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Impact Statement 

 

This thesis addresses issues facing service providers planning the implementation of lung 

cancer screening (LCS). It focuses particularly on the communication and optimisation of 

benefits and harms in LCS. The findings can directly inform public health and screening 

policy in the UK and internationally. In addition, they should enhance the benefit-harm 

balance to individuals and the population and lead to improved outcomes in lung cancer. 

The findings will be disseminated in the form of peer-reviewed publications, some of which 

are currently under review in national and international journals. The research team are 

engaging with lung cancer expert and advisory groups, public service delivery teams and 

charity and commercial research collaborators, and are in the process of launching a large-

scale academic project that aims to build on research questions from this thesis.  

 

Part A uses qualitative research methods to understand the public’s knowledge and 

perceptions on lung cancer and screening, to determine their preferences for accessing the 

relevant information required for informed decision-making, and to explore how best to 

address smoking cessation. This knowledge informs policy-makers of the public desire and 

requirements for informed choice in LCS, so that this can be mandated in any on-going LCS 

projects and used to inform the development of future LCS information materials. This 

work has already resulted in the development of an information film that was well-received 

and has been shown in chapter 4 to enhance informed decision-making. The film, 

(appended to this thesis) is publicly available1, and the research team have already been 

contacted for use of the film in external LCS projects. Ideas for further academic work in 

this area have also been discussed. 

 

Part B evaluates the value of acting on some of the incidental findings in LCS in the UK 

healthcare context, and these data can inform policy makers about whether or not such 

findings should be measured and recorded and whether participants and their GPs should 

be made aware of them. It also highlights where further research can be directed to further 

determine best practice guidance. Finally, we also demonstrate the feasibility of 

implementing LDCT screening in a UK ‘real world’ setting and highlight considerations for 

resources, infrastructure and planning that policy makers can take forward to ensure a 

high-quality service if and when LCS is implemented.  
                                                           

1 https://www.roycastle.org/lungcancerscreeningguide  
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Abstract  

 

Lung Cancer accounts for the greatest number of cancer deaths globally, with poor five-

year survival rates of less than 13% in the UK. This is largely due to late stage of diagnosis. 

Lung cancer screening (LCS) has been shown to significantly reduce lung cancer-specific 

mortality but various questions on how best to implement LCS in the UK remain. This thesis 

examines various aspects related to the implementation of LCS and aims to inform on 

policy as well as future academic work.   

 

Part A used qualitative research methods to determine the information needs of LCS 

participants, and used this data to develop an information film which was shown to 

enhance knowledge and reduce decisional conflict without adversely affecting completion 

rates of low dose computed tomography (LDCT) examination in a randomised study. 

 

Part B used prospective observational data in an LCS demonstration pilot, the Lung Screen 

Uptake Trial, to evaluate the cancer and non-cancer findings. We determined that 98% of 

participants had high risk of cardiovascular disease (CVD), suggesting that detecting 

coronary calcium on LDCT may not add much value as almost all participants qualify for 

primary prevention strategies by virtue of clinical and demographic risk factors alone. We 

also discovered a significant burden of ‘undiagnosed’ airflow obstruction and that 

individuals with LDCT-detected emphysema and airflow limitation commonly have 

symptoms consistent with Chronic Obstructive Pulmonary Disease (COPD). Longitudinal 

studies are needed to determine whether this can impact COPD-related outcomes and 

whether communicating smoking-related incidental findings detected at LCS can impact 

smoking cessation. Finally, we demonstrated the feasibility of LCS in the UK, and report a 

higher ratio of cancers to indeterminate nodules than expected from clinical trials in LCS, 

while maintaining a predominance of early stage disease treated with curative intent. 

Through this, key areas are identified within policy, resource allocation and infrastructure, 

targeting of which would help ensure delivery of a high quality LCS service.    
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Chapter 1. Introduction 

 

Prognosis from lung cancer remains poor and is largely attributable to late stage of 

presentation due to the absence of symptoms until the condition becomes more advanced. 

In the UK, only 12.9% of those diagnosed with lung cancer are alive at five years [1]. 

Currently 68% of lung cancers are diagnosed at stage III or IV [2] but one-year survival by 

stage ranges from around 71% for stage I disease to around 14% for stage IV [2].  Early 

detection, therefore, is imperative to transform outcomes from this condition.   

 

The case for lung cancer screening (LCS) by low dose computed tomography (LDCT) has 

gained significant momentum over recent years, however, as with any screening 

programme, potential harms need to be acknowledged and minimised.  A number of these 

harms have been previously discussed [3] and the evidence suggests the harm-benefit ratio 

may be improved by well-thought-out implementation strategies. 

 

This chapter discusses various aspects of LCS, drawing comparisons to established 

screening programmes, discussing recent advances in nodule detection and management; 

and outlines areas where further evidence is required to determine the optimum strategy 

for implementing LCS. A review paper and a number of editorials on the topic of LCS have 

been published [4–8] and can be found in appendix 1.  

 

1.1 LCS FROM BEFORE TO NOW 

1.1.1 Chest X-ray 

Studies in screening for asymptomatic lung cancer began in the 1950s using 

photofluorograms, and as early as 1959, it was clear that the lung cancer detection rate 

varied depending on whether medical grounds and risk were used to select the population 

to be screened [9].   

 

Four randomised controlled trials in chest x-ray (CXR) screening were carried out in the 

1970s-80s [10–13]. These reported an increase in long-term survival, but failed to detect a 

significant mortality benefit. The unequivocal difference in five-year survival between those 

who had surgical resection compared with those who did not was dismissed and attributed 

to ‘lead time bias’, i.e. the apparent increase in survival observed due to ‘pre-poning’ the 
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diagnosis rather than the prolonging of life; ‘lag time bias’, the apparent increase in survival 

observed due to increased diagnoses of slow growing tumours; and ‘overdiagnosis’, the 

apparent increase in survival observed due to increased diagnoses of tumours that would 

have not progressed to cause harm in the patients’ lifetime due to death from another 

cause. It was noted that these studies failed to utilise a true, null screening control group 

and instead compared screening with different modalities or at different frequencies. The 

more robust Prostate, Lung, Colorectal and Ovarian (PLCO) study, which randomised 

155,000 ever and never-smokers aged 55-74 to either annual CXR for four years, or to no 

screen, also reported no effect on lung cancer stage, histology or mortality after 13 years of 

follow up [14].   

 

1.1.2 LDCT 

In the 1990s, the advent of LDCT, a method which reduced the effective radiation dose 

from 7 to 1.5 mSv revived interest in LCS in the 1990s and a series of randomised and non-

randomised studies were undertaken (tables 1.1 & 1.2).  

 

The Mayo Lung Project detected pulmonary nodules in 74% and lung cancer in 4% and 

again detected increased survival rates but no significant effect on mortality when 

compared with historical controls subjected to CXR. The study suggested overdiagnosis of 

indolent early stage cancers was taking place and that due to the risk of complications and 

expense associated with the frequently occurring false positives, the evidence to support 

LDCT screening was inconclusive [15,16]. 

 

The concept of LDCT screening for lung cancer, therefore, was largely rejected until the 

Early Lung Cancer Action Project (ELCAP) [25,29]. This study very carefully selected their 

nodule management algorithm and very promising results were noted. Only 13% of 

participants were found to have baseline scans positive for pulmonary nodules. 85% of 

detected lung cancers were stage I, and these patients had an estimated 10-year survival 

rate of 88%.  Only 8% of biopsies revealed benign lesions. The authors compared these 

results with historical controls and reported improved mortality rates of between 36-64%. 

This study dramatically transformed prospects for LCS, and it became apparent that 

deriving benefit from LCS was complex and that even small changes in nodule management 

protocols could drastically impact the harms and benefits obtained from screening. 

 



 

 

2
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Table 1.1 Summary of randomised LCS studies  (*RR= relative reduction) 

  

Study Recruitment 
Period 

Recruitment Criteria Screening Methods Sample size 
(number 

screened) 

Nodule 
threshold 

Mortality Benefit Cancer 
Detection 

Rate 

NLST 

[17] 
2002-2004 Age 55-74, ≥30PY, quit<15 years 

ago 
Annual LDCT or CXR for 3 

years 
53454 (26722) 4mm 20% RR* in lung 

cancer-related 
mortality; 6.7% RR* 

in all-cause mortality 

1.0% 

MILD 

[18] 
2005-2011 Age>49, ≥20PY, quit<10 years 

ago, no recent cancer within last 
5 years 

3 groups- no screen vs. 
annual LDCT vs. biennial 

LDCT for 5 years 

4099 (2376) 60mm3 No 0.7% 

ITALUNG 

[19] 
2004-2006 Age 55-69, ≥20PY Annual LDCT for 4 years vs. 

no screen 
3206 (1406) 5mm No 1.4% 

DANTE 

[20] 
2001-2006 Age 60-75, ≥20PY, quit<10 years 

ago, male 
Annual LDCT for 4 years vs. 

no screen 
2472 (1276) 5mm No 2.2% 

DEPISCAN 

[21] 
2002-2004 Age 50-75, ≥15PY Annual LDCT vs. annual CXR 

for 2 years 
765 (336) 5mm Not reported 2.4% 

DLCST 

[22] 
2004-2006 Age 50-70, ≥20PY, quit<10 years 

ago, FEV1>30%, able to climb 2 
flights of stairs, excluded if recent 

cancer/ terminal illness 

Annual LDCT vs. usual care 
for 5 years 

4104 (2052) 5mm Not reported 0.8% 

NELSON 

[23] 
2003-2006 Age 50-75, ≥15PY LDCT screen at 0, 1, 3 & 5.5 

years vs. no screen 
15822 (7155) 50mm3 Awaited 0.9% 

UKLS 

[24] 
2011-2013 Age 50-75, ≥5% 5 year lung 

cancer risk as calculated by LLPv2 
score 

Single LDCT screen vs. no 
screen 

4061 (1994) ≥15mm3/ 3mm: 
12 month scan. 

≥50mm3: 3 
month scans 

Not reported 2.1% 
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Table 1.2 Summary of non-randomised LCS studies 

 

 

 

 

Study Recruitment 
Period 

Recruitment Criteria Screening Methods Sample size 
(number 

screened) 

Nodule 
threshold 

Mortality Benefit Cancer 
Detection 

Rate 

IELCAP 

[25] 
1993-2006 Age>60, ≥10PY Annual LDCT + CXR for 5 

years 
31567 (31567) 5mm Yes (36-64% 

improved mortality 
when compared to 
historical controls) 

1.3% 

Mayo 
LDCT trial 

[15] 

Jan-Dec 
1999 

Age>50, ≥20PY, quit<10 years 
ago 

Annual LDCT for 5 years 1520 (1520) 4mm No 1.4% 

PANCAN 

[26] 
2008-2011 Age 50-75, ≥2% 3 year lung 

cancer risk as calculated by 
PLCO score 

Annual LDCT for 3 years 2537 (1871) 5mm Not reported 5.5% 5 
year rate 

COSMOS 

[27] 
2000-2001 Age>50, ≥20PY Annual LDCT for 10 years 1035 (1035) 5mm No 1.2% 

LUSI 

[28] 
2007-2011 Age 50-69, "heavy" smoking 

history 
Annual LDCT + smoking 
cessation for 5 years vs. 
smoking cessation alone 

4052 (2029) 5mm Non-statistically 
significant 

reduction in 
mortality 

1.1% 
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The National Lung Screening Trial (NLST) in 2011 reported a 20% and 6.7% relative 

reduction in lung cancer-specific and all-cause mortality respectively, with a number 

needed to screen of 320 to save one life from lung cancer after three annual screens and 

seven years of follow up [17].  In spite of the trial limitations, such as the majority of NLST 

participants being white, well-educated and affluent, which resulted in under-

representation of higher risk individuals, such a highly powered and well-conducted trial 

had not been carried out in LCS and the results were striking.  

 

Not only were the results from NLST novel, as this was the first randomised study to give 

evidence in support of LDCT LCS, but the relative reductions in lung cancer-specific and all-

cause mortality rivalled those reported in breast and bowel cancer screening. The Cochrane 

meta-analysis in colorectal faecal occult blood testing reported a 16% reduction of 

colorectal cancer-specific mortality across four randomised controlled trials after a variable 

follow up duration of between 8 and 19 years [30] and a similar Cochrane review in 

mammography screening reported an overall reduction of breast cancer mortality of 25% 

after 13 years of follow up across seven large randomised trials [31]  

 

Several other trials in LCS in Europe have been carried out (tables 1.1 & 1.2) however all 

were substantially underpowered and failed to detect a mortality benefit.  The exception to 

this is the Dutch-Belgian Randomised Lung Cancer Screening Trial (NELSON) [32], whose 

mortality results are expected in the next year.  

 

1.1.3 Current LCS Activity 

Following the withdrawal of CXR screening by the American Cancer Society in the 1970s, 

there was no LCS activity worldwide until after NLST when the United States Preventative 

Services Task Force (USPSTF) [33] recommended screening with LDCT in individuals aged 

55-80 who had accrued at least 30 pack years of smoking history and who had given up 

smoking within the last 15 years.   

 

LDCT screening for lung cancer for insured individuals in the US is now underway though 

presently there is no national screening programme which allows access to screening for 

uninsured members of the US population. Arguably, this risks widening the inequalities 

already acknowledged to exist in lung cancer [34–36]. In an effort to standardise LCS, the 

American College of Radiology (ACR) runs an accreditation programme outlining basic 
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standards for performing and evaluating screening scans and advocates use of an LCS-

specific nodule management algorithm, the Lung-RADS™ LCS tool [37].  

 

The UK National screening committee (NSC) is supportive of the concept of screening high-

risk groups but makes a distinction between this and whole population lung cancer CT 

screening about which it will make a decision based on the results of the pooled European 

data [38]. In the meantime, several centres around the UK have initiated ‘high-risk 

surveillance’ projects and these will contribute to increasing knowledge around the best 

methods of implementation in the UK [39,40]. 

 

 

Table 1.3 Summary of BTS guidelines [44] for management of pulmonary nodules 
detected at baseline screening or incidental scan. VDT= Volume Doubling Time 

 
 

Solid Nodules 
Part Solid 
Nodules 

Pure Ground Glass 
Nodules 

Baseline Scan 

<5mm or <80mm3 Discharge Discharge 

5-6mm CT at 12 months 

 
 
 

Interval CT at 3 months 

≥6 - <8mm or 
80 - <300mm3 

Interval CT at 3 & 12 months 

>8mm or >300mm3 

1. PET-CT 
2. Assess Herder risk 

 If <10%: do CT at 3 & 12 
months 

 If >10%: consider biopsy or 
resection or CT surveillance 

on individual basis 

 If >70% favour resection 

Interval Scan 

2-D 
Stable nodule Discharge after 2 years If stable or smaller, assess Brock risk at 3 

months. 

 If risk<10%, continue CT surveillance 
at 1,2 and 4 years (or until nodule 

disappears) 

 If risk >10% or concerning 
morphology, consider histological 
diagnosis & discuss options with 

patient. 

 If growth or altered morphology 
(especially if solid component 

growth ≥2mm) favour further work 
up and definitive management 

 
N.B. Consider PET if solid component ≥ 

8mm 

Growing On basis of VDT 

3-D 

Stable or 
slow growth 

Discharge if stable, and discharge 
or on-going surveillance if slow 

growth (VDT>600 days) 

VDT 400-600 
days 

Further surveillance or biopsy or 
resection are acceptable, and 
decision should be based on 

patient preference 

VDT≤ 400 
days 

Further work up, and consider 
definitive management 
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1.1.4 Pulmonary nodules 

As described above, LDCT screening has been reported to have a high rate of detection of 

potentially non-malignant abnormalities, called ‘pulmonary nodules’. Nodules are usually 

due to scarring, fluid, infection, inflammation or a benign growth, but can rarely be 

malignant.  Various patient characteristics, as well as radiological features of the nodule 

and its growth, can help predict the likelihood of malignancy [41,42], and various risk 

scoring calculators that utilise these characteristics [26,43] have been proposed. Adopting a 

stringent nodule management protocol will help maximise the benefits of screening, and 

minimise the need for invasive procedures, excessive radiation and the costs incurred. 

 

Until recently, there was a lack of robust evidence to guide the management of pulmonary 

nodules, so nodule management protocols were cautious and predominantly based on 

expert opinion [45]. Thanks to evidence from CT screening studies, the first fully 

comprehensive, evidence based pulmonary nodule guideline was published in 2015 by the 

British Thoracic Society (BTS) [44]. The BTS were able to recommend a more conservative 

approach to the management of certain nodules by employing CT surveillance, and 

advocate a more radical approach for those with increased risk of malignancy (table 1.3). 

This evidence-based management algosrithm should result in reduced radiation exposure 

to patients, and a reduction in invasive procedures and costs to health services. 

 

1.2 SUCCESSFUL IMPLEMENTATION OF LDCT SCREENING  

In 1968 Wilson and Jungner [46] compiled a report commissioned by the World Health 

Organisation (WHO) and commented that the concept of screening was not without 

difficulties in terms of optimising benefits and harms. In order to aid the appropriate 

selection of conditions for which the benefits of screening outweighed the harms, they 

outlined a set of screening criteria. Table 1.4 lists these criteria and proposes key factors 

that need to be addressed for successful implementation of a screening programme. These 

factors are explained in further detail below.  

 

1.2.1 Determining eligibility and frequency of screening 

As can be seen in tables 1.1 and 1.2, the baseline lung cancer incidence rates from 

screening have been highly variable across the LCS studies and this can be largely explained 

by the heterogeneous eligibility criteria. Individuals with high levels of lung cancer risk 
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stand to gain the most benefit with less potential harm than those who are low-risk. 

Indeed, the majority (88%) of screen-prevented deaths in NLST were in participants 

categorised within the three highest risk quintiles, and the total number of false positive 

results observed would have been reduced by 36% had only the patients in these three 

quintiles been screened [47]. This study showed that engaging higher risk participants in 

screening may also reduce the number needed to screen (in order to prevent one death 

from lung cancer), the frequency of false positive results, unnecessary invasive procedures 

and overdiagnosis. 

 

Table 1.4 Wilson and Jungner criteria [46] for a suitable screening programme and where 
we are with LCS 

 

Several scoring systems to determine lung cancer risk in asymptomatic individuals have 

been developed with varying predictive performance [48]. The UK Lung Cancer Screening 

Study (UKLS) utilised the Liverpool Lung Project (LLP) model [49,50] to identify patients with 

a 5% or greater five year risk of lung cancer with good detection rates of greater than 2% 

[24]. There is evidence to suggest implementing a risk-score-based strategy to determine 

WHO Wilson & Jungner Criteria Met Key factors for implementation 

1. The condition sought should be an important health 
problem. 

Yes  

2. There should be an accepted treatment for patients 
with recognized disease. 

Yes  

3. Facilities for diagnosis and treatment should be 
available. 

 
Resource implications & 
availability of volumetric 
assessment 

4. There should be a recognisable latent or early 
symptomatic stage. 

Yes 
Overdiagnosis & False positive 
rates 

5. There should be a suitable test or examination. Yes Radiation risk 

6. The test should be acceptable to the population. Yes 

Balance of psychological impact  

Equitable access, uptake and 
adherence to screening across 
the population 

7. The natural history of the condition, including 
development from latent to declared disease, should 
be adequately understood. 

Yes  

8. There should be an agreed policy on whom to treat 
as patients. 

 
Optimal eligibility criteria for 
screening 

9. The cost of case-finding (including diagnosis and 
treatment of patients diagnosed) should be 
economically balanced in relation to possible 
expenditure on medical care as a whole. 

Yes 

Co-implementation of smoking 
cessation 

Incidental findings from screening 

10. Case-finding should be a continuing process and 
not a “once and for all” project. 

 
Interval cancer rate 

Regulating CT screening 
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eligibility into screening would be superior [51,52], however, it is unclear what the 

appropriate risk threshold for eligibility into screening is, and how this interacts with entry 

and exit age, competing mortality and participant fitness.  

 

Despite this compelling evidence, in the UKLS, the majority of cancers occurred in 

participants over the age of 59 adding further support to the fact that age and smoking 

history remain the most weighted of the various predictive factors in the algorithms. It has 

also been acknowledged [48] that these risk prediction models will need to undergo further 

refinement and in the future will likely include validated biomarkers that will help to further 

risk stratify a wider population. A recent review of lung cancer risk prediction scores [48] 

acknowledges the need for further development of such scores and advocates use of 

fulfilling either the USPSTF eligibility criteria or high quality risk prediction scores to 

determine eligibility for screening, as a means to provide further evidence for determining 

the optimum eligibility criteria for entry into lung cancer LDCT screening.  

 

1.2.2 Overdiagnosis 

Overdiagnosis is defined as the detection of a cancer that is indolent and would not have 

progressed within the lifetime of the patient, or a cancer that may have progressed but the 

affected patient would have died from a competing unrelated cause [53]. It is a well-

documented phenomenon that occurs in screening programmes where the objective is to 

detect early rather than pre-invasive cancers [54–57] and it has been an issue of great 

controversy in breast screening [58] largely because quantifying overdiagnosis is 

challenging due the long duration of follow up that is needed for its accurate estimation. A 

statement released by the International Agency for Research on Cancer (IARC) estimated 

overdiagnosis rates with mammography screening of around 6.5% [59]. Other studies have 

reported estimated numbers of overdiagnosed cancers per breast cancer-specific life saved 

and this varies from 0.5 [60] to 3 [61] for breast. Overdiagnosis in bowel cancer has not 

been extensively reported but is also estimated to be around 6-9% [62].  

 

Quantifying overdiagnosis in LCS is particularly challenging due to the paucity of available 

data to estimate this from. A study by Patz and colleagues, looking at NLST data [63] 

concluded that each lung cancer detected in NLST had an 18.5% probability of being an 

overdiagnosed cancer. However, this analysis has been criticised for various reasons [64]. 

Firstly, it may be difficult to extrapolate the findings from clinical trials, particularly where a 



 28 

less deprived, and lower-risk population may have been enrolled.  Secondly, it is likely that 

a proportion of the cancers labelled as ‘overdiagnosed’ may indeed become symptomatic 

after a more prolonged duration of follow up [65]. Thirdly, a more conservative approach to 

pulmonary nodules than that used in NLST may substantially reduce this figure, as the 

probability of overdiagnosis was much higher (78.9%) in adenocarcinoma in situ lesions 

[63]. A study based on mathematical modelling using data from NLST suggested that by 

altering the entry criteria and frequency of screening the overdiagnosis rate of an ‘efficient’ 

screening programme could be brought down to between 8.7 and 13.5% of all screen-

detected lung cancers [66].  

 

1.2.3 False positive and indeterminate results 

As previously described, the proportion of CT scans with pulmonary nodules requiring 

surveillance has been quite high (around 25% [17,42]), though only ≤10% of these are 

confirmed to be malignant.  The majority of these are ultimately benign and yet, if they are 

considered ‘false positive’ as in NLST, the false positive rate is indeed very high. The 

NELSON [42]  and UKLS [24] investigators responded to this problem by altering the 

definition of false positive scans as those nodules that had a baseline appearance or 

interval growth that supported malignancy. As a result the false positive rate was 3.6% in 

NELSON, an almost 10-fold difference to the 23.3% observed in NLST. 

 

Aside from painting the figures in a favourable light, there is further justification to this 

approach. The evidence from screening trials comparing levels of anxiety or distress in 

screened vs. control patients, suggests any increases in these levels following LCS are mild 

and short-lived, but may increase with the severity of the result the patient receives [67–

69].  Given the frequency at which indeterminate nodules occur, and their low rate of 

conversion to lung cancer, by differentiating these from ‘positive’ scans, it may be more 

achievable to reduce LCS-associated anxiety and distress. Effective communication to 

ensure patients are well informed before screening and when discussing indeterminate 

nodules is also crucial.  

 

It seems reasonable therefore, to reserve the term ‘positive’ for those patients undergoing 

tests that are invasive or carry more radiation than an LDCT scan. Nevertheless, extra CT 

surveillance also still carries harm and cost, and so the frequency of indeterminate nodules 
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should still be quantified and strategies to maximise efficiency in the management of these 

nodules should be exercised. 

 

1.2.4 Radiation risk 

The impact of radiation exposure is difficult to assess. The effect of radiation depends on 

the dose, the time period and distribution in the body over which it is received and the 

sensitivity of the individual, which is influenced by age and sex.  Smoking is also known to 

act synergistically with radiation exposure to increase the relative risk of developing cancer 

[70]. 

 

Chronic low dose radiation exposure (in the order of mSv) over days, weeks or years is likely 

to result in damage after a significant period of latency. However estimating the excess 

relative risk is difficult given much of what we know about the impact of radiation exposure 

is based on data from acute exposures to high doses, such as the Hiroshima atomic bomb 

[71]. In order to estimate the impact of low dose chronic exposures, these data are 

extrapolated by applying a ‘reduction factor’, which assumes a linear relationship. To make 

matters more complicated, as stated in the report by Public Health England on the risk of 

solid tumours following radiation exposure, “there is at present no way of distinguishing 

the cases caused by radiation exposure from those resulting from other causes”[71]. 

 

There is some epidemiologic data on chronic lower dose exposure though the results have 

been variable and lacking in power, which makes interpretation problematic and hence the 

atomic bomb studies provide the most reliable data. In a review by Brenner et al it is 

suggested that the threshold dose for radiation-induced damage occurs at ≈10–50 mSv for 

an acute exposure and ≈50–100 mSv for a protracted exposure. The authors also point out 

that the above mentioned linearity assumption is likely to underestimate the effect of some 

radiation-induced cancer risks and overestimate the effect of others [72]. Nevertheless, 

using available data, modelling studies in LCS have estimated the rate of radiation-induced 

lung cancer deaths to be 24 per 100,000 screened using an NLST-like screening strategy 

[66].  

 

Over time, the effective radiation dose from thoracic CT imaging has reduced dramatically 

from 7 mSv to 1.5 mSv. Even when image quality is slightly ‘noisy’ in comparison with 

conventional CT scanning, many of the post processing techniques allow nodule detection 
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for nodules of only a few millimetres in diameter. Recently there have been reports of 

centres achieving acceptable image quality for detection of pulmonary nodules with “ultra 

low-dose CT’, exposing patients to effective radiation doses as low as 0.3 mSv [73]. This 

suggests that the harms from radiation are not insignificant but likely to improve in the 

future, and individuals should be made aware of them prior to undergoing LCS. 

 

1.2.5 Achieving equitable uptake 

Studies for LCS have demonstrated that attendance is adversely affected by demographic 

factors such as smoking and socioeconomic position (SEP) [74–76].  Data on attendance to 

LCS is limited to clinical trials, where recruitment has been difficult, with enrolment rates 

from 0.2%-4.6% of those initially invited [19,77,78]. Typically participation in these trials has 

favoured ‘low-risk’ candidates that may be younger, less deprived, better educated, and 

more likely to be former (rather than current) smokers. 

 

Recruitment methods to LCS trials, when reported, have tended to be variable and have 

utilised advertising, mass mailing and recruitment via primary care [17–24,77,78]. The 

recruitment process is unavoidably complicated by the need for risk assessment, unlike 

other screening programmes which invite the whole population within a given age range. In 

the UKLS pilot study, individuals within the correct age group were invited from electoral 

registers and mailed questionnaires to enable risk assessment. This resulted in a significant 

number of ‘non-responders’ and over 250,000 individuals were invited in order to recruit 

4000 participants. The French Depiscan [21] study recruited patients via General 

Practitioners (GP) and Occupational Physicians (OP), but reported great difficulties and high 

rates of non-attendance to  appointments. 

 

The uptake in faecal occult blood test screening for colorectal cancer is approximately 55-

60% in the UK [79] and indications from LCS studies point to levels of uptake [75], with the 

likelihood of a bias against smokers and those from low SEP groups [80]. Factors affecting 

screening adherence are similar to those affecting uptake, with the added complexity of 

effects from previous positive and negative results received in previous screening rounds 

[81].  

 

Engaging the higher-risk group is important to improve the cost-effectiveness and efficacy 

of screening as described above. However, these individuals are conversely less likely to 
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attend screening. Reported barriers to participation in those at risk of lung cancer include 

increased risk perception and fearful, fatalistic and nihilistic beliefs around lung cancer 

outcomes and low perceived benefit from screening [76,82,83]. Achieving equitable uptake 

is crucial to prevent further widening of the social inequalities that already exist in lung 

cancer [84] and so any LCS programme must focus on strategies aimed at attracting 

individuals from low SEP communities.  

 

1.2.6 Co-implementation of Smoking Cessation 

Implementing smoking cessation concurrently with LCS is vitally important as smoking is 

the sole modifiable risk factor for reducing individuals’ future risk of developing lung 

cancer. Achieving smoking abstinence in combination with CT screening has been reported 

to almost double the relative reduction in lung cancer mortality compared with screening 

alone within the NLST participants [85]. In addition, various studies have stated that the 

cost-effectiveness of screening may be improved by concurrently delivering smoking 

cessation interventions [86,87] and so this needs to be central to any LCS programme.  

 

The available evidence suggests LCS may have the potential to motivate quit attempts [88–

90]. Several studies have reported an increase in smoking cessation rates in participants of 

lung screening studies compared with the general population [89,91–93], and in the 

majority of studies no significant differences in smoking cessation outcomes between the 

screened and control groups have been noted [90,94,95].  However, participants with 

successive positive or indeterminate screen results have in some studies been reported to 

show greater abstinence when compared to those with negative screens [96–98]. Other 

studies have compared various modalities of delivery of smoking cessation advice in 

the screened population and found no significant differences [99,100]. Qualitative 

work has suggested that some LCS participants may perceive an imaging 

investigation as equally beneficial against lung cancer as smoking cessation [101]. 

Communicating clearly the message that LCS does not prevent lung cancer while smoking 

cessation will reduce the risk of developing and dying from lung cancer [85] may help 

somewhat mitigate these perceptions. Taking advantage of the  ‘teachable moment’ that 

LCS provides is vital for any LCS programme, and we must ensure that we deliver this 

message together with appropriate support in an effective way. 
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1.2.7 Incidental findings in LCS 

The NLST reported a 6.7% reduction in all-cause mortality by screening, an effect that was 

most pronounced in Black African-Americans [17,102]. This may be explained by detection 

of clinical and radiological findings in the process of screening, but also due to the improved 

access to health care that may prompt intervention for non-lung cancer co-morbidities [6]. 

Several studies have shown that ungated LDCT scans can accurately predict coronary 

calcium and subsequent cardiovascular events in a comparable manner to formal coronary 

calcium scoring [103,104]. The population at risk of lung cancer is also at risk of 

cardiovascular disease and so, combining risk assessment and screening for both conditions 

seems sensible, however, further prospective studies are needed.  

 

LDCT scans have also been shown to be useful for detecting emphysema and osteoporosis 

and may be useful in predicting mortality and lung cancer risk [105,106]. Whilst 

simultaneous case-finding for these conditions (which occur commonly in life-long smokers) 

seems worthwhile, the exact impact on disease-related outcomes in this population is not 

known. Furthermore, discovery of subclinical disease may have implications on 

participants’ health insurance premiums and be problematic in a health service already 

under significant resource constraint. Arguably, non-disclosure of such findings may also be 

considered unethical. Evidenced-based strategies to further understand how best to deal 

with these findings are imperative.  

 

1.2.8 Biomarkers and exhaled breath testing with LCS 

The ultimate goal for any biomarker in the application of LCS would be to either a) act as an 

initial non-invasive test that could be added to clinical and demographic factors to give a 

more accurate pre-CT lung cancer risk prediction. The aim of this would be to then enable a 

wider population including younger and non-smoking individuals to LCS; and/ or b) to be 

used in conjunction with the LDCT scan to enhance its specificity for pulmonary nodules 

and reduce the number of surveillance CT scans required, and thereby the associated cost, 

anxiety and distress to the patient. It is vital for any chosen biomarker test to have a high 

sensitivity, to be able to detect early, pre-symptomatic disease, not be subject to 

confounding environmental factors, and to be easy and cheap to carry out [107]. 

 

The use of biomarkers in LCS is crucial to its success, and although there are no blood 

biomarkers that have sufficient evidence for clinical application presently, several are being 
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researched. The most promising of these are the EarlyCDT autoantibody test and serum 

and plasma micro RNA (miRNA), all of which have reached phase III prospective validation 

studies [108].  In addition to these, circulating tumour DNA (ctDNA) may also have 

promising applications [109,110].  

