under 65 years), 

smoking, deprivation, and having prior experience of lung cancer. In addition, psychosocial 

outcomes were poorer in those recruited at the Liverpool site, over and above the effect of 

deprivation, suggesting that supportive interventions to improve the quality of care and 

minimise distress should be implemented alongside routine CT lung screening 

 

6.7.2   Impact of CT screening results 

 

The initial impact of trial allocation largely reflects transient adverse effects of positive 

screening results, which disappeared at up to two years follow-up. Within the intervention arm, 

there was a significant graded effect of screening result on short-term lung cancer distress. 

Unsurprisingly, participants who were referred to MDT because of a suspected major lung 

abnormality on their baseline scan reported higher cancer distress than any other screening 

result group, with levels close to threshold scores. Participants who required a repeat scan 

reported higher distress than those receiving an immediate “all-clear” result. Differences in 

general anxiety (but not depression) were observed, with higher levels of short-term anxiety in 

participants referred to MDT. However, MDT group scores were within the normal range and 

they were also more at ease with their decision to take part in UKLS than any other screening 

outcome group. The latter finding has been reported in other screening evaluation studies, 

reflecting decision consolidation and the perception that further diagnostic tests have been 

carried out thoroughly and for personal benefit.99  

 

Adverse effects of screening result were not seen in the long-term, when the final outcome of 

the screening episode was examined, although Type II error cannot be discounted due to the 

relatively small number of participants (within the psychosocial sample) who eventually 

received a lung cancer diagnosis. Similarly, the absence of observed psychosocial effects in the 

small group of participants with incidental findings may reflect the heterogeneity of clinical 



 

Page 141 of 235 
 

diagnoses in this group. A number of participants were excluded from screening outcomes 

analyses, for example those referred to MDT but in whom lung cancer was not diagnosed; 

longer-term effects in these individuals are therefore unknown. The potential for distress caused 

by unfavourable or unexpected findings of CT lung screening should not be ruled out, and 

people who receive such results may benefit from further psychosocial support. On balance, 

however, the pattern of findings supports those of previous studies87-89 which indicate long-

term resolution of adverse screening effects.  

 

6.7.3   Trial non-uptake 

 

While the overall trend towards minimal psychosocial consequences of UKLS is encouraging, 

it is important to acknowledge the possibility of sample selection bias which reduces the trial’s 

external validity and may mean that adverse effects were under-estimated. A profile of 

potential risk factors for non-uptake of lung screening was revealed: high risk individuals who 

were older (over 70 years of age), female, smokers, from a lower socioeconomic group, or with 

a higher affective risk perception were less willing to participate in the trial. These findings are 

consistent with barriers to uptake reported in previous lung screening studies, including female 

gender100 perceived threat associated with lung cancer and lung screening tests95, 96 and low 

perceived benefit among smokers92 Individuals from more affluent backgrounds may have a 

better understanding of the benefits of screening and face fewer barriers than those from poorer 

backgrounds.101 Furthermore, these groups continued to be under-represented as the trial 

progressed, with greater attrition seen in women, smokers, less affluent individuals, those from 

the Liverpool area, and those with higher baseline psychosocial scores.  The same groups were 

also vulnerable to experiencing higher cancer distress when they did take part in the trial.  

 

6.8  Summary and recommendations 

 

The UKLS psychosocial evaluation indicates that short-term negative consequences of lung 

screening were modest and temporary. This pattern of psychosocial outcomes is likely to 

reassure clinicians and policymakers who are weighing up the benefits and harms of routine 

lung cancer screening for high risk groups in the UK. However, the present findings must be 
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interpreted alongside evidence of feasibility, cost-effectiveness and reach. The psychosocial 

evaluation highlighted important sub-groups who were under-represented in the trial and in 

whom lung cancer risk is known to be higher. In the case of a national lung cancer screening 

programme, efforts to improve uptake must include strategies for engaging women and 

targeting high risk, hard to reach groups including the over 70s, smokers, and those from the 

poorest areas. This may involve targeted initiatives designed to raise awareness of lung cancer, 

such as the Be Clear on Cancer campaign102 and adapted screening invitation materials to 

prepare people for informed participation. Increasing uptake and providing support for under-

served groups will be key to implementing an equitable lung cancer screening programme in 

the UK.  
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CHAPTER 7: HEALTH ECONOMICS 

 

7.1 Introduction 

 

Economic evaluation compares health technologies in terms of relative costs and relative 

outcomes, with a view to identifying which is superior. In general, a health technology is 

superior to another if it produces (i) the same or better outcomes at a lower cost, or (ii) better 

outcomes at the same cost, or (iii) better outcomes at a higher cost, assuming society believes 

that the enjoyment of better outcomes justifies the additional expenditure. From the 

economist’s perspective, it would be rational to replace an existing technology with a novel 

technology, were the latter to be found to meet any one of these criteria of cost effectiveness. 

 

The novel versus existing technologies being compared here are population screening versus 

symptomatic presentation, in relation to the detection and subsequent treatment of lung cancers. 

The economic rationale for such a comparison is as follows.103 Cancer is a progressive disease, 

evolving through a sequence of stages. Treatment is initiated once the disease is detected and, 

for any particular treatment, patient prognosis is a negative function of the stage of progression 

at detection. Thus, the later the stage at which the disease is diagnosed, the worse is the patient’s 

prognosis. The likelihood of detection from symptomatic presentation is a positive function of 

progression, i.e. the earlier the stage, the less likely are symptoms to present. Assuming a 

testing procedure exists which can detect disease in an asymptomatic population, it follows that 

the administration of screening tests to such a population will identify tumours at earlier stages 

than would occur otherwise. Compared with un-screened patients, those with screen-detected 

cancers can receive earlier treatments and will achieve superior health outcomes (more years 

of life). However, these outcomes would be obtained only at the additional expense of both 

screening the population at risk and treating immediately all those cases identified by the test 

results. 

 

Demonstrating that cancer screening would be cost effective by means of a randomised 

controlled trial requires the estimation of (i) the net costs of screening over detection via 

symptomatic presentation amongst trial subjects, (ii) net benefits, in terms of additional life 

expectancy on the part of screened subjects, and (iii) the ratio of net benefits to net costs 

incurred. For acceptability, this ratio must be consistent with society’s criterion of acceptable 
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value for money in securing health gains. The prevailing convention for acceptability in the 

UK’s public health care system is £20-30,000 per quality-adjusted life year (QALY) gained.104 

 

If informed by observation alone, the complete economic evaluation of any cancer screening 

trial is necessarily long term. Control subjects must be followed to identify the costs associated 

with the symptomatic presentation and treatment of disease corresponding to those cases 

detected and treated immediately as a result of screening. The necessary observation time will 

be the lead time of the cancer in question, that is, by how many years screening advances 

diagnosis. A sufficient period of follow-up must elapse thereafter before Kaplan-Meier-type 

estimation of survival gains for screened versus control subjects can be undertaken. To observe 

a mortality benefit, the observation period must allow for the control group tumours 

corresponding to screen-detected cancers to advance to a symptomatic state (lead time) and 

thence to death (survival time). Longer periods of follow-up improve the accuracy of such 

estimates and may in any case be required to ensure significance if the survival effects prove 

to be small. By way of example, the Nottingham colorectal cancer screening trial screened 

patients over eight years and reported relative survival gains and cost effectiveness over an 

average of 16 years of follow-up.105 It was able to report differences in all-cause survival at 28 

years from first recruitment.106 

 

7.1.1 UKLS evaluation model 

 

The UKLS trial was very much smaller and very much briefer than the cited colorectal trial.  

Although the original intention had been to recruit more than 30,000 subjects and to follow 

them for at least five years,107 UKLS did not proceed beyond its pilot phase, whereby 

approximately 2,000 subjects were screened and observed over 12-15 months. This short 

follow-up period precludes adopting the conventional approach to trial evaluation, namely, the 

measurement of long-term costs and outcomes in both the test and the control arms, and the 

comparison thereof. Of necessity, the observational element of the economic evaluation was 

restricted to those events and findings which occurred within the active trial period. Observable 

costs which accrued in the active period were the costs of (i)  screening the target population, 

(ii) re-screening or investigating patients with suspicious nodules according to the trial 

protocol,108 (iii) diagnostic work-up and treatment for the detected cancers.  In that which 

follows, all costs are expressed in UK sterling at 2011-12 prices. Where costs originally 
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denominated in currencies other than sterling are reported, values have been converted to 2011-

12 sterling at purchasing power parity exchange rates. 

 

Whilst the numbers and type of abnormality detected as a result of screening were also 

observable, the possible consequences of detection were not. Any survival benefits would 

accrue far beyond the current (observation) period. Being vital to the evaluation, these benefits 

were therefore modelled on the basis of observational data from other contexts. We presumed 

that the survival benefits of screening would be confined to those patients in whom cancers had 

been detected, and that such benefits would constitute the only source of health gain in the 

screening programme. For each of the cancers detected, the patient’s health gain would equal 

the life years to be expected following screen-detection and treatment less the life years which 

the patient might expect as a result of treatment following eventual symptomatic presentation, 

assuming the patient had survived that long. In addition to future benefits, we modelled the 

future costs of the diagnostic work-up and treatment of the same cancers which would present 

eventually, had they not been screen-detected. These were to be offset against the current 

period costs of the screening programme. 

 

UKLS recorded incidental findings, principally cases of pneumonia, bronchiectasis, interstitial 

lung disease and severe emphysema.  Such findings are regularly reported in CT screening 

studies.109 As the collection of cost and outcome data for individual non-cancer cases lay 

outside the trial protocol, the consequences of incidental findings have not been included in the 

UKLS economic evaluation. We note only that the effect of including costs and consequences 

of incidental findings would be indeterminate. Whilst it is probable that incidental findings 

would generate additional workup and imaging costs – studies in both Canada110 and Italy111 

have reported costs equivalent to around £9 per participant  – it is equally likely that the earlier 

diagnosis of these non-cancer conditions could potentially generate compensating outcome 

gains. 

 

7.2 Current costs 

 

Costs were estimated from the NHS perspective.  Cost-incurring events associated with the 

initial screens, and with ensuing work-up consequent upon the findings, were observed within 

the trial period. As per protocol, the number and frequency of scanning events depended upon 
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test results, and these were as follows. (The figures presented here are those from an interim 

analysis, in November 2013; there are therefore small differences between these figures and 

the more recent ones reported in Chapter 5). Nine hundred and seventy nine CT scans revealed 

no nodules of concern (Category 1) and these subjects thereafter exited the trial. Four hundred 

and seventy nine CT scans revealed Category 2 nodules, which required repeat scans at 12 

months. Four hundred and seventy two CT scans revealed Category 3 nodules which required 

repeat scans at three months. Of these subjects, 19 required an additional scan at around six 

months. Three hundred and ninety eight of these subjects were re-scanned at 12 months. 

Finally, 64 CT scans yielded results of concern sufficient for subjects to be referred directly to 

the MDT (Category 4). It follows that the execution of the UKLS protocol necessitated 3,363 

CT scans in total. The vast majority of these were, of course, negative for lung cancer, either 

at the initial scan or at subsequent scans which served to eliminate false positives nominally 

detected in the earlier scans. 

 

As a result of the CT findings, a total of 114 cases were referred to the MDT for work-up, i.e. 

further investigation and management decisions. Between them, the MDTs thereafter initiated 

122 further CT scans with contrast, 20 guided needle biopsies, 50 positron emission 

tomography (PET) scans and 4 endobronchial ultrasound biopsies (EBUS).  With respect to 

treatment of the 42 cancers detected, we recorded 35 cases of surgery (primarily lobectomy 

and video-assisted thorascoscopic surgery (VATS)), either alone or in combination with 

radiotherapy (n=5) and/or chemotherapy (n =11).  Four patients had surgical biopsies or 

resections for benign disease and two patients were referred for palliative care. 

 

The gross cost of events within the trial was estimated by combining the resource use audit 

above with unit costs of each event type. For most events, the unit costs of procedures were 

2011-12 National Health Service tariffs or reference costs, as classified according to the 

appropriate Healthcare Resource Groups (HRG) coding. These unit costs derive from the 

financial returns from all relevant providers. Table 30 lists the unit costs of the events noted 

above, as a mean for the health care system and as the extremes of the inter-quartile range 

across producers. As costs specific to individual types of surgery are unavailable, all surgery 

cases were considered as “complex thoracic procedures, with critical care as necessary”.  

Likewise, the surgical biopsies were classified as “major thoracic procedures”. Three 

procedures which played only a minor role in the UKLS event audit had no assigned HRG per 
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se (see Table 30). For these, we used updated unit costs which had been constructed by earlier 

researchers contributing to practice guidelines.112 

 

The mean gross cost of the UKLS protocol as implemented equals ∑CiNi across all events, 

where Ci = unit cost of, and Ni = number of occurrences of, event i.  Given UKLS events and 

unit costs, the mean gross current cost amounted to £687,617.  This total comprised (i) 

£282,490 for CT scans (ii) £72,592 for work-up via the MDTs (iii) £332,534 for treatments of 

the detected cancers. To construct confidence intervals we assumed normality in all unit costs 

and converted the inter-quartile ranges for the eight principal event types (see Table 30) into 

standard deviations. We then re-estimated the gross cost calculation by simulation, using 

distributions governed by standard deviations about the mean unit costs (Palisade @RISK with 

20,000 iterations). The simulation produced a 95% confidence interval of £479,173 to 

£899,794. 

 

7.2.1 Invitation and selection 

 

Our calculations thus far have excluded the costs of selecting and inviting screening subjects.  

Obviously, subjects were invited to UKLS, but the sequential invitation procedure was devised 

to target and recruit particular participants to a clinical trial, and to obtain both clinical and 

socio-demographic data. An invitation protocol addressing the needs of research does not 

provide a template for a pure screening protocol: including the actual recruitment costs for 

UKLS would therefore prove misleading when judging the likely cost effectiveness of a 

screening programme. Were CT screening for lung cancer to be implemented in the UK it 

seems probable that it would be organised in a fashion similar to other national cancer screening 

programmes i.e. via a centralised, computerised, call system. We accordingly constructed a 

hypothetical recruitment process to represent the invitation of the UKLS subjects actually 

screened. 

 

We took our lead from UK colorectal screening, where the current cost of inviting subjects to 

flexible sigmoidoscopy screening has been estimated at around £6 per invitation.113 A 

programme of CT colonography in the Netherlands has been the subject of a very detailed 

audit114 and the combined costs of invitation, reminders and distribution of results convert to a 

similar figure, around £5.50 per person invited. An additional requirement for lung cancer 
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would be the restriction of potential subjects to a defined high-risk category, as cost 

effectiveness is positively associated with disease prevalence.115 Risk profiling following 

individual person-to-person contact is likely to prove expensive, but the presence of many 

propriety risk calculators freely available via the Internet suggests the possibility of developing 

a cheaper alternative to judge eligibility. In our model, we assumed that pure invitation and 

selection costs would have amounted to £10 per person invited. We assumed that, of those 

invited and selected, only 30% would agree thereafter to be screened.  In other words, nearly 

7,000 individuals would have to be approached in an actual programme to achieve the numbers 

screened in the trial.  This proportion is similar to that of those expressing an interest in 

screening following receipt of the initial UKLS questionnaire.  It should be noted, however, 

that real-world cancer screening typically achieves a higher uptake rate when implemented as 

a formal programme.  The uptake rate for the initial phases of the national colorectal screening 

programme, for example, was of the order of 50%.116  Factoring these invitation/selection costs 

into the total caused gross current costs to increase by £67,260, or 10%, to £754,877 (£544,824 

to £966,304). 