 

The idea that certain medical conditions have a scent or ‘fetor’ has long been taught in 

medical school. That dogs can therefore detect cancer seems plausible given their 

heightened sense of smell. Indeed a patient diagnosed with melanoma was reported to 

only seek medical attention due her dog’s constant sniffing and attempts to bite off the 

mole [111]. For several decades, scientists have been developing technology to detect 

volatile organic compounds (VOCs) in breath, body fluids and faeces. As early as 1985, 

several VOCs were found to be associated with lung cancer when exhaled breath was 

analysed using computer-assisted Gas Chromatography/Mass Spectrometry (GC/MS)[112]. 

The clear advantages of this method of diagnostic testing include its non-invasiveness, 

speed and potentially low costs, however its application in the lung cancer diagnostic 

pathway has been limited due to a lack of consensus and poor reproducibility across 

studies. This is largely explained by the varying populations tested, the effect of 

confounding factors such as smoking and related comorbidities, small sample sizes and 

statistical methods used (including over-fitting of models) and the variability in sampling 

techniques used [113]. Standardisation of these techniques and further studies are needed 

to help to advance this promising diagnostic tool.  

 

1.2.9 Resource Implications 

If the NLST eligibility criteria were to be implemented, an estimated 8.7 million people in 

the US may be eligible for screening [114].  The size of the UK LCS eligible population is 

unclear, however, even if assuming uptake levels may be in the region of 40-50%, numbers 

are likely to be significant.  This has considerable resource implications in terms of carrying 

out baseline and interval CT scans required for nodule follow up and considerable further 

assessment is needed to understand the optimal operational model, such as the use of 

mobile CT scanners or dedicated screening centres, for providing LCS in the UK.  Scan 

reading time is also a factor, and research is needed to explore whether feasible options 

exist that may relieve some of the work from radiologists. Furthermore, exactly what 

proportion of UK hospitals currently have the technical, radiological and clinical knowhow 
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to implement volumetric assessment (as recommended by the BTS pulmonary nodule 

guidelines [44]) has not been determined. 

 

The cost of LCS in the UK has been estimated at £8466 (CI £5,542 - 12,569) per quality-

adjusted life-year (QALY) gained [24].  This is well within the £20,000 per QALY threshold 

deemed acceptable by NICE for cost-effective interventions. This figure suggests LCS is 

more cost-effective than breast cancer screening (quoted at £20,800 [115]) and 

comparable to bowel cancer screening (quoted at £6,000-8,000 [116]). Furthermore, this 

figure can potentially be further improved by refining screening and nodule management 

protocols. 

 

1.3 INFORMED DECISION-MAKING 

It is no longer considered acceptable for medicine to be carried out in a paternalistic 

manner [117]. In LCS, the importance of ‘shared decision-making’ has been outlined by the 

American College of Radiology (ACR) [118], although there is little evidence to guide 

clinicians in how to achieve this. The UK Department of Health has released a statement on 

the importance of informed consent in screening and urged health services to develop 

strategies to develop, pilot and evaluate materials to aid this [119]. In addition, the above 

quoted 1968 Wilson and Jungner [46] principles of screening were modified in 2008 to 

reflect changes in modern medicine, and now include IDM within the key principles [120]. 

 

Informed decision-making (IDM) is considered vital, particularly in decisions where the 

given intervention is not a required treatment and so choosing whether or not to proceed 

can vary on an individual basis. Cancer screening is one such example. Here, an otherwise 

healthy person is subjected to a test, which may or may not lead to potential harms. The 

benefits of screening are often based on the effects to entire populations and the precise 

benefit-harm balance to the individual may be less clear and largely dependent on the 

individual’s beliefs and values. Cancer screening is culturally accepted as a positive 

intervention, and the public are often unaware that potential harms such as overdiagnosis 

and false positives exist [117]. 

 

IDM occurs when an individual understands the condition being addressed and is aware of 

the procedure involved, the benefits, risks and limitations of undertaking or not 

undertaking the test. It is also necessary for the individual to make a decision that is 
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consistent with his or her own preferences and values, and to participate in decision-

making at a level that he or she desires [121]. 

 

IDM is particularly pertinent in situations where the benefit is unclear, such as with PSA 

screening for prostate cancer. Situations where there may be conflicting expert opinion or a 

lack of sufficient data to make firm conclusions, can lead to increased uncertainty and make 

IDM more challenging. Providing more information to patients can in fact result in higher 

levels of decisional conflict, distress and lower decision satisfaction [122]. Even when there 

is a clear benefit from an intervention, such as with LCS, IDM requires complex processing 

of information that may be challenging particularly for individuals with low levels of health 

literacy [123].  

 

The components that make up IDM include knowledge, decisional conflict and satisfaction, 

values and attitudes. Whilst validated measures exist [124–126] to assess these 

components, doing so is not without its challenges. Evaluating adequate knowledge is 

particularly complex as this requires understanding, retention and recall of concepts and 

statistics, and what threshold signifies ‘adequate’ knowledge is unclear. Ideally all 

individuals would score 100% in knowledge questions, however, achieving this is not always 

feasible.  It has been shown that knowledge and intentions are not correlated, while values 

and intention are [127].  Many patients make a decision to take part (or not) that may be 

based on limited knowledge but is more in line with their values and preconceptions.  

 

In summary, measuring IDM is complex and not without its limitations. Achieving IDM is 

vital, but challenging. It is important to present the facts in a way that fairly portrays the 

benefits and harms whilst accurately reflecting the scientific evidence for or against. 

Decision tools can be a useful adjunct; but should not replace a more personal discussion 

with a health professional. Exploratory research to improve communication of this 

information is much needed. This thesis will use qualitative and quantitative research 

methods to address IDM in individuals considering undergoing LCS. 
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1.4 AIMS OF THIS THESIS 

This thesis evaluates various aspects relevant for the successful implementation of LCS, 

which are divided into two parts as described below. Part A is made up of two studies and 

addresses how we should communicate benefits and harms of LCS to individuals 

considering taking part: Chapter 3 is a qualitative study exploring the information needs of 

lung cancer participants. The data from this study enabled the development of an 

information film, which was subsequently tested as a nested randomised study. Chapter 4 

presents the results of this nested randomised study.  Part B (chapters 5, 6 and 7) addresses 

important considerations around some of the benefits and harms from LCS and uses clinical 

and radiological data from the baseline screening round of an LCS demonstration pilot to 

evaluate specific questions.  The specific research questions explored in this thesis are: 

 

Part A:   Communicating benefits and harms and enhancing IDM 

1. What is the background knowledge and perception of lung cancer amongst LCS-eligible 

individuals and, what information should be presented and how? 

2. Does a novel information film enhance informed decision-making in individuals 

considering LCS more than a standard information booklet? 

 

Part B:  Optimising benefits and harms 

3. What is the prevalence and value of coronary calcium and cardiovascular risk in the 

context of LCS? 

4. What is the prevalence and value of Chronic Obstructive Pulmonary Disease (COPD) 

and emphysema case finding in the context of LCS? 

5. Is it feasible to implement low dose CT in the UK? 

6. What are the prevalence, stage, histology and treatment outcomes of lung cancers 

detected after a baseline screen?  
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Chapter 2. Methods 

 

2.1 THE LUNG SCREEN UPTAKE TRIAL  

Chapter 1 describes the importance of carrying out lung cancer screening (LCS) in those at 

high-risk of lung cancer, in order to improve the risk-benefit balance to the individual, and 

to improve the cost and efficiency of the programme. The Lung Screen Uptake Trial (LSUT) 

was the third phase of a programme of work led by Professor Jane Wardle and Professor 

Sam Janes, and funded by the National Awareness and Early Diagnosis Initiative (NAEDI) & 

Cancer Research UK (CRUK), entitled: ‘Developing and testing targeted invitation materials 

to increase uptake of lung cancer screening in communities at high risk of lung cancer’. The 

initial stages of the work included qualitative [76] and quantitative research [83,128], 

carried out by Dr Samantha Quaife, aimed at exploring attitudes and barriers to 

participation in LCS in smokers, in order to develop a novel invitation strategy that was 

designed to address low uptake in the ‘hard to reach’, i.e. predominantly current smokers 

from low socioeconomic position (SEP) backgrounds. LSUT was the final part of this work 

and was a behavioural randomised controlled study aimed to determine if the novel 

invitation strategy improved uptake to LCS in this group. Individuals were invited to a ‘lung 

health check’ (LHC) and those meeting the criteria for low dose computed tomography 

(LDCT), were invited to attend this on the same day. The full protocol is in appendix 2 and 

has been published (appendix 3 and [129]). A summary of the methods used, and 

justifications for these choices are presented here.  

 

2.1.1 Study design 

LSUT was a randomised study testing a novel invitation strategy against a control, and was 

primarily aimed to assess differences in uptake to an LHC between the two invitation 

materials. Participants attending the LHC were invited to be enrolled into the study. 

Anonymised demographic data and primary care-recorded codes for smoking status were 

collected for those who did not attend the LHC in order to assess differences between 

attenders and non-attenders and will be reported elsewhere. A summary of the study 

design is presented in figure 2.1. 
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Figure 2.1 Flow chart summary of study 

Intervention Arm: 
Targeted invitation strategy 

(n=1000) 

Control Arm: 
Control invitation strategy 

(n=1000) 

Identify potentially eligible participants from GP records  
(standardised audit searches by practice administrators) 

Individual randomisation (1:1 allocation) 
Randomisation list generated at UCL using unique participant IDs 

Attend Cancel DNA 

Re-invite once 

Lung Health Check 
- Medical and smoking history 
- Spirometry 
- Determine if scan-eligible 
- Smoking cessation intervention and referral 

Scan Eligible Scan Ineligible 

Low Dose CT Scan 

Suspicious lesion Indeterminate nodule 

Letter to GP and patient 
Internal 2WW referral to clinic 

Letter to GP and patient 
Sensitive patient communication 

Routine patient care pathway 

Declines or does not attend scan 

Incidental finding 
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2.1.2 Participants and setting 

Participants were identified from primary care health records. General Practice (GP) 

surgeries from 3 London boroughs surrounding University College London Hospital (UCLH) 

and Homerton University Hospital (HUH) were invited to participate in the study. In order 

to engage practices, we enlisted the lead GP for cancer within each Clinical Commissioning 

Group (CCG) to act as a champion for the study, and placed advertisements in CCG 

newsletters and presented the study to GPs at CCG forum meetings.   

 

With assistance from the research team, administrators from participating practices 

identified potentially eligible participants by carrying out a GP database search aiming to 

identify smokers and recent former smokers (i.e. recorded as a current smoker within the 

preceding 5-7 years), aged between 60 and 75. Exclusion criteria included any active lung 

cancer diagnosis, cancer metastasis, palliative care treatment and lack of capacity to 

consent. In order to avoid contamination of the groups, where applicable, where more than 

one individual was identified from the same household, one, selected at random, was 

excluded from the study. The remaining participants were randomised into two groups 

(control and invitation strategy), and invited by a letter from their GP to a pre-allocated 

‘lung health check’ (LHC) appointment. The LHCs took place at UCLH or HUH between 

November 2015 and July 2017. Those who failed to attend the first appointment (and had 

not contacted the study team to decline the appointment), were given a second pre-

allocated ‘reminder appointment’. Those who attended were invited to be enrolled into 

LSUT.  

 

2.1.3 Eligibility to LDCT 

Individuals who were enrolled, were invited to LDCT on the same day if meeting any of the 

following three criteria:  

 Those who were currently smoking or who had given up within the preceding 15 

years and who met a 30 pack year smoking history (as per the United States 

Preventative Services Task Force recommendation (USPSTF) [33] 

 Those meeting a lung cancer risk of 1.51% or higher as per the Prostate, Lung, 

Colorectal and Ovarian trial cohort developed (PLCOm2012) lung cancer risk 

prediction model (adapted for use in the UK)[130] 

 Those meeting a lung cancer risk of 2.5% or higher as per the Liverpool Lung Project 

(LLP) lung cancer risk prediction model [131] 
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Participants were excluded from the LDCT if they did not have capacity to give consent, 

their weight exceeded restrictions for scanner (>200Kg), they were unable to lie flat, had 

poor physical fitness such that radical treatment would be contra- indicated, or had had a 

CT scan of their chest within the previous 12 months. A summary flow chart of the study 

design is presented in figure 2.1. 

 

2.1.4 Intervention 

Both strategies included a pre-invitation letter to ‘prime’ the individual about the new 

service, followed by either an invitation letter plus detailed information booklet that 

contained information on the benefits and harms of LCS (control), or an invitation letter 

plus a targeted, low burden leaflet, which was more focussed on the LHC than LCS, used 

more pictures and simpler language and did not mention smoking (intervention).   

 

2.1.5 Lung health check training 

Study practitioners, comprised of research nurses and clinical trials practitioners, were 

trained to carry out the LHC appointments. An intensive training programme, comprised of 

education about LCS, the study protocol and aims, the consent procedure, data collection, 

measuring and interpreting spirometry and other clinical parameters and biological 

sampling was carried out. Study practitioners were given multiple resources, including 

advice on calculating smoking pack-years, alcohol intake, naming inhaled treatments, 

calculating predicted values for spirometry and eligibility and referral to LDCT. Study 

practitioners were also provided with a ‘script’ to act as a reminder of all the points to be 

covered during the appointment and the process of consent to LDCT. This included 

welcoming the participant and informing them that they had been invited to a new service 

that was part of a research study. Participation in the study was not compulsory, and 

decliners would get a focussed LHC with no data collection. Enrolment in the study was 

necessary to qualify for an LDCT. The full script can be found in appendix 4. 

 

2.1.6 Informed consent 

Participants were given written information on the study (in the participant information 

sheet (PIS), appendix 5), and the lung health check and LDCT (in the control information 

booklet, appendix 6). Initial consent to be enrolled into the study and collect data was 
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taken at the start of the appointment. Further consent for the LDCT and biological sampling 

were taken at the end of the appointment, following a discussion by the study practitioner 

regarding potential benefits and harms of LCS. A checklist of points to be covered for 

ensuring informed consent to LDCT was provided (figure 2.2). The consent form can be 

found in appendix 7. 

Figure 2.2  Checklist for informed consent of LDCT for study practitioners 

 

2.1.7 Smoking cessation 

Very brief smoking cessation advice (a standardised intervention from the UK National 

Centre for Smoking Cessation and Training [132]), was given to all current smokers at the 

LHC. Currently smoking participants were also randomised to receive details of their local 

NHS smoking cessation service or be proactively referred to the smoking cessation service.  

 

Consent checklist 

 If appropriate- tell them they have a higher than average risk of lung cancer due to 
their age, smoking and other history and that they are eligible to be offered a CT scan 

 CT scan is a 3d x-ray test, not painful, like a big doughnut. 

 Takes about 10 minutes with perhaps a little waiting before hand 

 Important to hold their breath for a short time but they will be instructed. 

 But before they decide whether to go ahead, they should be aware of the pros and 
cons and make their own mind up whether its right for them to go ahead.  

Pros: 

 Currently lung cancer is often diagnosed late due to symptoms occurring late. With 
screening we aim to detect lung cancer earlier which offers a higher chance of cure. 

 A US study showed we might save 20% of lives that could have been lost from lung 
cancer if we screen high-risk individuals 

Cons: 

 Radiation- the amount of radiation in 1 scan is about the same as what you’d get from 
the environment in a year, and isn’t too harmful. However many scans over a lifetime 
especially when young, can cause harm. 

 Indeterminate results- about a quarter of all patients undergoing screening will have a 
“spot”. This will mean the need for further tests to check for growth. This can cause 
anxiety. If this does happen to you, try not to worry as about 90% of those with spots, 
will turn out not to have cancer.  I.e. only 2 in every 100 screened will have cancer. 

 Overdiagnosis- The screening test may pick up slow growing cancers that you may end 
up having tests or treatments, when they may be so slow growing that without the 
screening tests you may have gone on another 15-20 years without knowing there 
was cancer, and it may not cause symptoms. 

 Very rarely, the test may miss small cancers 
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2.1.8 Data collection 

Data were prospectively collected by a study practitioner at the LHC and included self-

reported demographic data, smoking and medical history and family history (table 2.1). 

Participants were also asked about symptomatic help-seeking, and to give feedback on the 

information materials. Hand-held spirometry, height, weight and blood pressure were 

recorded. 20 ml venous blood for plasma and serum and exhaled breath samples were 

taken, processed and frozen in a biobank at -80 degrees. For a sub-population, exhaled 

breath samples were also taken and analysed for biomarker research in collaboration with 

Owlstone Medical Inc. Participants were also asked to complete a psychological and quality 

of life assessment at the end of the appointment. There were two further questionnaires 

administered on the morning after the LHC and 3 months after the LHC.  

 

During the LHC, data were entered by the study practitioner directly into the electronic 

study database. Radiology data were entered directly into the electronic database by the 

radiologists. Questionnaire data were inputted following the receipt of completed forms. 

Follow up clinical data were entered by myself or another respiratory clinical research 

fellow, Dr Sophie Tisi. 

 

Table 2.1 Data collected during LHC 

Demographics Age, gender, ethnicity, education level, marital status, employment 
status, IMD score and rank 

Smoking Current smoking status, age started and stopped, years smoked and 
quit, average and maximum smoking intensity, pack years, tobacco 
products used, quitting aids and attempts, nicotine dependence and 
willingness to quit 

Symptoms & 
help seeking 

History (current or within the past 12 months) of cough, dyspnoea, 
chest or shoulder pain, hoarse voice, weight loss, loss of appetite, 
haemoptysis, fatigue, lower respiratory tract infection, barriers to help 
seeking, number of GP visits in the past 12 months, participation in 
bowel breast and cervical cancer screening 

Comorbidities COPD, asthma, pulmonary fibrosis, TB, lung cancer, asbestos exposure, 
Coronary heart disease, atrial fibrillation, hypertension, 
hypercholesterolaemia and statin use, diabetes mellitus, risk factors 
present in the Q2RISK, inhaler use, alcohol intake 

Family history Heart disease, lung cancer, gastrointestinal caner, breast cancer, 
ovarian cancer, prostate cancer 
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2.1.9 LDCT referral and acquisition 

The study practitioner carried out the lung cancer risk assessment and determined whether 

the participants met any of the three criteria for LDCT. If any of these were met, the 

participant was informed about the harms and benefits and counselled to make a shared 

decision of whether or not to go ahead with the LDCT. If they chose to go ahead, they 

would sign the second page of the consent (appendix 7) and be able to have the LDCT the 

same day. In some cases participants preferred to come back on another day, and they 

were given an appointment to do so. The referral to the LDCT at UCLH was transmitted 

electronically to the Research Imaging Department. At HUH, a paper based referral was 

given to the participant to take to the radiology department. At both sites the referral was 

protocol driven.  In the event that a participant who was due to attend their CT, did not, the 

clinical research fellow would flag the non-attendance to the study practitioner who would 

contact the participant. A minimum of three attempts to contact the participant were 

made, after which they would be sent a letter telling them their appointment had been 

cancelled, and that if they wished to have the LDCT, they should get in touch with a 

member of the research team. Those wishing to reschedule were able to do so.  

 

Participants undertook the examination via a sixteen channel or higher multi-detector, non-

ECG-voltage-gated CT without the administration of intravenous contrast. Imaging was 

performed during suspended maximal inspiration.  The lung parenchyma (lung apices to 

bases) was scanned in its entirety in a single craniocaudal acquisition. The field of view 

(FOV) selected as the smallest diameter as measured from widest point of outer rib to 

outer rib large enough to accommodate the entire lung parenchyma.  Thin detector 

collimation (0.5 mm) was used. Images were reconstructed at 0.5 -1.0 mm section thickness 

using standard soft tissue and lung algorithms. Radiation exposures were as low as possible 

whilst maintaining good image quality. The tube potential and tube current-time product 

varied according to participant body habitus and were between 80-120 kVp and 20-80 mAs 

respectively. 

 

2.1.10 LDCT results and follow up process 

Once the LDCT had been performed, they would be added to an automatic work list for the 

radiologists to review. Additionally, the clinical research fellow sent lists to the reporting 

radiologists once a week, of all participants who been scanned, to ensure none were 
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missed. The target was for results to be received by the participant within 2 weeks of 

undertaking the LDCT.  

 

The patient and GP would receive a letter and a copy of the CT report would also go to the 

GP. Example letters are in appendix 8. Those with normal CT results, or with non-urgent 

incidental findings were discharged. Where necessary the patient would be asked to see 

the GP for further assessment, treatment or for referral to secondary care, and the GP 

would be given tailored advice on any further action required. The clinical research fellow 

would refer participants with certain thoracic incidental findings (such as an endobronchial 

lesion requiring fibre-optic bronchoscopy, or interstitial lung disease requiring formal lung 

function testing and specialist clinical assessment) to an appropriate thoracic physician. 

Those with indeterminate nodules or suspicious lesions would be automatically booked into 

a thoracic clinic within six weeks, or two weeks if concern of malignancy (2WW). For those 

with suspicious non-thoracic lesions, the clinical research fellow would make an automatic 

2WW referral to the appropriate specialist clinic (figure 2.3). 

 

Five percent of scans were randomly chosen for second-reading by a radiologist from the 

opposite site as part of a quality assurance process. Any discrepancies, as well as any 

missed findings, were reviewed and arbitrated by an independent third radiologist who had 

not previously seen the scans. The arbitration process is currently still on-going. 

 

2.1.11 Ethical approvals and study registration 

Ethical approvals (and any ensuing amendments) were granted by the City Road and 

Hampstead NHS Research Ethics Committee (REC; reference: 15/LO/1186) (appendix 9). 

Site specific and local R&D approvals were granted by each participating hospital site. The 

study was sponsored by University College London (UCL) and was adopted by the National 

Institute for Health Research clinical research network portfolio.  

 

The study has also been registered by clinicaltrials.gov (NCT02558101) and with the 

International Standard Registered Clinical/soCial sTudy Number (ISRCTN21774741). The 

study was registered on the Data Protection Register (Z6364106/2015/10/34). 
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Figure 2.3. Flow chart of management and referral pathways following baseline LDCT. (2WW= 2 week wait urgent pathway; MDT= Multidisciplinary 
team)

Eligible for LDCT 

Non-urgent 
Incidental finding 

Non- thoracic 
suspicious lesion 

Thoracic suspicious 
lesion 

Indeterminate 
pulmonary nodule 

Request GP to refer/ 
investigate/ treat 

Automatic referral 
to thoracic clinic 

Automatic 2WW 
referral to 

appropriate clinic 

Automatic 2WW 
referral to thoracic 
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Normal LDCT scan 
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3
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CT surveillance at 12 
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CT surveillance at 3 
and 12 months 
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Refer to local 
thoracic MDT 
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2.1.12 Trial oversight 

LSUT had a Trial Management Group (TMG) made up of researchers, clinicians and study 

practitioners involved in the planning and delivery of the study. The Trial Steering 

Committee (TSC) included core members of the TMG, and independent members with 

expertise in lung cancer, clinical trials and medical statistics and included a lay patient 

representative. An Independent Data Monitoring Committee (IDMC) made up of an 

independent medical statistician, and independent clinical and academic members, was 

also assembled. They reviewed the interim data, and also contributed to the trial oversight. 

The groups met regularly (in person or virtually) during the planning and active phases of 

the study, to review and approve any amendments to the protocol, and to review progress 

and accrual. 

 

2.1.13 Statistical analysis  

The sample size for LSUT was determined on the basis of the primary research question, 

and the expected attendance rate. Based on studies in bowel cancer screening and 

psychoeducational materials, this was estimated to be 35% in the control group and be 7% 

higher in the intervention group. It was estimated that a 1000 patients per group would 

provide 90% power to detect a significant difference of 35% vs. 42%, with 5% significance 

level and two-sided testing. Other analyses were planned as detailed in the relevant 

chapters in this thesis.  

 

2.2 DETERMINING THE INFORMATION NEEDS OF LUNG SCREENING 

PARTICIPANTS 

Communicating all the harms and benefits of LCS to participants in order to enhance 

informed decision-making (IDM) is crucial to the successful implementation of LCS. Ensuring 

IDM occurs is usually challenging, and this is particularly so in LCS, where the demographic 

being targeted are those from low SEP backgrounds who are likely to have lower levels of 

literacy and numeracy [133]. It is known that written materials are often not read and 

poorly understood [134], and that graphics, illustrations and animation can improve 

understanding [135–137]. In order to tackle this, we put together a research proposal 

aimed at tackling this issue, and we were awarded a project grant from the Roy Castle Lung 

Cancer Foundation to carry out the below programme of work which make up chapters 3 

and 4 of this thesis.   
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When complex information is communicated in written form, the high information burden 

and the perceived effort required to read the materials may act as barriers. Indeed, it has 

been reported that patients often do not read written materials [138]. Furthermore 

individuals of varying demographic backgrounds have different preferences in how this 

information should be presented in terms of content and graphics [139]. It therefore seems 

worthwhile to consider other formats for delivering the information and to ascertain their 

suitability for the target audience.  

 

The proposal was a three phase programme of work (figure 2.4), where phase 1 was 

exploratory qualitative work aimed to determine the information needs of LCS participants 

and used focus groups and interviews. The methods and findings from this are presented in 

chapter 3. The second phase was the development of an information film described in 

detail below. The third and final phase was a nested randomised study that compared IDM 

outcomes between individuals exposed to the information film and written information 

booklet against the written booklet alone in a sub-sample of participants from LSUT. The 

plan for integrating this into LSUT is detailed below and the methods and findings for this 

are described in chapter 4. 

 

Figure 2.4 Flow diagram illustrating the three phases of the informed decision-making study 

Qualitative 
Study

•To explore the information needs of LCS participants

•Focus groups with LCS-eligible individuals 

•Interviews with GPs, Lung cancer nurse specialists, public health 
consultants and respiratory physicians

Development 
of information-

film

•Use of data from the exploratory phase to make a 5.5 minute 
information film targeted to the LCS-eligible population aimed at 
improving informed decision making

Quantitative 
study

•A nested randomised study in a sub-sample of participants from LSUT 
(n=229) evaluating informed decision making with exposure to the 
information film + booklet against the booklet alone 
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2.2.1 Developing the film 

The full protocol of the qualitative study can be found in appendix 10. Ethical approvals for 

this study were granted by the East of England - Cambridge East Research Ethics Committee 

(16/EE/0089) and can be found in appendix 11. Following the first round of focus groups in 

the exploratory qualitative work, a summary of findings relating to the content, tone and 

format of the information was collated. This allowed the team to draft ideas for the film in 

the form of storyboards, which we could use to get feedback on before putting together 

the final film (figure 2.5). The aim was to produce a five-minute film that provided an 

overview of the same facts contained in the written information booklet. It was required to 

be easily understood for individuals of all educational backgrounds, though it was 

anticipated some individuals may want more detailed information.  

 

In addition to the themes described in chapter 3, from the focus groups and interviews it 

was clear that the film should be clear and simple, with use of simple graphics, presented 

without unnecessary motion or complexity. The use of appropriate language without jargon 

was preferred. Participants’ appetite for statistical information varied, but most considered 

it reasonable to provide a basic level of statistical information, best presented in the form 

of icon arrays such as the one in figure 2.6 (taken from our control information booklet), 

with the option for obtaining further detailed statistics from the study practitioner if 

necessary. Some participants preferred a light hearted and entertaining tone, while many 

others felt that to be trivialising, and so a neutral tone was planned. The use of analogies 

was favoured by many, but some cautioned against analogies sometimes overcomplicating 

the message. Participants expressed a desire to hear the positive effects of LCS, as well as 

be made aware of the harms, and many were in favour of a lung cancer patient’s view. 

Conversely, participants had mixed opinions on the appearance of a ‘medical expert’ 

appearing on the film. Participants were also keen to be shown what the CT scan would 

entail, and preferred for the message to be relevant to the local population (for example a 

dislike of the use of clips featuring American accents was expressed).   
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Figure 2.5 Flow chart describing the stages for development of the film 

 

Figure 2.6 Icon array featured in LSUT control information booklet 

 

 

  

Information film produced 

Focus groups with lung cancer LDCT 
screening eligible individuals identified 

in primary care 
 

Feedback from the same groups 
regarding content and script of 

proposed film 
 

Development of ideas, story boards and script for the film 
 

Interviews with clinicians with 
experience of lung cancer patients 

Written feedback on developed ideas 
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In view of the fact that it would be challenging to address everyone’s diverse preferences, 

particularly within the five-minute timeframe, so the aim was to produce a film that would 

be palatable to all, and where individuals could seek more information if needed. It was 

clear we would not be able to address all the requirements of a ‘decision-aid’ as stipulated 

by the International Patient Decision Aids Standards (IPDAS) Collaboration [140] in a five-

minute film, and anything longer would be less likely to hold the viewer’s attention, so the 

plan was for the film to be used to support and facilitate the study practitioner discussion 

around informed consent for the LDCT rather than as a decision-aid per se.  

 

A brief of our aims and a draft script containing everything to be included in the film were 

given to a creative script writing and film production team. From the qualitative data and 

the team’s experience in LCS, we suggested some possible options of how to present this 

information, though we were very keen to give them freedom of creativity. The production 

team drafted some storyboards (figure 2.7), and organised regular meetings and 

discussions with us to refine the ideas. About half (n=18) of the focus group participants re-

attended for feedback focus groups following the development of storyboards. Based on 

this feedback, any necessary changes could be made prior to finalising the script, planned 

animation and live filming. The clinicians interviewed were also invited to give written 

feedback on the storyboards.  

 

The film was reviewed by members of the LSUT TMG and TSC, including our lay patient 

representative prior to approval of the final cut. The final film can be accessed via the Roy 

Castle Lung Cancer Foundation website2 and has been appended to this thesis in the form 

of a DVD.  

 

2.2.2 Integrating the sub study into LSUT 

The target sample size (described in detail in chapter 4) for the nested study was 210. A 

substantial amendment to the original protocol was submitted to allow the sub-sample of 

LSUT participants to undergo the extra activities required for the film study. The protocol, 

PIS and consent form in the appendix include these amendments.   

                                                           

2 https://www.roycastle.org/lungcancerscreeningguide 
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Figure 2.7 An example page from the storyboard sent to participants for feedback 



 

5
2 

2.3 TIMELINE OF WORK 

Financial Year 1 2014 2015 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

Protocols, Planning & database              

Ethics             

Financial Year 2 2015 2016 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

GP searches             

Nurse Training             

Lung health checks UCLH             

Lung health checks HUH             

Planning & ethics qualitative film study             

Focus groups/ interviews             

Film production phase 1             

Feedback and further focus groups             

Film Production phase 2             

Quantitative film study             

Financial Year 3 2016 2017 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

GP searches             

Lung health checks UCLH & HUH             

Quantitative film study             

Maternity leave             

Follow up, analysis and write up             

Financial Year 4 2017 2018 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept 

Follow up & data cleaning             

Analysis and write up             

Figure 2.8  Gantt chart detailing the timeline of activities relating to this thesis 
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2.4 CONTRIBUTIONS TO THE WORK REPORTED IN THIS THESIS  

 

The design of LSUT was led by Professor Jane Wardle and Professor Sam Janes. My role, in 

collaboration with Dr Samantha Quaife was in planning and executing the study. We were 

responsible for delivering the protocol, study documents, development of referral 

pathways, ethics and local approvals and ensuring the study was compliant with 

information and data governance regulations. I organised relevant contracts and data 

sharing agreements for the study and the locations for the LHC and LDCT to take place, any 

equipment needed for the LHC and the process of referring for LDCT.  

 

I led the process of recruiting GP practices and attended GP practices to oversee the 

identification of participants for the study. I was responsible for the drafting of the case 

record forms and the electronic study database, the software for which was developed by a 

specialist company, Sealed Envelope. I organised the study registrations and the TMG, TSC 

and IDMC meetings and updates. I was responsible for compiling and updating the Trial 

Master File.   

 

I carried the study mobile phone, upon which participants called to cancel and reschedule 

appointments and for any other queries. I carried out several of the first 100 LHC 

appointments and devised and carried out the study practitioner training. A number of 

study practitioners carried out the LHC at both hospital sites for the duration of the study. I 

was responsible for feeding back any participants who had not attended the scans to the 

study practitioners, so they could be contacted, and for checking the LDCT results and 

generating result letters and referrals as required. These tasks were covered by Dr Jennifer 

Dickson when I was away on maternity leave. 

 

I was responsible for carrying out much of the follow up data collection, together with the 

help from Dr Sophie Tisi, Dr Carolyn Horst and Dr Helen Hall. Dr Bhagbhati Ghimire and 

Professor Stephen Duffy have assisted and guided me with the statistical analysis in chapter 

4. Interpretation of data in chapter 5 has also included intellectual contributions from 

Professor Aroon Hingorani, Dr Riyaz Patel, Dr Reecha Sofat and Dr Emma O’Dowd. 
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Dr Samantha Quaife led on designing and creating the study information booklet and 

invitation strategy and materials for LSUT, the behavioural and smoking cessation related 

aspects of the study, together with Professor Jane Wardle, Dr Jo Waller and myself.  

 

Professor David Baldwin first suggested the need for an information film. With Professor 

Jane Wardle as the applicant and supervisor, and with Dr Samantha Quaife’s and Professor 

Sam Janes’ help, I applied for the project grant to the Roy Castle Lung Cancer Foundation. 

Dr Samantha Quaife and Dr Jo Waller have also helped with the data analysis and coding of 

the qualitative data. Dr Brintha Selvarajah did the voice over for the film. 

 

I have had much guidance and advice at all stages, from my senior supervisors and 

mentors, mentioned in the acknowledgement section of this thesis. 
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PART A 

Communicating benefits and harms and  

enhancing informed decision-making 
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Chapter 3. Exploring the information-needs of lung 

cancer screening participants- a qualitative study 

 

3.1 INTRODUCTION  

Lung cancer screening (LCS) by low dose computed tomography (LDCT) is the only 

intervention for lung cancer other than smoking cessation that has been shown to 

dramatically reduce lung cancer-specific mortality. The US National Lung Screening Trial 

(NLST) showed annual LDCT of high-risk adults for three years, reduced lung cancer-specific 

mortality by 20% compared with chest radiograph [17].  

 

LDCT screening does however, also pose risk through overdiagnosis, false positive findings, 

clinical investigations, radiation exposure and psychological burden. Even if the ratio of 

harms to benefit is low, individuals need to be made aware of the risks in order to make an 

informed decision to participate. A participant-centred approach may not only promote 

informed decision-making, but could reduce the psychological burden of harms [141]. The 

US Center for Medicare and Medicaid services mandates a ‘shared decision-making’ 

process for individuals undergoing LCS, thereby re-enforcing the importance of informing 

individuals [142].  

 

Communicating complex medical statistics and risks (such as overdiagnosis in 

mammography [143]) is challenging, but there is strong evidence to suggest individuals 

wish to be informed about these risks [144,145]. Optimising communication is particularly 

pertinent in lung cancer, where those from lower socio-economic backgrounds, who often 

have lower levels of literacy and numeracy [146] make up a large proportion of the at-risk 

population [147]. Decision tools therefore need to be effective in communicating this 

information and address the preferences of this target population.  

 

The ultimate aim of this study was to produce an information film to help people make an 

informed decision about whether or not to have a LDCT to screen for lung cancer. We 

found limited evidence about what to include, how best to present the information and 

how to approach the issue of smoking cessation for the target audience [148,149]. 

Furthermore, preferences and definitions of ‘informed choice’ can differ between lay 

people and policy makers [150]. Therefore, we carried out an in-depth qualitative study 
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with the lung cancer ‘at-risk’ population and Health Care Professionals (HCP) to address the 

below research questions. 

 

3.1.1 Aims 

What do (i) LCS-naïve individuals who are likely to be eligible for screening, and (ii) 

healthcare professionals involved in lung cancer and public health believe LCS participants: 

a) know and perceive about lung cancer treatment; b) know, perceive and want to know 

about LCS (including harms and benefits); c) feel about smoking cessation advice and the 

how it should be approached in the context of LCS. 

 

3.2 METHODS  

The full protocol can be found in appendix 10 and is summarised below.  

 

3.2.1 Participants 

Focus groups 

Participants were purposively recruited from six general practices in an ethnically diverse 

area of London, where LCS was not being carried out.  Practice administrators carried out 

an electronic record search to identify patients aged 60 to 75 who had been recorded as 

current smokers within the past 15 years, in order to identify those likely to be eligible for 

LCS. This strategy mimicked the search strategy in LSUT. An invitation letter addressed from 

the individual’s general practitioner (GP) that included information about the study, and an 

option to opt out of being contacted by the research team was sent to those identified. A 

member of the research team phoned those who had not opted out, and collected data on 

smoking history (status, years smoked and average cigarette consumption per day) and 

demographic details (age, sex, education level, ethnicity, religion), which enabled 

individuals who agreed to participate to be allocated to a focus group based on smoking 

status and educational level. Sample size was determined on the attainment of data 

saturation, with scope for a further phase of recruitment if required. 

 

Interviews 

We recruited a variety of healthcare professionals to obtain a wide range of perspectives. 

Participants from four disciplines (GPs, lung Cancer Nurse Specialists (CNS), respiratory 

physicians (RP) and public health (PH) consultants), were recruited using snowballing. The 
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target sample size was attained when three or more participants from each discipline were 

recruited and when data saturation was achieved.  

 

3.2.2 Data Collection 

Focus groups 

The focus groups were carried out in May 2016 in a local library and lasted 90 minutes 

each. Written consent was obtained prior to starting the groups. The sessions were run by 

two facilitators (one to facilitate the discussion and one to observe), and were audio-

recorded.  

Figure 3.1  What focus group participants were told about LCS during the discussion. 

 

Open discussion between participants was encouraged and facilitated, with more narrow 

questions where needed to address the research questions as described in the discussion 

guide (appendix 12). The facilitator provided some verbal (figure 3.1) and written 

information on LCS. Participants could ask questions and were encouraged to give feedback 

and opinions on lung cancer and screening, LCS harms and benefits, the written 

information materials and the issue of smoking cessation in the context of LCS.  

 

Interviews 

Telephone interviews were carried out to enable busy professionals from different parts of 

the country (in rural and urban practice) to participate and were conducted from April to 

June 2016. Participants were sent information about the study and a consent form by 

email. Interviews lasted between 25 and 50 minutes and were audio-recorded. 

 

The interview schedule (appendix 12) followed a similar structure to the focus group 

discussion guide. Participants were asked about their views on patients’ perceptions of lung 

“Research in the US has shown that if we carry out a CT scan (a detailed sort of X-ray) once a 
year on people who have a higher risk of lung cancer due to the amount they have smoked in 
the past, we may save 20% of lives by detecting the cancer early and giving a higher chance 
of cure. There are more trials underway, and depending on the results of those, we may start 
doing lung cancer screening in the UK in a few years. As with the other screening 
programmes we have discussed, there are pros and cons to screening for lung cancer. Here 
are some leaflets on lung cancer screening.  I will give you some time to read through them 
and then, if it’s ok, I’ll ask you for your thoughts on them.”  
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cancer, the harms and benefits of screening, their experiences of communicating complex 

facts or statistics and smoking cessation.  

 

3.2.3 Analysis 

Focus groups and interviews were transcribed verbatim. MR coded the data inductively and 

SQ second-coded >10% of focus group transcripts using the same coding framework.  The 

codes were collated, organised into themes, and analysed using the matrix-based 

framework method [151,152], with themes in the columns and participants in the rows. 

This allowed examination of focus group data by educational background and smoking 

status. The framework was discussed with co-authors SQ and JW (both behavioural 

scientists) and the transcripts were re-reviewed following the group discussion. Analysis 

continued into the write-up phase. Coding was carried out using NVivo v11. 

 

3.2.4 Ethical approvals 

The study was granted approvals by the Cambridge East NHS Research Ethics Committee 

(ref: 16/EE/89) and the Health Research Authority (ref: 192823), which can be found in 

appendix 11. 

 

3.3 FINDINGS  

Of the 1690 individuals identified and invited from 6 GP practices, 280 individuals were 

contacted by phone and 74 agreed to take part in the study. Of the 61 individuals allocated 

and invited to a focus group, 35 individuals participated in 7 focus groups (figure 3.2). The 

demographic and smoking related characteristics of participants are described in table 3.1.  

 

Of the 18 HCP participants, seven were GPs (some of whom had a special interest in 

cancer), four were lung Cancer Nurse Specialists (CNS), four were respiratory physicians and 

three were public health consultants. 
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Table 3.1 Focus group participant characteristics (% totals may not sum up due to 
rounding) 

Gender, n (%)   

Male 19 (54%) 

Female 16 (46%) 

Age, median (IQR)   

Age, years 66 (62, 70) 

Ethnicity, n (%)   

White British 26 (74%) 

White European 2 (6%) 

White Irish 1 (3%) 

Black Jamaican 1 (3%) 

British Indian 1 (3%) 

Kurdish 1 (3%) 

Iranian 1 (3%) 

Somalian 1 (3%) 

Prefers not to say 1 (3%) 

Religion, n (%)   

Christian 13 (37%) 

None 12 (34%) 

Jewish 6 (17%) 

Muslim 2 (6%) 

Hindu 1 (3%) 

Other 1 (3%) 

Education -education </= O-level groups, n (%)   

Finished school at or before the age of 15 7 (20%) 

Completed CSEs, O-levels or equivalent 4 (11%) 

Completed A-levels of equivalent 1 (3%) 

Completed further education but not a degree 11 (31%) 

Completed a Bachelor's degree 9 (26%) 

Completed a further degree (e.g. Masters/ PhD) 3 (9%) 

Smoking status, n (%)   

Current smoker 17 (49%) 

Former smoker 18 (51%) 

Smoking- current smoker groups, median (IQR)   

Years smoked 49 (41,54) 

Average smoked per day, cigarettes/day 20 (10, 25) 

Smoking pack-years 44 (27, 51) 

Smoking- former smoker groups, median (IQR)   

Years smoked 37 (24, 42) 

Average smoked per day, cigarettes/day 20 (12, 30) 

Smoking pack-years 38 (18, 50) 
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Figure 3.2 Process of recruitment for the focus groups  

1690 potentially eligible for LCS individuals identified from 6 GP practices and invited to participate 
with option to opt out of study 

Due to geographic proximity – we attempted to recruit from 3 practices. 
n=946 165 opted out 

Attempted to contact 781 patients by phone Unable to reach 
501 individuals 

206 declined 

61 invited to 
focus groups 

13 not invited 
to focus groups 

7 focus groups with 35 participants 

8 cancelled 

18 did not 
attend 

74 agreed 

Current smoker, 

education ≤ O-level 
n=4 & n=2 

Former smoker, 
education > O-level 

n=8 & n=5 

Former smoker, 

education ≤ O-level 
n=5 

Current smoker, 
education > O-level 

n=5 & n=6 



 

6
2 

 

Appetite for 
balanced 

information

Fatalism and 
perception of 
lung cancer as 

incurable

Belief in 
screening

Right to an 
informed decision

Too much 
information

Reactions to the 
harms of LCS

Indeterminate 
results

False positives 
and negatives

Overdiagnosis

Radiation 
exposure

Attitudes and 
preferences for 

smoking cessation

Smokers’ 
perceptions on 

smoking 
cessation

Helpful and 
unhelpful 

motivators for 
cessation

Figure 3.3 Thematic structure 
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3.3.1 Themes 

Three general themes were interpreted to address the research questions for both the 

focus group and interview data, each with a number of subthemes (figure 3.3). Below are 

descriptions of each subtheme with illustrative extracts3 from the data (also tables 3.2- 3.4).  

 

3.3.2 Theme 1: Appetite for balanced information  

I. Fatalism and perception of lung cancer as incurable 

Many participants described lung cancer with terms such as “death sentence” (INT54_CNS) 

or “death knell” (M6, FG64_FS_ED+). Focus group participants, most commonly smokers, 

expressed views that it had poor prognosis, worse than other cancers and this was echoed 

by the HCPs. One smoker stated that they were “wary” (F2, FG63_CS_ED+) of LCS given the 

poor prognosis of lung cancer.  

 

Many participants were unaware of curative treatment options.  Some had encountered 

surgery, but still associated this with negative outcomes, such as cancer recurrence. A few 

recounted stories of positive surgery outcomes, but cited that this was unusual.  

 

The HCPs also described a lack of public awareness of curative treatments and talked about 

smokers being “extremely worried about lung cancer” (INT38_GP) describing a “degree of 

fatalism and denial about cancer and perhaps more so with smokers” (INT57_PH). 

 

II. Belief in screening 

Although some participants were cautious about screening, many described it as “a 

precaution” (F5, FG65_FS_ED+) or that “prevention is better than cure” (M6, 

FG63_CS_ED+), suggesting it “makes sense” (F1, FG68_CS_ED-). Many participants 

recognised the benefits of early detection of cancers, and recognised screening as an 

‘opportunity’, stating it was “silly” to not “take advantage” (F2, FG64_FS_ED+). Participants 

also described screening as “worthwhile” due to its ability to “save lives” (F1, FG68_CS_ED-

).  

 

                                                           

3 Focus group participants (FG) are denoted by gender (M/F), smoking status (CS, current smoker 
/FS, former smoker) and education descriptor (ED+, education >O-level / ED-, education ≤O-level). 
The interview participants (INT) are denoted by  their professional role (GP (general practitioner) / 
RP (respiratory physician)/  CNS (lung cancer nurse specialist) / PH (Public health consultant). 
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This belief in screening, which was more frequently expressed by those with less education, 

appeared to be associated with a trust in medicine. Participants described attending 

screening because it was “recommended” (M4, FG65_FS_ED+), or because “my doctor told 

me to do it” (M2, FG67_FS_ED-). This phenomenon was reiterated by the HCPs. 

 

Some participants seemed reluctant to acknowledge the harms of screening. The 

rationalisations included that harms were “so rare” (F1, FG68_CS_ED-), that “nothing is 

100%” (F1, FG64_FS_ED+); and that “there’s also human error in all this” (F7, 

FG64_FS_ED+). HCPs described a need to dissuade people from tests at times, where the 

harms outweighed the benefits. 

 

III. Right to an informed-decision 

Many focus group participants expressed the “human right” (F1, FG63_CS_ED+) to be 

informed and to make an “individual choice” (M4, FG65_FS_ED+) about participating.  

Participants, particularly current smokers and those with higher education, expressed a 

desire for information in order “to make an informed decision” (M6, FG63_CS_ED+), and be 

better prepared for screening outcomes. Others were in favour of the decision being made 

on a population level, to avoid varying practices of different HCPs. 

 

HCPs also acknowledged the ‘right’ to decide, and that people “want to know the facts and 

figures” (INT49_CNS) but that individual preferences varied. Some reported that balancing 

harms and benefits could be challenging particularly for “the group in the middle” 

(INT38_GP) with whom it was most necessary for clinicians to spend time “not make the 

decision for people but trying to explain how to make that decision” (INT38_GP).  

 

IV. Too much information 

In contrast to the previous subtheme, a number of participants, most commonly current 

smokers, also expressed that at times “too much information” (F8, FG64_FS_ED+) can be 

“too scary” (F4, FG63_CS_ED+), or paralysing: “you can’t make any decision” (M2, 

FG65_FS_ED+). Some participants referenced medical leaflets or information on the 

internet as a means to “frighten yourself to death” (F1, FG68_CS_ED-) and some advocated 

placing “more emphasis on the positives” (M6, FG63_CS_ED+) to mitigate this. Many 

participants, particularly those in the more educated groups expressed scepticism that 

statistics “can be played with” (M6, FG64_FS_ED+) and are often manipulated citing the 

phrase “lies, damn lies and statistics” (M2, FG65_FS_ED+). HCPs similarly highlighted that 
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written information materials don’t always get read, and often resulted in “information 

overload” (INT58_CNS), and suggested it was necessary to moderate the information given. 

 

3.3.3 Theme 2: Reactions to the harms of LCS  

I. Anxiety associated with indeterminate nodules 

There were mixed views on indeterminate nodules. Many participants, particularly current 

smokers, stated that being called back for repeated CT scanning could be “a worry” (M8, 

FG63_CS_ED+) or “a concern” (M6, FG63_CS_ED+).  Some felt that “walking into hospital” 

was “bad enough” (F3, FG68_CS_ED-), or that the anxiety caused “in itself is bad for your 

health” (M2, FG_70_CS_ED+). Others suggested, “how you tell people” (M2, FG65_FS_ED+) 

was important, and that being told the risk of cancer following an indeterminate result was 

low, could “make me feel a bit more confident and less worried” (M4, FG68_CS_ED-). 

 

Some HCPs described circumstances where patients were “more worried than they need to 

be” (INT40_GP) and the challenge in communicating that the “rate of that nodule being 

malignant is actually pretty low” (INT51_RP), but that doing so was part of the role of the 

medical professional. Other HCPs felt it wasn't a “big problem for patients” (INT45_RP) and 

that CT surveillance was a reassuring process for many. 

 

II. False positives and negatives 

A number of participants acknowledged the potentially “serious sequelae” that may result 

from “interventions which might harm” (M3, FG_70_CS_ED+) and some expressed concern 

that some people “wouldn’t be able to cope” (M2, FG65_FS_ED+). Importantly, participants 

who had actually experienced false positives spoke of the “terrible fright” (F1, FG68_CS_ED-

) caused. 

 

On the other hand, others suggested that they would find additional tests reassuring, as 

though “somebody’s looking after me” (F4, FG63_CS_ED+).  A number of participants felt 

false negatives were a far bigger worry “than the other way round” (F4, FG67_FS_ED-), due 

to the fact that further tests for false positives could resolve the problem, while nothing 

could be done for missed cancers.  
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III. Overdiagnosis 

Most focus group participants needed detailed explanation of the term ‘overdiagnosis’, 

though one participant who had a history of prostate cancer described the ‘tiger’ and the 

‘sleepy’ cancers, and said “But if you get the tiger … you’re in trouble” (M4, FG68_CS_ED-). 

This fear of cancer, perhaps accounted for why many felt “probably, it wouldn’t stop me 

being screened” (M6, FG65_FS_ED+). Some participants were concerned about being  

“happy, smiley… and suddenly … get told, you’ve got cancer” (M6, FG64_FS_ED+). Despite 

this, many felt they would rather know about the cancer and have the option not to treat it. 

When it was suggested that it may not always be possible to determine prognosis, 

participants felt “you can’t take that risk” (F3, FG68_CS_ED-) of not treating.  HCPs also 

acknowledged that patients often “don’t necessarily want to just say oh leave it to be” 

(INT51_RP). One RP felt overdiagnosis was a “fallacy” (INT72_RP) and supported the idea 

that expectant management of some ‘ground glass’ pulmonary nodules would reduce 

overdiagnosis. 

 

IV. Radiation exposure 

The issue of radiation exposure generated some debate as it was acknowledged that 

“there’s no conclusion to be drawn from it because no one knows” (M4, FG68_CS_ED-) 

because the exact harms from cumulative, medical doses were speculative.  Some 

acknowledged that they knew very little about “x or radio, whatever it’s called” (F2, 

FG64_FS_ED+), though overall most people felt it didn’t “worry me at all” (F1, 

FG65_FS_ED+) or that “it’s a necessary thing unfortunately … And it’s not that bad” (M8, 

FG63_CS_ED+), or that “the equipment nowadays is… much safer” (M2, FG65_FS_ED+). 

Some did express some “concerns” (F5, FG65_FS_ED+) due to having to go for repeat scans, 

while others felt it would not stop you having the test, “but it would be nice to know” (M4, 

FG68_CS_ED-). HCPs placed different levels of importance upon this harm. Some were 

concerned radiation was often ignored or caused much anxiety due to poor understanding, 

while others felt it was “doctors that are more concerned about that than the patients” 

(INT45_RP). 
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3.3.4 Theme 3: Attitudes and preferences for smoking cessation  

I. Smokers’ perceptions of smoking  

It was widely expressed, particularly amongst smokers, that smoking is “one of the 

strongest addictions” (F3, FG63_CS_ED+), that overcoming it was very challenging and 

removing the option to smoke altogether by making it “too expensive for people to buy” 

(M6, FG63_CS_ED+), to “stop producing it” (F2, FG63_CS_ED+) or to go somewhere to be 

“incarcerated for a certain amount of time” (F5, FG7_CS_ED+) might be helpful. Participants 

illustrated their dependence by describing how cutting down made them “jump down 

people’s throats” (F1, FG69_CS_ED-), or their inability to stop smoking despite no longer 

getting "enjoyment” (M2, FG68_CS_ED-) or having had cancer, including self-blame “I’m an 

idiot … I mean, it’s ridiculous” (F5, FG70_CS_ED+). 

 

Participants felt that non-smokers couldn’t “get how difficult, how addictive it is” (F1, 

FG68_CS_ED-), though HCPs recognised that “trying to get [older smokers] off nicotine is 

quite difficult” (INT61_GP) and advocated openly acknowledging this difficulty and that 

“quitting is a cycle” (INT46_PH) to smokers participating in LCS. 

 

Many focus group participants were aware that smoking causes lung cancer. Nevertheless, 

smokers, most commonly those with higher levels of education, downplayed the harms.  

The views varied on a spectrum from total rejection of smoking as harmful: “it’s something 

else give you cancer, not the smoke” (M5, FG63_CS_ED+); through to accepting that 

smoking causes harm, but that other exposures such as “pollution” (M4, FG65_FS_ED+), 

“processed foods” (F3, FG63_CS_ED+) and “genetic foods” (M5, FG63_CS_ED+) were 

equally or more responsible for causing cancer; to the notion that smoking affected their 

health indirectly, by putting “extra weight on” (F1, FG69_CS_ED-). 

 

Some used examples, such as a healthy “93 year-old lady puffing away” (F5, FG65_FS_ED+) 

to demonstrate that smoking is not always bad for your health.  Others used anecdotal 

evidence of lifelong non-smokers who had run “six London marathons” (M2, FG70_CS_ED+) 

or led an “exemplary lifestyle” (F3, FG63_CS_ED+) but who subsequently developed lung 

cancer, to undermine the strong link between smoking and lung cancer.   
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II. Helpful and unhelpful motivators for cessation  

Many participants, particularly current smokers, described how being “preached at” (F4, 

FG63_CS_ED+) and having smoking cessation advice “ramming … in your face” (F1, 

FG67_CS_ED+) was “patronising”  (F1, FG68_CS_ED-). Smokers stated that they “know” (F4, 

FG63_CS_ED+) that smoking is bad for them. HCPs were also aware of the aversion to 

“being lectured to by health professionals” (INT50_GP) and knew that doing so could “put 

them off coming back” (INT53_GP).  

 

Using “scare tactics” (M4, FG68_CS_ED-) as a method of encouraging people to stop 

smoking was also commonly felt to be unhelpful, particularly by current smokers. One 

participant talked about televised advertisements that used fear, saying that “all it does is 

make you change the television” (F4, FG67_CS_ED+). Other participants talked about the 

messages on cigarette packets suggesting it “doesn’t mean a thing” (M3, FG67_CS_ED+). 

Interestingly some HCPs had more favourable views on the use of fear to motivate 

behaviour change, and felt that this may be a good way to “bring it home to 

people”(INT50_GP), and that they worked “to some extent” (INT72_RP). 

 

Many participants, particularly the former smokers, talked about success with smoking 

cessation often being motivated by life events such as pregnancy, ill health or relatives with 

cancer. One participant talked about seeing the “lung that was removed from my sister 

[who had lung cancer]” (F1, FG64_FS_ED+). One HCP also recognised that health scares 

“not necessarily cancer but maybe an MI” can be “the trigger to stopping” (INT50_GP). 

 

Several participants talked about positive experiences with smoking cessation aids, stating 

that “The only thing that helped me was an e-cigarette” (F5, FG63_CS_ED+) and “the 

patches worked for me” (F1, FG63_CS_ED+).  While many others dismissed their usefulness 

“I’ve tried patches, I’ve tried hypnotherapy, I’ve been to cessation sessions.  (F5, 

FG70_CS_ED+) or complained of their side effects “They [tablets] make me ill actually” (M2, 

FG69_CS_ED-). One of the participants complained of the expense of them, and expressed 

surprise at the ‘free help’ available “Can you really? … I didn’t know that” (F1, FG68_CS_ED-

) suggesting a need to inform smokers of the extent of NHS support available. 

 

HCPs also expressed that “signposting people to where they can get that support and help 

and advice” (INT38_GP) was worthwhile because there was “no point discussing smoking 

cessation unless you have some pathway of offering them something” (INT49_CNS).  
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Empowerment 

Many smokers expressed preference for emphasis on the positive impact of smoking 

cessation such as the possibility to “save money” (F1, FG69_CS_ED-) or other health 

benefits including the more immediate, such as emphasising symptom relief. Some smokers 

however, expressed a lack of perceived benefit from smoking cessation in older age. One 

participant said “at my age … what’s the point?... I won’t reach those benefits” (M4, 

FG68_CS_ED-).  

 

HCPs also often cited the need to emphasise the “positive effect of stopping smoking at any 

stage” (INT40_GP) and the benefit for the “whole of your body” (INT44_CNS). Others 

advocated encouraging messages such as the impact on heart disease, and to empower 

individuals even when they had had unsuccessful quit attempts: “not quitting is not failure, 

it’s part of your journey towards quitting” (INT46_PH).  Another GP talked about “helping 

people not to feel helpless… doing it in a positive way that helps them feel empowered” 

(INT40_GP). 
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Table 3.2 Quotes illustrating the theme 'Appetite for balanced information' 

Theme 1: Appetite for balanced information’ 
Fatalism and perception of lung cancer as incurable 
“My father had [lung cancer], but really in the ‘70s so it was… quite new, it wasn’t a new cancer but it was... to survive it, and he 
survived it”  

F4, FG67_FS_ED- 

“they were 99.9% certain they’d got rid of all the cancer … but three weeks later it was back”   F5, FG67_FS_ED- 
“I don’t know much. I had a friend that got it and he died but they kept him going for quite some time somehow … they told him he 
was going to die within six months and he got probably about three years” 

M4, FG68_CS_ED- 

“Well if you hear that someone’s got lung cancer, you know, you, you do feel that it’s not a good prognosis. Put it that way” F8, FG64_FS_ED+ 
“it’s the big C word to the general populous, isn’t it? … and the minute you mention that word, everything is invasive and almost 
terminal. … it’s the worst possible scenario for most people to hear they’ve got cancer” 

F5, FG70_CS_ED+ 

“As treatments have got better again there will be a certain amount of day to day experience of knowing people who have had it for 
longer … but… there probably is the perception that it’s quite a bad one to get” 

INT57_PH 

“I think [for patients] cancer equals, you know death, chemotherapy, suffering all those, all those bad things” INT50_GP 

“I think probably a lot of their knowledge comes from people they already know who have had lung cancer and because of its frequent 
terminal course, they’re very frightened of the diagnosis of lung cancer” 

INT55_GP 

Belief in screening  
“I mean people who throw it [bowel screening kit] away I don’t understand, quite frankly, for the effort it takes. Any prevention is 
better than cure” 

M6, FG63_CS_ED+ 

“any screening that’s ever offered, I think anybody that doesn’t take it must be completely bonkers. I mean why wouldn’t you? If it’s 
offered. You need to know. And as early as possible” 

F7, FG64_FS_ED+ 

“I did believe in having the screening because if cancer’s caught early enough … you can battle” F5, FG67_FS_ED- 
“I trust the consultant … why would he put me through this if he thinks it’s a waste of time and a waste of National Health money”  F4, FG63_CS_ED+ 
“generally people want the test and it’s you saying to them, well actually you need to understand that we’ve got to have a good 
reason to do it because we might pick up things that are not helpful”  

INT38_GP 

“most of the patients … they’re happy to do whatever the doctor thinks is right and actually it doesn’t really matter what you say to 
them, you could tell them there’s a 99% risk of death but if you recommended it to them they’d still want to have it done”  

INT45_RP 

“I think that patients had … cancer screening programme fully explained to them I, I suspect they might still have an exaggerated view 
of those benefits because people want to believe that the screening is good for you” 

INT52_PH 
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“Well yeah, I mean I know that some people say that they’ve got mistaken results … and it’s caused them great distress. But, you 
know, I think that must be the minority of what happens and as such I can’t see it to be a reason for not doing it” 

F2, FG64_FS_ED+ 

“But all the tests you can make are not infallible … mistakes can be made” M2, FG65_FS_ED+ 
“If it was very common it might change my mind but I think you only hear about the ones that are false negatives or false positives 
rather than the thousands and millions of tests where they get it right ... So it wouldn’t put me off”  

F3, FG68_CS_ED- 

“I think if there’s a large amount, that if it was common, they would, they would find what was going wrong …  And put it right”  M4, FG68_CS_ED- 
The right to an informed decision 
“you want to make a decision that’s an informed one … Not one where you say afterwards, oh, I didn’t know that … I just want to be 
told the full facts”  

F3, FG68_CS_ED- 

“I would like to know exactly what’s going on, all the test and the results and everything and then I make my own conclusion” F2, FG63_CS_ED+ 
“I tend to probably express it… there are further consequences and, but actually if you really are at risk, or you want to know the 
result, then this is the next step, and you need to be aware that this is what could be coming next” 

INT53_GP 

“[we] would wish patients to be given a totally impartial degree of information so … they did understand that … you get interval 
cancers … sometimes things do go wrong” 

INT52_PH 

“I think now this is a concept in general practice of giving people the facts in a way that they can understand so that they can make 
that shared decision”  

INT61_GP 

Too much information  
“When I had my babies I didn’t even think about a miscarriage or percentages or this, that and the other. But now they scare them, 
they scare the mothers to death and other people, because they give out too much information” 

F4, FG63_CS_ED+ 

“There’s also an argument that says, do you really want to … access the information, because sometimes the information can be more 
scary [than the disease]” 

M6, FG70_CS_ED+ 

“the egg crisis, the beef crisis, didn’t stop me. … If you look at them, it’s all, this is bad for you, that’s bad for you, I mean, now I mean, 
they’re, they’re, they’re on about sugar… I’m very cynical in a lot of things because I don’t trust what a lot of people say”  

M2, FG69_CS_ED_ 

“Oh, they manipulate everything these days to suit themselves … Because, because everybody from the Government, all the way down, 
massage things to suit whatever they’re doing at that time” 

F4, FG63_CS_ED+ 

“I think trying to read a black and white document is very difficult… it’s just such a lot of information that I think people do struggle” INT53_GP 
“so it’s not trying to undermine the risks but … you’re not scaring them as well”  INT42_GP 
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Table 3.3 Quotes illustrating the theme 'Reactions to the harms of LCS' 

Theme 2: ‘Reactions to the harms of LCS’ 
Anxiety associated with indeterminate results 
“It wasn’t saying that there was a problem. It was just saying inconclusive. But even so, you think, oh, yeah”  F5, FG70_CS_ED+ 
“whatever you’re told you still worry. I’m, you know, a terrible worrier. But I keep saying to myself, don’t worry about things until 
you’ve got something to worry about. But, you know, you can’t help it.”  

M6, FG64_FS_ED+ 

“if it can be resolved quickly then I suppose it’s not pleasant but it’s less of a worry, but if … that could be a prolonged period of time 
that people could be quite distressed”  

INT38_GP 

“They would say things like I'm glad it, I'm glad this nodule hasn’t changed and I have been a bit worried about it but at least it was 
found and at least somebody’s looking after it” 

INT45_RP 

“[indeterminate results] can cause a lot of anxiety and that’s where the clinicians role is, to reassure them and that can take some 
time”  

INT72_RP 

False positives and negatives  
“I’m thinking I’d rather be one of those thirty false positives out of the thousand and they do something”  F5, FG64_FS_ED+ 
“I was told … it’s just a polyp … And it wasn’t a polyp … it was a tumour … he … could have said … well I think it’s a tumour. Not, not, 
oh don’t worry about it, it’s just a polyp” 

M6, FG64_FS_ED+ 

“I think the biggest problem is when they do a test and they say, oh, yes, you’re fine, and in actual fact, it didn’t pick up the problem 
… a false positive is probably OK because they … they’ll have a, probably a backup test … or they’ll do the test again”  

M3, FG65_FS_ED+ 

“I’ve actually known that happen to someone where they got a letter through the post saying everything was OK and six weeks later 
they were dead”  

M4, FG68_CS_ED- 

“I certainly think that anybody who is flagged as suspicious and requires a further intervention, I think that is a much greater harm 
than the others, and partly psychological but they also undergo that physical harm as well”  

INT46_PH 

“False negatives I would think would be a concern. False positives are a concern but as long as it’s presented to patients in a way 
that … it isn’t normal but it might not be anything and … it’s dealt with in a timely fashion then I guess people probably would cope 
with it reasonably well”  

INT38_GP 
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Overdiagnosis  
“somebody giving me a sound sort of prognosis… like saying, well you could actually live with this for X number of years … or they 
will say, well look we think this is serious and it could spread and so on” 

F1, FG64_FS_ED+ 

“But at that stage would they give you the choice then whether to, to do something or not? … there’s the other side of it … where 
things aren’t done … And weren’t acted upon quickly enough” 

F3, FG68_CS_ED- 

“Well, I think he [my father] took to it [watching and waiting] OK. I think the rest of the family were going, so he’s saying he’s got 
cancer and he doesn’t want to do anything about it. … has my father not been assertive enough? Has the doctor just said, go away, 
we’re not bothered?” 