 

7.3 Future benefits 

 

To predict life year gains consequent upon screen detection we adapted an existing survival 

model based on life tables.115 In brief, the model functions as follows. Life tables display 

general population mortality rates and survival rates, calculated for all causes of death. The 

mortality rate increases with age and life table data can be displayed as a survival curve, which 

maps the expected number of individuals from a starting cohort which survive at any given 

age. To estimate an individual's life expectancy at any age, T, we calculate the number of "years 

alive" in the cohort at every age. Summing these "years alive" from T to the oldest possible age 

equals the total number of years lived by individuals from age T. In effect, this is the area under 

the survival curve. The expectation of a single life at age T is obtained by dividing the total 

number of years lived by the number alive at age T. 

 

Onto the survival curve for the general population we superimposed two cancer-related 

survival curves. First, a cohort whose members are destined to develop lung cancer will, prior 

to presentation, decline in numbers at the same rate as in the general population cohort.  

Following symptomatic presentation, the majority will die within a few years following 



 

Page 149 of 235 
 

treatment, whilst the mortality rates for survivors will revert to those of the general cohort. 

Second, screening an identical cohort would lead to the treatment of the cancers at an earlier 

age. Unless earlier intervention entails no mortality risk, the relative decline in numbers in this 

cohort will be initially greater than the relative decline of those in either a general population 

or a pre-symptomatic cancer cohort. However, assuming earlier detection offers improved 

longer-term survival, the relative decline will be lower than for the symptomatic cohort at 

higher ages. Each of these cancer-related survival curves yields a life expectancy at age T, and 

difference between the two expectancies is the gain from screening. 

 

Modelling survival in a population screened at a particular age, TCT, therefore requires the 

specification of parameters. Firstly, we require cancer-specific mortality rates following screen 

detection, in order to modify population mortality rates. The observed pattern of initially-high 

mortality following diagnosis, quickly tapering off, suggests a negative exponential 

formulation. Mortality rate from age TCT equals A*(T–TCT)–B, where (T–TCT) =1,2,3… and A 

and B are parameters. The specified rates are applied at ages beyond T, up to the age at which 

the population mortality rate exceeds the specified rate; thereafter, the rate following detection 

defaults to the population rate. Secondly, we require an estimate of lead time (TCT – TS), that 

is, the years elapsing between a cancer being screen-detected at age TCT and the same cancer, 

assuming it had been un-detected, presenting symptomatically at age TS.  Thirdly, we require 

cancer-specific mortality rates following symptomatic detection, in order to modify population 

mortality rates at ages beyond TS. We employ an equivalent formulation for mortality rate 

adjustment from age TS, i.e. C*(T–TS)–D, where (T–TS) =1,2,3… and C and D are parameters. 

 

7.3.1 Age-sex-stage-specific survival 

 

The original, general, model115 failed to distinguish different cancer stages or different ages at 

screen-detection. The detailed findings of UKLS, however, permit a more rigorous 

specification and enable us to simulate screen-detecting each of those cancers actually detected. 

We solved the survival model for each cancer individually, using life tables specific to the 

patient’s sex and his/her age at screening, assuming post-detection survival rates specific to the 

cancer stage at detection. As noted above, this required the assumption of lead times and two 
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sets of mortality rate adjustments (screen-detection vs. symptomatic presentation) for each 

individual cancer detected. 

 

UKLS detected ten cancers amongst women and 32 amongst men, at ages ranging from 56 to 

77 years. The numbers by stage were 28, 8, 3 and 3 for stages 1 through 4, respectively. 

Survival rates by stage and sex were assigned by assumption, informed by the literature, as 

follows. 

 

The data available on which to build our survival assumptions were limited, because only the 

earliest of the clinical studies have accumulated sufficient follow-up time. With respect to post-

treatment survival of screen-detected cancers, the principal source remains the US Early Lung 

Cancer Action Programme (ELCAP), which reported 92% 10-year survival for patients in 

which operable stage 1 tumours were identified, and 80% survival for all cancers detected and 

treated.117 A Japanese programme118 reported 90% 5-year survival for all screen-detected 

cancers, with 97% for those detected at stage 1. An earlier mobile programme in Japan119 

reported 10-year survival at 88% for stage 1 and 50% for cancers at more advanced stages. 

Survival projections from on-going trials have suggested 90% 2-year survival for cancers 

detected at early stages (1 and 2) and 47% for cancers at advanced stages.120 Although not trial-

based, audit studies from Alabama, USA121 and from Taipei, Taiwan122 indicated five-year 

survival above 70% for those treated for stage 1 cancers. As screening trials tend to focus on 

detecting early-stage disease, relatively little attention has been paid to the impact of screening 

on the survival of late-stage cancers. A recent review123 suggested that survival following 

treatable stage 3 cancer may be similar to that of early stage disease and, with appropriate 

therapy, incurable stage 3 cancer could produce up to 23% five-year survival. Whilst there is 

evidence that early chemotherapy improves survival for stage 4 cancers, the expected life year 

gains are modest.124, 125 

 

We used recent stage distributions and survival estimates for the UK126, 127 as the basis for 

modelling post-presentation survival of the trial’s cancers, assuming they had not been screen-

detected. We assumed that, were the patient to survive, a cancer which had been screen-

detected at stage S would have eventually presented at stage S or later, i.e. cancers would 

possibly progress but would never regress. For example, a stage 1 cancer could eventually 

present at any of the 4 stages according to the UK distribution, but a stage 3 cancer could 

present only at stages 3 or 4. Table 31 displays the survival rates assumed, based on the 
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literature cited, and the implied values for the parameters for the life table modifications 

described above. It should be noted that survival rates for women in the absence of screening 

are superior to those of men, although the absence of sex-specific data required us to assume 

the same screen-detection survival rates for both sexes. 

 

7.3.2 Lead time 

 

The final assumption required for outcome estimation is the lead time of screening. Whilst 

some modellers have presumed that lung cancer develops sufficiently rapidly to produce lead 

times of around two years,128-130 those actually engaged in screening have been more 

circumspect. Development times of six and eight years between stages 1 (if screen-detected) 

and four (if presenting) have been suggested for Japan131 and ELCAP,132 respectively, and these 

figures set the upper limits on lead times. A Danish CT trial has posted lead times of 4-5 years 

for early-stage cancers.133 Analysis of the US National Lung Screening Trial (NLST) data 

suggests the majority of, but by no means all, cancers would present within five years.134 

 

A possible approach to estimating lead time in the case of UKLS subjects would be to compare 

the mean subject ages at detection of the cancers by stage and the ages of symptomatic 

presentation currently observed in the UK.126 The integer age differences amount to three, two 

and one years, for stages 1 through 3 respectively. In other words, the stage 1 cancers in UKLS 

were detected, on average, at an age three years lower than cancers of stage 1 or later which 

present symptomatically. Whilst it is reasonable to expect lead times to fall by stage at 

detection, shorter lead times per se raise expected gains from screening in the survival model. 

To err on the side of caution, therefore, we assumed, first, the detection of stage 4 cancers 

would secure no survival advantage: stage 4 lead times, as it were, would correspond to the 

modest gains in earlier initiation of treatment. Second, lead times for stages 1 through 3 would 

be six, four and two years, respectively. Doubling our previous estimate ensured consistency 

with the more conservative published opinions. We note in passing that incorporating lead time 

in a life table model corrects for over-diagnosis, as it allows subjects to die of other causes 

before lead time elapses. 

 

As the survival gain for each individual cancer depends on stage, age and sex, each gain accrues 

at different times. For example, the model calculates that a 70-year old male with stage 1 cancer 
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would have died at 78.1 years in the absence of screening but would, as a result of early 

detection, gain 4.1 further years of life beyond that age. A 70-year old male with stage 3 cancer 

would gain an extra 0.6 years of life beyond the age at which he would have died without 

screening, in 4.3 years’ time. To enable summation of survival gains accruing at different times 

we discounted future life year gains to present values at 3.5% annually. 

 

7.3.3 Predicted outcomes 

 

The model predicted total life year gains of 137.2 (discounted 89.4) from detecting and treating 

the 42 cancers.  This translated to an average gain of 3.3 (CI 2.6 to 3.9) life years per cancer, 

undiscounted, and 2.1 (CI 1.7 to 2.5) life years, discounted.  The average gain per person 

screened was 0.07 (discounted 0.05) life years, i.e. 25.1 (16.4) life days.  Most of the total life 

year gains from screening (86% discounted) accrued as a result of the early detection and 

treatment of stage 1 cancers.  It follows that model outcomes are especially sensitive to the 

parameters associated with stage 1 survival.  Were we to assume a seven-year lead time for 

stage 1 cancers instead of six, total gains would be 111.8 (discounted 73.3) life years and the 

average gain per cancer would be 2.7 (CI 2.1 to 3.2) life years per cancer, undiscounted, and 

1.7 (CI 1.4 to 2.1), discounted.  The assumption of a five-year lead time increases total gains 

to 151.8 (discounted 98.7) life years, and average gains to 3.6 (CI 2.8 to 4.4) life years per 

cancer, undiscounted, and 2.4 (CI 1.9 to 2.8), discounted. 

 

These predicted survival gains appear comparable to that of a US state-transition simulation 

model135 which used national epidemiological and clinical data.136 The estimated survival gain 

from a single screen was 0.01 to 0.04 life years per person screened, depending upon the 

assumptions made.137 A more recent synthesis of five independent US models, again founded 

on the most recent clinical evidence, yielded predicted gains of between 0.02 to 0.09 life years 

per person screened, depending on assumptions relating to screening frequency and subjects’ 

smoking history.138 
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7.4 Future costs avoided 

 

The eventual presentation of the UKLS cancers, had they not been detected and treated by 

screening, would have entailed costs of investigation and treatment following symptomatic 

presentation. The act of screening allowed these costs to be avoided, and it is appropriate to 

offset any such cost savings against the current screening-related costs of detection and 

treatment. We assumed that the treatment patterns following presentation of the potential 

cancers would have followed current practice. According to the National Lung Cancer Audit 

for 2012, 20% of all lung cancers presented symptomatically at stages 1 and 2, with the 

remainder at later stages. Of those presenting, 95% were managed through an MDT and 

received work-up. Thereafter, 15% of patients were treated surgically, 30% received 

radiotherapy and 57% received chemotherapy, although many patients actually received no 

treatment with curative intent.139 

 

Gross costs of management in this scenario were calculated using the same unit costs (see Table 

30). We assumed that the work-up for cancers presenting symptomatically would be as for the 

screen-detected cancers, although PET-CT scans would be ordered only for those undergoing 

surgery. Following the assumed lead times, the costs of the early and late stage cancer 

presenting symptomatically would be incurred six and two years in the future, respectively. 

From the life tables, we calculated that 12% (4%) of patients with early (late) stage cancers 

would have died before presentation and treatment, thereby obviating the need for any 

expenditure on management. The gross cost avoided, that is, the cost of managing the cancers 

which would have presented symptomatically, amounted to £213,658. This is 28% of the costs 

of management following screen detection and is equivalent, with discounting, to £189,379 in 

current values (CI 152,740 to 230,643) 

 

7.5 Cost-effectiveness 

 

The incremental cost effectiveness ratio (ICER) of screen-detection, based on UKLS and 

relative to no screening, is the additional costs per expected life year gained. The mean net 

current cost of screen detection is the mean gross current cost (£754,877) minus the mean 

discounted costs avoided (£189,379), which amounts to £565,498 (CI 361,102 to 767,672). 
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Given a predicted gain in discounted life years of 89.4, the mean ICER amounts to £6,325 per 

life year gained. Confidence intervals were constructed by simulation, using the estimated cost 

distribution for the ICER’s numerator. Given the uncertainty over lead time, outcomes were 

assumed to vary uniformly between 73.0 and 98.7 life years, the outcomes estimated assuming 

either seven or five year lead times, respectively. The simulation produced 95% confidence 

intervals for the ICER of £4,109 to £9,430. 

 

7.5.1 Quality-adjusted life years 

 

Although the health-related quality of life (HRQL) of UKLS subjects was measured using the 

EQ-5D instrument prior to screening, an equivalent assessment post-screening was precluded 

by the time constraint. In order to translate life year gains into the more commonly-quoted 

quality-adjusted life year (QALY) gains, we followed the practice of other recent economic 

evaluations (see below). Most of the gains from a screening programme accrue to those treated 

successfully for early stage cancers, with the result that the HRQL pre- and post-screening must 

be essentially similar to population norms. For the UK, HRQL norms for the sexes/ages at 

which simulated deaths from cancer would have occurred lie in the range 0.71 to 0.78 relative 

to perfect health.140 Adjusting life year gains for each cancer detected by the HRQL coefficient 

for the patient’s expected age at death transforms the predicted total gain of 89.4 life years into 

66.8 QALYs, or 0.03 QALYs per person screened. The mean discounted gain per cancer 

detected was 1.6 QALYs.  At 2.2 QALYs, expected mean gains for stage 1 cancers were 

considerably higher than QALY gains from detecting stage 2 cancers (0.6) and cancers at more 

advanced stages (0.2).  With outcomes defined in terms of QALYs as opposed to life years, the 

ICER equalled £8,466 per QALY gained (CI 5,516 to 12,634). 

 

7.5.2 A modified protocol 

 

The vast majority of cancers detected during the UKLS came via the category 3 or category 4 

nodule management routes. Around 24% of trial subjects followed the category 2 route after 

their initial CT scan, yet that route yielded only one cancer. The question arises whether 

including the category 2 classification was, in itself, cost effective. Our calculations thus far 
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enable us to infer what would had happened had (i) only category 3 and 4 subjects proceeded 

to further investigation and treatment, (ii) both category 1 and 2 subjects immediately exited 

the trial. Under this revised scenario, the UKLS protocol would have been less costly, at the 

expense of one cancer remaining undetected.   

 

Not re-screening the subjects classified as category 2, as the original protocol had required, 

would have saved £49,816 in CT scan costs  One fewer cancer detected would have avoided 

an MDT-directed work-up and treatment.  Pro-rata savings would amount to £1,728 for work-

up and £7,917 for treatment. The single cancer would have presented symptomatically, at an 

expected future cost of £4,508, discounted. Therefore, the net savings from excluding the 

category 2 arm would have been £54,953, making the net cost of the modified protocol 

£510,545. We make the conservative assumption that the cancer not detected would have been 

at stage 1. We have already estimated the expected gain from detecting a stage 1 cancer at 2.2 

QALYs, discounted, making the outcome of the modified protocol 64.6 QALYs. It follows that 

the ICER of the modified protocol would be £7,903 per QALY gained. 

 

This revised ICER is marginally lower than the original baseline value, indicating that, as a 

result of the change in protocol, cost savings outweigh the reduction in outcome. The 

significance of this is best understood in reverse, by taking the modified protocol, rather than 

the original, as the reference case. The move from modified (no repeat CTs for Category 2 

nodules) to original would entail the addition of £54,953 in costs for an outcome gain of 2.2 

QALYs, implying an ICER of £24,978. 

 

7.5.2 Comparison with other estimates 

 

Until around ten years ago, cost effectiveness evaluations of CT screening consisted of 

technically-sophisticated mathematical models, usually of the Markov stage transitions type. 

These models were based almost entirely on unsubstantiated assumptions, as was perhaps 

inevitable, given the paucity of clinical evidence at the time. The models were typically opaque, 

thereby frustrating attempts to discern reasons for differences in performance. It is probable, 

however, that differing assumptions (for example, about sojourn time, lead time, inter-stage 

transition probabilities, the effect of screening on subject’s cigarette smoking behaviour, and 
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the probabilities of harm owing to repeated screening) accounted for the unhelpfully-wide 

range of ICERs predicted.141 

 

The publication of experimental data has enabled recent modellers to build on more robust 

foundations, yet the range of reported ICERs remains substantial. Consider just three examples. 