M2, FG70_CS_ED+ 

“I still think I’d go the whole hog just so that I could still be alive and say, OK, so it wasn’t that necessary but… you should because 
I’m still here” 

F1, FG68_CS_ED- 

Radiation exposure  
  
“I think radiation is particularly difficult because people are, either just ignore it because they don’t understand it or they become 
very, very anxious about it because they don’t understand it” 

INT46_PH 

“You don’t very often hear patients worrying about radiation doses” INT38_GP 
“I think across the board that [radiation] is the least worry thing, worrisome thing for them” INT72_RP 
“I wonder if they’ve overplayed the radiation risk sometimes” INT75_RP 
“I think most people’s perception of radiation is oh well, I’ll trust you doc, it’s a low dose, it’s worth the risk” INT61_GP 
“Some people are aware of radiation but others, now with scanning … so frequent nowadays, you go in and you have a CT scan for 
goodness knows what, it seems to be part and parcel of it … I’m not sure whether or not people A) can understand or B) how one 
gets that across to people in a way that they can understand and make that decision”  

INT61_GP 
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Table 3.4 Quotes illustrating the theme 'Attitudes and preferences for smoking cessation' 

Theme 3: ‘Attitudes and preferences for smoking cessation’  
Smokers perceptions on smoking  
Battling with smoking addiction  
“Smoking is an addiction … Stop them making cigarettes”  F8, FG63_CS_ED+ 
“So I started smoking as a temporary thing. Now I know I’m addicted. But it isn’t just a question of willpower. You’ve got to want to 
stop” 

F4, FG63_CS_ED+ 

“I was a drug addict many years ago … And smoking is the most difficult [addiction], I, I can’t crack it, well I’ve not cracked it as yet”  M4, FG68_CS_ED- 
“It’s extremely difficult to change deeply embedded habits, whether they’re as a result of physical addiction or other factors” M3, FG70_CS_ED+ 
“[the] no smoking pack help thing… it’ll have bits and bobs in and, and a tension ball, I mean for heaven’s sake, you know, give me 
strength” 

F1, FG68_CS_ED- 

“life is that little bit more chaotic that they often regress back to the norm again… They felt paralysed, that they were hooked for life”  INT61_GP 
Reduced perceived relative risk of smoking   
“So apart from the smoking I just try to do what my body tells me to do, which means lots of movement, decent food made from 
scratch. No processed food. Stuff like that”  

F3, FG63_CS_ED+ 

“all the emissions in the air are worse than two … cigarettes a day” F4, FG63_CS_ED+ 
“he had a [electricity] pylon virtually outside the house and he got stomach cancer and she’s convinced it was from the pylon”  F4, FG63_CS_ED+ 
“who should we screen? Well, maybe ex smokers or smokers and ex smokers and so on, yeah, but if you look at sort of current 
research, and so on, anybody who lives in a big city. … with the air pollution that’s around like that”  

M2, FG65_FS_ED+ 

“[smoking] It’s been mentioned but I’ve still got an open mind on that. … the amount of rubbish these, these cars and buses are 
spewing out … You look at processed food now” 

M2, FG69_CS_ED- 

“Because, because everybody from the Government, all the way down, massage things to suit whatever they’re doing at that time … 
because they think maybe there’s too many people using the National Health who are smokers. I don’t know”   

F4, FG63_CS_ED+ 

“do you think smokers are in denial? … on some level we are defensive, I think, you see, about the whole, a bit, aren’t we? Because we 
self inflicted this” 

M4, FG70_CS_ED+ 

“my nan died of lung cancer, right? … And they said, said that she was smoking, I think it was about 50 or 60 fags a day … She never 
smoked in her life” 

M2, FG69_CS_ED- 

“I know quite a few people whose, members of whose families have died from lung cancer who have never smoked, have always 
exercised, have had a healthy lifestyle, have always been in a smoke free home…”  

F5, FG70_CS_ED+ 
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“I know people who have had an exemplary lifestyle, they got it age 45, 50. It’s, seems to be, hit and miss and that is not, I’m not 
saying this in order to defend smoking, far from it. But it crops up in all sorts” 

F3, FG63_CS_ED+ 

“I’ve thought about this, and I know people quite old who are still smoking. Young people who have smoked that have stopped, who 
have now got lung cancer, so how do you determine this? How do you predict it?”  

F5, FG65_FS_ED+ 

Helpful and unhelpful motivators for cessation  
Preaching message  
“I think I’d already know…  I don’t think anyone needs to tell me. It’s quite obvious isn’t it?” F4, FG63_CS_ED+ 
“I’ve tried the whole, been very stern, you mustn’t smoke and what’s the point in us doing all of this while you’re still smoking type 
thing and that doesn’t work very well” 

INT49_CNS 

“if you’re just hitting a closed door then you could know where to give up and know that you’ve got to come back to that another 
time”  

INT55_GP 

“I’m very blunt. …Every single person who comes back to me says I’ve stopped smoking, but I sometimes take it with a pinch of salt” INT72_RP 
“You can give them all the advice but if they perceive it as if you’re telling them what to do well then they won’t do it, which is the 
nature of the beast”  

INT61_GP 

Fear as a motivator  
“And advertising packaging on the thing, that’s scare tactics, isn’t it? … Well it doesn’t work if you’re a smoker, no, that’s for sure”  M4, FG68_CS_ED- 
“What I find extremely unhelpful are, are graphic detail or images showing you how much harm smoking does to you … because that 
causes me anxiety … And if you’re anxious, your willpower is impaired”  

M3, FG70_CS_ED+ 

“one of the things I use is there was a television advert a while ago that had the, a child with all this smoke coming out of its nose… we 
did have a couple of patients… said it shouldn’t be allowed to be shown… but that’s the point” 

INT44_CNS 

“If it’s non malignant then we say things like, well it’s lucky it isn’t malignant, isn’t it, but if you keep on smoking next time it probably 
will be. So we use those things”  

INT45_RP 

Personal experiences  
“my sister never got to see her grandchildren and I decided I wanted to get to know my grandchildren”  F1, FG64_FS_ED+ 
“I actually gave up smoking because … I got pneumonia in India and I was quite poorly. … So maybe having a personal experience of, of 
what cigarettes can do, I’ve no doubt, it was the cigarettes, obviously, that made me ill“ 

F4, FG64_FS_ED+ 

“the only thing that made me … gave up was when I was at the park with my son and I got out of breath, and my little one sat on my 
lap and said, Dad, I don’t want you to die”  

M2, FG67_FS_ED- 
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Smoking cessation aids  
“Well I’ll tell you one thing that I tried and it stopped me for six months and nothing else has ever done that before, I tried one of those 
like vaping pens”  

M4, FG68_CS_ED- 

“if you come along to one of our stop smoking cessation clinic … you’re four times more likely to stop smoking”   INT53_GP 
Empowerment   
“I don’t get bronchitis or chest infections so often now I, I used to get them … I’m not out of breath so much”  F5, FG67FS_ED+ 
“I read the, the statistics said that ten years after … lots of the effects of smoking has sort of been dissipated… not completely but, but 
almost” 

M2, FG65_FS_ED+ 

“But I would also like to get some positive message about what I can do for myself and what the enormous difference is if I either cut 
down, get physically active or do anything to counter it and maybe slowly come off”  

F5, FG63_CS_ED+ 

“there is a relative quickness of a benefit if you managed to quit. … [the risk of] heart disease halved within a year and was pretty well 
back to normal within ten years”  

INT52_PH 

“To give solid examples that it is doable. It’s not easy, but it is doable” INT53_GP 
“the best successes I’ve had is when you’ve actually literally really empowered people to make that choice … when they realised that 
they didn’t have to be hooked for life, they had it within their power to do it, then it was successful.  

INT61_GP 

“reiterating the message that stopping at any time is … that it’s never too late to see the benefits of stopping”  INT38_GP 
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3.4 DISCUSSION   

This study was the first step towards developing a decision-support information film for 

people considering LCS.  We used qualitative methods to investigate the opinions of LCS-

eligible individuals and HCPs involved in the care of patients with lung cancer, focusing on 

the key features of lung screening, with a focus on benefits and harms. This allows the 

development of information materials that can be targeted to address the concerns 

highlighted in a way that is likely to be understood. We found people at risk of lung cancer 

generally perceived it as an incurable and frightening condition, and smokers were 

particularly fatalistic. Despite this we found a persistent ‘belief in screening’, an appetite for 

information, with many participants expressing a ‘right’ to be fully informed, but others 

cautioning against too much information. False positives and false negatives were the 

harms that generated the most concern, but most participants were not deterred from 

screening.  Although participants were aware of the harms of smoking, many current 

smokers perceived other factors as more detrimental to their health. We found that 

participants preferred the benefits of quitting to be emphasised, and for advice to be 

delivered in a positive and empowering manner.  

 

Our finding that participants were generally unaware of curative treatment and thought it 

to be an incurable condition, is supported by previous studies that have shown fear, worry 

and fatalism about lung cancer [76,153,154] as well as poor perceived benefit from LCS 

particularly amongst current smokers [76,80].  A few participants were aware of positive 

outcomes in lung cancer, which may increase as more patients undergo curative treatment, 

but this finding demonstrates the need to provide information about curative treatment 

following LCS.  

 

Our finding that participants and HCPs held a belief in screening as something that saves 

lives and expressed trust in medicine are supported in the literature [155–157]. Thornton et 

al [156], reported that medical imaging is perceived as highly beneficial, though some 

contrasting studies have reported a variety of levels of trust of medical systems [158,159]. 

In the face of this overriding trust in screening, we found a degree of disregard of the harms 

as either uncommon or insignificant, thus suggesting that providing information about the 

harms is unlikely to deter most individuals from LCS. Similar findings were reported in a 

study which demonstrated that individuals placed greater importance on LCS benefits than 

harms, particularly with respect to decision-making [160].  
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Participants had varying information preferences, with many feeling they had a ‘right’ to 

know and to make an informed decision, a finding that is supported by previous studies 

[141,145,161]. Generally, it was accepted that policy makers should decide who screening 

should be offered to, and that the decision to participate should ideally be made by 

individuals with support from a medical professional if required. Other studies have 

similarly reported that autonomous decision-making with expert guidance is preferable 

[162,163]. On the other hand, some participants were cynical or overwhelmed by ‘too 

much information’ and this variability in preferences makes designing decision literature 

and aids challenging. People have been shown to prefer personalised decision aids [141], 

and the limitations in literacy found in the at-risk population will make  this even more 

important. For the core information materials we therefore propose that it be not overly 

burdensome, with signposting to more detailed information. 

 

Our finding that participants wanted to know about the potential harms of screening, even 

though these would be unlikely to deter them from participating, emphasises the 

importance of including these in information materials. False negatives appeared to be of 

greater concern than false positives (in contrast to one other study [164]) and some people 

found additional investigations reassuring. Those who had encountered false positives and 

negatives were generally more concerned, suggesting that the hypothetical scenarios 

presented may understate people’s true reactions. These findings are very useful to inform 

the emphasis placed on the content of information; with the caveat that individuals do not 

feel reliant on further testing for reassurance when this is not advised clinically.     

 

Awareness of overdiagnosis was low and the concept challenging to explain. However, 

most did not find this worrisome, either because they valued cancer treatment in spite of 

this issue or because they could opt for expectant management. Similar findings have been 

reported with respect to overdiagnosis in mammography screening [145]. Radiation risk 

was poorly understood, although not a major deterrent. This is supported by a study 

investigating patients’ views on tests with ionising radiation, where many wanted to be 

made aware of the potential harms, however uncertain, while others found the uncertainty 

disconcerting and unhelpful [156].  

 

Anxiety with indeterminate results, such as pulmonary nodules, was a concern for some 

participants which is supported by previous studies suggesting uncertainty associated with 

indeterminate nodules can weigh heavily on patients [165].  Many participants were less 
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worried by the prospect of interval scanning and felt that the psychological distress could 

be reduced by education around the low subsequent risk of developing cancer in the 

context of indeterminate pulmonary nodules. Studies have found individual differences in 

tolerance of uncertainty, that can affect how people weigh up benefits and risks, and that 

better communication that prepares patients for this likelihood, may mitigate poor 

tolerance of uncertainty [166] and distress associated with pulmonary nodules [167,168].  

 

Maximising support for smoking cessation in the context of LCS is imperative. Our findings 

suggest acknowledging the difficulties of overcoming tobacco addiction, highlighting the 

positive messages around the benefits of stopping at any age, and doing so in an 

empowering manner. Smokers were generally aware of the harms of smoking and disliked 

a ‘preaching’ tone, though many expressed concerns that other environmental harms or 

side effects such as weight gain caused by smoking cessation, may pose a greater threat to 

their overall health (also previously reported [154,169]) than smoking. Experiences of non-

smokers with lung cancer or smokers who remained free of cancer, further fostered these 

beliefs. This could be a response to the cognitive dissonance smokers experience as a 

means to reduce the importance of the role their smoking behaviour may play on their risk 

of developing cancer [153,170]. Personal experiences such as lung cancer in a relative or 

personal ill health were cited as triggers for successfully motivating quitting, as were 

smoking cessation aids. Some smokers were unaware of the free help available within the 

health service or of how to access this, suggesting information on exactly how to quit is just 

as important as why. Acknowledging these findings in the design of any LCS literature may 

help reduce the burden of future smoking related disease in this population and enhance 

the efficacy and cost-effectiveness of LCS.  

 

3.4.1 Strengths and limitations 

Selection bias is possible despite our attempts to mitigate this by purposive sampling of 

varying educational backgrounds. Despite this, it is likely that certain viewpoints may have 

been missed or under- or over-represented. One focus group only had two participants due 

to low turnout, but contrasting viewpoints were still expressed. HCPs were also included in 

the study design to provide insights that may have been missed by selection bias, and their 

data have significantly contributed to the structure and relative importance of the themes. 

Focus group participants discussed screening in the hypothetical sense, and the fact that 

screening intentions are recognised to potentially differ from actual screening behaviours 
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[171] should be considered in the overall interpretation. The HCP interviews were carried 

out by telephone, which aided recruitment to the study but may have reduced implicit and 

non-verbal communication from the participants. Finally, the interviewer, who has a 

background in LCS and is an HCP, may have unintentionally biased the elicited data despite 

attempts to circumvent this (such as not disclosing her background, knowledge or any 

personal bias to the participants).  

 

The strengths of the study include the wide range of ethnic, age and educational 

backgrounds of participants. They were invited by a primary care database search in a 

similar way to what might occur in the setting of national LCS implementation in the UK, 

and almost all the participants would qualify for LCS if offered according to the US 

Preventative Services Task Force recommendations. We believe our findings are likely 

generalisable to the non-UK population, though another recent US study with similar aims 

reported themes more focussed on cost and eligibility criteria for screening, highlighting 

how certain differences in healthcare structure between the US and UK may also be 

necessary to consider when developing information materials in those contexts [172]. 

Furthermore, the lack of availability and public knowledge in the UK for LCS has enabled 

recruitment of a group of individuals with no prior knowledge of LCS and pre-existing 

external biases.  

 

3.4.2 Conclusions 

Addressing the information needs of the whole screening-eligible population in a way that 

meets diverse information preferences is challenging. Policy makers need to ensure LCS 

information materials are effective in helping individuals comprehend complex risks and 

benefits in a way that addresses the concerns and preferences found here. In particular, 

our findings suggest that decision tools are best presented simply, and should direct 

participants to more detailed information if preferred, and not replace the support of an 

HCP. Supporting smoking cessation is vital to enhance the efficacy of LCS, and it should be 

done in an empowering manner, that highlights the benefits of stopping in older age, and 

signposts individuals to stop smoking services and support. Future work could be carried 

out to further explore how we might effectively support individuals with high nicotine 

dependence to stop smoking, and to test the impact of targeted decision tools on informed 

decision-making.  
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Chapter 4. Impact of an information film on informed 

decision-making in lung cancer screening participants- a 

nested randomised study 

 

4.1 INTRODUCTION 

From the study in the previous chapter and other available literature, we know that people 

want to be made aware of the harms of lung cancer screening (LCS), and value the ‘right’ to 

an informed decision [141,173]. We also know that these harms and benefits are poorly 

understood [141,173] and that failure to communicate information to those with lower 

health literacy may disengage individuals and adversely affect participation [133]. 

Techniques to aid the decision-making process are urgently needed. Considering only 1.9% 

of those eligible for LCS in the US are estimated to have received a low dose computed 

tomography (LDCT) screen [174], measures to promote understanding whilst empowering 

individuals to make an informed decision are urgently needed.  

 

Studies have shown that using illustrative materials, such as pictograms and icon arrays 

have been associated with improving understanding and knowledge around risk perception 

[135]. The use of graphics and animation have also been noted to enhance knowledge and 

recall of facts related to the specific health care interventions [136,137]. Several 

randomised studies evaluating the use of ‘educational videos’ in different health care 

settings have found this to be an effective medium for enhancing knowledge and 

understanding without worsening anxiety and conflict [175–179]. Interestingly, one 

randomised study by Frosch and colleagues in prostate screening compared usual care (i.e. 

no specific decision tools) with a health care professional (HCP) discussion alone, an 

educational video alone, and a combination of the video and HCP discussion. The HCP 

discussion, video and HCP discussion + video groups scored means of 3.9, 3.4 and 3.8 

respectively while the usual care group scored a mean of 1.6, suggesting that both the film 

and HCP discussion more than doubled knowledge [180].  

 

Although a shared decision-making process is mandated for re-imbursement by the US 

Centers for Medicare and Medicaid Services [142], in the relatively young field of LCS by 

low dose computed tomography (LDCT), very few studies evaluating decision tools exist. 

Lau et al, in 2015, tested the impact of a web based interactive decision tool on informed 
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decision-making (IDM) in a group of smokers and former smokers considering participation 

in LCS [181]. The authors reported a significant improvement in knowledge and reduction in 

decisional conflict, though they also acknowledged that access to such a tool may not be 

equitable in all screening-eligible participants.  

 

Two studies in LCS have evaluated the impact of video on IDM, a medium that may better 

transcend varying socio-demographic groups [182,183]. Volk et al, developed a film and 

tested it in 52 participants of a tobacco treatment programme, and noted high acceptability 

of the film, significant improvement of knowledge scores from baseline to post 

intervention, and a high level of interest in LCS, though patient demographics and screening 

attendance data were not described in this brief report [182].  More recently, Reuland and 

colleagues evaluated their film, also in a single group of 50 participants, many of whom had 

lower levels of education, and again reported an improvement in knowledge from baseline 

to post intervention [183]. Interestingly, of 36 participants for whom screening intention 

and behaviour was collected, 18 intended to participate, and 6 completed an LDCT 

examination. 

 

The studies with LCS information materials to date, have been limited by small sample sizes 

and single group designs. We have identified the need for information materials that 

enhance IDM and that are accessible, engaging and comprehensible to individuals from a 

variety of demographic and educational backgrounds. No studies exist which evaluate the 

impact of such information materials on IDM and on uptake to LDCT when compared with a 

control. Furthermore, validation of such materials, could endorse their use in LCS.  

 

4.1.1 Aims  

In this nested randomised study we aimed to evaluate the impact of an information film4 

compared with the information booklet alone, on IDM in individuals considering 

undergoing an LDCT as part of LCS. The aim of the information materials was to provide 

some basic, standardised information on LCS and its harms and benefits which could later 

be supplemented with an HCP discussion to provide an opportunity for the participant to 

ask questions and obtain further information, a better understanding and assistance with 

the IDM process if required. The analysis of the qualitative data preceding the development 

                                                           

4 appended as a DVD to this thesis and also available from: 
https://www.roycastle.org/lungcancerscreeningguide  

https://www.roycastle.org/lungcancerscreeningguide
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of the film is presented in chapter 3, and the development of the film is described in 

chapter 2.  

 

We hypothesised that the film plus information booklet would enhance objective and 

subjective knowledge more than the booklet alone. We also aimed to evaluate any 

additional impact on decisional conflict and attendance to LDCT, and to assess the 

acceptability of both the booklet and film. 

 

 

4.2 METHODS 

4.2.1 Participants and setting 

The present study was a nested randomised study within the Lung Screen Uptake Trial 

(LSUT), which has been described in chapter 2. Briefly, LSUT invited smokers and former 

smokers to a ‘lung health check’ appointment (LHC) using one of two sets of invitation 

materials, which were randomly allocated. The control invitation materials included an 

information booklet that contained information on the benefits and harms of LCS and 

which also served as the control intervention in the present study. Those who attended the 

LHC were invited to be enrolled in LSUT. Between August 2016 and February 2017, LSUT 

attendees were also invited to participate in the information film study. Individuals who 

were enrolled, were invited to LDCT if meeting the required risk thresholds for eligibility to 

LDCT as described in chapter 2.  

 

4.2.2 Study design & interventions 

Following obtaining informed consent, participants underwent simple parallel 

randomisation with a 1:1 individual allocation to each group. A study practitioner, who was 

restricted to the assignment schedule, carried out the randomisation. 

 

Those allocated to the booklet group were given an information booklet containing 

information on the LHC, LCS and the LDCT including potential harms. They were allocated 

10 minutes to read the booklet, in the presence of a study practitioner. Those allocated to 

the film + booklet group were similarly given 10 minutes to watch the film on a computer 

and read the booklet if they wished.  
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4.2.3 Outcome measures 

The primary endpoint was a 10-point objective investigator-designed knowledge 

assessment (table 4.1) that assessed facts contained in both sets of information materials. 

Secondary endpoints included a 5-point subjective investigator-designed knowledge 

assessment (table 4.1), adapted measures from the low literacy decisional conflict scale 

(DCS) [124]) (table 4.1), LDCT completion and feedback on the information materials. 

Subjective and objective knowledge assessments were carried out at baseline and 

immediately post intervention for both groups, and other secondary outcomes were 

assessed at the end of the consultation with the HCP. Demographic and medical history 

data were also collected as detailed in chapter 2. 

 

4.2.4 Sample size 

A sample size of 210 participants was calculated to confer more than 90% power to detect 

as significant a mean difference of 0.6 between the knowledge scores of the groups, with a 

standard deviation (sd) of 1.9 (2-sided testing at 5% significance level), as per the power 

calculation below. 

 

n= (Za/2 + Zb)2 x 2 x (sd)2/ d2 

 

where: 

n= sample size 

Za/2 = critical value of normal distribution for 95% confidence interval and p=0.05= 1.96 

Zb= critical value of normal distribution for power of 90%= 1.28 

sd= estimated standard deviation 

d= difference between means of two groups 

 

Based on previous similar studies and a dependant outcome on a continuous scale from 0 

to 10, we estimated the effect size to be 0.6, and the sd to be 1.9: 

 

n= (1.96 + 1.28)2 x 2 x (1.92/0.62) 

n= 10.5 x 2 x 10 

n= 210 
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Table 4.1 Outcome measures for objective and subjective knowledge items and adapted 
low literacy decisional conflict scale 

Objective Knowledge questions:  
Everyone in the population has the same risk of lung cancer True/ False/ Not sure 
Lung cancer screening is only for people with symptoms True/ False/ Not sure 
All lung cancers found by screening will eventually cause illness and 
death if they are not treated  

True/ False/ Not sure 

When lung cancer is picked up at screening, the chances of cure are 
higher than without screening 

True/ False/ Not sure 

Lung cancer screening will pick up every lung cancer True/ False/ Not sure 
If there is an unclear result at screening, the chance of having lung 
cancer is greater than 50% 

True/ False/ Not sure 

The amount of radiation from a screening CT scan is low and is 
similar to a year’s worth of radiation from the natural environment 

True/ False/ Not sure 

All people with suspected lung cancer on the screening CT scan, 
who go on to have tests, will have lung cancer 

True/ False/ Not sure 

Research has shown CT screening for lung cancer may save 20% 
more lives from lung cancer than chest x-rays 

True/ False/ Not sure 

If 100 smokers were screened for lung cancer, how many do you 
think would be found to have lung cancer? (please write number) 

_____________ 

Subjective Knowledge questions:  
Do you understand who could benefit from lung cancer screening? Yes/ No/ Not sure 
Do you know your level of risk for lung cancer? Yes/ No/ Not sure 
Do you understand what the aims of lung cancer screening are? Yes/ No/ Not sure 
Do you understand what the risks of lung cancer screening are?  Yes/ No/ Not sure 
Do you understand how often the risks of lung cancer screening 
occur?  

Yes/ No/ Not sure 

Adapted decisional conflict scale questions:  
Do you know the benefits of lung cancer screening? Yes/ No 
Do you know the risks and side effects of lung cancer screening? Yes/ No 
Are you clear about which benefits matter most to you? Yes/ No 
Are you clear about which risks and side effects matter most to 
you? 

Yes/ No 

Do you have enough support from others to make a choice about 
whether or not to be screened for lung cancer? 

Yes/ No 

Are you choosing without pressure from others? Yes/ No 
Do you have enough advice to make a choice about whether or not 
to be screened for lung cancer? 

Yes/ No 

Are you clear about whether being screened for lung cancer is the 
best choice for you? 

Yes/ No 

Do you feel sure about choosing whether to be screened or not? Yes/ No 
 

 

4.2.5 Statistical analysis  

Descriptive statistics were used to evaluate the demographic characteristics of both groups 

and the acceptability data. Univariate analyses using the Wilcoxon signed rank test were 

used to compare knowledge scores pre- and post-intervention. Observations with missing 
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values were excluded from the analysis. Multivariate analyses, using multiple linear 

regression and logistic regression, and adjusting for baseline scores, educational level, 

ethnicity, index of multiple deprivation (IMD) score and smoking duration (as these were 

factors with clinical and/or statistical relevance), were used to assess between trial-arm 

differences in overall knowledge scores and individual items for knowledge, DCS and 

uptake to LDCT between the groups. Data analyses were carried out using STATA v13 & 

v14. 

 

4.2.6 Ethical approvals 

The above study is part of the Lung Screen Uptake Trial (LSUT), which has had ethical 

approvals granted by the City Road and Hampstead NHS Research Ethics Committee. 

Further details on approvals and registration can be found in chapter 2. 

 

 

 

 

Figure 4.1 Consort diagram for study participants   

1005 participants recruited to LSUT between 
Nov 2015 and July 2017 

Eligibility for recruitment to film sub-study 
assessed in 252 participants between Aug 2016 

and Feb 2017 

Randomised (n = 246) 

6 declined 

participation 

11 
withdrawn 

from analysis 
due to 

insufficient 
data  

Control (n=120) 
Booklet alone 

Intervention (n=126)  
Film + booklet 6 withdrawn 

from analysis 
due to 

insufficient 
data  109 included in 

analysis 

120 included in 
analysis 
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4.3 RESULTS 

Table 4.2 Participant characteristics by group (% totals may not sum up due to rounding, 
or missing data) 

Variables 
Groups N (%) or median (IQR) 

Intervention, n=120 
(Film + Booklet) 

Control, n=109 
(Booklet only) 

Age (in years) 

60 - 63 40 (33.33) 44 (40.37) 

64 - 67 33 (27.50) 32 (29.36) 

68 - 71 33 (27.50) 20 (18.35) 

72 - 76 14 (11.67) 13 (11.93) 

Gender 

Female 65 (54.17) 54 (49.54) 

Male 54 (45.83) 55 (50.46) 

Ethnicity 

White 98 (81.67) 92 (84.40) 

Black/ African/ Caribbean 13 (10.83) 8 (7.34) 

Asian 3 (2.50) 4 (3.67) 

Other 6 (5.00) 5 (4.59) 

Level of Education 

At or before 15 61 (50.83) 52 (47.71) 

CSEs, O-levels or equivalent 12 (10.00) 15 (13.76) 

A-levels or equivalent 20 (16.67) 15 (13.76) 

Further education  6 (5.00) 2 (1.83) 

Bachelor degree  12 (10.00) 16 (14.68) 

Further higher degree 8 (6.67) 6 (5.50) 

Other  1 (0.83) 3 (2.75) 

Index of Multiple Deprivation (IMD) quintile 

1 (most deprived) 69 (57.50) (50) 45.87 

2 35 (29.17) 37 (33.94) 

3 3 (2.50) 3 (2.75) 

4 0 (0) 0 (0) 

5 (least deprived) 0 (0) 0 (0) 

Smoking 

Current smoker 80 (66.7) 79 (72.5) 

Former smoker 40 (33.3.) 30 (27.5) 

Average cig smoking (cig/day), median 16 (10,20) 15 (10,20) 

Number of pack-years, median 38 (21,50) 35 (21,51) 

Years smoked, median 47 (43,52) 46 (42,51) 

Research Site 

University College Hospital London 45 (37.5) 59 (54.13) 

Homerton University Hospital 75 (62.5) 50 (45.87) 

Invitation group (from primary randomisation in LSUT 

Group A 52 (43.33) 59 (54.13) 

Group B 68 (56.67) 50 (45.87) 
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252 LSUT participants were invited to take part in the present sub-study. 246 participants 

agreed to participate and were randomised. 17 participants had incomplete baseline data 

and so 229 participants were included in the final analysis (figure 4.1). The demographics of 

the study participants are reported in table 4.2.  

 

There was an increase in objective knowledge scores in both groups, with a change in 

median scores from 5/10 to 8/10, and 5/10 to 7/10 in the film + booklet and booklet alone 

groups respectively (both p<0.001). There was also an increase in subjective knowledge 

scores in both groups (change in median scores from 4/5 to 5/5 in both groups, p<0.001) 

(figure 4.2). The changes in mean scores are presented as they demonstrate the group 

differences, but should be interpreted with caution given the discrete rather than 

continuous nature of the scores. Mean objective knowledge scores increased by 2.16 (s.d. 

1.8) and 1.84 (s.d. 1.9) in the film + booklet and booklet alone groups respectively. Mean 

subjective knowledge increased by 0.92 (s.d. 1.0) and 0.55 (s.d. 1.1) in the film + booklet 

and booklet alone groups respectively. 

 

In a multivariate analysis adjusted for age, education, ethnicity, years smoked and index of 

multiple deprivation (IMD) score, the information film group showed a greater increase in 

post-intervention objective (p=0.007) and subjective (p=0.019) knowledge scores (figure 4.2 

and table 4.3).   

 

Of all the individual items in the subjective and objective knowledge questionnaires, only 

two items from the objective knowledge questions showed any statistically significant 

difference between the two groups. These two items reflected a greater improvement in 

response in the film + booklet group compared with the booklet alone group and referred 

to understanding the concept that an ‘unclear’ result at screening (i.e. an indeterminate 

pulmonary nodule) did not mean a high risk of cancer, and that the amount of radiation in 

an LDCT scan is equivalent to one year of background radiation in the UK (table 4.4).  