First, a US simulation142 based on the state-transition model informed by national 

epidemiological and Mayo Clinic CT trial data135 estimated QALY gains from a single screen 

at 0.01 to 0.02 per person, producing an ICER in excess of £106,000 per QALY. The ICER for 

the annual screening of ever-smokers was at least £85,000 per QALY gained.  Second, a US 

stage-shift model143 using ELCAP protocols and outcomes data, Medicare tariffs, and national 

survival rates by stage produced baseline ICER estimates in the range £7,900 to £17,560 (close 

to the UKLS estimate cited above). The model was re-estimated for annual screening and 

yielded baseline estimates of £19,060 or £31,800, depending on whether the model’s cancer 

stage predictions derived from the ELCAP- or the NLST-reported stage shift.144 Finally, a study 

in Israel130 reported QALY gains of around 0.06 per person screened, along with an ICER of 

only £1,005 per QALY gained. 

 

ICERs calculated from real data tend to be more transparent than those derived from 

mathematical models. Transparency facilitates comparison, and comparison reveals several 

likely explanations for variability in cost effectiveness. To begin with, unit costs differ 

significantly by health care system. Differences in unit cost enable the corresponding ICERs 

to differ, even when the same quantity of resources is being used to produce the same outcomes. 

Unit costs are substantially higher in the USA than they are in the UK and, for that matter, in 

virtually any other country. By way of example, our UKLS model included full investigation 

and surgical costs at less than £10,000 per cancer (see Table 30), yet the US models included 

a cost of around £19,000 in the month of surgery145 or around £55,000 for diagnosing & treating 

localised cancer.144 Although smaller than US costs, UK unit costs were significantly higher 

than those reported in the Israel study. For example, Table 30 costs for bronchoscopy and for 

lobectomy were, respectively, four-times and three-times greater than their counterparts in 

Israel. Other things remaining equal, interventions appear the least (most) cost effective in 

countries where the unit costs are highest (lowest). 

 

The cost effectiveness of screening is a function of disease prevalence. With a higher 

prevalence in the target population, more cases will be detected and more health gains will 
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accrue for the same cost of screening.115 In screening programmes and models, prevalence 

impacts in two ways. First, prevalence will be progressively raised by the gradual restriction 

of targets to individuals with higher and higher risk statuses. All things remaining equal, 

therefore, any programme involving a more stringent risk criterion for selection will record a 

greater yield of significant findings per person screened, and a lower ICER, than one with less 

strict criteria. Beyond the initial screen, costs and outcomes of screening depend on the positive 

predictive value (PPV) of subject selection, and the different risk models used to identify 

targets in different studies have been shown to possess different PPVs.146 Furthermore, it has 

been shown147 that a more accurate targeting of subjects in the NLST could have reduced 

considerably the number needed to be screened to prevent a cancer death, suggesting the trial’s 

protocol was less efficient (and, implicitly, less cost effective) than it might otherwise have 

been. 

 

Second, UKLS comprised a single screen, although other programmes, and their evaluations, 

have involved multiple screens. Unless disease incidence is especially high, the prevalence of 

disease in a population falls between the initial screen and any re-screen. A succession of 

screens will progressively increase total yield, although the increase at the margin would be 

expected to be lower than the increase in the costs of additional screening. This proposition can 

be illustrated by a simple simulation. In one of the USA models,144 the proportion of positive 

results on re-screening was judged to be one-third of positives detected at the initial screen. 

Were we to assume similarly that a re-screen of UKLS subjects using the UKLS protocol would 

yield one-third of the outcomes detected in the actual screen, cancer management costs would 

be correspondingly lower, but screening costs would be the same as for the first screen. The 

ICER for the re-screen would, at £19,096 per QALY gained, be more than double the ICER 

for the single screen. Were the yield to be one-quarter of the original outcomes, the ICER would 

be even higher, at £24,173. 

 

The USA’s long-running National Lung Screening Trial (NLST) has recently published an 

estimate of $81,000 per QALY as its mean ICER.148  This figure is nearly seven times greater 

than the corresponding estimate for the UKLS.  Fortunately, the transparency of reporting 

makes cost effectiveness comparisons straightforward, and Table 32 lists the principal 

similarities and differences between the two trials’ economic calculations.  As is evident, all of 

the factors noted earlier – local unit costs, intensity of resource use, disease prevalence in the 
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target population, multiple screens – contribute to an explanation of the difference in the 

ICERs. 

 

7.6 Summary 

 

• Owing to the brief duration of the UKLS trial, observations pertinent to economic 

evaluation were limited to cost-incurring events associated with screening and the initial 

management of screen-detected cancers. Expected outcomes of the cancers detected were 

simulated on the basis of life tables and published survival data from other studies. 

 

• The baseline estimate for the ICER of once-only CT screening, under the UKLS protocol 

and with conservative assumptions, was £8,466 per QALY gained (CI 5,516 to 12,634). 

Health economic analysis suggests that the intervention could be cost-effective.    

 

• A fully powered trial in the UK would provide these data but may now not be necessary 

following publication of the NLST and imminent results from NELSON. The key to 

establishing a cost effective intervention is to design programmes that maximise efficiency, 

along the lines of methods used in UKLS. 

 

• The ICER estimated for UKLS is broadly consistent with the ICERs of other recent studies, 

once allowance is made for differences in efficiency between screening protocols.  In this 

context, screening can be deemed to be more efficient if (i) costs are lower for given 

outcomes, or (ii) true positive results amongst the target population are more probable, or 

(iii) the additional outcomes of re-screening outweigh the additional costs incurred.  Other 

things remaining equal, therefore, ICERs will be higher in programmes where (i) unit costs 

of detection and management are higher, (ii) lower-risk subjects are invited to be screened, 

(iii) screens are repeated at frequent intervals. 
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Table 30: Unit costs of procedures, 2011-12  

 

 HRG code 

Mean 

unit cost 

(£) 

Lower 

quartile 

(£) 

Upper 

quartile 

(£) 

CT scan (single area, 

no contrast) 
RA08A 84 63 99 

MDT CMDT_Oth 104 48 118 

CT scan with contrast 

(up to 3 areas) 
RA13Z 135 103 160 

Guided needle biopsy DZ03B 863 530 1,119 

Bronchoscopy DZ07 607 402 691 

PET pre-surgery RA39Z 425 295 525 

Surgery DZ02 7,502 6,178 8,338 

Surgery: biopsy DZ03B 4,295 1,651 5,853 

Palliative care SD01A 340 159 459 

Radiotherapy 

See text 

3,039   

Chemotherapy 3,883   

EBUS 1,461   
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Table 31: Assumed survival rates and corresponding parameters for survival estimation 

    MALES         FEMALES       

  Survival, %  Parameters  Survival, %  Parameters 

    
1-

year 

5-

year 
  A B  

1-

year 

5-

year 
  C D 

Symptomatic presentation        

 Stage 1 or later 31 10  0.69 0.9  35 13  0.65 0.95 

 Stage 2 or later 25 8  0.75 1  28 10  0.72 1 

 Stage 3 or later 22 6  0.78 0.9  25 8  0.75 1 

Screen-detection            

 Stage 1 or later 90 70  0.1 0.4  90 70  0.1 0.4 

 Stage 2 or later 75 40  0.25 0.47  75 40  0.25 0.47 

  Stage 3 or later 55 22   0.45 0.7   55 22   0.45 0.7 
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Table 32: Comparison of cost effectiveness analyses of NLST (USA) and UKLS (UK) 

 NLST UKLS Inference 

1 
Yield over 3 screening rounds 

= 2.0% of persons screened. 

Yield from a single 

prevalence screen = 2.1% of 

persons screened. 

UKLS had similar yield 

over fewer screening 

rounds. 

2 

Screening & workup costs 

per person screened  = 

$1,965. 

Screening & workup costs 

per person screened = £212 

($303 at current exchange 

rates). 

Significantly higher 

detection costs in NLST 

(more intensive use of 

more costly resources). 

3 

Net treatment costs per 

person (screen-detected vs. 

no screening) = $175. 

Net treatment costs per 

person (screen-detected vs. 

no screening) = £60 = $86. 

Higher cost of treatment 

in NLST. 

4 

Costs of patient time and 

travel to appointments 

included in total cost 

(evaluation adopts a social 

perspective, as recommended 

by the US Panel on Cost-

Effectiveness in Health and 

Medicine). 

Costs of patient time and 

travel to appointments NOT 

included in total costs 

(evaluation adopts an NHS 

perspective, as recommended 

by NICE). 

Inclusion of patient costs 

makes NLST screening & 

management appear to be 

more expensive (& less 

cost-effective). 

5 

Outcome calculations based 

on US life table survival 

estimates. 

Outcome calculations based 

on UK life table survival 

estimates. 

Similar methods for 

outcome estimation were 

employed. 

6 

 QALYs gained per person 

screened = 0.02 overall (0.03 

in the 60-69 years age range). 

QALYs gained per person 

screened = 0.03. 

Expected gains per person 

screened were essentially 

similar. 

7 

Mean ICER = $81,000 

overall, but far lower 

($52,000 and $32,000) for the 

two highest-risk quintiles. 

Mean ICER = £8,466  

($12,106). 

Screening lower-risk 

individuals inflated 

NLST’s ICER. 
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CHAPTER 8: CONCLUSION 

 

8.1 Overview of the main findings from the UKLS trial 

 

The Pilot UKLS trial has been successfully completed with 4,055 individuals randomised into 

a CT screen arm and a non-screen arm, utilising the Wald Single Screen Design.52 The specific 

successes include the demonstration that a population-based lung cancer screening trial can be 

undertaken in the UK, using a risk based prediction model to select participants. The UKLS 

protocol-driven radiology, utilising volumetric analysis, and the UKLS care pathways have 

ensured the highest level of CT imaging assessment and management of participants, as they 

progressed through the trial. The most significant clinical finding was the 1.7% prevalence of 

lung cancer at baseline and that 75% were stage 1, considered to have a good five year clinical 

outcome. Almost half of the subjects with confirmed lung cancer were in the most deprived 

socioeconomic quintile. The baseline prevalence rate is considerably higher than that reported 

by the NLST or NELSON36 trials. 

 

The harms and benefits were assessed through a detailed analysis of the psychosocial 

questionnaires and demonstrated that even though participation in the UKLS trial did cause 

some distress and anxiety in some of the participants, this was not found to be clinically 

significant. The cost effectiveness of the UKLS trial was modelled on currently available data, 

and was shown to be beneath the NICE threshold for funding new technologies; the ICER of 

screen detection was £8,466 per QALY gained (CI 5,516 to 12,634) and could be considered 

to offer value for money within an NHS screening programme. To date no cost effectiveness 

data have been published for any of the international CT screening trials, thus we await the 

analysis of the pooled European screening trials data. 

 

The UKLS web-based database was central to the organisational success of the trial, enabling 

continuous monitoring of the participants as they moved through the different stages of the 

process. Linkage of the UKLS database to the Siemens Lung Care volumetric analysis software 

provided an excellent methodology for following suspicious CT detected nodules through the 

repeat scans. Indeed linkage of the various questionnaires as well as all the participant letters, 

radiology and pathology reports within the database provided a model management system for 

such screening trials. 
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The major limitation of the pilot UKLS is that it is not in a position to provide useful mortality 

data at this time; however, it is planned to pool the UKLS data with the largest of the European 

screening trials, the NELSON,36 and others in 2016. At this point, the mortality data will be 

released for both arms of the UKLS trial, and combined with the European data sets, to provide 

both mortality and cost effectiveness data for Europe. 

 

8.2 Implications of UKLS trial for lung cancer screening implementation 

 

The UKLS pilot has provided or will be able to provide new information about the 

implementation of a UK lung cancer screening programme in the following key areas: 

i) improving the diagnostic work-up and management of lung nodules, ii) determining the 

frequency of screening and its duration, iii) appropriately selecting high risk individuals 

 

8.2.1 Work-up of CT detected nodules 

 

The UKLS trial incorporated nodule volumetric software as part of its protocol; this provides 

a more accurate and reliable measurement of lung nodule size and growth than diameter 

measurements. Despite this, however, a major implication of the findings from the UKLS trial 

is the need to lessen the burden of diagnostic workup of indeterminate nodules. There were a 

total of 536 subjects (i.e. Category 3 and 4), with nodules requiring a repeat scan. Of the 64 

category 4 nodules, 41 were found to have lung cancer. On examining the number of UKLS 

participants referred to the MDT clinic, the false positive rate is 3.6% (114-42/1994 =3.6); 

whilst the Interval Imaging Rate for the Category 3 nodules is 23.2% (472-9/1994).  

 

As this work was undertaken within the context of a trial, we erred on the side of ‘over-

reporting’ by incorporating category 2 nodules in the care pathway, and this has provided 

valuable data. However, in a UK National Screening programme, one would consider a higher 

cut off for the classification of indeterminate nodules, most likely 100mm3.  The nodule 

management algorithms are likely to adopt a similar approach to that of the recently 

recommended by the BTS for incidental detected nodules, although there may be a slight 
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difference for a screening population.149  Work-up of screen positives was meticulous and 

delivered according to strict protocol.  However, sensitivity of the screen can only be reliably 

estimated on follow up of screen negatives for subsequent cancer.  This will be the subject of 

future research in the UKLS cohort. 

 

Figure 17 shows an example of a possible pathway for management of nodules detected by low 

dose CT in lung cancer screening; it is based upon the successful NELSON36 and UKLS model 

with modifications from more recent publications on size threshold and risk of malignancy.  
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MDT  ASSESSMENT 
Manage according to NICE guidelines for the 

management at treatment of suspected lung cancer.  
This will involve further investigation with contrast 

enhanced CT, PET-CT, biopsy, excision or therapy 
without histology. The options should be based on 
patient fitness, likelihood of malignancy and patient 

preference. 
 

 

Nodule: Volume >100mm3 
 Diameter >5mm 
Part solid: Volume <100mm3 

GGN   Diameter >10mm 

Baseline LDCT 

Nodule: Volume >500mm3 
 Diameter >10mm 
Part solid: Volume >100mm3 

 Diameter 5mm  

Advanced Cancer  

Nodule: LDCT at 1 year 
Part solid: LDCT at 3 months 
 and 1 year  

GGN:  Thin section CT at 3 months 

Nodule:  Volume <100mm3 
 Diameter   <5mm 

GGN Diameter 5-10mm 

LDCT at 1 

year  Volume doubling time  <400 days  
or 
enlarging non-solid nodule  
or 

new solid component of GGN 

Yes No 

Baseline risk of lung cancer in 
the population is greater than risk 

of nodule being malignant? 

No Yes 

Annual or biennial screen or discharge (if at 
end of screening period) according to 

national policy 

Notes:  Volume measurements should be used in preference to diameter 
 Part solid nodule has both ground glass and solid components. 
 Ground glass nodules (GGN) have no solid component 

Figure 17: Pathway for Management of Indeterminate and Positive 

Findings detected by Low-dose CT 
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To date, the international lung cancer screening trials, including the UKLS, have not stipulated 

in their protocols the clinical work-up or the treatment interventions of CT-detected nodules 

that were referred to the MDT. The UKLS pilot was based at thoracic centres of excellence, 

where all of the clinical specialties were represented; multidisciplinary management of lung 

cancer is firmly established in the UK. The policies and pathways for managing suspected or 

proven lung cancer are summarised in the updated NICE150 and BTS151 guidelines and the most 

recent BTS guidelines on lung nodule management.149 Subjects who enter a CT screening 

programme and have a possible cancer detected would have access to standard management 

based on the MDT.    

8.2.1.1 CT reading for lung nodules 

Issues around staffing of lung cancer screening, especially radiological reporting, will need to 

be addressed, especially when volumetric software analysis is incorporated. The UKLS study 

has convincingly shown that radiographers can also be used as assistant CT readers to aid 

radiologists, however, it will be necessary to set up the required training and accreditation 

systems prior to implementation of a national lung cancer screening programme. The UKLS 

CT data could contribute to a validated dataset for training and testing in the future. 

 

8.2.2  Screening age range/duration 

 

The United States Preventive Services Task Force (USPSTF) have recently recommended 

screening yearly from 55 to 79 years of age based on their micro-simulation modelling, for 

people with a smoking history of at least 30 pack years who had smoked within 15 years. 