 



 

 

8
9 

Figure 4.2 Knowledge scores by intervention group: a) objective knowledge at baseline; b) objective knowledge post-intervention; c) subjective 
knowledge at baseline; d) subjective knowledge post-intervention 

a) b) 

c) d) 
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Table 4.3 Multivariate analysis table for objective and subjective knowledge. Values expressed as P-value and confidence interval (CI) of regression 
coefficient.     [* p<0.05] 

 
Regression of post-intervention objective score 

with different variables 
Regression of post-intervention subjective score 

with different variables 

Variables 
n= 196 

P (confidence interval of regression coefficient) 
n= 196 

P (confidence interval of regression coefficient) 

Pre-intervention score 0.000* (0.434-0.688) 0.000* (0.324 – 0.562) 

Intervention group (film vs. booklet) 0.007* (0.172 − (1.076) 0.018* (0.054 − 0.578) 

Age 0.107 (-0.100 − 0.010) 0.551 (-0.041 – 0.022) 

Ethnicity 0.001* (-0.117 −  -0.012) 0.785 (-0.033 – 0.025) 

Educational level 0.114 (0.087 − 0.357) 0.871 (-0.071 – 0.083) 

Years smoked 0.073 (-0.052 − 0.006) 0.955 (-0.017 – 0.016) 

Index of multiple deprivation index 0.000* (-0.044 − 0.002) 0.016* (-0.030 –0.003) 
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Table 4.4 Logistic regression for difference between groups in individual objective and subjective knowledge items. [* p<0.05] 

Item question 
95% confidence intervals 

for odds ratio (booklet 
alone group as reference) 

P 
values 

Objective   

1. Everyone in the population has the same risk of lung cancer -1.68- 0.03 0.06 

2. Lung cancer screening is only for people with symptoms -0.44- 0.88 0.5 
3. All lung cancers found by screening will eventually cause illness and death if they are not treated -0.40- 0.86 0.47 
4. When lung cancer is picked up at screening, the chances of cure are higher than without screening -0.86- 1.19 0.75 
5. Lung cancer screening will pick up every lung cancer -0.24- 0.85 0.25 
6. If there is an unclear result at screening, the chance of having lung cancer is greater than 50% 0.12- 1.21 0.016* 
7. The amount of radiation from a screening CT scan is low and is similar to a year’s worth of radiation from the 
natural environment 

0.05- 1.18 0.031* 

8. All people with suspected lung cancer on the screening CT scan, who go on to have tests, will have lung cancer -0.54- 0.66 0.84 
9. Research has shown CT screening for lung cancer may save 20% more lives from lung cancer than chest x-rays -0.32- 1.07 0.29 
10.  If 100 smokers are screened for lung cancer, how many do you think would be found to have lung cancer? -0.61- 0.46 0.78 
Subjective   
1. Do you understand who could benefit from lung cancer screening? -0.40- 2.79 0.14 
2. Do you know your level of risk for lung cancer? -0.55- 0.79 0.34 
3. Do you understand what the aims of lung cancer screening are? -0.39- 1.53 0.24 
4. Do you understand what the risks of lung cancer screening are? -0.19- 1.00 0.18 
5. Do you understand how often the risks of lung cancer screening occur? -0.26- 0.84 0.31 
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Figure 4.3 The frequency histograms of the adapted DCS by group 
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Figure 4.4 Acceptability of film and information booklet 
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Because the study was nested within LSUT, half the participants in both groups (randomly 

allocated) would have seen the control booklet prior to arriving at the LHC. A sensitivity 

analysis was therefore carried out by repeating the multivariate analysis, adjusting for 

exposure to the control booklet prior to the LHC. This revealed that prior exposure to the 

information booklet did not have significant impact on knowledge scores of the group, 

objective (p=0.33) and subjective (p=0.11). 

 

The adapted low literacy DCS score was high (reflecting low decisional conflict) in both 

groups with a median of 9/9 (IQR 9,9) and mean of 8.5 (s.d. 1.25) in the film + booklet 

group; and a median of 9/9 (IQR 8,9) and mean of 8.24 (s.d. 1.49) in the booklet alone 

group (figure 4.3). (Again, the mean scores need to be interpreted with caution given the 

discrete, rather than continuous nature of the scores.) The film + booklet group had higher 

adapted DCS than the booklet alone group in the adjusted multivariate analysis (p=0.007) 

reflecting greater decision certainty in the film + booklet group. A Cronbach’s test for 

internal validity of the adapted scale showed acceptable internal consistency (α=0.78). A 

logistic regression showed no significant group differences in LDCT completion by 

intervention group (p=0.66).   

 

The film and information booklet were both well accepted and felt to be useful, 

comprehensible and contain the correct level of information, though more participants 

watched all the film than read all the booklet (100% vs. 62%, p<0.001), and more 

understood all or most of the film than booklet (96.5% vs. 85.9%, p<0.001). Additionally, 

participants generally felt the film to be memorable, fairly balanced and helpful, and 79.4% 

would have watched the film if it had been available to them before the LHC (figure 4.4). 

 

4.4 DISCUSSION 

We report the findings of, what is to our knowledge, the first randomised study evaluating 

the impact of a novel decision tool on IDM in LCS. In this nested study of 229 participants 

from a larger cohort of individuals invited to a LHC in the UK by their GP, an information 

film plus supporting information booklet improved objective and subjective knowledge, and 

decisional conflict scores more than the booklet alone, with no significant impact on 

numbers of individuals completing a LDCT examination; both decision tools were well 

received.  
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Our findings that baseline objective knowledge was poor (median 5/10) is in keeping with 

other studies [141,183], while subjective knowledge was better (median 3/5) suggesting 

that individuals perceptions of their knowledge about LCS may be optimistic. Both groups 

significantly improved their knowledge scores after exposure to the decision tools, which 

demonstrates that use of such tools enhances understanding of LCS, consistent with other 

single group studies of decision tools in LCS [182–185]. Our findings support the use of the 

film, which contained graphics and animation as an engaging and effective means to 

enhance understanding. The film was designed to be used as an adjunct to an HCP 

consultation, whose role in shared decision-making is vital. Most conventional LCS 

information materials are written, but reliance on written communication materials have 

been noted to be problematic [133,134].  Web-based tools can be effective and 

personalized to the individuals’ needs, but may be less accessible to older or lower SES 

populations who are the target for LCS. This study has shown a significant impact of the 

information film over the booklet alone on knowledge and decisional conflict, in a 

population that was eligible for LDCT screening in a non-hypothetical scenario, making the 

results directly generalisable for the target population. 

 

The film had a greater impact than the booklet, on two aspects of specific knowledge: the 

significance of radiation exposure from LDCT and the fact that an ‘unclear’ result (signifying 

an indeterminate pulmonary nodule) carries a low overall risk of malignancy. This is of 

value, as better understanding of these concepts may in turn have an impact on the 

psychological responses to LCS and indeterminate (termed false positives in NLST) results 

[186,187]. Certainly, improved communication has been reported to be associated with 

improved adherence to CT surveillance, and reduced distress in the context of non-LCS-

detected pulmonary nodules [167] and it is imperative that we translate these findings into 

any developed information materials in LCS. 

 

LCS has been proven to be an effective intervention that reduced lung cancer-specific 

mortality by 20% [17] and has been recommended by the USPSTF in 2013 [33]. Despite this, 

uptake to LDCT in the US has been low with 1.9% of the 7.6 million eligible smokers having 

undergone a LDCT examination as part of LCS according to a recent report from data from 

the American College of Radiology LCS registry [174].  Whilst the likely barriers to uptake 

are multifactorial and complex [76], it is vital that we are able to communicate information 

on the benefits and harms of LCS in a manner that is palatable to those of varying 

educational backgrounds, and without overstating the harms or benefits. Indeed, 
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participants in our qualitative work advocated emphasis on the benefits of LCS (chapter 3). 

Individuals have been noted to have a desire to hear an ‘expert opinion’ [162] or ‘clinician 

guidance’ [163] when making medical and screening related decisions and it is important 

that information materials take notice of this evidence.  

 

The data from our study shows that the film was well received, and generally participants 

found it to be helpful and balanced, although a small proportion found it to be biased 

towards screening and unhelpful for decision-making. We did not collect further data to 

understand why people felt this way, but the high DCS scores (median 9/9 in both groups) 

suggest people were ultimately happy with the decision they made. The decision of 

whether or not to be screened and the DCS questionnaire both took place after the HCP 

discussion at the end of the consultation, and so were likely to have been influenced by the 

HCP discussion. The low decisional conflict observed suggest participants were ultimately 

happy with their decision, and re-enforces that the film should not replace the HCP 

discussion, as some participants may desire more detailed information or help relating the 

information to their values. The ultimate aim for IDM is for the individual to possess the 

relevant information on harms, benefits and the options available to them, and then to be 

able to process that information to make a decision that is in line with their personal beliefs 

and values [117]. The film can aid this process and the HCP can further help individuals 

arrive at an informed decision where required.   

 

4.4.1 Strengths and limitations 

The information film is not a decision aid as it does not meet all the criteria on the 

International Patient Decision Aid Standards (IPDAS) checklist which is a detailed list of 

specifications that we were unable to comprehensively address in a short film [140]. Our 

intention was for the film to be used to facilitate the HCP in their discussion, and not to 

replace it. Secondly, we used an adapted version of the low literacy DCS scale [124], which 

has not been validated but showed acceptable internal validity. The likely impact of the 

information materials is likely to be understated, as a ceiling effect was observed with both 

the DCS and the subjective knowledge scores. Thirdly, both the interventions were 

delivered in the presence of a nurse and so did not imitate a real-world setting where there 

may be variability in the amount of decision tool watched or read. We wanted to ensure 

consistency between groups and so opted for this study design. The study is strengthened 

by the likely generalisability of the results to the target population, given the demographics 
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of the study participants and their method of invitation. This was similar to several small 

scale UK LCS pilots, where people are invited by their GP to a LHC or similar and invited to 

LDCT using similar eligibility criteria [39,40]. 

 

Future work could involve development of the tool to have a ‘values clarification’ element, 

which could help individuals further with IDM, and to assess longer-term knowledge and 

decisional conflict and satisfaction. Making the film available to people prior to attendance 

to LHC, and re-evaluating its impact on IDM and uptake to LDCT would also be worthwhile. 

The research team have been approached by a number of centres in the UK and US for use 

in their local LCS projects, and the strength of this medium is that it can be easily adapted 

for local needs and preferences. 

 

4.4.2 Conclusions 

This nested randomised study has demonstrated that the developed information film has 

positively impacted IDM more than the booklet alone without impacting uptake to LDCT. 

We propose that use of the film as an adjunct to the HCP role in shared decision-making, 

standardises and enhances knowledge about LCS benefits and harms, and improves 

decisional conflict.  
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PART B 

Optimising benefits and harms 
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Chapter 5. Is lung cancer screening an opportunity to 

reduce cardiovascular mortality?  

 

5.1 INTRODUCTION 

In Part A we focussed on the importance of communicating the benefits and harms to 

individuals considering taking part in LCS. In Part B we will address important 

considerations around some of the benefits and harms from LCS. 

 

In the National Lung Screening Trial (NLST), lung cancer screening (LCS) by low dose 

computed tomography (LDCT), improved lung cancer-specific mortality by 20% and all-

cause mortality by 6.7% [17]. Unsurprisingly, following the reduction in lung cancer death in 

the LDCT arm, and given the age and smoking history of the cohort, Coronary Heart Disease 

(CHD) was responsible for the majority of deaths in the LDCT arm [17]. In the UK, CHD 

accounts for the greatest number of deaths annually [188], and given both lung cancer and 

CHD risk are associated with increasing age and smoking history, the LCS population is at a 

disproportionately high risk of CHD-related morbidity and mortality.  

 

Currently, primary prevention of CHD is recommended in terms of adequate control of any 

diabetes and hypertension and the use of statins, even in the presence of normal serum 

cholesterol levels. Various algorithms for predicting cardiovascular disease (CVD) risk exist. 

The most commonly used are the Framingham [189] and QRISK2 scores [190] (see table 

5.1), and the latter is recommended for use in the UK. The National Institute for Health and 

Care Excellence (NICE) guidelines for primary prevention of cardiovascular disease state 

that those who have a ≥10% CVD risk as calculated by the QRISK2, should be commenced 

on atorvastatin 20mg per day [191].  

 

A non-invasive means of detecting CHD is by quantification of CT coronary calcium. 

Coronary calcium is a marker of atherosclerosis, with almost no false positives although one 

drawback is that its presence is not always associated with luminal stenosis or obstruction 

[192]. The Coronary Artery Calcium (CAC) score or Agatston score, on electrocardiography 

(ECG) -gated CT has been noted to correlate with the volume of plaque seen at post 

mortem, though non-calcified plaques, (most commonly present in younger patients) can 

rupture, and are not always detected by coronary CT angiography [192].  Nevertheless, a 
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CAC score of 0 has been reported to reliably predict a very low risk of events, while 

increasing CAC scores have been noted to be associated with a stepwise increase in risk of 

cardiac events [192–195].  

Table 5.1 Cardiovascular risk assessment tools: QRISK2 and Framingham risk. (HDL= high 
density lipoprotein, LDL= low density lipoprotein) 

Risk Factor QRISK2 Framingham risk 

Age X X 
Gender X X 
Ethnicity X  
Townsend score X  
Total Cholesterol  X 
HDL Cholesterol  X 
Cholesterol/ HDL ratio X  
Smoking status X X 
Systolic blood pressure X X 
Body mass index X  
Diabetes X  
FH of angina/ MI in 1st degree relative aged <60 X  
Chronic kidney disease stage IV or V X  
Rheumatoid arthritis X  
Atrial fibrillation X  
On blood pressure treatment X  

 

Formal CAC scoring is a complex and time-consuming addition to the radiology reporting 

workload in the context of potential LCS programmes. However, numerous studies have 

shown that CAC assessments on ungated LDCT scans are comparable to formal ECG-gated 

CAC measurements [104,196–198]. A systematic review of studies comparing conventional 

CAC scoring to ungated LDCT CAC assessments, suggested accuracies are comparable, with 

good agreement between the methods. Direct comparison between these methods has 

demonstrated a variation of false-negative rates with ungated scans from 2.3 to 14%, and 

underestimation of high CAC in 0 to 23.4% of cases [199]. However, these discrepancies 

may not be of clinical significance if undetected CAC in this group is not translated into 

cardiovascular events, and the high-risk individuals are appropriately managed. 

 

Further studies evaluating either formal Agatston scoring or a visual CAC score in the LCS 

cohort have been carried out, and have shown CAC on LDCT to be a reliable predictor of 

cardiovascular events. Importantly, very low event rates have been reported in the CAC=0 

group, suggesting there may be a utility for reporting a visual absence of CAC in the LCS 

population; although the definitions of “event” and median follow-up durations of these 

studies were variable [103,200–204] (table 5.2).  
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Table 5.2 Summary of studies of CAC in LCS 

 

Study Cardiovascular 
endpoint 

Follow up 
duration 

Assessment method of 
CAC 

CAC cut offs Event rate, n (%) Adjusted HR (CI) Population 

Shemesh et al, 
2010[200] 

Cardiovascular 
death (n=193) 

72.3 months 
(=6 years) 

Non-gated LDCT scan 
3 categories of CAC 

visually assessed CAC 

CAC 0 
CAC 1-3 

CAC 4-12 

43/3573 (1.2) 
66/3569 (1.8) 
84/1640 (5.1) 

1 
1.0 (0.7-1.5) 
2.1 (1.4-3.1) 

IELCAP LCS study 

Sverzellati et 
al, 2012[201] 

Fatal and non-fatal 
cardiovascular 
event (n=33) 

36 months 
(=3 years) 

Non gated LDCT 
Formal Agatston scoring 

CAC <400 
CAC >400 

26/1079 (2.4) 
7/80 (8.8) 

1 
2.87 (1.73-7.27) 

Multi- centric Italian 
Lung Detection (MILD) 

LCS study 
Jacobs et al, 
2012[202] 

Fatal and non-fatal 
cardiovascular 
event (n=127) 

9.5 months 
(<1year) 

Non gated LDCT 
Formal Agatston scoring 

CAC 0 
CAC 1-100 

CAC 101-1000 
CAC > 1000 

10/1814 (0.6) 
27/2191 (1.2) 
32/2267 (1.4) 
58/1285 (4.5) 

1 
1.8 (0.8-3.9) 
1.9 (0.9-4.2) 

5.3 (2.5-11.6) 

NELSON LCS study 

Takx et al, 
2014[203] 

Fatal and non fatal 
cardiovascular 
event (n=186) 

2.9 years Non-gated LDCT 
Formal Agatston scoring 

 

CAC 0 
CAC 1-10 

CAC 11-100 
CAC 101-400 

CAC >400 

CAC=0: Age adjusted 3 
year CV event rate of 

6.1/1000 
Other categories: NR 

1 
3.39 (1.2-9.59) 

6.52 (2.73-15.6) 
6.58 (2.75-15.78) 

12.58 (5.42-29.16) 

NELSON LCS study 

Rasmussen et 
al, 2015[204] 

Cardiovascular 
death (n=19) 

85 months 
(=7 years) 

Non-gated LDCT 
Formal Agatston scoring 

CAC 0 
CAC 1-400 
CAC>400 

5/1035 (0.48) 
9/778 (1.2) 
5/132 (3.8) 

1 
1.6 (0.5-4.9) 
3.8 (1.0-15) 

Danish LCS study 

Chiles et al, 
2015[103] 

CHD death (n=171) 5-7 years Non gated CT, 4 categories 
of visually assessed CAC 

CAC none 
CAC mild 

CAC medium 
CAC heavy 

18/387 (4.7) 
64/628 (10.1) 
40/229 (17.5) 
49/198 (24.7) 

1 
2.09 (1.3-4.16) 
3.86 (2.02-8.2) 

6.95 (3.73-15.67) 

NLST LCS study 
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There may be an opportunity to combine cardiovascular risk assessment with lung cancer 

risk assessment in order to improve the cost-effectiveness of LCS programmes and further 

improve the all-cause mortality benefit from screening. It is currently unclear whether 

there is a need for further cardiovascular risk assessment within the LCS-eligible population 

and whether the grading of visual CAC on LDCT would add any value to existing primary 

prevention measures.  

 

5.1.1 Aims 

In the present study we aimed to determine the prevalence and importance of coronary 

calcium and cardiovascular risk in asymptomatic LCS participants. In particular, we aimed to 

determine: a) the prevalence and extent of coronary calcium in LCS participants using a 

quantification system considered to be an acceptable alternative to Agatston scoring; b) 

participant risk estimates using QRISK2 and how this is distributed across CAC scores and 

finally c) the proportion of statin use and non-use among those with both high and low risk 

estimates. 

 

5.2 METHODS 

5.2.1 Study design, participants and setting 

This prospective observational cohort study is embedded within the Lung Screen Uptake 

Trial (LSUT), the methods for which are described in chapter 2 and previously [129]. Briefly, 

individuals at high-risk of lung cancer were invited by their general practitioner (GP) for a 

‘lung health check’ (LHC) at one of two London hospitals between November 2015 and July 

2017. Individuals attending the LHC were invited to participate in the study, and those 

meeting the required lung cancer risk threshold (as described in chapter 2) were invited to 

have an LDCT on the same day. 

 

Very brief smoking cessation advice was given to the participant if they were still smoking 

at the LHC, and participants were randomised to receive details of their local smoking 

cessation clinic or be proactively referred to the smoking cessation clinic. Participants were 

given written information on the potential benefits and harms of LCS and following a 

discussion with the study practitioner, were asked to give informed consent to have an 

LDCT as part of LCS.  

 



 

 103 

5.2.3 Data collection 

Data were prospectively collected by a study practitioner at the LHC. Self-reported history 

of demographic and smoking variables (as described in chapter 2), cardiovascular and lung 

cancer risk factors (including all those contained in the QRISK2), history of CHD, and 

number of GP attendances in the past year were recorded. Hand-held spirometry, height, 

weight, blood pressure and MRC were also recorded at the LHC.  

 

5.2.4 LDCT acquisition 

Participants undertook the examination via a sixteen channel or higher multi-detector, non-

ECG-voltage-gated CT without the administration of intravenous contrast. Thin detector 

collimation (0.5 mm) was used. Images were reconstructed at 0.5 -1.0 mm section thickness 

using standard soft tissue and lung algorithms. Radiation exposures were as low as possible 

whilst maintaining good image quality. For further details see section 2.1.9. 

 

5.2.5 Outcome measures 

QRISK2 scores were calculated by ClinRisk Ltd using their QRISK2-2017 Java batch 

processor.  These are estimated QRISK2 scores, as we did not have serum cholesterol 

values for participants as part of the study, and the batch processor substitutes an age-sex-

ethnicity estimate of cholesterol/HDL ratio when this is presented as 

missing. Three patients had missing systolic blood pressure values hence the batch 

processor substituted an age-sex-ethnicity estimate of systolic blood pressure for these 

participants.  Self-reported use of statins and history of chronic kidney disease (without 

specifying the stage of disease) was recorded. 

 

The LDCT scans were single-read by a team of radiologists with expertise in thoracic CT 

reporting, and experience ranging from 5 to 28 years. Reports included recording of a visual 

grading of coronary calcium as defined by Chiles et al [103]. The grades of none, mild, 

medium or heavy that were used, have demonstrated good correlation with formal 

Agatston scores at cut offs of 0, 1-100, 100-300 and >300. 

 

5.2.6 Sample size & statistical analysis  

Sample size was based on the primary behavioural research question and has been 

discussed in chapter 2 [129]. Patients without an LDCT, with known IHD or missing QRISK2 
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scores were excluded from the analysis. Individuals were categorised by QRISK2 scores into 

categories of low (0-10%), moderate (10-20%) and high risk (20%) of CVD.  

 

Descriptive statistics were used to determine the demographic and clinical characteristics 

of individuals in each QRISK2 category.  The distribution of QRISK2 scores by CAC grade, and 

prevalence of CAC by grade in each QRISK2 category was summarized and compared. 

Associations between QRISK2 score and CAC grade were assessed using chi square and 

unadjusted multivariate ordinal logistic regression analyses. Next, the prevalence of self-

reported statin use was compared by QRISK2 category and bivariate associations between 

statin use and various clinical and demographic variables were assessed using chi square 

analysis. A multivariate logic regression model was used to assess independence in these 

associations, adjusting for age, Index of Multiple Deprivation (IMD), Body Mass Index (BMI), 

history of hypertension, history of diabetes and family history of CHD. Missing values were 

excluded from the analyses (and were present for only one variable, IMD). Likelihood ratio 

testing was used for tests of significance. 

 

5.2.7 Study registration, funding and ethical approvals 

The above study is part of the Lung Screen Uptake Trial (LSUT), which has had ethical 

approvals granted by the City Road and Hampstead NHS Research Ethics Committee. 

Further details on approvals and registration can be found in chapter 2. 
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5.3 RESULTS 

From 2012 potentially eligible individuals identified in the primary care records of 16 GP 

practices, 1005 attended for an LHC and were recruited into the study. Of those, 770 

underwent a baseline LDCT examination, though a further 85 participants were excluded 

due to a history of self reported CHD and 5 due to missing QRISK2 score data, leaving a 

total of 680 participants in the final analysis (Figure 5.1). Participant characteristics by 

QRISK2 category are as described in table 5.3.  

 

 

 Figure 5.1 Flow diagram for study participants 

 

1005 patients recruited to LSUT between 
Nov 2015 and July 2017 

770 underwent LDT 

680 included in final analysis 

85 excluded due to previous history of 
CHD 

2012 patients identified from GP records 
as potentially eligible for LCS 

1007 did not attend LHC or did not wish 
to be enrolled into LSUT 

5 excluded due to missing QRISK2 score 

235 not eligible, did not attend or chose 
not to have LDCT 
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Table 5.3 Participant characteristics by QRISK2 category (% totals may not sum up due to 
rounding) 

Variables QRISK2 Score category: n(%) or median (IQR)* 
Total  <10% 

n=12 
10-20% 
n=192 

>20% 
n=476 

Age (in years) 

60 – 63 10 (83.3) 98 (51.0) 117 (24.6) 225 (33.1) 

64 – 67 2 (16.7) 69 (35.9) 153 (32.1) 224 (32.9) 

68 – 71 0 (0) 19 (9.9) 128 (26.9) 147 (21.7) 

72 – 76 0 (0) 6 (3.1) 78 (16.4) 84 (12.4) 

Gender 

Female 12 (100) 71 (37.0) 178 (37.4) 261 (38.4) 

Male 0 (0) 121 (63.0) 298 (62.6) 419 (61.6) 

Ethnicity 

White 11 (91.7) 137 (71.4) 412 (86.6) 560 (82.4) 

Black/ African/ Caribbean 0 (0) 32 (16.7) 41 (8.6) 73 (10.7) 

Asian 0 (0) 0 (0) 6 (1.3) 6 (0.9) 

Other 1 (8.3) 23 (12.0) 17 (3.1) 41 (6.0) 

Level of Education 

At or before 15 5 (41.7) 76 (39.6) 276 (58.0) 357 (52.5) 

CSEs, O-levels or 
equivalent 

2 (16.7) 22 (11.5) 41 (8.6) 65 (9.6) 

A-levels or equivalent 1 (8.3) 24 (12.5) 42 (8.8) 67 (9.9) 

Further education 0 (0) 14 (7.3) 19 (4.0) 33 (4.9) 

Bachelor degree 3 (25.0) 26 (13.5) 52 (10.9) 81 (11.9) 

Further higher degree 1 (8.3) 23 (12.0) 40 (8.4) 64 (9.4) 

Other 0 (0) 7 (3.7) 6 (1.3) 13 (1.9) 

Index of Multiple Deprivation (IMD) quintile 

1 (most deprived) 5 (41.7) 88 (45.8) 276 (58.0) 369 (54.3) 

2 5 (41.7) 78 (40.62) 147 (30.1) 230 (33.8) 

3 0 (0) 3 (1.56) 13 (2.7) 16 (2.4) 

4 0 (0) 0 (0) 1 (0.2) 1 (0.2) 

5 (least deprived) 0 (0) 0 (0) 0 (0) 0 (0) 

missing 12 (16.7) 23 (12.0) 39 (8.2) 64 (9.4) 

Smoking status 

Current smoker 2 (16.7) 112 (58.4) 376 (79.0) 490 (72.1) 

Former smoker 10 (83.3) 80 (41.7) 100 (21.0) 190 (27.9) 

Years smoked (years) 45 (42-27) 45 (43, 48) 49 (45, 52)  

Average smoking 
intensity (cigs/day) 

10 (7-18) 15 (10, 20) 20 (12, 20)  

Pack years 25 (15, 37) 33 (24, 45) 41 (26, 55)  

Lung cancer risk 

PLCO (% 6 year risk) 1.2 (0.5, 1.8) 2.5 (1.3, 4.1) 4.4 (2.3, 8.5)  

LLP (% 5 year risk) 3.1 (2.5, 4.9) 4.3 (2.9, 6.1) 6.0 (4.3, 9.5)  

Lung function 

FEV1 (l/min) 2.0  
(1.89, 2.33) 

2.13  
(1.69, 2.52) 

2.02  
(1.56, 2.57) 

 

FEV1 (% predicted) 89 (78.5, 106) 84 (69, 100) 81 (63, 94)  

FEV/FVC (%) 66 (62, 77) 70 (65, 76) 67 (60, 74)  
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Table 5.3 (continued) Participant characteristics by QRISK2 category (% totals may not 
sum up due to rounding) 

Variables QRISK2 Score category: n(%) or median (IQR)* 
Total  <10% 

n=12 
10-20% 
n=192 

>20% 
n=476 

Other cardiovascular risk factors 

On hypertensive 
treatment 

0 (0) 34 (17.7) 196 (41.2) 230 (33.8) 

Family History of heart 
disease 

1 (8.3) 54  (28.12) 233 (49.0) 288 (42.4) 

History of Diabetes 0 (0) 0 (0) 83 (17.4) 83 (12.2) 

BMI (Kg/m2) 22.9  
(19.8, 30.2) 

25.5  
(22.1, 28.6) 

26.1  
(23.1-29.3) 

 

Systolic BP (mmHg) 114 (100, 121) 129 (117, 138) 139 (128, 152)  

Diastolic BP (mmHg) 73 (70, 75) 82 (75, 87) 84 (77, 91)  

 

 

 

 

 

Figure 5.2 QRISK2 score distribution for each visually determined CAC grade on LDCT. The 
horizontal dotted line represents the threshold for initiation of statin therapy for primary 
prevention (10%) 
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The range of QRISK2 scores within each CAC group was wide (figure 5.2), with a trend to 

median QRISK2 score increasing with CAC grade. This association was supported by 

increasing odds ratios for each increasing QRISK2 category (table 5.4).  

 

Based on QRISK2 alone, 98% of individuals had a QRISK2 of ≥10%, and were therefore 

eligible for statin primary prevention (table 5.5), although more than half (54.7%) the 

participants with a QRISK2 score of 10-20%, had a no CAC visible.  Of those that did qualify 

for a statin based on their QRISK2 score, 56.8% did not self-report a history of statin use, 

with this number being even higher (76.6%) in the 10-20% QRISK2 category (table 5.6). 90% 

of participants who did not report statin use, reported they had seen their GP ≥1 times in 

the past year.  In the multivariate analysis, statin use was independently associated with 

age, history of hypertension, diabetes, and BMI (table 5.7). Several variables including 

gender, smoking status, years smoked, years quit, pack-years, systolic BP, number of GP 

visits in the past year and education level were not found to be associated with statin use in 

the univariate analysis or after adjusting for other variables. 

 

 

Table 5.4 Unadjusted ordinal logistic regression for association between LDCT CAC grade 
and QRISK2 category 

QRISK2 category OR (CI) (unadjusted) P value 

<10% 1.0  

10-20% 4.29 (0.93-19.88) 0.062 

>=20% 12.29 (2.69-56.1) 0.001 

 

 

 

Table 5.5 Prevalence of CAC on LDCT by QRISK2 score category 

QRISK2  risk 
category 

Visual CAC grade, n(%)  
None Mild Medium Heavy Total 

<10% 10 (83.3) 2 (16.7) 0 (0) 0 (0) 12 (1.8) 
10-20% 105 (54.7) 58 (30.2) 24 (12.5) 5 (2.6) 192 (28.2) 
>20% 144 (30.3) 167 (35.1) 121 (25.4) 44 (9.2) 476 (70.0) 
Total 259 227 145 49 680 
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Table 5.6 Number of individuals qualifying for a statin based on QRISK2 alone compared 
with self-reported history of statin use, and with self-reported number of GP attendances 
in the past year. 

 On statin Not on statin Not on statin, when 
indicated by QRISK2 score 

(%) 

QRISK2 score category, n (% of row) 

<10% 0 (0) 12 (100) 0 

10-20% 45 (23.4) 147 (76.6) 76.6 

>20% 237 (49.8) 239 (50.2) 50.2 

Total 282 386 56.8 

Number of GP attendances in past year, n (% of column) 

0 10 (3.6) 47 (11.8)  

1-5 211 (74.8) 285 (71.8)  

>5 61 (21.6) 66 (16.4)  

 

 

Table 5.7 Univariable and multivariable logistic regression model for history of self-
reported statin use 

  OR (CI) 
(unadjusted) 

P value OR (CI) (adjusted) P value 

Age 60-63 
64-67 
68-71 
72-76 

1 
1.29 (0.88- 1.90) 
2.08 (1.36- 3.18) 
2.20 (1.32- 3.66) 

0.0010 1 
1.51 (0.98- 2.35) 
2.36 (1.45- 3.84) 
2.42 (1.35- 4.31) 

0.0013 

Gender Male 
Female  

1 
1.19 (0.87- 1.61) 

0.2724 1 
1.31 (0.93- 1.87) 

0.1217 

Smoking 
status 

Former  
Current  

1 
0.76 (0.54-1.06) 

0.1113 1 
0.75 (0.51-1.10) 

0.1391 

History of 
hypertension 

No 
Yes 

1 
4.26 (3.03-5.96) 

<0.001 1 
3.51 (2.44-5.06) 

<0.001 

History of 
diabetes 

No 
Yes 

1 
13.55 (6.85- 26.8) 

<0.001 1 
11.10 (5.44- 22.6) 

<0.001 

BMI  <18.5 
18.5-25 
>25 

0.91 (0.27-3.02) 
1 
1.64 (1.14- 2.36) 

<0.001 1.65 (0.47-5.80) 
1 
1.64 (1.14- 2.36) 

0.0247 
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5.4 DISCUSSION 

In this prospective observational study in a cohort of individuals undergoing an LDCT 

examination for LCS, we have found that more than 98% of LCS-eligible individuals meet 

the ≥10% 10-year CVD risk threshold required for statin primary prevention of CV events in 

the UK. Despite this overwhelming majority, more than half of these individuals did not 

report a history of statin use, which suggests that assessment of this population during LCS 

provides an opportunity for CVD risk reduction. Statin use was associated with factors 

related to increasing cardiovascular risk, but not number of GP visits within the past year. 

Overall, increasing QRISK2 was associated with increasing CAC grade on LDCT, but more 

than half of participants in the moderate (10-20%) CVD-risk group had no visible CAC. 