However, the trials did use this age range, and the trial evidence necessarily pertains to shorter 

periods of intervention. The approach taken in UKLS was to use an individual risk score to 

assess eligibility. The results of UKLS suggest that screening might reasonably be offered from 

ages 60 to 75.  As so few people under the age of 60 were at high risk of lung cancer, the 

recruitment activity below this age range was not productive. Screening at ages 70-75 might 

be expected to prevent deaths up to age 79.  
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8.2.3 Screen Interval 

 

A far more difficult problem will be deciding on the screen interval. An annual screen was used 

in NLST but the cost will be higher than a biennial or longer interval. It is possible to calculate 

the increase in mortality as a consequence of moving from an annual to a biennial screen. This 

has been modelled in a recent publication from the UKLS group. Various estimates under 

different potential scenarios suggest that 20-40% more lives might be saved with annual 

screening rather than biennial.152 Follow-up of the UKLS population, to assess the time elapsed 

until the lung cancer incidence and mortality in the intervention and control groups converge 

will give valuable information in terms of a safe interval. We suggest a strictly applied protocol 

for screen interval, based on our cost effectiveness modelling given above. 

 

8.2.4 Selection of high risk individuals 

 

There is clearly an imperative to offer screening specifically to those individuals most likely to 

benefit from the intervention. Therefore, a robust risk score should be used to select people for 

screening and this can be done at any point of recruitment, provided a validated score is 

available. Some scores select on smoking and age at a population level (as used in NLST)35 

while others consider a combination of factors (such as previous respiratory disease, previous 

cancer, family history of lung cancer, exposure to asbestos), in addition to smoking duration 

and age (as used in the UKLS).62, 94 A number of these risk parameters are readily obtainable 

in a general practice setting.153 The utilisation of a risk prediction model to refine the selection 

process can also be successfully undertaken by an agency such as Radar, who worked very 

successfully with the UKLS. 

 

UKLS data also provide an opportunity to develop a risk prediction model based not only on 

the patient’s clinical data, but also one that is integrated with imaging characteristics, and in 

the future with validated biomarkers. 
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8.3 Acceptability of screening 

 

It is important for future policy to identify whether a screening intervention is acceptable, and 

to whom it is acceptable. There is a clinical need to ensure the acceptability of CT lung 

screening to those at higher risk, such as long-term smokers, and a public health imperative to 

ensure we put measures in place to include the ‘hard to reach’ groups which have the highest 

rates of lung cancer and to understand the barriers to participating in lung cancer screening. 

The UKLS team have previously reported that participation was more likely in ex-smokers and 

those with a higher socioeconomic status94 in the first 88,897 individuals approached to take 

part in UKLS. 

 

8.4 Lung cancer screening and integrated smoking cessation 

 

The financial burden of lung cancer is considerable: the estimated cost to the UK economy is 

£2.4 billion each year, £9,071 per patient annually. This is far higher than the cost of any other 

cancer despite survival rates being among the lowest. More curative treatment and prevention 

resulting from integrated screening and smoking cessation programmes has the potential to 

reduce these costs. Thus the implementation of a UK National Lung Cancer screening 

programme should make use of the ‘teachable moment’ for smoking cessation, which would 

cascade into major beneficial health effects for all smoking related diseases. 

 

8.5 Strengths and limitations of the UKLS pilot trial 

 

UKLS is a true population-based study, which approached a specific age group via local PCT 

records. No other lung cancer screening study has adopted this approach. This has yielded 

important information about uptake from the general population and highlighted the need for a 

more targeted approach. The UKLS is also the only trial to use a validated lung cancer risk 

prediction model and shows that this approach can ensure resources are devoted to those most 

likely to benefit from screening. UKLS has shown that a protocolled management pathway 

including advanced radiological techniques effectively manages the detected lung cancer with 

minimal psychological and physical harm to those without cancer.  
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A limitation of the pilot UKLS is that, as a trial, it might be expected to recruit fewer people 

than a screening programme.  It would not be fair to extrapolate from other screening 

programmes because of differences in the socio-demographic profile but what can be said is 

that significant further work is the need to address recruitment from the hard to reach 

community. UKLS was a pilot trial and was not powered to detect a mortality benefit.  The 

planned full trial was not funded but would have addressed this and would have provided cost 

effectiveness data, based on this.  Instead we had to use the (albeit very robust) NLST outcome 

data to develop a model to estimate cost effectiveness. Although we have been conservative in 

our model, this is a weakness of the study. UKLS was also unable to provide information on 

the value of subsequent yearly screens, either in terms of cancer detection rate or uptake. These 

data have been provided by other studies including the NLST. 

 

8.6 Prioritised research recommendations 

 

i. Recruitment: investigate methods to engage the hard to reach in future lung cancer screening 

and smoking cessation programmes. 

ii. Risk Prediction modelling: access differing LLP risk levels, (include COPD lung function), 

which should be utilised in a future programme, together with cost effectiveness of screening. 

iii. CT nodule care pathway: re-assess the cut off for indeterminate nodules, based on volume 

and volume doubling time – as outlined in the recent NELSON publications. Also investigate 

the use of CAD in CT screening. 

iv. Work-up of CT detected nodules: assess whether national methodologies for the work-up 

of CT screen detected nodules are appropriate within a screening programme. Investigate 

significant other findings and outcomes. Develop methodologies to incorporate Coronary 

Artery Score in future lung CT Scan reports. 

v. Training and accreditation: Radiologists, as well as considering utilising radiographers in a 

future CT screening programme. 

vi. Availability of CT scanners for a future CT screening programme: needs to be assessed. 
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vii. Psychosocial assessment of CT screened individuals over a 15 year lifetime for harms and 

benefits. 

viii. Integrated smoking cessation programme with future CT screening programmes: There is 

a synergetic effect by combining both of these modalities. 

ix. Screen interval: Assess if annual or biennial after two negative scans is appropriate for a 

future programme. 

x.   Screening age limit: Assess whether 75 years is the appropriate cut off for lung cancer 

screening. 

xi.   Pooling the UKLS data with the NELSON data: The main UKLS trial was not funded and 

the time has now passed to undertake a full trial in the UK, however we need to collaborate 

with the NELSON trialists to pool the UKLS data and examine the combined mortality and 

cost effectiveness data. This will be the opportunity to follow up on the outcomes of the UKLS 

control arm. 

 xii. Planning for a future Lung cancer CT screening programme needs to start now, i.e. 

recruitment methodologies, service provision, screening programme protocol development. 

 

8.7 Future prospects 

 

In summary, the UKLS trial data reported in this document have made a very worthwhile 

contribution to the international datasets on lung cancer screening. Taking the UKLS pilot trial 

data in consort with the NLST mortality data, it is clear that the intervention can save lives 

from lung cancer, and may be practicable in the UK health setting. This should be in 

conjunction with promotion of, and support for, smoking cessation. There are no alternative 

strategies for significant reductions in lung cancer death rates that can be recommended now 

or in the next few years. 

 

While our results suggest that screening with UKLS eligibility and recruitment policies could 

be cost-effective, there is some uncertainty around this. There is a need for further research into 

methods of identification of the appropriate population, and delivery of the service to that 

population. Recruitment into screening programmes based on risk assessment has to be done 
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in the most effective way, and uptake of screening needs to be monitored. Further research on 

the inter-screening interval is indicated. Special consideration should also be given to recruiting 

those in potentially hard to reach sections of society including those with high levels of socio-

economic deprivation. 

 

Any screening programme will need ongoing monitoring and evaluation, with risks and 

benefits regularly measured. Such risks and benefits should be conveyed to those offered 

screening to facilitate informed choice. There is a need to develop both information materials 

and protocols for regular audit and evaluation of a lung cancer screening programme, so that 

the National Screening Committee can deliberate on the subject with full knowledge of the 

implications.  
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Figure 18: Screening Flow Chart 

 

3 million offered lung cancer screening 

~30% uptake and have risk assessment 

1m respond 

10% meet risk assessment of 5% over 5 years (UKLS) 

Annual screen for 10 years  

100,000 individuals 

1,000,000 screening episodes 

154,000 further investigations over 10 years 

13857 Screen detected cancers 

3187 deaths prevented 1523 lung cancers over-

diagnosed 

  

Flow Chart showing outcome model of 1m individuals at high risk, offered annual 

screening over 10 years, based on the modelling outlined in Duffy et al 2014. 

Note that the number of further investigations is based on the results of NLST and that with 

better follow-up protocols this will be reduced. Use of volumetry will reduce the need for 

further imaging and better predictions of malignancy will reduce the number of minimally 

invasive and invasive tests 
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Appendix 1: Details of Protocol Amendments 

 

 

Details of Protocol Change Version and Date 

Minor administrative changes were made to this version of the 

protocol.  Appendices were also amended to reflect the changes 

made to other related trial documentation. 

Version 2: 

10MAY2011 

An increase to the volume of blood collected from participants 

(from 20 to 24ml) was documented here. 

Version 3: 20SEP2011 

A clarification to the exclusion criteria was made here. It was made 

clear that previous Chest CT scans rather than previous CT scans 

within the last year preclude participants from joining the trial. 

Version 4: 

16NOV2011 

The increase to the number of participants approached by UKLS 

from 82,000 to 250,000 was documented within this amendment. 

Version 5: 27FEB2012 

The protocol was amended to reflect nodule management for new 

nodules identified at the 3 month repeat scan. 

Version 6: 04APR2012 

Changes were made in protocol version 7 to detail elements of 

psychosocial analysis. Changes were also made to the nodule care 

pathway to clarify detail of how nodule growth is measured, and 

to allow radiological and clinical decisions to be made in order to 

facilitate appropriate referrals to the Multi-Disciplinary Team. 

Version 7: 

18MAY2012 

A change to the frequency of blood collected from participants 

referred to the MDT was included in this amendment.  In addition, 

the location where tumour tissue is to be stored was changed. 

Clarification was made to the frequency of psychosocial 

questionnaires that are sent to participants. 

Version 8: 17JUL2012  

The requirement for follow up scans to have a second read by the 

radiologist in the Royal Brompton was removed. It was agreed that 

a 10% random sample would take place each month and the 

radiologist in the Royal Brompton would also assist with queries 

from the radiologists at the sites. 

Version 9: 

28MAR2013  
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There was a change to the protocol to allow a further psychosocial 

questionnaire to be sent to participants two weeks after receiving 

the result of their follow up scan. 

Version 10: 

13JUN2013  

We send out psychosocial questionnaires to individuals post-

randomisation to the non-screen arm. Individuals in the screen arm 

receive a psychosocial questionnaire two weeks after they receive 

each CT scan results letter. We will also be randomly selecting a 

sub-set of individuals from each arm to receive a psychosocial 

questionnaire at various time points over the ten year follow up 

period. The protocol was amended to reflect the fact that we will 

send all active participants a psychosocial questionnaire at certain 

time points, the first being before the end of 2013. 

The protocol was amended to reflect the fact that we will be 

requesting Hospital Episode Statistics (HES) data to provide 

follow up data alongside the ONS and Cancer Registry data we 

currently receive. 

The protocol was amended to reflect the fact that we will write to 

GPs to request information on the treatment given to participants 

referred with significant incidental findings. 

The protocol now includes clarification on the analysis which will 

be carried out on participants’ specimens. 

Version 11: 

27SEP2013  

This UKLS amendment is based on a retrospective change to the 

Liverpool Lung Project Risk model, to reflect correctly that the 

LLPv2 Risk model was utilised in the calculation of risk for all of 

the UKLS participants (see Appendix 2). 

 

Version 12: 

21JAN2014 
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Appendix 2: Details of the LLPv2 Risk Model  

 

 

Individuals were selected as eligible to take part in the trial on the basis that their risk of 

developing lung cancer over the next five years was 5% or greater, based on the Liverpool 

Lung Project (LLP) risk algorithm. In practice, a lower cut-off point of 4.5% was used, in order 

to correct for a potential underestimation of risk caused by grouping the start and stop smoking 

ages into ten-year bands. 

 

In addition, risks for the UKLS trial were calculated using LLP version 2 (LLPv2), a modified 

version of the published LLP model that incorporates other potential respiratory risk factors 

(bronchitis, emphysema, TB and COPD) in addition to pneumonia; and treats cigar and pipe 

smoking as conferring an identical risk to cigarette smoking. This LLPv2 model was under 

development as an alternative method of calculating risk, and the circumstances leading to its 

use in the trial are described below. 

 

A protocol deviation within the UKLS trial arose due to a computing error, whereby the 

prototype LLPv2 was used for risk calculation instead of the validated basic LLP model. The 

protocol deviation was confirmed to the UKLS Project Management Team on 17th August 

2013. The impact of the computing error was that a proportion of individuals who had been 

recruited into the UKLS trial did not reach the high risk criterion as defined by the basic LLP 

risk model (956 subjects; 469 in the non-screen arm and 487 in the screen arm). 

 

A comparison of lung cancer prevalence was performed for individuals whose original 

(published LLP) risk score was >5% and <5% risk over 5 years. This indicated a lung cancer 

prevalence of 1.65% and 1.64% respectively. It was of note that 93% of the 956 ineligible trial 

participants had a >3% risk of lung cancer, as defined by the original LLP model; this would 

be considered sufficiently high risk for inclusion in other lung cancer screening trials. 

 

The protocol deviation was reported to both the Trial Steering Committee (TSC) and the Data 

Monitoring Committee (DMC). The opinion of the Chairs of both committees was that this 

was an unfortunate event based on a computing error, but that all of the participants should 

continue to be included in the overall analysis, particularly as those erroneously included had 

the same prevalence of lung cancer as those recruited according to protocol. On 1st October 
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2013, the Ethics Committee indicated that they also agreed with this course of action. In 

addition, the Sponsor and HTA were informed; they too agreed with the action taken. 

 

The prevalence of lung cancer in the UKLS screened participants accidentally included due to 

other respiratory illnesses (e.g. COPD, bronchitis, emphysema, tuberculosis) or smoking of 

cigars or pipes, was similar to the prevalence in those correctly included (1.64% compared to 

1.65% at the time of analysis). This observation was so striking that, if the UKLS were to 

continue recruitment, the Project Management Team would submit a protocol amendment to 

include these subjects in future (i.e. if the Main UKLS trial were funded). 

 

The reporting of the methodology, risk calculation and selection criteria used in the pilot UKLS 

trial therefore reflects the actual use of LLPv2. Additional respiratory diseases (ie, COPD, 

emphysema, bronchitis and TB) were added to the model alongside pneumonia.   Pipes and 

cigars were also added into the model alongside cigarettes.  This was not validated in other 

datasets but confirmed within the UKLS population.  This is the case in the current report, and 

in associated publications. 
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Appendix 3: UKLS Trial Documentation 

 

(Please see visit www.UKLS.org for trial questionnaires)  

UKLS First Invitation Letter - the original approach to 250,000 individuals in the 

population 

 

Director of Public Health  

PCT  

DATE  

 

Dear (Name)  

 

We are writing to ask you if you would be willing to help us in our research efforts in setting up a 

national screening program to screen for lung cancer. Lung cancer kills more people than any other 

cancer and is very difficult to treat as it is usually diagnosed in its late stages.  

 

We are sorry if we are writing to you at a time when you may already be affected by this disease, 

however, your name has been chosen at random.  

 

The purpose of this study is to determine whether screening will detect lung cancer at an earlier stage, 

when treatment is more effective and could therefore help prevent deaths from lung cancer. The 

Department of Health have given us a large grant for this study.  

 

The study is called the UK Lung Cancer Screening Trial (UKLS). We need to involve 4,000 men and 

women, half of whom will be screened and the other half will have no screening. The screened group 

will have a special x-ray called a CT scan. If you are willing to help us, a computer will select the people 

and later on decide which group you could be in. The results will decide whether the NHS should start 

a screening programme for lung cancer, alongside those for cervical and breast cancer. Recruitment 

clinics are being held at Papworth Hospital near Cambridge and Liverpool Heart and Chest Hospital.  

You have been randomly selected from individuals aged 50 to 75 years of age from your local Primary 

Care Trusts. We would be grateful if you would read the enclosed UKLS fact sheet and then complete 

the ‘UKLS Questionnaire’ and return it in the enclosed envelope.  

If the computer selects you to participate based on the questionnaire answers we will send you further 

information on the UKLS trial.  

 

If you decide not to participate we would be grateful if you could complete the short questionnaire “Not 

wishing to participate in the UKLS” and return in the enclosed envelope. We will not contact you again. 

It will not affect your healthcare in any way if you do not take part.  

 

We hope that you will want to take part in the study because it will help us find out if screening can 

prevent deaths from lung cancer  

 

Yours sincerely,  

 

Director of Public Health – (PCT)  

UKLS Contact Details  

 

http://www.ukls.org/
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UKLS Patient Information Leaflet – enclosed with first invitation letter 

United Kingdom Lung Cancer Screening Trial (UKLS) 
 

This fact sheet gives an overview of the trial. A more detailed information booklet will be sent if 

you decide to take part.  

 

Why do we need a screening test for lung cancer?  

Lung cancer is the most common cause of death from cancer in the UK. The majority of people 

unfortunate enough to develop this cancer have few symptoms until it has spread outside the lungs. By 

this time it is difficult to treat and most cases are incurable. In contrast, treatment is more successful 

and the outlook is good for the small proportion of people diagnosed before the lung cancer has spread. 

If we are able to find lung cancer at this early stage through screening when treatment is more effective, 

then we could prevent people dying from lung cancer.  

 

What screening test is being used?  

We will be using a CT (computed tomography) scan. This is an x-ray of the chest.  

 

Am I eligible to take part?  

In order to be eligible to take part you must:  

Be 50-75 years of age.  

Not have had a previous diagnosis of lung cancer.  

Not currently be taking part in any other screening programme for lung cancer.  

 

What does taking part involve?  

You will need to fill out the enclosed “UKLS Questionnaire” and return to us. A computer will look at 

your answers and may then select you to take part in the trial.  

 

You will be sent a more detailed information booklet about the trial and an appointment to attend your 

local recruitment centre.  

 

At the recruitment centre you will watch a DVD about the trial and then meet a research nurse. You 

will be asked to register for the trial and the nurse will then take a sample of blood, a mouth swab or 

wash and a nose brush. You will be given a pot to take home to send back to us with a deep cough 

sample.  

 

A computer will decide whether you are to be in the group to be screened or not to be screened. The 

groups are chosen at random and are not dependent any information you give us.  

If you are in the screening group you will be sent an appointment for a CT scan.  

If you are not in the screening group you will not be required to attend any further appointments.  

If an abnormality is found by your CT scan, you will be referred for further tests to an NHS specialist.  

You may be asked to complete a number of health related questionnaires after you join the trial.  

 

How long will the study last?  

The study will take 10 years to complete. If you agree to take part you will be followed up for 10 years 

through your medical records.  

 

How do I take part?  

Please fill out the enclosed “UKLS Questionnaire” and return to us in the enclosed envelope.  
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Thank you very much for taking the time to read this fact sheet. There will hopefully be a great 

benefit to future generations, both in prevention as well as early diagnosis and improved 

treatment of lung cancer. 
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UKLS Patient Information Booklet – sent to participants responding positively to the first 

invitation letter 
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UKLS Patient Information Booklet – a more detailed information booklet which was sent out 

with the second questionnaire once an individual had indicated they wanted to participate 

 

 

 

Lung cancer, screening  

and the  

UK Lung Cancer Screening (UKLS) trial 

An information booklet for people thinking about taking part in the UKLS lung cancer 

screening trial. 

 

 

 

Liverpool Heart and Chest Hospital         Papworth Hospital 

 



 

Page 199 of 235 
 

 

Contents             Page number 

 

Invitation to take part in the UKLS Trial       3 

What is the aim of this booklet?        3 

What is lung cancer?          3 

Who is at risk of developing lung cancer?       4 

What is lung cancer screening?    4 

What is the lung cancer screening trial?       5 

Why am I being invited to take part?        5 

Do I have to take part?         5 

What will happen to me if I take part?       6 

What are lung function tests?         7 

What is the computed tomography (CT) scan?                8 

What are the possible side effects of CT scans?      8 

When do I get my CT results and what do they mean?     9 

What happens if my CT scan finds something?      9 

How reliable is lung cancer screening?       10 

Are there any risks if I take part?        10 

What are the possible benefits of taking part?      10 

Where do I need to go?         10 

What happens if new information becomes available during the trial?   11 

What happens when the trial stops?        11 



 

Page 200 of 235 
 

What will happen to the results of the trial?       11 

Will my samples be used for any further research?      11 

Will my taking part in the trial be kept confidential?      12 

What happens if something goes wrong?       12 

Who is co-ordinating and funding the trial?       12 

Who has reviewed the trial?         12 

I am a smoker but would like to stop smoking. Can I still take part?    12 

Where can I get more information?        13 

What should I do now?         13  



 

Page 201 of 235 
 

Invitation to take part in the UKLS Trial 

We would like to invite you to take part in a large national research project which we hope will 

benefit people at risk of developing lung cancer. Before you decide whether or not to take part, 

it is important for you to understand why the research is happening and what it will involve. 

Please take time to read this information booklet carefully and discuss it with your family and 

friends if you wish.  

 

What is the aim of this booklet? 

This booklet tells you about lung cancer, lung cancer screening and how the trial will work. It 

aims to give you information that will help you choose whether or not you wish to take part in 

the UK Lung Cancer Screening (UKLS) trial.  

 

What is lung cancer? 

Cancer develops when cells become abnormal and grow out of control. Over time they form a 

clump known as a tumour. Lung cancer develops in the tubes that carry air in and out of the 

lungs (your airways) or within the lung. It can then spread outside the lung to other parts of the 

body. 

Lung cancer often develops slowly. It is thought that cells first become abnormal at least five 

years before the cancer can be detected. The reasons for this delay include:  

• most tumours grow slowly  

• the lungs are large  

• the lungs do not feel pain  

• some of the symptoms are similar to those of other lung problems such as bronchitis or 

chronic obstructive pulmonary disease (COPD).  

By the time lung cancer is diagnosed, it has often spread outside the lung. If this happens, the 

cancer can only rarely be cured.  

The UKLS aims to discover whether finding lung cancer at a very early stage means that it can 

be treated successfully.  

Who is at risk of developing lung cancer? 
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Anybody can develop lung cancer, but people who smoke (or used to smoke) are at the greatest 

risk. The risk increases with the total number of cigarettes you smoke. If you stop smoking, the 

risk gets less over time.  

Passive smoking (breathing in someone else’s tobacco smoke) over a long period of time may 

also cause lung cancer.  

Non smokers may develop a particular type of lung cancer (called adenocarcinoma). This can 

happen in a part of the lung where damage has happened for a number of other reasons (such 

as breathing in asbestos).  

 

What is lung cancer screening? 

Lung cancer screening uses an advanced x-ray technique, called computed tomography (CT) 

scanning, in order to find lung cancer before symptoms develop so that early treatment can 

remove the cancer and deaths from lung cancer may be prevented. More people die from lung 

cancer in the UK every year than from any other form of cancer. About 40,000 people develop 

lung cancer each year in the UK and many of these are smokers. However, non-smokers and 

ex-smokers can also develop lung cancer. Finding lung cancer by screening instead of 

symptoms may mean that treatment is more effective. Lung cancer screening aims to find 

changes in the lung at the time of the scan but it cannot prevent you from getting lung cancer 

in the future.  

Only one randomised controlled screening trial (NLST)1 so far has shown that screening by 

CT scanning is effective. The NLST trial has been recently published and was conducted in the 

USA. The results showed that the mortality from lung cancer was reduced by 20%. Thus it is 

likely that in the same population, CT screening is effective. However, populations differ and 

there are other questions that remain unanswered, regarding the integration of CT screening 

into a national programme and which patients benefit most. The unanswered questions led a 

group of experts from many countries to conclude that further trials (including UKLS) were 

needed to answer these important questions and to guide the design of future screening 

programmes. 

 

 

1 National Lung Cancer Screening Trial, USA 



 

Page 203 of 235 
 

What is the lung cancer screening trial? 

The United Kingdom Lung Cancer Screening (UKLS) trial is a study of lung cancer screening 

in the UK. We aim to recruit 4,000 people in the first stage of the trial. If the results of our trial 

show that CT scanning of the lungs in healthy people is worthwhile then, in the future, CT 

scanning may be used throughout the country for lung cancer screening. This would be similar 

to the breast, cervical and bowel cancer screening programmes used today.  

 

Why am I being invited to take part? 

You have provided details about your lifestyle and based on this information we would like to 

invite you to take part in the UKLS trial. We want to recruit people aged 50 to 75 years old. 

We have chosen this age group because we believe that if lung cancer screening is shown to be 

worthwhile, these are the people most likely to benefit.  

Do I have to take part? 

No, it is up to you to decide whether or not to take part. If you decide to take part you will be 

given this information booklet to keep and asked to sign a consent form. You are still free to 

change your mind or withdraw from the trial at any time and without giving a reason. If you 

decide not to take part, we will not contact you again and the care you receive from your general 

practitioner (GP) will not be affected. We would, however, be grateful if you could fill out the 

attached questionnaire called ‘UKLS non-participant questionnaire’ and return it to us. This 

information is very important and will help us to plan future screening programmes. 

What will happen to me if I take part? 

You have already been asked some basic questions about smoking, your lifestyle, occupation 

and known health problems. The next stage is an invitation to a recruitment clinic. 

At the UKLS recruitment clinic, you will be met by the receptionist and invited to watch a 

DVD which will give you further information about the trial. You will then be met by a UKLS 

research nurse who will answer any questions you may have and will then ask you to sign a 

consent form. At this point you will be enrolled into the trial. You will then be asked some 

more detailed questions about your lifestyle and family history of disease. You will be asked 

to give your answers on a computer by touching the screen, which will greatly assist us in 

developing a better way of identifying individuals for lung cancer screening programmes. You 
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will also be asked to blow into a tube a few times (lung function tests) to look at the health of 

your lungs. A member of the UKLS team will take a sample of blood, a mouth swab or wash 

and a nose brush.  The nasal sampling has a very small risk of causing a nose bleed. You will 

be given a pot to take home so that you can return a deep cough sample, which will be explained 

to you at the recruitment visit. Finally, if you are a current smoker, you will be provided with 

information to help you stop smoking. Your visit to the recruitment clinic should take about an 

hour. Your GP will be informed that you are a participant in the UKLS trial. 

To find out whether CT scanning of the lungs will be beneficial, we need to divide those who 

join our trial into two groups.  Half of the people joining the trial will be offered a CT scan of 

their lungs and the other half will not.  Both groups are equally important because we are going 

to observe what happens in each group.  Then, at the end of the trial, we shall compare what 

happened to the group who were scanned to what happened to the group who weren’t. To run 

the trial properly, people must be put into a group at random (using a computer), so neither you 

nor your doctor can choose which group you are put into.  You will find out which group you 

are in about four weeks after you are enrolled. 

In this trial we would also like to look at the effect of screening on the well-being of those who 

take part, so you will be asked from time to time to take part in surveys about your experience 

of the UKLS.  

Regardless of whether you are in the screening or non-screening group, we will check on your 

health through your medical records over the next 10 years.  If for any reason during the trial, 

you lose the capacity to consent, we will retain all the previously collected data and specimens, 

however, we will not contact you again with any questionnaires or follow-up appointments. 

 

What are lung function tests? 

Lung function tests (also known as pulmonary function tests) are used to look for the cause of 

breathing problems (like shortness of breath) and are also used to see how well treatments for 

breathing problems, such as asthma medicines, are working. They can be used to check for 

conditions such as asthma, lung tissue scarring, sarcoidosis, and COPD (chronic obstructive 

pulmonary disease). The tests may also be used to check whether a condition is getting worse.  

Lung function tests measure: 
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• How much air you can take into your lungs. This amount is compared to that of other 

people your own age, height, and sex; 

• How much air you blow out of your lungs and how fast you do it; 

• How well your lungs deliver oxygen to your blood; and 

• How strong your breathing muscles are.  

What is the computed tomography (CT) scan? 

If you are part of the screening group, you will have a CT scan of your lungs. This scan of the 

chest uses x-rays and a computer to produce pictures of the lungs (it’s also known as CAT 

scanning). During the CT scan you lie down on the scanner and hold your breath for a few 

seconds while pictures of your lungs are taken. Your appointment should take about 15-30 

minutes. All of the CT scan pictures are stored in a computer and read by a radiologist. You 

will be told about the results of your scan by a clinical member of the UKLS team within four 

weeks of the scan.  If no abnormalities are found, you will not need any further tests but we 

will contact you to fill out questionnaires so that we can find out about your future health and 

how you felt about being screened.  If any important abnormalities are found you would be 

given an appointment to see a chest specialist at your local NHS hospital. The specialist may 

advise follow-up with another CT scan or other tests. If the lung specialist thinks you might 

have lung cancer, they will discuss treatment options with you. Your GP will be kept informed 

of your participation in the UKLS trial and of all scan results and any treatment 

recommendations, and will be able to discuss them with you.  

 

What are the possible side effects of CT scans? 

Because CT scanning uses x-rays to obtain pictures, you will be exposed to some radiation 

which you would otherwise not receive. However, the dose of x-rays used for the screening CT 

scan is less than you normally receive in a year from the natural surrounding environment and 

the risk of it causing harm is therefore very low. If an abnormality is detected, you may need 

follow-up CT scans and if lung cancer is strongly suspected, further tests will be required. The 

radiation dose for follow-up CT scans would be higher than for the first but the risk is still low 

and the benefits of detecting lung cancer at an early stage must be considered.  
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When do I get my CT results and what do they mean? 

You should receive a results letter from the UKLS trials team within four weeks of having your 

CT scan. There are three types of results that you could receive;  

A normal result means no tumour or nodule was found. We expect that most people will 

receive a normal result. A normal result does not guarantee that you do not have or will never 

develop lung cancer in the future, so staying aware of any symptoms of lung cancer in the 

future is very important.  

An unclear result means that your screening CT scan was not quite normal and further tests 

are needed. Getting an unclear result may not mean you have cancer, just that you will most 

likely need a follow-up CT scan. If you receive an unclear result you will be invited back to 

the hospital to have another CT scan. Most people will then receive a normal result.  

An abnormal result means that the CT scan may have found signs of a cancerous nodule in 

your lungs. It is not a diagnosis of cancer, but it does mean that you will be offered a follow-

up CT scan and other tests. Sometimes scans show other conditions that are not lung cancer 

but do require medical attention.  If this is the case, your GP will be informed and contact you 

to ensure the abnormality is dealt with appropriately. 

 

What happens if my CT scan finds something? 

You will be cared for through the NHS and given an appointment with a lung cancer specialist 

doctor to discuss having a more detailed examination of your lungs. This will involve some 

further tests and the specialist team will explain what is required. If lung cancer is found, a 

doctor will discuss treatment options with you and your wishes will be taken into account. If 

you have to undergo any investigations or treatment procedures, we will collect any left-over 

tissue specimens for future research. 

How reliable is lung cancer screening? 

In some cases lung cancer could be present but may not be found by CT scanning. Cancers in 

the main airways in the middle of the chest may be difficult to identify on CT and not all small 

cancers in the lung are recognised, even by the most skilled radiologists.  
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Are there any risks if I take part? 

Sometimes non-cancerous abnormalities are found by screening which you would otherwise 

have never known about.   If you need an operation to remove a lung abnormality or need to 

have a lung biopsy any possible risks will be fully explained to you by an NHS specialist before 

the procedure is undertaken. 