 

It is striking that almost all participants met the required CVD risk threshold for statin 

therapy for primary prevention of cardiovascular events. This proportion may be higher 

than expected, based on results from other LCS screening studies, however, those cohorts 

have typically been slightly younger and have included fewer current smokers 

[17,22,205,206]. Independent of the variability between cohorts, LCS-eligible individuals 

are disproportionately likely to develop CHD. A recent study reporting 10-year outcomes in 

a sub-cohort of participants who met the USPSTF criteria [207] for LCS from the Multi-

Ethnic Study of Atherosclerosis (MESA) noted an almost three-fold increase in the 

cardiovascular event rate (20.8%) in this group [208] than the 10-year event rate reported 

in the overall MESA cohort (7.8%) (table 5.8) [209]. This suggests that the vast majority of 

LCS-eligible individuals may benefit from statins, and routine assessment of CVD risk and 

initiation of a statin where appropriate should be carried out alongside LCS. This 

intervention also highlights LCS as a ‘teachable moment’ for multiple behaviour change; an 

opportunity for encouraging improved diet and physical activity levels, optimisation of 

blood pressure, and importantly, smoking cessation. Together, these interventions have the 

potential to improve cardiovascular (and perhaps all-cause) mortality and morbidity and 

may enhance the cost-effectiveness of LCS when measured against cost per quality-

adjusted life year gained.   
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Table 5.8 Summary of long-term outcomes from MESA cohort and sub-cohorts 

 Sub-cohort 
Sub-cohort 

characteristics Events CAC cut offs Adjusted HR (CI) 
Event rate 
in CAC=0 

group 

Budoff et al, 2018 

 Gated, dedicated coronary CT 
scans 

 Full cohort of Multi-Ethnic Study 
of Atherosclerosis (MESA) 

 Cardiovascular endpoint: Fatal 
or non-fatal cardiovascular 
event 10-year event rates 

Whole MESA 
cohort 

Included 50% never 
smokers, ages 45-84 

500/6814 
(7.4%) 
overall 

 
CAC 0 

CAC 1-100 
CAC 100-300 

CAC >300 

EVENT RATE 
across ethnicities: 

3.78-7.14% 
7.49-12.23% 
8.27-20.58% 

14.41-25.15% 
 

3.78-7.14% 

Leigh et al, 2018 

 Gated, dedicated coronary CT 
scans 

 Sub-cohort of Multi-Ethnic Study 
of Atherosclerosis (MESA) 

 Cardiovascular endpoint: Fatal 
or non-fatal cardiovascular 
event 

 Mean follow up: 11.1 years 

MESA ever 
smokers 

Younger, less smoking 
history 

445/3356 
(13.4) 

 

CAC 0: 
CAC>0: 

CAC 1-300: 
CAC>300 

1 
1.8 (1.08-3.17) 

1.65 (0.96-2.94) 
2.39 (1.26-4.61) 

6.7% 

MESA-USPSTF-
eligible 

more likely to: be on 
statins, have DM, be 

current smokers, have 
>10-year CVD risk score 

& high CAC. 

100/481 
(20.8) 

CAC 0: 
CAC>0: 

CAC 1-300: 
CAC>300 

1 
1.93 (1.51-2.47) 
1.66 (0.99-2.88) 
5.62 (4.35-7.28) 

14.2% 
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Our analysis found that the rate of uptake to a statin is low (approximately 50% who 

qualify,  reported statin use, falling to 23% in the 10-20% QRISK2 category). This result is 

consistent with other UK and US studies, who have reported 46.0% and 49.7% statin use in 

their eligible cohorts, respectively. [210]. In the UK, individuals aged between 40 and 74 are 

invited to NHS health checks in order to carry out CVD risk assessment, though uptake to 

this has been low at only 30% in 2012 [211]. These findings re-enforce the argument that 

LCS could offer an opportunity to initiate primary prevention of CVD through appropriate 

risk stratification and subsequent statin prescription.  

 

Studies have noted that CAC score is associated with clinical and demographic predictors of 

coronary risk and is an independent marker for the risk of coronary events, after 

adjustment for conventional risk factors [212]. Our findings of a positive association 

between CAC grade and QRISK2 are in keeping with this, though the odds ratios in the 

logistic regression are noted to be wide for the >20% group. It has also been shown that 

combining clinical and demographic predictors with the CAC score can enhance predictive 

accuracy, particularly in the intermediate risk group [213]. Our finding that CAC grade on 

LDCT is associated with CVD risk is supported by several studies reporting an association 

between CAC grade and CVD events [103,200–204] (table 5.2). However, this may not offer 

any clinical benefit, as most participants qualify for a statin by virtue of their CVD risk alone. 

Nevertheless, reporting CAC using the visual grading method used in the present study is 

quick and may be motivational in initiating statin prevention and adherence to therapy as 

well as other lifestyle prevention behaviours [214]. In the UK NHS health checks, initiation 

of statin treatment only occurs in 20% of NHS health check attendees with ≥20% CVD risk 

[211], suggesting there is a need to boost uptake to this highly efficacious and cost-

effective strategy for preventing CVD events. Most participants with heavy CAC grade in 

this study had a QRISK2 score greater than 20%, suggesting that reporting this back to 

participants may be of value. Furthermore, as novel preventative therapies emerge, the 

uniformly high CVD risk in this group (65.7% with ≥20% 10-year risk) may warrant more 

discerning risk stratification strategies.  

 

The large number (54.7%) of participants in the moderate QRISK2 category (10-20%) with 

CAC=0 is also noteworthy, and it was suggested from the LCS cohorts that many of these 

will not have a CVD event (table 5.2) [103,200–204]. However, many of these studies only 
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looked at fatal CHD events, or had limited follow-up duration. More recent data from the 

USPSTF-eligible cohort in MESA discussed above [208], demonstrated the 10-year CVD 

event rate to be 14.2% in this group, suggesting that the true long term (fatal and non-fatal) 

event rate is not low enough to negate the use of statins for primary prevention in this high 

CVD-risk group (table 5.8). Interestingly, the wide range of QRISK2 scores in those with 

CAC=0 observed in this study, imply caution should be taken with interpretation of either 

QRISK2 or CAC in isolation, and that the two together may enable more accurate CVD risk 

prediction in this group.  

 

5.4.1 Strengths and limitations 

The current study is limited by the lack of cardiovascular event data, and future studies that 

assess the predictive power of clinical, demographic and CAC related factors in prospective 

LCS cohorts are needed. The population in the present study is likely to have a particularly 

high-risk of lung cancer, as the primary research question targeted socioeconomically 

deprived smokers (22). Nevertheless, the findings are likely to be generalisable, particularly 

given emerging evidence advocating the selection of LCS-eligible individuals to be based on 

lung cancer risk [47,215]. Secondly, we did not collect data on NHS health check 

attendance, or on reasons for the lack of statin use.  A large body of research [216] 

implicates patient-related, behavioural barriers in non-adherence to statins (e.g. concerns 

about side effects, misconceptions about causality and symptoms, low perceived benefit), 

and has shown that behavioural interventions targeting these barriers are effective [217]. 

Awareness of the presence of CAC may have a positive effect on statin use in this group, 

particularly if barriers among those who previously declined treatment could be identified 

and addressed. We did not measure serum cholesterol and so our QRISK2 score used a 

substitute value, which may make the scores less accurate. Measuring serum cholesterol 

may not add a great deal of value given the high-risk of participants due to other (smoking 

and age) risk factors, and adds expense and time. Further studies could evaluate the 

predictive power of the risk scores with and without serum cholesterol values and measure 

the cost-effectiveness of both strategies. Finally though the visual CAC grades are clearly 

defined in terms of appearance on LDCT, there may have been a degree of subjectivity in 

the assessment, and we did not specifically measure inter-observer variation with respect 

to CAC grade. Despite these limitations, this novel study was carried out in a practical and 

pragmatic manner with high uptake rates making the findings generalisable to a population 

rather than a biased volunteer group. 
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5.4.2 Conclusions 

This study noted almost universally high estimated CVD risk and significant underutilisation 

of statin therapy for primary prevention of cardiovascular events among LCS participants. 

We propose that all individuals invited to LCS should have a CVD primary prevention 

review. Reporting of CAC may not add a great deal of benefit in terms of risk assessment 

and treatment, however, it may help to improve adherence to lifestyle and 

pharmacological interventions for the prevention of CVD. Future studies are needed to 

further understand the relationship of clinical, demographic and CAC score predictors to 

long term CVD events; and to evaluate the impact on initiation and adherence to primary 

preventative strategies following the reporting of CAC results to individuals.  
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Chapter 6. Is lung cancer screening an opportunity for 

active case finding of chronic obstructive pulmonary 

disease and emphysema? 

 

6.1  INTRODUCTION 

Chronic Obstructive Pulmonary Disease (COPD) is the third biggest killer globally, after 

Coronary Heart Disease (CHD) and stroke [218]. The presence of emphysema, airflow 

limitation, increasing COPD severity and exacerbation frequency have been shown to be 

associated with a greater risk of lung cancer [219,220], though this effect is dissipated after 

adjustment for smoking history and other confounders [221]. Biologically, this may be 

explained by a combination of chronic inflammation, impaired mucocilliary action, DNA 

damage and repair and genetic susceptibility [222,223].  

 

Lung cancer screening (LCS) has been shown to reduce lung cancer-specific and all-cause 

mortality by 20% and 6.7% respectively in the National Lung Screening Trial (NLST) [17]. 

Evidence suggests that cohorts at higher-risk for lung cancer may benefit more from LCS 

than those with lower-risk [47,51]. A secondary analysis of data from NLST confirmed a 

two-fold increase in lung cancer prevalence amongst participants with pre-bronchodilator 

spirometry consistent with COPD [224]. The authors also reported a greater stage shift and 

reduced overdiagnosis, in terms of lower lung cancer incidence and no bronchoalveolar cell 

carcinoma (which is the typical histology in overdiagnosed cases), amongst those with 

airflow limitation compared to those without [224]. These findings, which are supported by 

an earlier pilot study [225] suggest LCS in individuals with COPD may result in greater lung 

cancer-specific mortality reduction than those without, though the severity of COPD, which 

could impact morbidity and mortality from competing causes, must also be considered. 

 

Age and smoking history are the strongest predictors in the development of lung cancer 

and COPD, enabling a common population in which to carry out ‘case-finding’ for the two 

conditions. Several studies have demonstrated a significant burden of undiagnosed COPD 

within primary care populations [226–229], though currently ‘screening’ for asymptomatic 

COPD is not recommended by the United States Preventative Services Task Force (USPSTF) 

[230], as it has not been shown to impact COPD-related endpoints, including exacerbations, 

hospitalisation or mortality. The revised 2017 GOLD criteria place increasing importance on 
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symptom burden and exacerbation frequency over and above spirometry values as key in 

guiding treatment decisions [231]. This change follows evidence that symptoms, 

exacerbation frequency and comorbidities are more important determinants of prognosis 

than spirometry [231,232]. Furthermore, comorbidities such as CHD, heart failure, cardiac 

arrhythmias, hypertension, hypercholesterolaemia, osteoporosis and diabetes are frequent 

in COPD and may be undertreated [231,233] and optimisation of these conditions may 

positively impact COPD outcomes.  

 

The LCS-eligible population is therefore likely to be enriched with COPD, with previously 

reported prevalence rates of 38% [234], almost four-fold higher than rates reported in the 

general population [227]. The GOLD 2017 report has recommended active case finding for 

those with symptoms and/or risk factors [231], but whether detecting emphysema on low 

dose computed tomography (LDCT) carried out in LCS provides any additional benefit to 

spirometry is inconclusive. 

 

In this study we aimed to determine: a) the burden of symptoms, comorbidities and inhaler 

use in LCS participants with spirometry consistent with COPD; and b) the burden of COPD 

symptoms and radiological emphysema in current and former smoking participants with 

‘undiagnosed’ COPD (i.e. participants without a self-reported history of COPD, but with 

spirometry consistent with COPD). 

 

6.2  METHODS 

6.2.1 Study design, participants and setting 

This prospective observational cohort study is nested within the Lung Screen Uptake Trial 

(LSUT), the methods for which have been described previously [129] and in chapter 2. 

Briefly, individuals aged between 60 and 75, who had been recorded in their GP record as 

current smokers within the past 5 to 7 years, were invited by their primary care physician 

for a ‘lung health check’ (LHC) at one of two London hospitals between November 2015 and 

July 2017. Individuals attending the LHC were invited to participate in the study and those 

meeting the required threshold for lung cancer risk were invited to have an LDCT the same 

day (as detailed in chapter 2).  
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Very brief smoking cessation advice (standardised intervention from the UK’s National 

Centre for Smoking Cessation and Training [132] was given to all current smokers at the 

LHC, and participants were also randomised to receive details of their local NHS smoking 

cessation service or be proactively referred to the smoking cessation service.  

 

6.2.2 Data collection 

Data were prospectively collected by a study practitioner at the LHC. Self-reported 

demographics (age, sex, ethnicity, education level, Index of Multiple Deprivation (IMD) 

score and rank), smoking, family and medical history were recorded (as detailed in chapter 

2). Hand-held spirometry, height, weight and blood pressure were recorded.  

 

6.2.3 Outcome measures 

Symptoms: Participants were asked about current or recent (within the past 12 months) 

history of dyspnoea, cough and lower respiratory tract infection (LRTI). Those without a 

self-reported current history of cough or dyspnoea were categorised as ‘asymptomatic’. 

Medical Research Council dyspnoea (MRC) score was also assessed and recorded by the 

study practitioner.   

 

Comorbidities: Participants were specifically asked about a known history of COPD, asthma, 

previous pneumonia, coronary heart disease, hypertension (including those with normal 

blood pressure on antihypertensives), atrial fibrillation, hypercholesterolaemia, diabetes 

mellitus, osteoporosis and previous non-thoracic malignancy. Participants were labelled as 

‘undiagnosed’ COPD if answered no to the question: do you have a prior history of COPD, 

bronchitis or emphysema? Participants were also specifically asked about inhaled therapy 

use, and were given the names of different classes of inhalers and some commonly used 

examples, e.g. a short acting beta agonist inhaler such as salbutamol, terbutaline, with 

pictures available to act as a prompt. 

 

Spirometry: Pre-bronchodilator spirometry was measured in all participants using a 

vitalograph® micro handheld spirometer during the LHC in accordance with the joint 

European Respiratory Society and American Thoracic Society [235] and the British Thoracic 

Society recommendations [236]. Participant ethnicity, age and height were used to 

calculate predicted values, enabling absolute and percentage predicted values to be 

recorded. A participant was defined as having COPD if FEV1/FVC was <70%. Participants 
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with COPD with FEV1 >80%, <80% but ≥50%, <50% but ≥30% or <30% were classified as 

GOLD class I, II, III or IV respectively. The 2014 GOLD report was the basis for COPD 

diagnosis and management at the start of the study, hence data were collected in 

accordance with GOLD classes I-IV [237]. 

 

Emphysema: The LDCT scans were single-read by a team of radiologists with expertise in 

thoracic CT reporting, and experience ranging from 5 to 28 years. Reports included 

recording of emphysema grade, which was subjectively determined on a visual scale of 

none, mild, moderate or severe. 5% of all LDCT scans were second-read by a radiologist 

from the opposite participating site for quality assurance purposes.  

 

6.2.4 Sample size & statistical analysis  

The sample size of the LSUT cohort was based on the primary behavioural research 

question and has been described in chapter 2 and in the published protocol [129]. 

Participants who had never smoked or who had missing spirometry data were excluded 

from the analysis. Descriptive statistics were used to determine the demographic and 

clinical characteristics of individuals grouped by presence or absence of COPD.  Univariate 

associations between symptoms, comorbidities and inhaler use and GOLD grade were 

explored using chi square and fisher’s exact tests. A final sub-analysis was carried out in 

those with ‘undiagnosed’ COPD, to explore the presence and association of symptoms 

between known and ‘undiagnosed’ COPD, and emphysema with and without airflow 

limitation, using chi square and fisher’s exact tests. Associations between presence and 

grade of emphysema and GOLD class for those who undertook an LDCT scan were also 

explored. Missing values were excluded from the analyses (and were present for only one 

variable, IMD rank).  
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6.3 RESULTS  

 

Figure 6.1 shows the flow diagram of the study participants. Of 1005 participants recruited 

to LSUT, 986 participants were included in the present analysis, of which 560 (56.8%) had 

spirometry consistent with COPD. The demographic characteristics of participants are 

detailed in table 6.1. Of the entire cohort, 756 participants had no self-reported history of 

COPD and were included in a further sub-analysis, of which 579 undertook LDCT. 

 

 

 Figure 6.1 Flow diagram of study participants   

1005 individuals recruited to LSUT between Nov 
2015 and July 2017 

756 with no self-reported history of COPD 
included in sub-analysis of ‘undiagnosed’ COPD 

2012 individuals identified from GP records as 
potentially eligible for LCS 

1007 did not attend LHC or did not 
wish to be enrolled into LSUT 

230 with a self-reported history of 
COPD  

16 excluded due to missing  
spirometry data 

986 included in current analysis 

3 excluded due to current ‘never 
smoked’ smoking status 

579 underwent LDCT and included in sub-
analysis of LDCT detected emphysema 

182 did not meet criteria for LDCT, 
declined or did not attend LDCT  
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Table 6.1 Participant characteristics by group (% totals may not sum up due to rounding, 
or missing data) 

 
Variables 

COPD based on pre-bronchodilator spirometry at lung 
health check appointment pre-LDCT 

n (%) or median (IQR*) 
  No COPD 

n=426 
(43.2% of cohort) 

COPD 
n=560 

(56.8% of cohort) 

Age (in years) 

60 – 63 176 (41.3) 160 (28.5) 

64 – 67 131 (30.8) 188 (33.6) 

68 – 71 74 (17.4) 140 (25.0) 

72 – 76 45 (10.6) 72 (12.9) 

Gender 

Female 213 (50.0) 325 (58.0) 

Male 213 (50.0) 235 (42.0) 

Ethnicity 

White 324 (76.1) 491 (87.7) 

Black/ African/ Caribbean 62 (14.5) 38 (6.8) 

Asian 12 (2.8) 8 (1.4) 

Mixed 7 (1.6) 4 (0.7) 

Other 21 (4.9) 16 (2.9) 

Highest Level of Education 

Left school at or before age 15 207 (48.6) 308 (55.0) 

CSEs, O-levels or equivalent 45 (10.6) 59 (10.5) 

A-levels or equivalent 44 (10.3) 52 (9.25) 

Further education 23 (5.4) 24 (4.3) 

Bachelor degree 51 (12.0) 68 (12.1) 

Further higher degree 46 (10.8) 40 (7.1) 

Other 9 (2.1) 9 (1.6) 

Missing 1 (0.2) 0 (0) 

Index of Multiple Deprivation (IMD) quintile 

1 (most deprived) 239 (56.1) 298 (53.2) 

2 136 (31.9) 201 (35.9) 

3 12 (2.8) 8 (1.4) 

4 1 (0.23) 1 (0.2) 

5 (least deprived) 0 (0) 0 (0) 

Missing 38 (8.9) 52 (9.3) 

Smoking History 

Current smoker 288 (67.6) 410 (73.2) 

Former smoker 138 (32.3) 150 (26.8) 

Years smoked (years) 46 (41, 50) 48 (44, 52) 

Years quit (years) 0 (0, 1) 0 (0,0) 

Average smoking intensity (cigs/day) 15 (10, 20) 20 (10, 20) 

Pack years 33 (18, 47) 39 (25, 54) 
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Table 6.1 (continued) Participant characteristics by group (% totals may not sum up due 
to rounding, or missing data) 

 
Variables 

COPD based on pre-bronchodilator spirometry at lung 
health check appointment pre-LDCT 

n (%) or median (IQR*) 
  No COPD 

n=426 
(43.2% of cohort) 

COPD 
n=560 

(56.8% of cohort) 

Lung cancer risk 

PLCO (% 6 year risk) 2.8 (1.0, 5.1) 4.2 (1.7, 8.3) 

LLP (% 5 year risk) 4.6 (2.7, 6.5) 5.98 (3.8, 9.7) 

Lung function 

FEV1 (l/min) 2.29 (1.86, 2.72) 1.88 (1.46, 2.38) 

FEV1 (% predicted) 91 (79.0, 102.5) 74.0 (59.0, 88.0) 

FVC (l/min) 2.97 (2.39, 3.56) 3.15 (2.52, 3.82) 

FVC (% predicted) 94 (81.0, 107.0) 97.5 (80.0, 113.0) 

FEV/FVC (%) 76.5 (73.0, 80.0) 63 (55.0, 67.0) 

Other physical measurements 

BMI (Kg/m2) 26.8 (23.6, 30.1) 25.5 (22.3, 28.7) 

Systolic BP (mmHg) 134 (122, 147) 136 (125, 148) 

MRC dyspnoea score 

0- breathless on strenuous exercise only 310 (72.6) 322 (57.5) 

1- slightly breathless e.g. up hills 104 (24.4) 198 (35.4) 

2- slower than contemporaries 11 (2.6) 30 (5.4) 

3- 100m exercise tolerance 1 (0.2) 10 (1.8) 

4- Housebound 1 (0.2) 0 (0) 

LDCT 

LDCT performed 317 (74.4) 444 (79.3) 

Not eligible due to low smoking history 
or lung cancer risk 

57 (13.4) 44 (7.9) 

Other reason LDCT not performed (e.g. 
declined, DNA, previous CT in past year) 

52 (12.2) 72 (12.9) 

Follow up duration since LDCT (days) 627 (481, 783) 663 (510, 790) 

 

Of the 560 participants who met spirometry criteria for COPD, 86.3% of them had pre-

bronchodilator spirometry consistent with GOLD class I or II; and 38.5% of participants in 

GOLD class I had symptoms compared with 87.5% in class IV (p<0.001) (table 6.2). 

Dyspnoea and cough were present currently in 34.5% and 28.2% of participants with 

spirometry consistent with COPD, while 18.4% had both, and 45.5% of participants had 

either. 29.9% of participants with spirometry consistent with COPD had a history of a lower 

respiratory tract infection (LRTI) in the past year. All symptoms were more frequent with 

increasing GOLD class (p≤0.001, table 6.2). 

 

A prior self-reported diagnosis of COPD was absent in 67.3% of participants with spirometry 

consistent with COPD, though this varied by GOLD class (p<0.001). In GOLD class I, only 21% 
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of those with pre-bronchodilator spirometry consistent with COPD reported a history of 

COPD, compared with 87.5% in class IV (p<0.001) (table 6.3). 16.3% of participants across 

all GOLD classes had a self-reported history of asthma. Previous pneumonia was also more 

common with increasing GOLD class, (14.5% in class I vs. 33.3% in class III, p=0.001). Non-

respiratory comorbidities were frequent, with no association with GOLD class. 

Hypertension and hypercholesterolaemia were the most commonly occurring in 35.7% and 

45.7% of participants respectively. 11.1% participants reported a history of CHD, 10.5% of 

diabetes, and 4.6% of atrial fibrillation. Of non-cardiovascular comorbidities, 10.7% 

reported a history of osteoporosis and 7.7% of prior extra-thoracic malignancy.  

 

Table 6.2 Symptoms suggestive of COPD in participants with spirometry consistent with 
COPD by GOLD class (LRTI= lower respiratory tract infection) 

 n (%) in participants with spirometry consistent with COPD  

 No COPD GOLD 1: 
Mild,  

FEV1 ≥ 
80% 

GOLD 2: 
Mod, 
FEV1 

50-80% 

GOLD 3: 
Severe, 

FEV1 30-
50% 

GOLD 4: 
V 

Severe, 
FEV1 < 

30% 

All GOLD 
classes 

Fishers 
exact 
test p 
value 

 n=426 n=234 n=249 n=69 n=8 n= 560  

CURRENT SYMPTOMS 

No 
symptoms 

285 (66.9) 144 (61.5) 124 (49.7) 27 (39.1) 1 (12.5) 296 (52.9) <0.001 

Dyspnoea 90 (21.1) 56 (23.3) 91 (36.6) 40 (58.0) 6 (75.0) 193 (34.5) <0.001 

Cough 79 (18.5) 55 (23.5) 69 (27.7) 29 (42.0) 6 (62.5) 158 (28.2) 0.001 

Cough + 
dyspnoea 

31 (7.28) 24 (10.3) 41 (16.5) 27 (39.1) 4 (50.0) 96 (17.1) <0.001 

Cough or 
dyspnoea 

138 (32.4) 87 (37.1) 119 (47.8) 42 (60.9) 7 (87.5) 255 (45.5) <0.001 

LRTI 15 (3.5) 15 (6.4) 17 (6.8) 8 (11.6) 3 (37.5) 296 (52.9) <0.001 

SYMPTOMS WITHIN THE LAST YEAR 

No 
symptoms 

217 (50.9) 102 (43.6) 78 (31.3) 11 (15.9) 1 (12.5) 192 (34.3) <0.001 

Dyspnoea 125 (29.3) 79 (33.8) 124 (49.8) 50 (72.5) 6 (75.0) 259 (46.3) <0.001 

Cough 118 (27.7) 85 (36.3) 107 (43.0) 43 (62.3) 6 (75.0) 241 (43.0) <0.001 

Cough + 
dyspnoea  

53 (12.4) 43 (18.4) 70 (28.1) 37 (53.6) 5 (62.5) 155 (27.7) <0.001 

Cough or 
dyspnoea 

190 (44.6) 121 (51.7) 161 (64.7) 56 (81.2) 7 (87.5) 345 (61.6) <0.001 

LRTI 65 (15.3) 50 (21.4) 74 (29.7) 33 (47.8) 6 (75.0) 163 (29.1) <0.001 
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Table 6.3 Comorbidities in participants with spirometry consistent with COPD by GOLD 
class  

 n (%) in participants with spirometry consistent with COPD  

 No COPD GOLD 1: 
Mild,  

FEV1 ≥ 
80% 

GOLD 2: 
Mod, 

FEV1 50-
80% 

GOLD 3: 
Severe, 

FEV1 30-
50% 

GOLD 4: 
V 

Severe, 
FEV1 < 

30% 

All GOLD 
classes 

Fishers 
exact 
test p 
value 

 n=426 n=234 n=249 n=69 n=8 n= 560  

COPD 47 (11.0) 49 (21.0) 92 (37.0) 35 (50.7) 7 (87.5) 183 (32.7) <0.001 

Asthma 44 (10.3) 31 (13.3) 46 (18.5) 13 (18.8) 1 (12.5) 91 (16.3) 0.026 

Previous 
pneumonia 

56 (13.2) 34 (14.5) 48 (19.3) 23 (33.3) 2 (25) 107 (19.1) 0.001 

Coronary 
heart disease 

46 (10.8) 23 (9.8) 32 (12.9) 7 (10.1) 0 (0) 62 (11.1) 0.806 

Hypertension 
on anti-
hypertensives 

162 (38.0) 71 (30.3) 96 (38.6) 30 (43.5) 3 (37.5) 200 (35.7) 0.175 

Atrial 
fibrillation 

19 (4.5) 11 (4.7) 7 (2.8) 6 (8.7) 2 (25) 26 (4.6) 0.035 

Hypercholes-
terolaemia 

202 (47.4) 98 (41.9) 118 
(47.4) 

38 (55.1) 2 (25) 256 (45.7) 0.225 

Diabetes 
mellitus 

78 (18.3) 18 (7.7) 33 (13.3) 8 (11.6) 0 (0) 59 (10.5) 0.003 

Osteoporosis 44 (10.3) 23 (9.8) 33 (13.3) 4 (5.8) 0 (0) 60 (10.7) 0.407 

Previous 
extra-thoracic 
malignancy  

36 (8.5) 13 (5.6) 24 (9.6) 4 (5.8) 2 (25) 43 (7.7) 0.152 

        

 

Table 6.4 Self-reported inhaled treatment use by GOLD class (SABA= short acting beta 
agonist, LABA= long acting beta agonist, LAMA= long acting muscarinic antagonist, ICS= 
inhaled corticosteroid) 

 n (%) in participants with spirometry consistent with COPD  

 No COPD GOLD 1: 
Mild, 

FEV1 ≥ 
80% 

GOLD 2: 
Mod, 

FEV1 50-
80% 

GOLD 3: 
Severe, 

FEV1 30-
50% 

GOLD 4: 
V Severe, 

FEV1 < 
30% 

All GOLD 
classes 

Fishers 
exact test 

p value 

 n=426 n=234 n=249 n=69 n=8 n=560  

SABA 42 (9.9) 42 (17.9) 81 (32.5) 41 (59.4) 6 (75.0) 170 (30.4) <0.001 

LABA 4 (0.9) 4 (1.7) 10 (4.0) 9 (13.0) 2 (25.0) 25 (4.5) <0.001 

LAMA 12 (2.8) 6 (2.6) 23 (9.2) 15 (21.7) 3 (37.5) 47 (8.4) <0.001 

LABA +ICS    14 (3.2) 17 (7.3) 38 (15.2) 20 (28.9) 3 (37.5) 78 (13.9) <0.001 

 

 

  



 

124 

 

 

 

Figure 6.2 The burden of symptoms in (a) participants with known vs. undiagnosed COPD 
and (b) emphysema with airflow obstruction vs. without airflow obstruction in 
participants with undiagnosed COPD 
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Table 6.5 CT emphysema and smoking status in the cohort  

 n (%) in participants with ‘undiagnosed’ COPD  

 No COPD GOLD 1: 
Mild, FEV1 

≥ 80% 

GOLD 2: 
Mod, 

FEV1 50-
80% 

GOLD 3: 
Severe, 

FEV1 30-
50% 

GOLD 
4: V 

Severe, 
FEV1 < 

30% 

All 
GOLD 

classes 

Fishers 
exact 
test p 
value 

 n=379 n=185 n=157 n=34 n=1 n=377  

Had LDCT 282 (74.4) 142 (76.8) 125 (79.6) 29 (85.3) 1 (100) n =297  

No 
emphysema 

144 (51.1) 48 (33.8) 41 (32.8) 6 (20.7) 0 (0) 95 (32.0) 

 
<0.001 

 

Mild 
emphysema 

110 (39.0) 60 (42.3) 45 (36.0) 9 (31.0) 1 (100) 115 (38.7) 

Moderate 
emphysema 

26 (9.2) 29 (20.4) 31 (24.8) 9 (31.0) 0 (0) 69 (23.2) 

Severe 
emphysema 

2 (0.7) 5 (3.5) 8 (6.4) 5 (17.2) 0 (0) 18 (6.1) 

 

Of those not meeting spirometry criteria for COPD, 9.9% were on inhaled short acting beta 

agonists (SABA) (table 6.4), and just under half of them reported a history of asthma. Use of 

other inhaled therapy was fairly low ranging from 4.5% to 13.9% across all GOLD classes, 

with a trend to increasing use by increasing GOLD severity (p<0.001). 

 

Of the 377 participants with ‘undiagnosed’ COPD, 90.7% of them had pre-bronchodilator 

spirometry consistent with GOLD class I or II. 36.9% had dyspnoea, cough and/or LRTI 

within the preceding 12 months, and 74.8 were current smokers. There was a statistically 

significant difference in symptom prevalence between those with known COPD and 

‘undiagnosed’ COPD (figure 6.2a). 68.0% of participants with undiagnosed COPD had 

emphysema on LDCT while 48.9% of those with preserved spirometry and without a self-

reported history of COPD, had emphysema on LDCT (table 6.5). Of those with emphysema, 

265 (77.9%) were current smokers. Those with undiagnosed COPD, emphysema and airflow 

limitation had greater dyspnoea than those without airflow limitation, while all other 

symptoms were similar in both these groups (figure 6.2b). 

 

6.4 DISCUSSION 

In this observational cohort study of 986 individuals attending an LHC, 56.8% met 

spirometry criteria for COPD and had a significant proportion of them had respiratory 

symptoms and these increased by GOLD severity. Comorbidities, particularly those related 

to cardiovascular disease were also common. Some inhaled treatment under-use was 
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apparent, though use of inhalers increased by GOLD class. There was a significant burden of 

‘undiagnosed’ COPD, and 90.7% of these individuals had pre-bronchodilator spirometry 

consistent with GOLD class I or II. A significant proportion of these individuals had 

symptoms and/ or emphysema on LDCT and the majority were still smoking. Symptom 

burden was greater in those with known COPD than those with ‘undiagnosed’ COPD, and in 

those with emphysema with airflow limitation than those without.  

 

The proportion of participants with spirometry consistent with COPD observed in the 

present study (56.8%) is higher than that reported in a previous secondary analysis of a sub-

population of NLST (34.4%) [224], though the majority were in GOLD class I or II (86.3%) 

and were asymptomatic (52.9%). This high prevalence may be explained by the population 

recruited to the present study which, due to the primary research question, were largely 

current smokers from low socioeconomic position (SEP) backgrounds; and also because of 

the ‘real-world’ nature of the present study, as participants were invited for an NHS ‘lung 

health check’ and not to participate in a clinical trial. Conversely, NLST participants were 

typically younger, more affluent and educated, and less likely to be currently smoking [17].  