What are the possible benefits of taking part? 

As we do not know whether early diagnosis of lung cancer with CT scanning will be beneficial, 

it is not possible to tell you whether you are likely to benefit from entering the trial or not. Even 

If the trial is of no benefit to you personally because you have normal lungs it may benefit 

others taking part in the UKLS trial, as well as people in the future.  

Where do I need to go? 

There are two centres taking part in the trial: 

1. The Liverpool Heart & Chest Hospital NHS Foundation Trust, Thomas Drive, 

Liverpool, L14 3PE; 

2. Papworth Hospital NHS Foundation Trust, Papworth Everard, Cambridge, CB23 3RE. 

Both centres have dedicated rooms for the trial. When you arrive, you will be directed to a 

waiting room and met by the trial receptionist. If you attend the Papworth clinic, you might be 

offered screening in our on-site mobile screening unit. 

If you provide evidence that you receive benefits, some support may be available to you for 

reasonable travel expenses. 

What happens if new information becomes available during the trial? 

Sometimes during the course of a research study a new technique or new information becomes 

available which is relevant to the study. This is unlikely to happen in this trial because the type 

of CT scanner being used will be up-to-date and of high quality. However, should such a 

situation arise, the research nurse will tell you about it and discuss with you whether you wish 

to continue in the study or whether it would be in your best interests to withdraw.  
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What happens when the trial stops? 

Your records will be under the care of the trial centre for 20 years and your GP will continue 

your normal care during and after the trial.  

What will happen to the results of the trial? 

The main results of this trial are not likely to be available for several years but early results 

relating to the number of lung cancers found by screening should be known after the first two 

years. Once carefully analysed, the results will be published in medical journals. If you would 

like a summary of the results as they become available please inform the research nurse at your 

trial centre. 

Will my samples be used for any further research? 

If you agree to take part in this trial you will be asked to give a blood sample, a sample of spit, 

a mouth swab or wash and a nose brush. These samples will be stored at the University of 

Liverpool Biobank and will be used in future research projects with ethical approval. This may 

allow researchers to identify biological and genetic factors that affect the risk of future lung 

disease. This may be useful in developing future screening tests or in understanding more about 

the causes of lung cancer or other lung diseases. The UKLS research team will be responsible 

for keeping the samples safely and making sure that any information remains confidential. 

Results of any studies undertaken on your sample will not be fed back to you personally or 

placed in your medical records, as the tests are for research only. The research results will not 

have any implications for you personally. All future use of the samples will have to be approved 

by an Ethics Committee.  

Will my taking part in the trial be kept confidential? 

If you consent to take part in this trial, your medical records and CT scan results may be 

inspected by authorised representatives within the trial and by the Department of Health 

regulatory authorities. Your name will not be disclosed outside the trial. You will not be 

identified in any publication or report of the trial.  

What happens if something goes wrong? 

Your legal rights are not affected by giving your consent to take part in this trial.  
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Who is co-ordinating and funding the trial? 

The trial will be co-ordinated by the Liverpool Cancer Trials Unit (LCTU). It is funded by the 

Department of Health - Health Technology Agency.  

 

Who has reviewed the trial? 

The trial has been reviewed by the Department of Health – Health Technology Agency, the 

Multi-Centre Research Ethics Committee (MREC) and by the Local Research Ethics 

Committees of the two centres involved.  

I am a smoker but would like to stop smoking. Can I still take part? 

Yes and we would encourage you to stop smoking. Even if you stop smoking at any point in 

the future you are still able to take part in the trial. Just let us know the date you stopped smoking 

when you send back your next follow-up questionnaire. The UKLS team will provide you with 

NHS stop smoking materials or you can contact the NHS on 0800 022 4 332 or go to 

http://smokefree.nhs.uk. 

Where can I get more information? 

Please feel free to telephone the research nurse on 0800 195 8557 in the UKLS Project 

management office if you would like more information or have questions you would like to 

ask. 

 

More information about the trial can be found on the UKLS website www.UKLS.org 

 

What should I do now? 

We hope that you are encouraged to join the trial. If you would like to take part, please return 

the enclosed ‘UKLS participant questionnaire’. If however you decide not to take part, please 

fill in the ‘UKLS non-participant questionnaire’. 

Thank you for reading this UKLS information booklet and we do hope you will want to 

participate in this very important Lung Cancer Screening Trial, which may prevent deaths 

from lung cancer. 

 

 

 

 

 

 

 

 

http://smokefree.nhs.uk/


 

Page 210 of 235 
 

Appendix 4: Trial randomisation method outlined in Section 2.4.1 

 

The same randomisation process had previously been used in the NELSON Lung cancer 

screening trial; it had therefore been tested and proven fit for purpose, and capable of achieving 

balance between the screening and control arms. 

At the beginning of the study, the maximum number of subjects was decided (i.e. 250,000 

subjects for UKLS). More than 250,000 random personal ID (PID) codes were then generated, 

each one consisting of 8 characters (letters and/or digits), and a unique code was allocated to 

each subject in the UKLS database (positive and negative responders from the first stage). 

Individuals who had attended the recruitment clinics, and provided written informed consent, 

were flagged for randomisation. The PID codes corresponding to these people were used in the 

randomisation process. 

As an example, consider the randomisation of 11 people who had signed consent forms: 

Simply by sorting the PID codes corresponding to these people, there is already a random 

division – i.e. the first goes into the screening arm, the second into the control arm, third into 

the screening arm... etc. It is therefore pure chance which participants are allocated to which 

group. 

To eliminate the possibility of staff influencing the process by knowledge of the PID codes, 

the randomisation program draws a number between 1 and 7, and rotates the PID code the same 

number of positions. The resulting shifted PID codes are sorted alphanumerically, thus the 

splitting of the group into screening and control arms is now performed on this new order. 

Addition or removal of one person in a group of PID codes to be randomised will impact upon 

the order of codes and therefore trial arm allocation. This adds a further random element to the 

process. 
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Example: 

Original PID 

code 

Original 

order 

Random number shift of 

PID by 3 positions (original 

order rank) 

Random number shift of 

PID by 6 positions 

(original order rank) 

ABDDJ3V1 1 ADXP1DA0  (3)    0WHG0ASC (6) 

CA0AFCKT 2 AFCKTCA0  (2) 3FTGAMBK (8) 

DA0ADXP1 3 AMS6HVYG (10) 6HVYGAMS(10) 

GA0AW3MZ 4 ASC0WHG0 (6) KTCA0AFC (2) 

GA1FDNSA 5 AW3MZGA0 (4) MQZQ4JGA (11) 

HG0ASC0W 6 DJ3V1ABD (1) MXTU8PGA (9) 

KA1FBXQM 7 FBXQMKA1 (7) MZGA0AW3 (4) 

TGAMBK3F 8 FDNSAGA1 (5) P1DA0ADX (3) 

TU8PGAMX 9 JGAMQZQ4 (11) QMKA1FBX (7) 

VYGAMS6H 10 MBK3FTGA (8) SAGA1FDN (5) 

ZQ4JGAMQ 11 PGAMXTU8 (9) V1ABDDJ3 (1) 
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Appendix 5: Data tables showing demographics of response and 

recruitment 

 

 

This appendix relates to the trial recruitment procedure described in Chapter 3. Sex, age, 

socioeconomic status, region (North vs. South) and smoking status were analysed with respect 

to (a) response to the initial invitation letter, (b) risk status, and (c) participation of high risk 

people in the UKLS screening trial. The numbers involved are tabulated in this Appendix; the 

data are arranged in sets of tables grouped according to which socio-demographic factor is 

being considered, as per the layout in Chapter 3. Further tables are included where a more 

detailed analysis took place, or when two socio-demographic factors were considered together. 

For the overall figures (on this page), the sections of the table showing the pathway to the RCT 

are shaded blue. For further clarification as to how the different analysis categories were 

defined, see the Consort diagram (Figure 3.1 in Chapter 3). 

 

(i) OVERALL FIGURES 

(a) Response to initial invitation letter 

  Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

TOTAL 75,958 

(30.7%) 

22,788 

(9.2%) 

148,608 

(60.1%) 

247,354 

(100.0%) 

 

(b) Risk status 

  High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

TOTAL 8,729 

(11.5%) 

66,377 

(87.4%) 

852 

(1.1%) 

75,958 

(100.0%) 

 

(c) Participation of high risk people in the screening trial 

  Consented Opted 

Out 

Not 

Eligible 

TOTAL 

TOTAL 4,061 

(46.5%) 

3,377 

(38.7%) 

1,291 

(14.8%) 

8,729 

(100.0%) 
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(ii) SEX 

GENDER Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

Male 37,525 

(30.3%) 

9,557 

(7.7%) 

76,666 

(62.0%) 

123,748 

(100.0%) 

Female 38,433 

(31.1%) 

13,231 

(10.7%) 

71,942 

(58.2%) 

123,606 

(100.0%) 

TOTAL 75,958 22,788 148,608 247,354 

 

GENDER High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Male 6,141 

(16.4%) 

30,794 

(82.1%) 

590 

(1.6%) 

37,525 

(100.0%) 

Female 2,588 

(6.7%) 

35,583 

(92.6%) 

262 

(0.7%) 

38,433 

(100.0%) 

TOTAL 8,729 66,377 852 75,958 

 

GENDER Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Male 3,041 

(49.5%) 

2,198 

(35.8%) 

902 

(14.7%) 

6,141 

(100.0%) 

Female 1,020 

(39.4%) 

1,179 

(45.5%) 

389 

(15.0%) 

2,588 

(100.0%) 

TOTAL 4,061 3,377 1,291 8,729 
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(iii) AGE 

AGE 

GROUP 

Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

Age: 50-

55 

16,273 

(26.6%) 

3,502 

(5.7%) 

41,393 

(67.7%) 

61,168 

(100.0%) 

Age: 56-

60 

12,892 

(30.3%) 

3,177 

(7.5%) 

26,476 

(62.2%) 

42,545 

(100.0%) 

Age: 61-

65 

21,226 

(35.0%) 

5,573 

(9.2%) 

33,845 

(55.8%) 

60,644 

(100.0%) 

Age: 66-

70 

17,302 

(32.6%) 

5,817 

(11.0%) 

29,936 

(56.4%) 

53,055 

(100.0%) 

Age: 71-

75 

8,265 

(27.6%) 

4,719 

(15.8%) 

16,958 

(56.6%) 

29,942 

(100.0%) 

TOTAL 75,958 22,788 148,608 247,354 

 

AGE 

GROUP 

High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Age: 50-

55 

82 

(0.5%) 

16,170 

(99.4%) 

21 

(0.1%) 

16,273 

(100.0%) 

Age: 56-

60 

507 

(3.9%) 

12,331 

(95.6%) 

54 

(0.4%) 

12,892 

(100.0%) 

Age: 61-

65 

2,726 

(12.8%) 

18,255 

(86.0%) 

245 

(1.2%) 

21,226 

(100.0%) 

Age: 66-

70 

3,368 

(19.5%) 

13,617 

(78.7%) 

317 

(1.8%) 

17,302 

(100.0%) 

Age: 71-

75 

2,046 

(24.8%) 

6,004 

(72.6%) 

215 

(2.6%) 

8,265 

(100.0%) 

TOTAL 8,729 66,377 852 75,958 
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AGE 

GROUP 

Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Age: 50-

55 

29 

(35.4%) 

43 

(52.4%) 

10 

(12.2%) 

82 

(100.0%) 

Age: 56-

60 

205 

(40.4%) 

196 

(38.7%) 

106 

(20.9%) 

507 

(100.0%) 

Age: 61-

65 

1,298 

(47.6%) 

1,001 

(36.7%) 

427 

(15.7%) 

2,726 

(100.0%) 

Age: 66-

70 

1,618 

(48.0%) 

1,277 

(37.9%) 

473 

(14.0%) 

3,368 

(100.0%) 

Age: 71-

75 

911 

(44.5%) 

860 

(42.0%) 

275 

(13.4%) 

2,046 

(100.0%) 

TOTAL 4,061 3,377 1,291 8,729 
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Risk Status by Individual year of age 

Age High 

Risk 

Low 

Risk 

Unknown 

Risk 

Total % at high 

risk 

50 1 2,041 0 2,042 0.0 

51 0 1,780 0 1,780 0.0 

52 1 1,916 0 1,917 0.1 

53 1 2,368 2 2,371 0.0 

54 28 3,981 4 4,013 0.7 

55 51 4,084 15 4,150 1.2 

56 53 3,503 3 3,559 1.5 

57 52 2,301 8 2,361 2.2 

58 63 1,977 5 2,045 3.1 

59 138 2,097 9 2,244 6.1 

60 201 2,453 29 2,683 7.5 

61 285 3,001 28 3,314 8.6 

62 343 3,273 29 3,645 9.4 

63 421 3,704 49 4,174 10.1 

64 773 4,360 58 5,191 14.9 

65 904 3,917 81 4,902 18.4 

66 658 3,144 61 3,863 17.0 

67 755 3,229 67 4,051 18.6 

68 727 2,808 62 3,597 20.2 

69 654 2,468 67 3,189 20.5 

70 574 1,968 60 2,602 22.1 

71 667 1,937 90 2,694 24.8 

72 446 1,417 37 1,900 23.5 

73 377 1,062 31 1,470 25.6 

74 354 943 30 1,327 26.7 

75* 202 645 27 874 23.1 

*The 75 year age group contains 8 individuals who were age 76 at the time of initial contact 

by the Data Management Company, as they had had a birthday shortly after details of all 50-

75 year olds were supplied to the DMC by the PCTs 
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(iv) SOCIOECONOMIC STATUS 

IMD; 

all 

Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

Q1 most 

deprived 

13,893 

(21.7%) 

4,265 

(6.7%) 

45,882 

(71.6%) 

64,040 

(100.0%) 

Q2 9,813 

(27.6%) 

3,300 

(9.3%) 

22,453 

(63.1%) 

35,566 

(100.0%) 

Q3 13,337 

(30.5%) 

4,375 

(10.0%) 

26,060 

(59.5%) 

43,772 

(100.0%) 

Q4 16,707 

(34.8%) 

4,933 

(10.3%) 

26,407 

(55.0%) 

48,047 

(100.0%) 

Q5 least 

deprived 

22,198 

(39.7%) 

5,913 

(10.6%) 

27,792 

(49.7%) 

55,903 

(100.0%) 

Missing 10 

(0.0%) 

2 (0.0%) 14 

(0.0%) 

26 

(0.0%) 

TOTAL 75,958 22,788 148,608 247,354 

 

IMD; 

all 

High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Q1 most 

deprived 

2,530 

(18.2%) 

11,102 

(79.9%) 

261 

(1.9%) 

13,893 

(100.0%) 

Q2 1,259 

(12.8%) 

8,425 

(85.9%) 

129 

(1.3%) 

9,813 

(100.0%) 

Q3 1,558 

(11.7%) 

11,625 

(87.2%) 

154 

(1.2%) 

13,337 

(100.0%) 

Q4 1,541 

(9.2%) 

15,033 

(90.0%) 

133 

(0.8%) 

16,707 

(100.0%) 

Q5 least 

deprived 

1,840 

(8.3%) 

20,183 

(90.9%) 

175 

(0.8%) 

22,198 

(100.0%) 

Missing 1 

(0.0%) 

9 

(0.0%) 

 (0.0%) 10 

(0.0%) 

TOTAL 8,729 66,377 852 75,958 
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IMD; 

all 

Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Q1 most 

deprived 

1,090 

(43.1%) 

1,110 

(43.9%) 

330 

(13.0%) 

2,530 

(100.0%) 

Q2 487 

(38.7%) 

533 

(42.3%) 

239 

(19.0%) 

1,259 

(100.0%) 

Q3 723 

(46.4%) 

589 

(37.8%) 

246 

(15.8%) 

1,558 

(100.0%) 