 

Another important observation is that a significant number of the participants with airflow 

limitation were symptomatic, suggesting many participants may have clinically significant 

COPD and may be more likely to experience COPD-related and worse lung cancer outcomes 

(due to reduced lung function and increased complication rates with invasive investigations 

and treatments). The proportion of participants receiving inhaled treatment however, was 

relatively low, with only between 4.5 and 13.9% of participants with spirometry consistent 

with COPD reporting use of inhaler classes other than SABA. The data presented here were 

collected prior to the publication of the newer 2017 GOLD report which recommends 

symptoms and exacerbation frequency and not spirometry to determine treatment 

decisions [231] and as we did not have data on exacerbation frequency, we were unable to 

determine who would qualify for treatment according to the newer guidelines. 

Nevertheless, the data reported here suggest there may be some under-treatment when 

compared to GOLD 2016 guidance [238]. This is likely to be due to the burden of 

‘undiagnosed’ COPD rather than under-treatment in those with known COPD, as 67.3% of 

those with airflow obstruction consistent with COPD did not report a history of COPD. 

Consideration should be paid to the possibility of some participants underreporting a 

diagnosis of COPD, misreporting COPD as asthma or having COPD-asthma overlap 
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syndrome. Reassuringly though, very few participants (approximately 5%) reported inhaler 

use without a history of COPD or asthma, suggesting that under-reporting of COPD 

diagnosis was uncommon. 

 

Comorbidities are gaining increased importance in the context of COPD, and cardiovascular 

risk factors and disease may be the most important determinants of prognosis in COPD 

[233]. The population studied here did indeed have high rates of these conditions, with 

almost half of all participants reporting a history of hypercholesterolaemia, and over a third 

reporting hypertension. The prevalence of high cardiovascular disease risk in this 

population is reported in chapter 5 and supports the need for placing value upon these 

comorbidities. Another noteworthy finding is that of osteoporosis, which was present in 

>10% of participants. Osteoporosis is another important comorbidity in COPD, due to its 

increase in prevalence with age, smoking and steroid use as well as other factors related to 

COPD [17,31], and it is likely that the burden of osteoporosis in this cohort is higher than 

reported, given the association between osteoporosis and worsening emphysema observed 

in LCS participants previously [240].  

 

The significance of LDCT-detected emphysema in the context of preserved spirometry is 

another important debate. 58.7% of individuals with ‘undiagnosed COPD’ who had an LDCT 

in our cohort had some LDCT-detected emphysema. Although in the majority this was mild, 

this prevalence is much higher than that reported in other cohorts [241]. CT emphysema 

has been reported to predict COPD in the LCS setting with a sensitivity of 63% and 

specificity of 88% [234]. However, the majority of the participants in the ‘undiagnosed’ 

group (60.4% of those with emphysema and airflow obstruction) were asymptomatic, and 

currently only lifestyle modifications such as smoking cessation are recommended in such 

individuals [231]. In our cohort, 77.9% of participants with ‘undiagnosed’ COPD and LDCT-

detected emphysema were current smokers, suggesting LCS may offer an opportunity for a 

‘teachable moment’ for participants with asymptomatic subclinical emphysema. Studies are 

needed to understand whether informing individuals of early changes of smoking-related 

lung disease and delivery of more intense smoking cessation interventions in this 

population can successfully enhance smoking cessation rates.  

 

Almost 40% of the ‘undiagnosed’ COPD participants with emphysema and airflow limitation 

also had symptoms suggestive of COPD, suggesting they would benefit from COPD 

assessments, for example, by a general practitioner (GP), but whether reporting this 
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information back to GPs and patients impacts outcomes such as future COPD exacerbation 

frequency and hospitalisations is not known. Those with emphysema and no airflow 

obstruction, were significantly less likely to report symptoms and case-finding of 

asymptomatic COPD is currently not recommended [230]. Studies have reported increased 

exacerbation frequency and reduced activity levels [227,228] in smokers without airflow 

obstruction but with symptoms, and not in those without airflow limitation or symptoms. 

Associations between radiological findings consistent with COPD and exacerbation 

frequency have been previously been reported [242], but whether these participants had 

airflow limitation and symptoms was not stated. In contrast, a recent study in China found 

an improvement in forced expiratory volume (FEV1), exacerbation frequency and quality of 

life with tiotropium compared with placebo in those with mild COPD with few or no 

symptoms [243] but this finding is yet to be reproduced in other populations. Collecting 

longitudinal data on COPD symptoms and diagnoses, exacerbation frequency and 

hospitalisations in these different groups is required to understand the relevant importance 

of CT-detected emphysema in those with and without airflow limitation and symptoms. For 

now, other than smoking cessation, no specific interventions can be recommended for 

those with asymptomatic COPD or emphysema detected at LCS, though future studies using 

tiotropium may be of value. LCS policy makers need to be mindful of the wider implications 

of reporting LDCT findings with no evidence to support specific interventions, including risk 

of medication overuse and impact on insurance eligibility.  

 

Another noteworthy point is that individuals with early COPD (including those with 

‘undiagnosed’ COPD with mild or no symptoms, and typically in GOLD class I and II), stand 

to gain the most benefit from LCS. An analysis looking at a sub-cohort of participants from 

NLST, demonstrated a 40% relative reduction in lung cancer-specific mortality (double that 

seen in NLST [17]) in those with spirometry consistent with GOLD classes I or II [244]. This 

mortality reduction was still impressive at 32% in those with undiagnosed COPD of any 

GOLD class, but there was no reduction in mortality in those with GOLD stage III or IV. This 

can be explained by the more common competing risks of death [245] and reduced surgical 

resection rates in individuals with more advanced COPD. The majority of the participants in 

the LSUT cohort had GOLD stage I or II (86.3% in the whole cohort and 90.7% in the 

‘undiagnosed’ sub-group) and so were in the target group that stands to gain the most 

benefit from LCS. Nevertheless, a small proportion of individuals attending for an LHC, had 

more advanced COPD, and 81% opted to have an LDCT. Denying individuals the opportunity 
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to take part in LCS on the basis of available evidence is controversial, and has complex 

implications on the shared decision-making conversation required in such cases.  Further 

work is needed to determine whether techniques such as stereotactic ablative 

radiotherapy, and video-assisted sub-lobar resections, which are increasingly popular, may 

offer more favourable outcomes in those with reduced fitness and lung function, and 

around communicating the complex harm-benefit balance in this group of participants 

[246].  

 

Early detection of COPD in symptomatic individuals with airflow limitation in the LCS setting 

could provide an opportunity for greater motivation to stop smoking, increased rates of 

vaccination against respiratory infection, and other self-education measures (including 

attention to diet and activity and symptom awareness) as well as appropriate 

pharmacotherapy. Whether this might in turn prevent further lung function decline, and 

improve future symptoms, exercise capacity and performance status needs to be 

ascertained in prospective randomised studies.  In those with screen-detected lung cancers, 

earlier COPD diagnosis and optimisation might impact downstream curative and surgical 

treatment rates and complications. This, together with the capacity for greater mortality 

benefit in those with early COPD could impact the efficacy and cost-effectiveness of LCS.   

 

6.4.1 Strengths and Limitations 

This study may have been limited by selection bias, as people with symptoms may have 

been more likely to attend an LHC appointment. Due to the primary research question 

targeting socioeconomically deprived smokers [129], the cohort were predominantly 

current smokers and may have slightly higher rates of COPD and lung cancer than the wider 

LCS-eligible population. Nevertheless, similar lung cancer prevalence and demographics 

have been described in reports of other UK based pilots [39,40] suggesting the results 

observed here may be fairly close to what may be seen in the context of LCS in the UK. 

Given emerging evidence advocating selection of LCS-eligible individuals based on lung 

cancer risk [47,215], the findings reported here are generalisable to the desired LCS-eligible 

population. Secondly, many of the outcome measures were dependant on self-reported 

history and it is possible that true rates of diagnoses and inhaler use may have been 

underreported, and that some participants may have confused COPD with asthma. 

Conversely, some of our participants with airflow obstruction may have had asthma rather 

than COPD, though this is likely to be uncommon given the age and smoking history of the 
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participants. Thirdly, pre-bronchodilator spirometry was used to classify COPD, though the 

strict definition for COPD uses post-bronchodilator values. Several other studies including 

NLST [224] have used pre-bronchodilator spirometry as a metric, and it may be a more 

pragmatic approach to COPD case-finding in the context of LCS. Finally, emphysema was 

graded visually, and may be subject to inter-observer bias, though the quality assurance 

carried out suggested generally good agreement. A Fleischner society statement 

recommends a mixture of visual and quantitative assessment of CT emphysema, though 

this may be too onerous for reporting in the context of LCS [247] and an ideal, less 

subjective manner in which to grade and report emphysema in LCS is needed. 

 

6.4.2 Conclusions 

This study has demonstrated the significant burden of COPD, respiratory symptoms and 

comorbidities in a cohort of individuals attending a LHC.  The large number of participants 

with ‘undiagnosed’ symptomatic, and asymptomatic COPD and emphysema, was also high, 

and these individuals may stand to gain more benefit from LCS. In addition, many of these 

participants were current smokers, and although the benefit of CT-detected emphysema 

over spirometric and symptomatic assessment seems modest, it may lead to the 

identification of a greater proportion of participants who may benefit from targeted 

smoking cessation interventions and may be at risk of clinically significant COPD in the 

future. Nevertheless, detection of COPD and emphysema in LCS could be used as a 

‘teachable moment’ for smoking cessation and provide an opportunity for other lifestyle 

and pharmacological interventions that may improve COPD related morbidity in the future, 

particularly in those with symptoms and/or airflow limitation. Further prospective studies 

are needed to evaluate impact on smoking cessation and COPD exacerbation and 

hospitalisation rates in LCS participants.  
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Chapter 7. Results from a prevalence round of LDCT 

screening for lung cancer in the Lung Screen Uptake Trial 

 

7.1 INTRODUCTION 

Many questions about lung cancer screening (LCS) have been evaluated using data from the 

National Lung Screening Trial (NLST) and other LCS studies [17,248–251], however, how 

these data translate to a ‘real-world’, non clinical-trial setting is not clear. The NLST typically 

enrolled a younger, more educated, and former rather than currently smoking population 

compared to the population that might be targeted for LCS, particularly when considering 

the evidence that has shown that screening the highest risk quintiles can optimise the 

benefit-harm ratio to individuals while making LCS more efficient and cost-effective 

[47,252].  The UK Lung Cancer Screening Study (UKLS) used a risk-based approach to 

screening, which yielded a higher baseline lung cancer prevalence, but demonstrated the 

challenge of collecting the necessary information to calculate participants’ lung cancer risk 

and eligibility to LCS without deterring them from participating [75]. In fact, all the LCS 

trials, which have used a variety of strategies for inviting and risk profiling potential 

participants [77,253], have had a very low rate of uptake compared with numbers initially 

approached (table 7.1).  The risk profile of the population enrolled determines subsequent 

factors such as the prevalence and stage of lung cancers, the false positive rate, the 

treatment rates and the overall mortality benefit [66].  

 

Evidence suggests that using risk stratification (as opposed to basic age and smoking criteria 

as proposed in the 2015 recommendation for LCS by the US Preventative Services Task 

Force [USPSTF]) to determine eligibility into LCS, is the best strategy for enrolling the 

highest risk [51]. Several mathematical models have been proposed to predict risk of lung 

cancer, and perform with varying accuracy as indicated by the area under the receiver 

operating curve (AUROC) scores [48]. One model, the Prostate Lung Colorectal Ovarian 

(PLCOm2012), was applied to the NLST dataset by Tammemagi and colleagues. It was noted 

that application of a 1.51% 6- year risk of lung cancer as predicted by this model in 

comparison with the NLST criteria would have deemed 8.8% less people as eligible for 

screening and a 12.4% higher proportion of cancers would have been detected, thus 

improving the false positive rate and positive predictive value of the screening test [51]. 
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Table 7.1 Recruitment methods and uptake to LDCT screening studies [17–28] 

Study Recruitm-
ent Period 

Recruitment 
Criteria 

Partici-
pants 

Method of 
Recruitment 

Uptake/ Enrolment 
rate 

NSLT 2002-2004 Age 55-74, ≥30PY, 
quit<15 years ago 

53,454 Mixed methods 
including media, 
mailing, 
community 
groups 

3.7% enrolment rate 

MILD 2005-2011 Age>49, ≥20PY, 
quit<10 years ago, 
no recent cancer 
within last 5 years 

4,099 Media based Not reported 

ITALUNG 2004-2006 Age 55-69, ≥20PY 3,206 Mail 3206 randomised from 
71,232 letters sent 
(enrolment efficacy 
4.5%) 

DANTE 2001-2006 Age 60-75, ≥20PY, 
quit<10 years ago, 
male 

2,472 Mail/ media/ via 
GP 

Not reported 

DEPISCAN 2002-2004 Age 50-75, ≥15PY 765 Via 232 GP/ 
occupational 
physicians 

Very challenging 
recruitment, exact 
numbers recruited 
from approached 
unclear 

DLCST 2004-2006 Age 50-70, ≥20PY, 
quit<10 years ago, 
FEV1>30% 

4,104 Media based Not reported 

NELSON 2003-2006 Age 50-75, ≥15PY 15,822 Population/ 
media based 

Approximately 32% of 
approached returned 
questionnaire of which 
26% were current 
smokers. In total of 
335,441 patients 
approached to recruit 
15,822 (4.7%) 

UKLS 2011-
ongoing 

Age 50-75, ≥5% 5 
year lung cancer 
risk as calculated 
by LLPv2 score 

4,061 Population 
based 

3.5% of 247,354 
approached returned 
questionnaire and 
fulfilled eligibility 
criteria 

IELCAP 1993-2006 Age>60, ≥10PY 31,567 Unclear Not reported 

PANCAN 2008-2011 Age 50-75, ≥2% 3 
year lung cancer 
risk as calculated 
by PLCO score 

2,537 Media based Not reported 

COSMOS 2000-2001 Age>50, ≥20PY 1,035 Media Not reported 

LUSI 2007-2011 Age 50-69, 
"heavy" smoking 
history  

4,052 Population 
based 

1.7% of 292,440 
approached returned 
questionnaire and 
fulfilled eligibility 
criteria 
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The Liverpool Lung Project (LLP) model has also been previously used in UKLS at a threshold 

of 5% which was shown to be an effective strategy in terms of higher baseline lung cancer 

prevalence and cost-effectiveness whilst retaining the presumed benefits of early stage 

detection [24]. However, where exactly the optimum threshold for entry into screening is 

placed will be a trade-off between the positives (e.g. number of lives saved, lung cancers 

detected) and negatives (false positives, overdiagnosis, radiation, cost) [254]. No prior 

studies have prospectively compared the PLCO and the LLP models to the USPSTF criteria.  

 

In addition, the feasibility of running an LCS programme in a National Health Service (NHS) 

setting is not known.  In the US, it has been estimated there may be over 8 million 

individuals eligible for LCS, although less than 2% have been reported to have undertaken a 

LDCT as part of LCS [174]. While strategies to enhance uptake and minimise socioeconomic 

inequalities are needed and are being examined in the Lung Screen Uptake Trial [129] and 

in other screening pilots [40,255], what burden LCS would put on UK resources is not clearly 

known. Policy makers and service providers will need data on the expected numbers of 

individuals attending, being screened and with positive findings, and to understand any 

other potential barriers to implementation, in order to estimate workforce and costs and to 

put in place a high-quality service and LCS infrastructure.  

 

7.1.1 Aims  

The aims of the present study were to: a) assess the feasibility of implementing LDCT in an 

NHS setting in terms of achievability of low radiation dose, reading time capacity and 

volumetric nodule analysis; b) determine the number of individuals that may be eligible for 

LCS via primary care, and what proportion of those attending may be eligible for and 

complete an LDCT examination; and c) determine the nodule and lung cancer outcomes 

from the baseline LDCT in a non-clinical trial LCS setting. 

 

 

7.2 METHODS 

7.2.1 Participants, setting and study design 

This prospective observational cohort study evaluates the lung cancer and implementation 

related outcomes from the Lung Screen Uptake Trial (LSUT), the methods for which have 

been described previously [129] and in chapter 2. Briefly, individuals aged between 60 and 
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75, who had been recorded in their GP record as current smokers within the past 5 to 7 

years, were invited by their primary care physician for a ‘lung health check’ (LHC) at one of 

two London hospitals between November 2015 and July 2017. Individuals were excluded if 

they had an active lung cancer diagnosis, cancer metastasis, were on palliative care 

treatment or had a lack of capacity to consent.  Individuals attending the LHC were invited 

to participate in the study. 

 

Those meeting the US Preventative Services Task Force (USPSTF) criteria for LCS (i.e. ≥30 

pack-years and quit ≤15 years ago) [207], or a lung cancer risk of 1.51%  as determined by 

the Prostate Lung Colorectal Ovarian study (PLCOm2012) model [130] or 2.5% as determined 

by the Liverpool Lung Project (LLP) model [49], were offered a LDCT scan on the same day 

to screen for lung cancer.  

 

7.2.2 Data collection 

Data were prospectively collected by a study practitioner at the LHC. Self-reported 

demographics (age, sex, ethnicity, education level, Index of Multiple Deprivation (IMD) 

score and rank), smoking, family and medical history were recorded (as detailed in chapter 

2). Hand-held spirometry, height, weight and blood pressure were recorded. Radiological 

data was recorded by the radiologist at the time of reporting the LDCT and clinical and 

pathological outcomes were recorded by a thoracic clinical research fellow. Data reported 

in this chapter are based on outcomes recorded until 11 months after the last participant 

recruited. 

 

7.2.3 Outcome measures 

PLCO and LLP scores 

The publicly available algorithms for both of these risk prediction tools [49,256] were 

programmed into the study electronic database. The PLCO model was adapted for UK use. 

The ethnicity categories ‘white’, ‘black’ and ‘other’, used the coefficients from the PLCO 

model for ‘white’, ‘black’ and ‘Asian’ respectively. The education categories were also 

translated to match the UK education system with the same number of categories matching 

to a similar age or qualification. 
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LDCT 

LDCT scans were carried out in the acute scanner at each hospital site and were single-read 

by a team of radiologists with expertise in thoracic CT reporting, and experience ranging 

from 5 to 28 years. Radiologists recorded details on up to two nodules, the total number of 

nodules seen, and any incidental findings. Data on radiation dose was entered by a clinical 

research fellow, from the dose-report capture within the image series. 

 

LDCT results were categorised into five categories as described in chapter 2. In this study, 

we report the outcomes relating to LDCT scans with a radiologist-designated category of 

‘indeterminate pulmonary nodule’ or ‘suspicious of lung cancer’. Other outcomes from 

LDCT included scans with a pulmonary or non-pulmonary incidental findings that may have 

required further assessment or treatment, or no significant findings, which were 

categorised separately as described in chapter 2 (see also appendix 8). For the purpose of 

this analysis, we have grouped these 3 into a single category of ‘negative’ scans. 

Indeterminate pulmonary nodules included those typically under 8mm or 300mm3 that 

generally required a repeat scan at three or twelve months, and were managed according 

to the British Thoracic Society (BTS) guidelines for pulmonary nodules [44] (though 

radiologists’ discretion was also permitted). ‘Positive’ findings were referred to the local 

thoracic oncology multi-disciplinary team (MDT) for further assessment and were managed 

according to the BTS guidelines for pulmonary nodules [44] and the National Institute for 

Health and Care Excellence (NICE) guidelines for the diagnosis and management of lung 

cancer [257]. 

 

Lung cancer  

Due to the small sample size, we have included all subtypes of invasive and non-invasive 

lung cancer within our definition of lung cancer. These included neuroendocrine tumours 

including small cell and carcinoid; adenocarcinoma, including minimally invasive 

adenocarcinoma (MIA), and adenocarcinoma in situ (AIS); and other non-small cell lung 

cancers, including squamous cell, adeno-squamous and large cell carcinomas. Staging was 

carried out according to the 7th edition TNM classification system as this was the edition in 

use in participating thoracic oncology MDT meetings for the majority of the study.  
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7.2.4 Sample size & statistical analysis  

The sample size for LSUT was based on the primary behavioural research question and is 

described in chapter 2. For the present analysis, all study participants with complete 

smoking and lung cancer risk data were included. Participants were divided into three 

groups: those who did not have an LDCT, those who had an LDCT without lung cancer and 

those who had an LDCT who had a lung cancer diagnosed at some point during the follow 

up period. The follow up duration for participants in this chapter varied by date of 

enrolment into the study, but was a minimum of 11 months from the last participant 

recruited. Descriptive statistics were used to present the data required to address the 

research questions above. 

 

7.3 RESULTS 

Figure 7.1 shows the flow chart of participants in this study. The demographic 

characteristics of the 995 participants that were included in the present analysis are 

presented in table 7.2. A total of 31 lung cancers (4%) were diagnosed at a median follow 

up duration of 652 days (1.8 years).  

 

 

Figure 7.1 Flow chart of participants in the study 

  

1005 individuals recruited to LSUT 
between Nov 2015 and July 2017 

768 had LDCT 

2012 individuals identified from GP 
records as potentially eligible for LCS 

1007 did not attend LHC or did not wish 
to be enrolled into LSUT 

995 included in current analysis 

10 excluded due to missing smoking or 
eligibility score data 

31 Lung cancers + 4 extra thoracic cancers 

119 Indeterminate pulmonary nodules 

227 did not have LDCT as not eligible, 
declined or failed to attend 
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Table 7.2 Participant characteristics by group (% totals may not sum up due to rounding, 
or missing data) 

 Variables LDCT not 
performed 

n=227 
median (IQR)  

or n (%) 

No lung cancer 
n= 737 

median (IQR)  
or n (%) 

Lung cancers  
n=31 

median (IQR)  
or n (%) 

Age (in years) 

60 – 63 86 (37.9) 241 (32.7) 8 (25.8) 

64 – 67 72 (31.7) 240 (32.6) 9 (29.0) 

68 – 72 47 (20.7) 161 (21.9) 10 (32.2) 

73 – 76 22 (9.7) 95 (12.9) 4 (12.9) 

Gender 

Female 109 (52.0) 321 (43.6) 19 (61.3) 

Male 118 (48.0) 416 (56.5) 12 (38.7) 

Ethnicity 

White 182 (80.2) 612 (83.0) 29 (93.6) 

Black/ African/ Caribbean 23 (10.1) 77 (10.5) 1 (3.2) 

Asian 12 (5.3) 7 (1.0) 0 (0) 

Mixed 3 (1.3) 7 (1.0) 0 (0) 

Other 7 (3.1) 31 (4.2) 1 (3.2) 

Prefers not to say 0 (0) 3 (0.4) 0 (0) 

Highest Level of Education 

Left school at or before age 15 105 (46.3) 399 (54.1) 16 (51.6) 

CSEs, O-levels or equivalent 26 (11.5) 76 (10.3) 2 (6.5) 

A-levels or equivalent 24 (10.6) 70 (9.5) 4 (12.9) 

Further education 14 (6.2) 31 (4.2) 3 (9.7) 

Bachelor degree 34 (15.0) 84 (11.4) 2 (6.5) 

Further higher degree 19 (8.4) 64 (8.7) 4 (12.9) 

Other 5 (2.2) 13 (1.8) 0 (0) 

Missing 0 (0) 0 (0) 0 (0) 

Index of Multiple Deprivation (IMD) quintile 

1 (most deprived) 117 (51.6) 404 (54.8) 17 (54.8) 

2 86 (37.9) 248 (33.7) 9 (29.0) 

3 3 (1.3) 17 (2.3) 1 (3.2) 

4 0 (0) 2 (0.3) 0 (0) 

5 (least deprived) 0 (0) 0 (0) 0 (0) 

Missing 21 (9.3) 66 (9.0) 4 (12.9) 

Smoking History 

Current smoker 148 (65.2) 529 (71.8) 29 (93.6) 

Former smoker 79 (34.8) 208 (28.2) 2 (6.5) 

Years smoked (years) 42 (32, 51) 47 (44, 51) 51 (47, 54) 

Years quit (years) 0 (0, 3) 0 (0, 0) 0 (0, 0) 

Average smoking intensity 
(cigs/day) 

14 (8, 20) 20 (10, 20) 20 (10, 21) 

Pack years 23 (10, 41) 38 (26, 51) 50 (26, 65) 
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Table 7.2 (continued) Participant characteristics by group (% totals may not sum up due 
to rounding, or missing data) 

 Variables LDCT not 
performed 

n=227 
median (IQR)  

or n (%) 

No lung cancer 
n= 737 

median (IQR)  
or n (%) 

Lung cancers  
n=31 

median (IQR)  
or n (%) 

Lung cancer risk 

PLCO (% 6 year risk) 1.4 (0.39, 5.51) 3.74 (1.79, 7.15) 5.19 (2.94, 9.19) 

LLP (% 5 year risk) 2.99 (1.55, 7.16) 5.57 (3.79, 8.75) 5.8 (4.56, 10.4) 

Lung function 

FEV1 (l/min) 2.12 (1.68, 2.57) 2.06 (1.64, 2.55) 1.74 (1.12, 2.2) 

FEV1 (% predicted) 85 (69, 98) 82 (66, 96) 73 (53, 87) 

FEV/FVC (%) 70 (63, 77) 69 (61, 75) 62 (54, 69) 

Other physical measurements 

BMI (Kg/m2) 25.8 (22.8, 29.1) 26.2 (23, 29.4) 23.5 (22.6, 26) 

Systolic BP (mmHg) 136 (120, 148) 135 (124, 147) 133 (123, 152) 

WHO Performance Status 

0- Asymptomatic 202 (89.0) 665 (90.2) 23 (74.2) 

1- Completely ambulatory 23 (10.1) 64 (8.7) 8 (25.8) 

2- <50% of day in chair/ bed 1 (0.4) 8 (1.1) 0 (0) 

3- >50% of day in chair/ bed 1 (0.4) 0 (0) 0 (0) 

4- Bedbound 0 (0) 0 (0) 0 (0) 

LDCT 

Follow up duration since LDCT 
(days) 

N/a 651 (495, 785) 683 (580, 817) 

 

 

 

Table 7.3 CT acquisition and reporting parameters 

 Median / n IQR / % 

Time taken to report each scan (mins) 10 5, 15 

Time taken for CT report (days) 13 4, 24 

Number of solid nodules with volume measured 46 53.5% 

Effective radiation dose (1st 50 patients Homerton) (mSv) 1.7 1.1, 2.1 

Effective radiation dose (cohort not including 1st 50 patients 
Homerton) (mSv) 

1.2 0.9, 1.6 
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Table 7.4 Data from GP searches (extending smoking history to 15 years to be more 
consistent with a likely screening programme). *Some patients excluded due to exclusion 
criteria described in methods section above 

GP Number of 
registered 
patients 

Patients 
aged 60-

75 as % of 
total 

registered 

Smoking 
data 

complete 
(%) 

Recorded as a 
current smoker 
in last 15 years 

(% of total 
registered aged 

60-75) 

Patients 
included 

from total 
aged 60-
75* (%) 

Final 
number as 

% of 
registered 
patients  

(%) 

1 9571 3 99 35 28 0.9 

2 4555 9 99 31 22 1.9 

3 10982 8 99 35 23 1.9 

4 12679 9 99 35 26 2.2 

5 14101 8 99 37 29 2.3 

6 6857 7 99 39 34 2.4 

7 6018 7 100 32 24 1.6 

8 5405 13 98 32 29 3.7 

9 12024 6 99 33 28 1.8 

10 7398 13 99 32 29 4.0 

11 12784 9 99 32 23 2.0 

12 12952 11 99 32 28 2.9 

13 7528 5 98 26 17 0.9 

14 8525 8 98 30 22 1.7 

15 13473 9 99 31 26 2.2 

16 11175 11 99 24 21 2.2 

Mean 9752 8.5 98.9 32.3 25 2.2 

 

 

Table 7.3 shows that the median time taken to report a scan in the study was 10 minutes, 

and reports were generated within a median of 13 days. Just over half of solid nodules had 

volumetry recorded. The effective radiation dose5 was generally good (median= 1.2mSv), 

except for the first 20-50 scans at one participating site which had a CT scanner which was 

over seven years old, and for which the acquisition protocols had to be adapted to achieve 

the low dose.  

 

Table 7.4 shows the data extracted at the time of carrying out the search of the GP 

databases. Smoking data was very well recorded (with 98.9% completeness), and a mean of 

32.3% of participants aged 60-75 had been recorded as a current smoker within the 

preceding fifteen years. A number of individuals were excluded from the search 

                                                           

5 The radiation dose data entry was not complete at the time of writing this thesis, and the 
data presented exclude 31 participants with missing data of 770 LDCT performed. 
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for reasons such as dementia or a history of metastatic cancer, as described in chapter 2. A 

mean of 2.2% of registered patients per practice would have been eligible for invitation to 

LCS6.  

 

A total of 895 (89.9%) of participants were eligible by one or more of the three eligibility 

criteria, and 85.7% of them completed an LDCT (table 7.5).  The PLCO model selected 73.3% 

of participants for LDCT, and 90.3% of all lung cancers were in this group. Conversely the 

USPSTF criteria selected fewer individuals for screening (61.5%) and detected fewer lung 

cancers (71%) while the LLP model at a threshold of 2.5% was the most permissive model 

allowing 83.4% of individuals to be eligible for an LDCT scan, and 93.5% of all cancers were 

present in this group. 

 

Table 7.5 Eligibility to LDCT. *includes 1 participant who had a scan due to incorrect entry 
of gender into risk score calculator, which when corrected was below the required 
threshold 

 n % 

Overall   

Meeting any 3 criteria 895 89.9 
Completed LDCT * 768 85.7 
Lung cancers in whole cohort 31 100.0 
LLP   

Participants meeting 2.5 threshold 830 83.4 

Completed LDCT 708 85.3 

Lung cancers in this group 29 93.5 

PLCO   

Participants meeting 1.51% threshold 731 73.5 

Completed LDCT 622 85.1 

Lung cancers in this group 28 90.3 

USPSTF   

Participants meeting USPSTF threshold 612 61.5 

Completed LDCT 524 85.6 

Lung cancers in this group 22 71.0 

 

 

 

                                                           

6 N.B. the data from the GP searches presented here differ from the search carried out in LSUT, 
which specifically targeted current smokers and therefore invited individuals recorded as a current 
smoker within the previous 5-7 years. Here we present the search for those recorded as a current 
smoker within the past 15 years as these data may be more relevant to a LCS programme if it were 
implemented nationally.  
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Table 7.6 LDCT scan completion rates, and reasons for non-completion 

 Number %  of total 
cohort 

Had CT 768 77.2 

Declined 67 6.7 

Did not attend 24 2.4 

Not eligible 136 13.7 

Insufficient smoking history 99 10.0 

Previous CT thorax in past year 35 3.5 

Other 2 0.2 

 

 

Table 7.7 Outcome from baseline scan. *1 participant had a radiological diagnosis of lung 
cancer and an extra-thoracic cancer. Extra-thoracic cancers include 2 bowel cancers, 1 
head and neck cancer and 1 sarcoma (leg) 

 Number % 

Normal scan 615 80.1 

Indeterminate pulmonary nodule 119 15.5 

No cancer 105 88.2 

Non-small cell lung cancer 12 10.1 

Multiple or mixed histology (small cell + non-small cell) 1 0.8 

Adenocarcinoma in situ 1 0.8 

Referred to MDT 34 4.4 

No cancer 14 41.2 

Non-small cell lung cancer 11 32.4 

Small cell lung cancer 2 5.9 

Multiple or mixed histology (small cell + non-small cell) 1 2.9 

Radiological diagnosis 2 5.9 

Carcinoid 1 2.9 

Benign resection 2 5.9 

Extra-thoracic cancers* 3 8.8 

 

 

The rate of conversion from the LHC to LDCT was 77.2%, and of those who did not undergo 

an LDCT, 10% had a smoking history or lung cancer risk too low to be eligible for LDCT (table 

7.6). The remainder declined, failed to attend or were ineligible by other reasons.  

 

80% of participants had a negative scan, 15.5% had an indeterminate pulmonary nodule for 

surveillance and 4.4% of participants had a ‘positive’ result and were referred to the 

thoracic oncology MDT (table 7.7). 19 lung cancers were diagnosed directly from the 

baseline scan, and a further 14 cancers were diagnosed from surveillance of the 
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indeterminate pulmonary nodules. In addition, four extra- thoracic cancers were detected 

in the study (one head and neck, one sarcoma of the leg and two bowel cancers7). There 

were two false positives where participants had benign resections.  The majority of nodules 

and cancers were solid nodules on the baseline scan (56.7%), and almost a quarter were in 

the right upper lobe (table 7.8).  Of those with pure ground glass lesions classed as lung 

cancer in this analysis, one was AIS, one was a radiological diagnosis, and two were invasive 

adenocarcinoma. Figure 7.2 shows the CT images of one participant with an indeterminate 

nodule that was subsequently a resected squamous cell carcinoma. 