Q4 732 

(47.5%) 

537 

(34.8%) 

272 

(17.7%) 

1,541 

(100.0%) 

Q5 least 

deprived 

1,029 

(55.9%) 

607 

(33.0%) 

204 

(11.1%) 

1,840 

(100.0%) 

Missing  (0.0%) 1 

(0.0%) 

 (0.0%) 1 (0.0%) 

TOTAL 4,061 3,377 1,291 8,729 

 

(v) REGION 

REGION Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

North 32,609 

(26.4%) 

9,873 

(8.0%) 

81,049 

(65.6%) 

123,531 

(100.0%) 

South 43,349 

(35.0%) 

12,915 

(10.4%) 

67,559 

(54.6%) 

123,823 

(100.0%) 

TOTAL 75,958 22,788 148,608 247,354 

 

REGION High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

North 4,496 

(13.8%) 

27,674 

(84.9%) 

439 

(1.3%) 

32,609 

(100.0%) 

South 4,233 

(9.8%) 

38,703 

(89.3%) 

413 

(1.0%) 

43,349 

(100.0%) 

TOTAL 8,729 66,377 852 75,958 
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REGION Consented Opted 

Out 

Not 

Eligible 

TOTAL 

North 2,050 

(45.6%) 

1,785 

(39.7%) 

661 

(14.7%) 

4,496 

(100.0%) 

South 2,011 

(47.5%) 

1,592 

(37.6%) 

630 

(14.9%) 

4,233 

(100.0%) 

TOTAL 4,061 3,377 1,291 8,729 

 

(vi) REGION AND IMD: NORTH 

IMD; 

North 

Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

Q1 most 

deprived 

11,542 

(21.2%) 

3,403 

(6.3%) 

39,448 

(72.5%) 

54,393 

(100.0%) 

Q2 5,178 

(27.1%) 

1,602 

(8.4%) 

12,338 

(64.5%) 

19,118 

(100.0%) 

Q3 6,380 

(29.1%) 

1,997 

(9.1%) 

13,567 

(61.8%) 

21,944 

(100.0%) 

Q4 6,095 

(33.3%) 

1,761 

(9.6%) 

10,467 

(57.1%) 

18,323 

(100.0%) 

Q5 least 

deprived 

3,413 

(35.0%) 

1,108 

(11.4%) 

5,226 

(53.6%) 

9,747 

(100.0%) 

Missing 1 (0.0%) 2 (0.0%) 3 (0.0%) 6 (0.0%) 

TOTAL 32,609 9,873 81,049 123,531 

 

  



 

Page 220 of 235 
 

IMD; 

North 

High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Q1 most 

deprived 

2,152 

(18.6%) 

9,169 

(79.4%) 

221 

(1.9%) 

11,542 

(100.0%) 

Q2 702 

(13.6%) 

4,412 

(85.2%) 

64 

(1.2%) 

5,178 

(100.0%) 

Q3 762 

(11.9%) 

5,538 

(86.8%) 

80 

(1.3%) 

6,380 

(100.0%) 

Q4 576 

(9.5%) 

5,472 

(89.8%) 

47 

(0.8%) 

6,095 

(100.0%) 

Q5 least 

deprived 

303 

(8.9%) 

3,083 

(90.3%) 

27 

(0.8%) 

3,413 

(100.0%) 

Missing 1 

(0.0%) 

 (0.0%)  (0.0%) 1 (0.0%) 

TOTAL 4,496 27,674 439 32,609 

 

IMD, 

North 

Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Q1 most 

deprived 

1,022 

(47.5%) 

902 

(41.9%) 

228 

(10.6%) 

2,152 

(100.0%) 

Q2 306 

(43.6%) 

277 

(39.5%) 

119 

(17.0%) 

702 

(100.0%) 

Q3 363 

(47.6%) 

283 

(37.1%) 

116 

(15.2%) 

762 

(100.0%) 

Q4 252 

(43.8%) 

200 

(34.7%) 

124 

(21.5%) 

576 

(100.0%) 

Q5 least 

deprived 

107 

(35.3%) 

122 

(40.3%) 

74 

(24.4%) 

303 

(100.0%) 

Missing  (0.0%) 1 

(0.0%) 

 (0.0%) 1 (0.0%) 

TOTAL 2,050 1,785 661 4,496 
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(vii) REGION AND IMD: SOUTH 

IMD; 

South 

Positive 

Response 

Negative 

Response 

No 

response 

TOTAL 

Q1 most 

deprived 

2,351 

(24.4%) 

862 

(8.9%) 

6,434 

(66.7%) 

9,647 

(100.0%) 

Q2 4,635 

(28.2%) 

1,698 

(10.3%) 

10,115 

(61.5%) 

16,448 

(100.0%) 

Q3 6,957 

(31.9%) 

2,378 

(10.9%) 

12,493 

(57.2%) 

21,828 

(100.0%) 

Q4 10,612 

(35.7%) 

3,172 

(10.7%) 

15,940 

(53.6%) 

29,724 

(100.0%) 

Q5 least 

deprived 

18,785 

(40.7%) 

4,805 

(10.4%) 

22,566 

(48.9%) 

46,156 

(100.0%) 

Missing 9 (0.0%)  (0.0%) 11 

(0.0%) 

20 

(0.0%) 

TOTAL 43,349 12,915 67,559 123,823 

 

IMD; 

South 

High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Q1 most 

deprived 

378 

(16.1%) 

1,933 

(82.2%) 

40 

(1.7%) 

2,351 

(100.0%) 

Q2 557 

(12.0%) 

4,013 

(86.6%) 

65 

(1.4%) 

4,635 

(100.0%) 

Q3 796 

(11.4%) 

6,087 

(87.5%) 

74 

(1.1%) 

6,957 

(100.0%) 

Q4 965 

(9.1%) 

9,561 

(90.1%) 

86 

(0.8%) 

10,612 

(100.0%) 

Q5 least 

deprived 

1,537 

(8.2%) 

17,100 

(91.0%) 

148 

(0.8%) 

18,785 

(100.0%) 

Missing  (0.0%) 9 

(0.0%) 

 (0.0%) 9 (0.0%) 

TOTAL 4,233 38,703 413 43,349 
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IMD, 

South 

Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Q1 most 

deprived 

68 

(18.0%) 

208 

(55.0%) 

102 

(27.0%) 

378 

(100.0%) 

Q2 181 

(32.5%) 

256 

(46.0%) 

120 

(21.5%) 

557 

(100.0%) 

Q3 360 

(45.2%) 

306 

(38.4%) 

130 

(16.3%) 

796 

(100.0%) 

Q4 480 

(49.7%) 

337 

(34.9%) 

148 

(15.3%) 

965 

(100.0%) 

Q5 least 

deprived 

922 

(60.0%) 

485 

(31.6%) 

130 

(8.5%) 

1,537 

(100.0%) 

Missing  (0.0%)  (0.0%)  (0.0%)  (0.0%) 

TOTAL 2,011 1,592 630 4,233 

 

(viii) SMOKING STATUS 

SMOKING Positive 

Response 

Negative 

Response 

TOTAL 

Current 

smoker 

11,130 

(14.7%) 

2,078 

(9.1%) 

13,208 

Ex-smoker 29,855 

(39.3%) 

8,260 

(36.2%) 

38,115 

Never 

smoker 

32,949 

(43.4%) 

11,686 

(51.3%) 

44,635 

Missing 2,024 

(2.7%) 

764 

(3.4%) 

2,788 

TOTAL 75,958 

(100.0%) 

22,788 

(100.0%) 

98,746 
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SMOKING High 

Risk 

Low 

Risk 

Unknown 

Risk 

TOTAL 

Current 

smoker 

3,724 

(33.5%) 

7,080 

(63.6%) 

326 

(2.9%) 

11,130 

(100.0%) 

Ex-smoker 4,995 

(16.7%) 

24,335 

(81.5%) 

525 

(1.8%) 

29,855 

(100.0%) 

Never 

smoker 

10 

(0.0%) 

32,938 

(100.0%) 

1 (0.0%) 32,949 

(100.0%) 

Missing  (0.0%) 2,024 

(100.0%) 

 (0.0%) 2,024 

(100.0%) 

TOTAL 8,729 66,377 852 75,958 

 

SMOKING Consented Opted 

Out 

Not 

Eligible 

TOTAL 

Current 

smoker 

1,568 

(42.1%) 

1,620 

(43.5%) 

536 

(14.4%) 

3,724 

(100.0%) 

Ex-smoker 2,491 

(49.9%) 

1,753 

(35.1%) 

751 

(15.0%) 

4,995 

(100.0%) 

Never 

smoker 

2 (20.0%) 4 

(40.0%) 

4 

(40.0%) 

10 

(100.0%) 

TOTAL 4,061 3,377 1,291 8,729 
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(ix) SMOKING, IMD AND RESPONSE STATUS 

Positive Responders 

IMD vs 

smoking; 

positive 

responders 

Current 

Smoker 

Ex-

smoker 

Never 

smoker 

Missing TOTAL 

Q1 most 

deprived 

3,832 

(27.6%) 

5,362 

(38.6%) 

4,142 

(29.8%) 

557 

(4.0%) 

13,893 

(100.0%) 

Q2 1,659 

(16.9%) 

3,962 

(40.4%) 

3,890 

(39.6%) 

302 

(3.1%) 

9,813 

(100.0%) 

Q3 1,796 

(13.5%) 

5,410 

(40.6%) 

5,766 

(43.2%) 

365 

(2.7%) 

13,337 

(100.0%) 

Q4 1,818 

(10.9%) 

6,539 

(39.1%) 

7,960 

(47.6%) 

390 

(2.3%) 

16,707 

(100.0%) 

Q5 least 

deprived 

2,024 

(9.1%) 

8,578 

(38.6%) 

11,186 

(50.4%) 

410 

(1.8%) 

22,198 

(100.0%) 

Missing 1 

(10.0%) 

4 

(40.0%) 

5 

(50.0%) 

 (0.0%) 10 

(100.0%) 

TOTAL 11,130 

(14.7%) 

29,855 

(39.3%) 

32,949 

(43.4%) 

2,024 

(2.7%) 

75,958 

(100.0%) 
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Negative Responders 

IMD vs 

smoking; 

negative 

responders 

Current 

Smoker 

Ex-

smoker 

Never 

smoker 

Missing TOTAL 

Q1 most 

deprived 

672 

(15.8%) 

1,771 

(41.5%) 

1,677 

(39.3%) 

145 

(3.4%) 

4,265 

(100.0%) 

Q2 359 

(10.9%) 

1,265 

(38.3%) 

1,558 

(47.2%) 

118 

(3.6%) 

3,300 

(100.0%) 

Q3 380 

(8.7%) 

1,565 

(35.8%) 

2,270 

(51.9%) 

160 

(3.7%) 

4,375 

(100.0%) 

Q4 335 

(6.8%) 

1,754 

(35.6%) 

2,677 

(54.3%) 

167 

(3.4%) 

4,933 

(100.0%) 

Q5 least 

deprived 

332 

(5.6%) 

1,904 

(32.2%) 

3,503 

(59.2%) 

174 

(2.9%) 

5,913 

(100.0%) 

Missing  (0.0%) 1 

(50.0%) 

1 

(50.0%) 

 (0.0%) 2 

(100.0%) 

TOTAL 2,078 

(9.1%) 

8,260 

(36.2%) 

11,686 

(51.3%) 

764 

(3.4%) 

22,788 

(100.0%) 
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(x) POPULATION SMOKING FIGURES BY IMD QUINTILE 

These figures are derived from the Health Survey for England 2010 (HSE2010), available via 

the UK Data Service, ukdataservice.ac.uk. Figures relate to the per-IMD quintile percentages 

for cigarette smoking in n=3246 individuals aged 50-75 years. The age distribution within this 

sample from the HSE2010 data did not differ significantly from that of the UKLS sample, so 

a direct comparison was possible. 

 

 IMD Current 

smoker 

Ex-

smoker 

Never 

smoker 

Q1 most 

deprived 

28.2% 34.3% 37.5% 

Q2 22.2% 35.5% 42.4% 

Q3 18.5% 38.1% 43.4% 

Q4 12.8% 34.9% 52.4% 

Q5 least 

deprived 

8% 35.9% 56% 

 

  

http://ukdataservice.ac.uk/
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Appendix 6: Summary Report of UKLS sample QC 

 

UKLS samples were randomly selected (within groups chosen to represent each recruitment 

centre) and subjected to standard biomolecule extraction, quantitation and quality control 

procedures. In some cases extractions were performed alongside samples from the Liverpool 

Lung Project Biobank to provide a benchmark. 

 Sample Type Extraction QC 

1 EDTA Sep 

remnants 

DNA by Qiagen kit Spectrophotometry, agarose gel 

electrophoresis 

2 Blood cells DNA by Qiagen kit Spectrophotometry, agarose gel 

electrophoresis 

3 Blood cells DNA by Source 

Bioscience 

Spectrophotometry, agarose gel 

electrophoresis 

4 Buccal scrape DNA by Qiagen kit Spectrophotometry, agarose gel 

electrophoresis 

5 Nasal scrape DNA by Qiagen kit Spectrophotometry, agarose gel 

electrophoresis 

6 Buccal scrape RNA by Qiagen kit Spectrophotometry,Qbit, Agilent 

Bioanalyser 

7 Nasal scrape RNA by Qiagen kit Spectrophotometry,Qbit, Agilent 

Bioanalyser 

8 Plasma microRNA by Norgen 

kit 

Quanitative RT-PCR (10 miRNA + 

RNU48) 

9 Sputum Cytospin Sputum adequacy 

 

DNA was extracted for 10 of each of the approx. 4ml remnants of 8ml EDTA Sep tubes after 

removal of plasma (1) or from single aliquots of cell pellets from approx. 1.5ml of EDTA blood 

(2). Yields were better for cells than for plasma gel-tube remnants, equating to approx. 45µg 

DNA per 9ml blood tube (in keeping with expectations) and 3.2µg DNA per 8ml plasma gel-

tube. DNA quality as assessed by spectrophotometry (A260 quantitation plus A260/A280 and 

A260/A230 ratios for DNA quality) was similar for all samples tested, but again gel-tubes gave 

slightly poorer quality DNA (as often associated with lower yields). DNA integrity, assessed 

by agarose gel electrophoresis, was equivalent across all samples. 
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Having established a baseline for DNA yield in-house, blood cell samples from 80 individuals 

were commercially extracted by Source Bioscience (3). Quantitation and QC were performed 

by Source Biosciences using a spectrophotometric plate reader. Results were analysed in 

respect to study site (Liverpool or Papworth), study nurse and date of collection. The majority 

of DNA yields were between 10 and 40 µg, in keeping with what was expected. There was 

some evidence of greater yields from Liverpool samples, but there was no difference in DNA 

quality and no obvious trend for any effect study nurse and date of collection.  

Buccal (4) and Nasal (5) DNA samples were prepared in parallel from samples stored in 

Saccomanno’s cytology fixative. In keeping with previous experience of these sampling 

techniques, there was considerable variation in DNA yield between samples. Whilst 90% of 

buccal samples gave >20ng DNA (compared to 70% of nasal samples), the mean yield of DNA 

was greater for nasal samples (2.5 µg compared to 0.12µg), with a concomitant increase in 

DNA quality. Therefore whilst the majority of samples would be suitable for PCR-based 

analysis, nasal samples might be better suited to more DNA hungry discovery-phase 

investigations. 

For RNAlater samples of buccal (6) and nasal (7) scrapes, the nasal samples were superior in 

all measurements. Whereas 6/10 nasal samples gave Q-bit concentrations >10ng/µl (range 15 

to 120ng/µl) and RIN values of 6.1-7.8, only 4/10 buccal samples gave similar amounts (range 

15 to 69ng/µl) but with lower RIN values of 0-5.9. The proportion of samples with very low 

yield is similar to those for DNA, indicating that sampling technique rather than storage or 

extraction may be a factor. The generally poor results for buccal RNA reflect the harsher 

environment in the buccal cavity for RNA (which is known to be more susceptible that DNA). 

Some improvement in yield might be achieved with new extraction techniques, but current 

results favour the use of nasal samples for RNA analysis. RNAlater can also be used for DNA 

extraction, so this may be a sensible alternative use for the Buccal RNAlater samples. 

Plasma (8) microRNA was subject to multiplex RT and quantitative PCR for a panel consisting 

of RNU48 and 10 plasma miRNA previously reported to be expressed in plasma. Mean raw Ct 

values for UKLS samples were significantly lower (Students T-test) and distributions 

significantly different (Mann Whitney, MW) for several assays, indicating UKLS samples gave 

similar, or better, yields of microRNA than LLP samples collected over a similar time frame. 

Sputum samples (9) have been prepared for cytological evaluation by standard means and are 

awaiting analysis by an independent cytologist. 
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Appendix 7: Psychosocial Tables 

 

Table 33: Comparison of T0 (touch screen) completers and non-completers  

 

T0  completers 

(n=4039) ‡ 

n (%) or mean 

(SD) 

T0  non-

completers (n=22) 

‡ 

n (%) or mean 

(SD) 

Trial arm 

Intervention 2018 (50) 10 (46) 

Control 2019 (50) 8 (36) 

Not randomised 2 (<1) 4 (18) 

Site 
Liverpool 2033 (50) 17 (77) 

Papworth 2006 (50) 5 (23) 

Age 67.66 (4.09) 66.32 (4.10) 

Gender 
Male  3021 (75) 20 (91) 

Female 1018 (25) 2 (9) 

Ethnicity  
White  3985 (99) 8 (89) 

Non-white 38 (1) 1 (11) 

Marital 

status  

Married /cohabiting  2955 (73) 8 (80)  

Not married/cohabiting* 1073 (27) 2 (20) 

IMD 

Quintile 1 1079 (27) 11 (50) 

Quintile 2 486 (12) 1 (5) 

Quintile 3 719 (18) 4 (18) 

Quintile 4  729 (18) 3 (14) 

Quintile 5 1026 (25) 3 (14) 

Smoking 

status 

(UKLSQ1) 

Current smoker 1559 (39) 9 (41) 

Ex-smoker 2478 (61) 13 (59) 

Never smoker 2 (<1) 0 (0) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 

*not married/cohabiting = single, widowed, divorced/separated. 
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Table 34: Comparison of baseline CT scan attenders and non-attenders  

 Attended CT scan 

n=1987‡† 

n (%) or mean (SD) 

Did not attend CT scan 

n=31‡ 

n (%) or mean (SD) 

Site 
Liverpool 1001 (50) 15 (48) 

Papworth 986 (50) 16 (52) 

Age 67.71 (4.03) 68.42 (4.85) 

Gender 
Male  1498 (75) 22 (71) 

Female 489 (25) 9 (29) 

Educatio

n^  

Up to GCSE/O level or 

equivalent  
667 (46) 11 (55) 

Beyond GCSE/O level or 

equivalent 
779 (54) 9 (45) 

Ethnicity  
White  1961 (99) 31 (100) 

Non-white 18 (1) 0 (0) 

Marital 

status  

Married /cohabiting  1462 (74) 21 (70) 

Not married/cohabiting*  519 (26) 9 (30) 

IMD 

Quintile 1 537 (27) 8 (26) 

Quintile 2 239 (12) 4 (13) 

Quintile 3 354 (18) 4 (13) 

Quintile 4  347 (18) 6 (19) 

Quintile 5 510 (26) 9 (29) 

Smoking status 

(UKLSQ1)  

Current smoker 759 (38) 13 (42) 

Ex-smoker 1226 (62) 18 (58) 

Never smoker 2 (<1) 0 (0) 

Experience of lung cancer (T0) 
No 1153 (58) 15 (48) 

Yes 830 (42) 16 (52) 

Cancer distress (T0) + 2.17 (0.29) 2.22 (0.31) 

Anxiety (T0) + 1.55 (0.71) 1.63 (0.60) 

Depression (T0) + 1.30 (0.68) 1.43 (0.69) 

Decision satisfaction 

(T0) 

Not very 

satisfied  
1202 (61) 26 (84) 

Very satisfied  781 (39) 5 (16) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 

*not married/cohabiting = single, widowed, divorced/separated. 
+log transformed scores. 

†n=3 were not sent a T1 due to administrative error.  

^A substantial amount of data were missing or uninformative for the education variable
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Table 35: Comparison of baseline screening test result groups on demographic and baseline psychosocial variables 

 

Negative  

(n=763) ‡ 

n (%) or mean 

(SD) 

Negative with 

incidental finding  

(n=41) ‡ 

n (%) or mean 

(SD) 

Positive for 

repeat scan  

(n=788) ‡  

n (%) or mean 

(SD) 

Positive for 

MDT referral  

(n=48) ‡  

n (%) or mean 

(SD) 

Test statistic  

(p-value) 

Site 
Liverpool 376 (49) 25 (61) 385 (49) 27 (56) 

χ2
(3) =3.2 (.37) 

Papworth 387 (51) 16 (39) 403 (51) 21 (44) 

Age 
67.63 (3.94)  67.88 (3.69)  67.76 (3.94)  67.67 (3.95) F(3, 1636) = 0.2 

(.91) 

Gender 
Male   594 (78) 30 (73) 581 (74) 37 (77) 

χ2
(3) =3.8 (.29) 

Female 169 (22)  11 (27) 207 (26)  11 (23) 

Education^  

Up to GCSE/O level or 

equivalent  

228 (42) 18 (60) 256 (46) 9 (29) 

χ2
(3) =7.6 (.06) 

Beyond GCSE/O level or 

equivalent 

315 (58) 12 (40) 303 (54) 22 (71) 

Ethnicity  
White   755 (99) 40 (98) 777 (>99) 47 (98) 

n/a 
Non-white 7 (1)  1 (2)  4 (1) 1 (2) 

Marital status  
Married /cohabiting  585 (77) 25 (61) 583 (74) 37 (77) 

χ2
(3) = 5.8 (.12) 

Not married/cohabiting*  177 (23) 16 (39) 201 (26)  11 (23) 

IMD 

Quintile 1 204 (27)  11 (27) 208 (26) 19 (40) 

n/a 

Quintile 2 94 (12) 5 (12) 90 (11) 2 (4) 

Quintile 3 135 (18) 7 (17) 139 (18) 9 (19) 

Quintile 4  121 (16) 7 (17) 144 (18) 8 (17) 

Quintile 5 209 (27) 11 (27) 207  (26) 10 (21) 

Smoking status 

(UKLSQ1)  

Current smoker 275 (36) 12 (29) 305 (39) 23 (48) 
χ2

(3) = 4.6 (.20) 
Ex-smoker 488 (64) 29 (71) 482 (61) 25 (52) 

Never smoker 0 (0) 0 (0) 1 (<1) 0 (0) n/a 

Experience of lung cancer (T0) 
No 462 (61) 24 (59) 453 (58) 26 (54) 

χ2
(3) = 2.0 (.57) 

Yes 299 (39) 17 (42) 333 (42) 22 (46) 
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Cancer distress (T0) + 
2.17 (0.28) 

8.73 

2.19 (0.29) 

8.93 

2.16 (0.29) 

8.66 

2.17 (0.32) 

8.80 

F(3,1632) = 0.2 

(.88) 

Anxiety (T0) + 
1.55 (0.68) 

3.69 

1.43 (0.70) 

3.19 

1.53 (0.73) 

3.61 

1.49 (0.72) 

3.44 

F(3, 1634) = 0.4 

(.73) 

Depression (T0) + 
1.29 (0.66) 

2.63 

1. 19 (0.65) 

2.28 

1.28 (0.70) 

2.59 

1.10 (0.70) 

2.01 

F(3,1634) = 1.3 

(.26) 

Decision satisfaction 

(T0)  

Not very satisfied  445 (58) 26 (63) 489 (62) 31 (65) 
χ2

(3) = 2.8 (.43) 
Very satisfied 317 (42) 15 (37) 298 (38) 17 (35) 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available data. 

*not married/cohabiting = single, widowed, divorced/separated.  
+log transformed scores in normal text and original scale scores in italics (analyses performed using log transformed scores). 

^Note missing data for education 
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Table 36: T2 sample characteristics by trial allocation  

 Intervention 

(n =1553) ‡ 

n (%) or mean 

(SD) 

Control  

(n = 1302) ‡ 

n (%) or mean 

(SD) 

Test statistic  

(p-value) 

Site 
Liverpool 735 (47) 601 (46) 

χ2
(1) = 0.39 (.53) 

Papworth 818 (53) 701 (54) 

Age 
67.77 (3.98) 67.82 (3.98) t(2853) = 0.04 

(.77) 

Gender 
Male  1189 (77) 977 (75) 

χ2
(1) = 0.90 (.34) 

Female 364 (23) 325 (25) 

Education^  

Up to GCSE/O level or 

equivalent  

509 (44) 431 (44) 

χ2
(1) = 0.09 (.77) 

Beyond GCSE/O level or 

equivalent 

640 (56) 556 (56) 

Ethnicity  
White  1536 (99) 1289 (99) 

χ2
(1) = 0.03 (.86) 

Non-white 11 (1) 10 (1) 

Marital status  
Married /cohabiting  1171 (76) 1003 (77) 

χ2
(1) = 0.82 (.37) 

Not married/cohabiting*  377 (24) 298 (23) 

IMD 

Quintile 1 378 (24) 290 (22) 

χ2
(4) = 2.61 (.63) 

Quintile 2 186 (12) 152 (12) 

Quintile 3 287 (19) 236 (18) 

Quintile 4  286 (18) 259 (20) 

Quintile 5 416 (27) 365 (28) 

Smoking status 

(UKLSQ1) 

Current smoker 568 (37) 441 (34) 
χ2

(1) = 2.30  (.13) 
Ex-smoker 984 (63) 861 (66) 

Never smoker 1 (<1) 0 (0) n/a 

Experience of lung cancer 

(T0) 

No 916 (59) 767 (59) χ2
(1) = 0.001  

(.98) Yes 634 (41) 532 (41) 

Cancer distress (T0) + 
2.16 (.28) 

8.69 

2.15 (.28) 

8.58 

t(2845) = -1.24 

(.22) 

Anxiety (T0) + 
1.52 (.71) 

3.56 

1.50 (.71) 

3.47 

t(2848) = -0.74 

(.46) 

Depression (T0) + 
1.26 (.67) 

2.54 

1.25 (.66) 

2.47 

t(2845) = -0.71 

(.48) 

Decision satisfaction 

(T0)  

Not very 

satisfied  

932 (60) 736 (57) 

χ2
(1) = 3.33 (.07) 

Very satisfied 618 (40) 561 (43) 

‡Ns vary within each cell due to missing data.  
+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

*not married/cohabiting = single, widowed, divorced/separated.  

^Note missing data for education. 



 

Page 234 of 235 
 

Table 37: Comparison of screening outcome groups (long-term follow-up) on 

demographic and baseline psychosocial variables 

 True 

Negative 

(n=740) 

‡ 

n (%) or 

mean 

(SD) 

Incidental 

finding 

(n=78) ‡ 

n (%) or 

mean 

(SD) 

False 

Positive 

(n=445) 

‡ 

n (%) 

or 

mean 

(SD) 

True 

Positive 

(n=23) 

‡ 

n (%) 

or 

mean 

(SD) 

Test 

statistic 

(p-

value) 

Site 

Liverpool 
348 (47) 43 (55) 

218 

(49) 
14 (61) χ2

(3) = 

3.5 

(.33) 
Papworth 

392 (53) 35 (45) 
227 

(51)  
9 (39) 

Age 

67.69 

(3.95) 
67.83 

(3.95) 

67.88 

(4.04) 

67.30 

(4.63) 

F(3, 1282) 

= 0.3 

(.82) 

Gender 

Male  
584 (79) 54 (69) 

336 

(76) 
19 (83) χ2

(3) = 

5.2 

(.16) 
Female 

156 (21) 24 (31) 
109 

(25) 
4 (17) 

Education^  

Up to GCSE/O level 

or equivalent  
229 (41) 33 (55) 

176 

(51) 
8 (47) χ2

(3) = 

9.7 

(.02) 
Beyond GCSE/O level 

or equivalent 
324 (59) 27 (45) 

171 

(49) 
9 (53) 

Ethnicity  

White  
734 (99) 77 (99) 

436 

(99) 

23 

(100) 
n/a 

 
Non-white 5 (1) 1 (1) 5 (1) 0 (0) 

Marital 

status  

Married /cohabiting  
563 (76) 53 (68) 

336 

(76) 
22 (96) χ2

(3) = 

7.6 

(.06) 
Not 

married/cohabiting* 
177 (24) 25 (32) 

106 

(24) 
1 (4) 

IMD 

Quintile 1 
175 (24) 24 (31) 

112 

(25) 
8 (35) 

n/a 

Quintile 2 94 (13) 7 (9) 57 (13) 3 (13) 

Quintile 3 140 (19) 17 (22) 69 (16) 6 (26) 

Quintile 4  127 (17) 15 (19) 86 (19) 3 (13) 

Quintile 5 
204  (28) 15 (19) 

121 

(27) 
3 (13) 

Smoking status 

(UKLSQ1)  

Current 

smoker 
268 (36) 30 (39) 

160 

(36) 
11 (48) χ2

(3) = 

1.5 

(.69) Ex-smoker 472 (64) 48 (62) 
285 

(64) 
12 (52) 

Never 

smoker 
0 (0) 0 (0) 0 (0) 0 (0) n/a 

Experience of lung 

cancer (T0) 
No 445 (60) 52 (67) 

250 

(56) 
13 (57) 
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Yes 293 (40) 26 (33) 
194 

(44) 
10 (44) 

χ2
(3) = 

3.8 

(.29) 

Cancer distress (T0) + 

2.16 

(0.27) 

8.65 

2.20 

(0.29) 

8.99 

2.16 

(0.29) 

8.63 

2.22 

(0.31) 

9.18 

F(3,1277) 

= 0.9 

(.46) 

Anxiety (T0) + 

1.52 

(0.69) 

3.59 

1.38 

(0.71) 

2.97 

1.55 

(0.72) 

3.73 

1.55 

(0.79) 

3.70 

F(3, 1280) 

= 1.4 

(.24) 

Depression (T0) + 

1.27 

(0.65) 

2.55 

1.31 

(0.65) 

2.71 

1. 26 

(0.67) 

2.53 

1.27 

(0.60) 

2.55 

F(3,1278) 

= 0.1 

(.94) 

Decision 

satisfaction (T0)  

Not very 

satisfied  
435 (59) 48 (62) 

253 

(57) 

13 (57) 
χ2

(3) = 

0.7 

(.87) Very satisfied 
304 (41) 

30 (39) 
190 

(43) 

10 (44) 

 

‡Ns vary within each cell due to missing data. Percentages are calculated based on available 

data. 

*not married/cohabiting = single, widowed, divorced/separated.  
+log transformed scores in normal text and original scale scores in italics (analyses performed 

using log transformed scores). 

^Note missing data for education. 

 

 

 

Table 38: Mean baseline cancer distress scores (original scale) by recruitment site and 

deprivation. 

 Liverpool 

N=2030 

Papworth 

N=1995 

IMD  Mean (SD) N Mean (SD) N 

Quintile 1 9.46 (3.32) 1009 9.19 (2.47) 68 

Quintile 2 9.15 (2.82) 305 9.29 (2.53) 180 

Quintile 3 9.07 (2.76) 360 9.02 (2.59) 356 

Quintile 4 8.90 (2.63) 249 9.26 (2.69) 477 

Quintile 5 8.94 (2.51) 107 8.14 (2.37) 914 

 

 

 