 

45 participants underwent a positron emission tomography (PET) scan, while 9 had 

endobronchial ultrasound and 18 participants had surgical resection without prior 

histological confirmation of malignancy, though some had undergone diagnostic staging 

examinations (Table 7.8). 2 of 33 (9.5%) lung resections were subsequently found to be 

benign. 

 

71% of lung cancers were stage I or II and 23% were non-small cell lung cancer (table 7.9). 

Of those with non-small cell lung cancer, 75.9% had curative-intent treatment (including 

sub-lobar resection, lobectomy and stereotactic ablative radiotherapy [SABR]). Of the two 

participants with small cell lung cancer, both had concurrent chemo-radiation. 29% of 

participants had advanced stage (III or IV) disease, and as a result 13.8% had palliative 

chemotherapy or radiotherapy only. A detailed table of all the lung cancers is presented in 

table 7.10.  

 

  

                                                           

7 One bowel cancer was detected from a non-pulmonary incidental finding of a liver lesion from the 
baseline scan, and so was not diagnosed from the thoracic oncology MDT. 
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Table 7.8 Characteristics of the indeterminate pulmonary nodules detected in the study 

 Cancers 
 

n=31 

 
 

% 

Non-
cancers 
n=122 

 
 

% 

Total  
 

n=153 

 
 

% 

Nodule type       

Solid nodule 21 67.7% 65 53.3% 85 56.7% 

Part solid nodule 1 3.2% 10 8.2% 11 7.3% 

Pure ground glass nodule 4 12.9% 15 12.3% 17 11.3% 

Other  1 3.2% 1 0.8% 2 1.3% 

Missing 4 12.9% 31 25.4% 35 23.3% 

Location       

Left upper lobe 9 29.0% 26 21.3% 35 22.9% 

Left lower lobe 3 9.7% 14 11.5% 17 11.1% 

Right upper lobe 10 32.3% 28 23.0% 38 24.8% 

Right middle lobe 1 3.2% 7 5.7% 8 5.2% 

Right lower lobe 5 16.1% 22 18.0% 27 17.6% 

Missing 3 9.7% 25 20.5% 28 18.3% 

 

 

 

Figure 7.2 Serial radiology images of enlarging solid nodule confirmed to be Squamous 
cell carcinoma, T1bN0M0, treated with lobectomy- pT1bN0MxPL0R0.  

 

  

a b 
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Table 7.9 The stage and histology distribution and investigation and treatment rates from 
the baseline LDCT scan 

 Number % of total lung cancers 
unless  *otherwise 

specified 

Diagnostic or staging investigations    

Positron Emission Tomography (PET)  45 145 

Percutaneous non-lung biopsy 5 16.1 

Other percutaneous biopsy 4 12.9 

Cervical lymph node FNA 2 6.5 

Fibre-optic bronchoscopy 5 16.1 

Endobronchial ultrasound 9 29.0 

Endoscopic ultrasound 1  3.2 

1st histology at video-assisted or open surgical procedure 18 58.0 

Lung resection 21 67.8 

Benign lung resection (*% is of total lung resections) 2 9.5 

Histology   

Non-small cell lung cancer 23 74.2 

Small cell lung cancer 2 6.5 

Multiple or mixed histology (small cell + non-small cell) 2 6.5 

Radiological diagnosis 2 6.5 

Carcinoid 1 3.2 

Adenocarcinoma in situ 1 3.2 

Stage (TNM 7th edition)   

Stage I & II 22 71.0 

Ia 18 58.1 

Ib 0 0 

IIa 3 9.7 

IIb 1 3.2 

IIIa 5 16.1 

IIIb 1 3.2 

IV 3 9.7 

Treatments (NSCLC) (*% are of total NSCLC)   

Curative intent 22 75.9 

Sub-lobar resection 8 27.6 

Lobectomy 13 44.8 

SABR 1 3.4 

Concurrent chemo-radiation 2 6.9 

Palliative chemo-radiation 4 13.8 

Surveillance 1 3.4 

Treatments (SCLC) (*% are of total SCLC)   

Concurrent chemo-radiation 2 100 
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Table 7.10 All 31 cancers as recorded at the beginning of July 2018 

 Route of 
diagnosis 

Diagnosis  Histology Primary treatment Clinical TNM 
stage (pre-
treatment) 

Final 
clinical 
stage I-IV 

Final TNM stage Final 
pathological 
stage I-IV 

1 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

2 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

3 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Sub-lobar resection T1aN0M0 Stage 1A pT1aN0M0 PL0 R1 Stage 1A 

4 Nodule 
surveillance 

Non-small cell lung 
cancer 

Adeno-squamous cell 
carcinoma 

Lobectomy T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

5 Nodule 
surveillance 

Adenocarcinoma in 
situ 

Adenocarcinoma in situ Sub-lobar resection T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

6 Baseline scan 
to MDT 

Carcinoid Carcinoid Sub-lobar resection T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

7 Baseline scan 
to MDT 

Mixed/ multiple 
histology lung 
cancer 

3 separate primaries: 2 
contralateral invasive 
adenocarcinoma and 1 
small cell 

Sub-lobar resection T1aN0M0 Stage 1A pT1aN0M0 PL0 R1 Stage 1A 

8 Nodule 
surveillance 

Non-small cell lung 
cancer 

Squamous cell carcinoma Sub-lobar resection T1aN0M0 Stage 1A N/a N/a 

9 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T1aN0M0 Stage 1A pT1bN0M0 PL0 R0 Stage 1A 

10 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 
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Table 7.10 (continued) All 31 cancers as recorded at the beginning of July 2018 

 Route of 
diagnosis 

Diagnosis  Histology Primary treatment Clinical TNM 
stage (pre-
treatment) 

Final 
clinical 
stage I-IV 

Final TNM stage Final 
pathological 
stage I-IV 

11 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Undifferentiated or poorly 
differentiated carcinoma 

Lobectomy T1aN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

12 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Undifferentiated or poorly 
differentiated carcinoma 

Sub-lobar resection T1aN0M0 Stage 1A pT1aN0M0 PL0 R1 Stage 1A 

13 Baseline scan 
to MDT 

Small cell lung 
cancer 

Small cell lung cancer Concurrent chemo-
radiation 

T1aN1M0 Stage 2A pT1aN0M0 PL0 R0 Stage 1A 

14 Nodule 
surveillance 

Non-small cell lung 
cancer 

Squamous cell carcinoma Lobectomy T1bN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

15 Baseline scan 
to MDT 

Radiological 
diagnosis of lung 
cancer 

N/a SABR T1bN0M0 Stage 1A pT1aN0M0 PL0 R0 Stage 1A 

16 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Sub-lobar resection T1bN0M0 Stage 1A N/a N/a 

17 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Squamous cell carcinoma Lobectomy T1bN1M0 Stage 2A pT4N1M0 PL2 R1 Stage 3A 

18 Baseline scan 
to MDT 

Radiological 
diagnosis of lung 
cancer 

N/a No treatment T2aN0M0 Stage 1B pT2aN1M0 PL0 R0 Stage 2A 

19 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T2aN1M0 Stage 2A N/a N/a 

20 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T2bN0M0 Stage 2A pT1bN1M0 PL0 R0 Stage 2A 

21 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Concurrent chemo-
radiation 

T1aN2M0 Stage 3A pT1aN0M0 PL1 R0 Stage 1A 

22 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Sub-lobar resection T1bN0M0 Stage 1A N/a N/a 
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Table 7.10 (continued) All 31 cancers as recorded at the beginning of July 2018 

 Route of 
diagnosis 

Diagnosis  Histology Primary treatment Clinical TNM 
stage (pre-
treatment) 

Final 
clinical 
stage I-IV 

Final TNM stage Final 
pathological 
stage I-IV 

23 Nodule 
surveillance 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Concurrent chemo-
radiation 

T2aN2M0 Stage 3A N/a N/a 

24 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Lobectomy T2aN2M0 Stage 3A pT2aN2M0 R0 PL0 Stage 3A 

25 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Squamous cell carcinoma Palliative 
radiotherapy 

T2bN2M0 Stage 3A  N/a 

26 Nodule 
surveillance 

Mixed/ multiple 
histology lung 
cancer 

Mixed adenocarcinoma + 
large cell 

Lobectomy T3N0M0 Stage 2B N/a N/a 

27 Nodule 
surveillance 

Non-small cell lung 
cancer 

Large cell carcinoma Lobectomy T3N1M0 Stage 3A N/a N/a 

28 Baseline scan 
to MDT 

Small cell lung 
cancer 

Small cell lung cancer Concurrent chemo-
radiation 

T4N2M0 Stage 3B N/a N/a 

29 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Palliative 
chemotherapy 

T1aN2M1b Stage 4 N/a N/a 

30 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Palliative 
chemotherapy 

T4N3M1b Stage 4 pT1bN0M0 PL0 R0 Stage 1A 

31 Baseline scan 
to MDT 

Non-small cell lung 
cancer 

Invasive adenocarcinoma Palliative 
chemotherapy 

T4N3M1b Stage 4 pending pending 
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7.4 DISCUSSION 

This observational cohort study demonstrated that approximately 2% of patients registered 

to a London GP practice may be considered high enough risk to be assessed for eligibility 

for LCS. Of 2012 individuals invited, about half underwent an LHC, and 77% of those 

completed an LDCT examination, while for about 10% of participants, their lung cancer risk 

or smoking history was too low to be eligible for an LDCT scan. The LLP and PLCO risk 

models allowed greater numbers of individuals to be scanned, and detected more lung 

cancers than the USPSTF criteria. Indeterminate pulmonary nodules were diagnosed in 

15.5% of participants, and the majority of these were solid nodules. Lung cancer was 

detected in 4%. 71% of participants with non-small cell lung cancer were early stage, and 

76% had treatment with curative intent.  

 

That smoking data was so well recorded in primary care is reassuring, and suggests using 

primary care databases may be a viable strategy for inviting participants to LCS. While 

alternative strategies may also be viable and warrant appraisal, these would require a pre-

LHC assessment of smoking history. Prior studies have utilised such a two-phased approach 

with disappointing results. In NELSON, more than two thirds of individuals failed to return 

an initial risk assessment questionnaire, and less than 5% of those initially approached were 

finally recruited to the study [78]. What is not clear from the data presented here, however, 

is how many eligible participants have been missed by this strategy, perhaps due to 

incorrect coding at the practice, and how many potential cancers may have been missed. 

Further studies are needed to evaluate this in more detail.  

 

The high attendance rate is revelatory and contradictory to evidence on uptake to prior LCS 

studies [17,18,22,75,78]. The specific reasons for this are likely to be multifactorial and will 

be addressed in a detailed analysis relating to the primary research question of LSUT. We 

believe that the stepped invitation strategy, the invitation letter that was addressed from 

patients’ GP and the pre-allocated appointments may have all been contributing factors 

[258]. Further analysis is required to fully determine which factors enhance engagement 

and uptake, and implementing these measures will be crucial to the successful 

implementation of LCS. 
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Again, supporting the feasibility of inviting participants via primary care, is the high 

conversion rate to LDCT.  Participants had very little knowledge of LCS prior to attending, 

and were being invited to an LHC. That only 10% did not meet the eligibility criteria, and 9% 

chose not to attend the LDCT (despite having to wait for an appointment for an acute 

scanner), resulted in an efficient programme.  Even after participants were given the 

opportunity to make an informed choice about whether to participate, the majority opted 

to do so, suggesting there is an appetite for LCS amongst individuals in London.  

 

The conversion rate to LDCT is dependent on what criteria are used to determine eligibility 

to LDCT. The data presented here represent the first prospective comparison of the USPSTF 

criteria with the LLP and PLCO models. The LLP model at a threshold of 2.5% was most 

permissive risk model, and unsurprisingly therefore, detected the most cancers (94%). The 

USPSTF criteria alone, on the other hand, deemed almost 40% less participants eligible for 

LDCT than performed in this study, but would have missed almost a third of the cancers. 

The PLCO model detected 90% of cancers (one less than the LLP model) and required over a 

quarter fewer LDCTs than performed in this study. These data need to be interpreted with 

caution due to the low numbers of cancers, and the sample has insufficient power to detect 

a true difference in performance between these models; nevertheless this data supports 

findings from studies demonstrating that risk based entry into screening is superior to age 

and smoking history alone [47,259,260]. A previous retrospective study has suggested the 

PLCO model may be superior to other models [52] and future larger prospective studies are 

needed to confirm this finding. The appropriate threshold for entry into screening needs to 

carefully weigh up the harmful effects of more LDCT scans (such as cost, radiation and 

indeterminate pulmonary nodules) with the positive effects of detecting and curing more 

lung cancers.  Emerging evidence also suggests that those at very high risk of lung cancer 

are also at risk of death from competing causes, other than lung cancer, and LCS in these 

individuals may not have as high a magnitude of benefit as that reported in the NLST [244–

246,261]. However, conflicting data [262] suggests that when the lowest-risk group are 

excluded, competing risk of death is similar between the groups selected by risk based or 

NLST-like criteria. It is therefore unclear whether a ceiling of entry to LCS due to 

comorbidities should be implemented and further work is needed to better define the 

group to whom the mortality benefit seen in NLST may not apply [246]. In addition, 

introduction of a ceiling of entry to LCS is ethically challenging and it would be important to 

communicate these complex issues to participants, which is also challenging.   
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Low radiation dose for the CT was achieved in this study, despite initial difficulties due to 

the age of the CT scanner at one site. However, whilst the images were acceptable, some 

images were slightly granular, and optimisation of these images would be preferable. 

Almost half of participants with solid nodules did not have volume recorded. This was likely 

due to the fact that volumetry was not readily available at one of our participating sites, 

and so obtaining volumetric measurements added too much time to the reporting time and 

was not feasible during the study. The median time taken to read a scan was 10 minutes 

and the average number of days to generate a report was 13 days. While the latter is an 

acceptable number, it was higher than we had anticipated, with greater delays at times of 

understaffing in the radiology department. As scanners and imaging information 

technology in the NHS are updated, some of these problems will dissipate, however this 

data highlights the need for a dedicated LCS infrastructure and workforce if LCS is to be 

implemented. 

 

The rate of indeterminate pulmonary nodules was much lower than in NLST [17] and 

NELSON [23] and is in keeping with another UK based LCS pilot in Manchester [40]. This 

may have been due to implementation of the 2015 BTS pulmonary nodule guidelines which 

enables a more conservative approach to nodules smaller than 5mm [44]. Despite this, a 

high rate (4%) of lung cancer was detected, which was unexpected, given the majority of 

large LCS trials have detected cancers in the range 1-2% [17,42,249]. Notably other LCS 

cohorts, including one where individuals were selected by virtue of spirometry consistent 

with COPD, have demonstrated a similar lung cancer prevalence to that seen here [40,263]. 

In addition, 71% were diagnosed with early stage disease and 76% received treatment with 

curative intent. This is slightly lower than the 86% and 83% of stage I and II disease and 

surgical resection rates observed in UKLS [249], which again may reflect the population 

screened [75] as 29% of participants with confirmed cancer had stage III or IV disease. The 

incidence of early stage lung cancer would be likely to improve if further annual or biennial 

screening were taking place. Similar surgical resection rates have been observed in the 

other LCS pilots [40,264], suggesting it is feasible to uphold a high standard outside of a 

large clinical trial setting. These similarities likely reflect the ‘real-world’ populations 

recruited (who were more commonly from low socio-economic position backgrounds), the 

risk-based approach to determining eligibility to LDCT, and the BTS-based nodule 

management algorithms adopted by both programmes. It is possible that the greater lung 

cancer to indeterminate pulmonary nodule ratio observed in these pilots will result in a 
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greater balance of benefit to harms than that seen in NLST, and may result in an even 

greater mortality benefit with the above caveat relating to risk of competing mortality.  

 

7.4.1 Strengths and limitations 

As this study was intended to be a pilot study, it was limited by the small sample size and 

low number of cancers. Despite this, a great amount of data and experience has been 

generated and can be utilised in the planning of further LCS projects in the UK. LSUT was a 

charity-funded behavioural research study, and so did not have the necessary funding for 

putting in place the optimal LCS infrastructure, but it has highlighted where such funding 

would be most required to deliver an efficient and high-quality LCS programme.  

 

7.4.2 Conclusions 

In this observational cohort study we have demonstrated that it is feasible to carry out LCS 

by LDCT. The study has highlighted areas where resources are required in order to scale up 

the service. We have also demonstrated that invitation via primary care is a viable strategy 

resulting in good uptake to the LHC and conversion to LDCT, and the data presented here 

support that a risk-based strategy to determine eligibility into screening is superior to the 

USPSTF criteria. Of those screened, the rate of indeterminate pulmonary nodules was lower 

and the rate of lung cancer was higher than expected, suggesting that LCS in a ‘real-world’ 

setting may result in less harms and be more efficient and cost-effective than estimated 

from the larger LCS studies.   
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Chapter 8. Discussion 

 

Outcomes from lung cancer remain poor globally, with late stage of presentation and thus 

limited options for curative treatment [1,2]. Chapter 1 described how lung cancer screening 

(LCS) has evolved over time, and that using low dose CT (LDCT) can reduce lung cancer-

specific and all-cause mortality [17]. Also discussed was the evidence base around LCS, 

which is large and continually growing. Despite this, a number of questions around LCS 

implementation remain. When determining key decisions such as who screening should be 

offered to, and how the findings from LCS should be managed, considerations need to be 

made to the balance of harms and benefits to the patient, the benefit to the population, 

and cost and resource implications. As well as relying on the existing evidence base, data 

from ‘real world’ pilot studies such as that described in this thesis will aid policy makers to 

plan LCS service and infrastructure. The specific findings from each chapter are summarised 

below with the relevant implications of these findings, and areas for further research.   

 

8.1 PART A: COMMUNICATING BENEFITS AND HARMS AND 

ENHANCING INFORMED DECISION-MAKING 

 

8.1.1 What is the background knowledge and perception of lung cancer amongst LCS-

eligible individuals, and what information should be presented and how? 

 

Chapter 3 used qualitative data from smokers and former smokers from within the relevant 

age bracket for LCS, and HCPs who have been involved in public health and the care of 

patients with lung cancer, to understand better how best to meet their needs and to 

enhance informed decision-making (IDM). This chapter highlighted the importance of 

educating individuals about LCS as many people expressed fatalistic views, a poor 

understanding of the benefits and harms, and expressed a desire for the opportunity to 

make an informed choice. The findings suggest that providing an avenue for IDM is unlikely 

to unduly deter individuals from screening; in fact, the qualitative analysis showed that 

people generally perceived screening as beneficial and individuals did not express a great 

deal of concern about the risks of overdiagnosis and radiation exposure. Ultimately, it 

emerged that it is important not to overburden people with too much complex information, 
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and to emphasise the benefits as much as the harms in order to empower people to taking 

positive steps towards their health. 

 

As well as highlighting the poor awareness and understanding of many of the harms of 

screening, this study demonstrated the relative value of these harms to individuals. False 

negatives and false positives were of most concern, suggesting that LCS governance and 

quality assurance processes need to be firmly in place in order to reduce the frequency of 

these events. Indeterminate pulmonary nodules, overdiagnosis and radiation exposure can 

also be minimised by on-going refinement of nodule management protocols, and by 

adopting a more conservative approach where the evidence supports this [265,266]. We 

believe this research can directly impact LCS policy, which should consider participants’ 

views on these harms when designing protocols for the management of screen-detected 

findings. In addition, information materials should incorporate these principles in order to 

successfully educate individuals and help minimise the uncertainty often associated with 

these harms [166]. Future work could be directed at determining whether these strategies 

may reduce some of the psychological harms associated with LCS and explore factors 

affecting decision certainty. 

 

Smoking cessation should be a central component of any LCS programme, though how best 

to do so is not clearly known [267], and a large collaboration aimed at addressing many 

issues within the field of smoking cessation in LCS is underway [267]. In this study we found 

that participants often battled with the addiction of smoking, and although some displayed 

cognitive dissonance towards these harms, most were aware of them, and responded 

poorly to preaching or fear-inducing messages. Life experiences such as relatives with 

cancer and ill health were reported to have positively impacted motivations to quit, 

suggesting a possible role for LCS and perhaps the use of smoking-related incidental 

findings to provide a ‘teachable moment’ in order to enhance abstinence rates. From these 

data we propose that the message for smoking cessation should be an empowering one, 

that highlights the benefits of stopping smoking and gives people the means to do so. 

Future work could further explore the feasibility of using smoking-related incidental 

findings in LCS to promote smoking cessation and further evaluate barriers to smoking 

cessation in this population, and whether use of the techniques suggested here can impact 

outcomes in smoking cessation.  
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8.1.2  Does a novel information film enhance informed decision-making in individuals 

considering LCS, more than a standard information booklet? 

 

Based on the findings in chapter 3, a novel information film that aimed to improve 

knowledge in an educationally diverse population was developed. Chapter 4 described a 

study that used a randomised design to validate the use of the information film to enhance 

components of IDM. It demonstrated that this tool could be used to educate people about 

the harms and benefits of LCS, and was more effective at doing so than a written booklet 

alone. The film was well received, and more people watched all of it than read all the 

booklet, and more people understood all or most of the film than those who understood all 

or most of the booklet. Overall the film plus booklet improved subjective and objective 

knowledge and reduced decisional conflict more than the booklet alone, and had no impact 

on numbers of participants completing an LDCT. This study was strengthened by its high-

risk population, who were invited to an LHC by their GP and faced with the decision of 

whether or not to undergo an LDCT. In addition, the medium of film lends itself to be easily 

adapted for local preferences such as replacing the voice-over with local accents. The film 

could be shown on a loop in an LHC centre so participants waiting for an LHC could have 

standardised information in an engaging format, that has been proven to enhance 

components of IDM more than a written booklet alone, while waiting for the HCP 

discussion and LDCT consent process.  

 

Participants could also have the information film made available to them prior to attending, 

so that they would be better informed on arrival. The lack of adverse impact on LDCT 

completion in the study is encouraging, though caution must be taken as this was in a group 

of individuals already attending and engaged in the screening process. Future work could 

be carried out to determine the impact of the film on uptake to LCS if it were watched prior 

to attending the LHC. Nevertheless, the film was not felt to be balanced against screening, 

suggesting that individuals open to LCS may not be unduly deterred by the film. Other 

future work could evaluate longer-term knowledge retention and decision satisfaction, and 

could involve expansion of the film to include interactive and/or ‘values clarification’ 

elements (intended to align the decision with the participant’s values) that may further aid 

the decision-making process.  
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8.2 PART B: OPTIMISING BENEFITS AND HARMS 

 

8.2.1 What is the prevalence and value of coronary calcium and cardiovascular risk in 

the context of LCS? 

 

Chapter 5 evaluated prospectively collected data from the Lung Screen Uptake Trial (LSUT) 

to assess the value of cardiovascular disease (CVD) risk assessment and grading of coronary 

artery calcification (CAC) on LDCT.  The most striking finding was that 98% of participants 

who had an LDCT and who were without a prior history of CVD, had an estimated 10-year 

CVD risk of ≥10%, but more than half of these individuals did not report a history of statin 

use despite 90% of them having seen their GP in the past year. This suggests there may be 

an opportunity to improve cardiovascular health and outcomes by instituting lifestyle 

modification advice and primary prevention with statin therapy in almost all individuals 

undergoing LCS. Although there was an association between increasing CAC severity and 

increasing QRISK2 score, there was no clear evidence of benefit from reporting CAC grade 

to participants or GPs when the necessary interventions were already indicated in the 

majority of individuals by virtue of their QRISK2 alone. Roughly half the participants with a 

moderate CVD risk (10-20%) had no visible CAC on LDCT, though the utility for this is also 

somewhat limited, as the relatively high cardiovascular event rate in the USPSTF-eligible 

sub-cohort from the Multi-Ethnic Study of Atherosclerosis (MESA) study suggests statins are 

still worthwhile in this group despite an absence of CAC, due to their high CVD risk [208]. 

 

It was unclear from our data whether the lack of statin use in our cohort was because 

participants had not had prior CVD risk assessment, or they had declined statin use. Further 

studies are needed to evaluate prior CVD risk assessment, attendance to NHS health checks 

and reasons for statin non-use in individuals attending for LCS. Nevertheless, given the 

previously reported low rates of statin use in those who qualify for statins following an NHS 

cardiovascular health check [211], it is possible that reporting of CAC on LDCT could act as a 

motivating factor for initiating statins. Future work could be carried out to determine the 

impact of reporting LDCT-detected CAC to participants on initiation and adherence to statin 

primary prevention and other lifestyle modifications such as smoking cessation. 
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We did not measure serum cholesterol values in this cohort, as this would add time and 

cost to the LHC. This is an issue that would remain problematic if LCS were scaled to 

national implementation, and therefore there is a need to determine whether measured 

serum cholesterol values are needed in this context and whether they are needed for 

acceptable accuracy of the estimated CVD risk. This could be established in longitudinal 

studies that evaluate the long term fatal and non-fatal cardiovascular event rates to further 

understand the value of CAC and serum cholesterol in predicting cardiovascular events, 

relative to other well established clinical and demographic predictors. The cost-

effectiveness of strategies with and without measurement of serum cholesterol and CAC 

could also be modelled.  

 

8.2.2 What is the prevalence and value of Chronic Obstructive Pulmonary Disease and 

emphysema case finding in the context of LCS? 

 

Chapter 6 used data from LSUT to evaluate the intersection between spirometry, 

emphysema, comorbidities and Chronic Obstructive Pulmonary Disease (COPD) symptoms 

in LCS participants. The study demonstrated that airflow obstruction consistent with COPD 

is common (56.8%) in LCS individuals attending an LHC. A significant number of participants 

with spirometry consistent with COPD also reported respiratory symptoms, and 

unsurprisingly this increased with GOLD severity. Recent evidence suggests comorbidities 

are important in the assessment and prognosis of COPD [232] and these occurred in a 

significant proportion, thus supporting the findings from chapter 5 of the need for 

instituting lifestyle modifications (e.g. for reducing cardiovascular risk) in this cohort. The 

data presented also suggest possible underuse of inhalers, though this may be mostly 

explained by under-diagnosis of COPD and needs further assessment in future work in the 

context of exacerbation frequency and Medical Research Council (MRC) dyspnoea score, 

which are important in determining treatment decisions in the newer Global Initiative for 

Obstructive Lung Disease (GOLD) guidelines [231]. 

 

There was a significant burden of undiagnosed COPD (67% of all those with spirometric 

COPD), and 91% of these individuals had spirometry consistent with GOLD I or II. Recent 

reports suggest this is the group that stands to gain the most benefit from LCS, with double 

the relative reduction of lung cancer-specific mortality than that reported in NLST [244]. 

Symptoms were more common in those with known COPD compared with those with 
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‘undiagnosed’ COPD. Nevertheless, almost 40% of the ‘undiagnosed’ COPD participants 

with emphysema and airflow limitation also had symptoms suggestive of COPD, suggesting 

many would benefit from COPD assessments, e.g. by their general practitioner (GP). 

Associations between asymptomatic COPD and emphysema, and endpoints such as lung 

function decline, exacerbation frequency and hospitalisation, are less well established than 

in those with symptoms [227,228], however exciting new data suggests there may be a role 

for therapeutic agents such as tiotropium, which has been shown to result in reduced lung 

function decline and exacerbation frequency in patients with asymptomatic, mild COPD 

[243]. Emphysema was fairly common, though often not associated with airflow limitation, 

while a combination of emphysema with airflow limitation was significantly associated with 

the prevalence of dyspnoea, and likely represents clinically significant disease. 

 

These data together with the available evidence base [228,231,232] suggest that case 

finding and early detection of emphysema may be worthwhile in those with airflow 

limitation particularly in the presence of symptoms suggestive of COPD, and can result in 

important interventions such as symptom awareness education, vaccination against 

respiratory infection and appropriate inhaled therapies. For now, smoking cessation 

remains the only indicated intervention in those with asymptomatic COPD or emphysema 

without airflow obstruction, though emerging data may suggest new targets to improve 

prognosis in these individuals in the future. Nevertheless, the value of LDCT-detected 

emphysema may be less than gained from spirometry and symptom assessment. While 

many of these participants may develop clinically significant COPD in the future and may 

benefit from monitoring, it remains unclear whether case finding of COPD is cost-effective 

and whether it reduces exacerbations and hospitalisations. Longitudinal cohort studies 

collecting data on future COPD symptoms and diagnoses, exacerbation frequency and 

hospitalisations in LCS participants with and without symptoms, airflow limitation and 

LDCT-detected emphysema are needed.  

 

The caveat to this is that smoking cessation is the one intervention that is indicated in all 

currently smoking participants. Informing participants about the prevalence of clinically 

insignificant smoking related changes such as emphysema may trigger quit attempts and 

sustained smoking abstinence, and future work is needed to further explore whether such 

findings may be exploited to motivate smoking cessation.  
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8.2.3 Is it feasible to implement low dose CT in the UK? 

 

Chapter 7 presented data from LSUT and demonstrated that implementation of LDCT 

screening in a UK setting was feasible. LSUT revealed many aspects that worked well, and 

highlighted areas where further resource, infrastructure or planning are required.  

 

LSUT utilised GP surgeries to identify potentially-eligible LCS participants and typically 

invited approximately 2% of individuals registered to a practice. We found smoking data 

was well-recorded in primary care though approximately 10% of participants had 

inaccurate data recorded and when further assessed at the LHC, had insufficient smoking 

history or lung cancer risk to qualify for an LDCT. Furthermore, we do not know how many 

registered patients may have qualified for an LDCT that we did not invite, perhaps due to 

inaccurate coding of smoking data in those patients. Future work could use modelling to 

determine how best to use GP databases to invite individuals to LCS in terms of numbers 

identified that would be eligible and would be missed by various strategies, and try to 

determine the most efficient strategy. More sophisticated approaches using primary care 

data to develop novel predictive algorithms for identifying those at high risk of developing 

lung cancer are now underway and if successful may be embedded into GP software to 

enable selection of individuals to be invited for LCS. Important learning points from LSUT’s 

invitation strategy include use of GP endorsement and the stepped and low burden 

approach on the invitation materials [129]. These factors have been proven to enhance 

uptake in other cancer screening studies [258,268] and all ensure that the invitation 

process is not too onerous on individuals, and may help to address existing inequalities in 

uptake to LCS [75,253].   

 

As well as the 10% of LSUT participants who were subsequently excluded from the LDCT 

due to low smoking history or lung cancer risk, another 4% were excluded for other reasons 

(e.g. CT thorax in past year). Overall a good conversion rate to LDCT (77%) was 

demonstrated with 9% declining the LDCT or failing to attend. This resulted in an efficient 

search, invitation and recruitment strategy, while demonstrating that participants were 

able to make an informed choice. Altering the criteria for the initial search and 

identification of potentially eligible participants or for eligibility to LDCT would impact this 

efficiency and needs to be monitored in any on-going LCS projects to determine the most 

efficient strategy. 
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Low radiation dose was achievable but challenging at times, and this study highlighted the 

need for adequate scanning capacity and protocols, and to ensure stringent quality 

assurance processes around radiation dose are in place. The LDCT scans took a median of 

10 minutes per scan to be reported, and reports were generated within a median of 13 

days. However, LSUT was a low-intensity project with typically less than 10 scans per site 

per week, and no additional radiology staff employed for the project. In order to perform 

and read the necessary volume of scans and to do so in a timely fashion on a larger scale, 

adequate workforce and resource is needed. In addition, due to lack of the necessary 

software, nodule volume was not recorded in half of patients with solid nodules. Use of 

volume measurements reduces the necessary period of surveillance of stable solid nodules 

from two years to one year and enhances the sensitivity and specificity of the nodule 

management algorithms [44,269]. Volumetric software packages need to be in place and 

nodule management protocols need to be followed, audited and continually updated with 

emerging evidence in order to improve LCS efficacy, reduce harms and ensure high quality 

results from LCS.  

 

8.2.4 What are the prevalence, stage, histology and treatment outcomes of lung 

cancers detected after a baseline screen? 

 

Chapter 7 also described the lung cancer outcomes from LSUT. The prospectively collected 

data presented support the predominantly retrospective evidence base [47,52,260] in 

favour of the use of risk based determination of eligibility for LDCT rather than the use of 

the US Preventative Services Task Force (USPSTF) criteria of age and smoking alone, though 

caution should be paid to the low numbers in this study. In this cohort the USPSTF criteria 

missed almost a third of the total numbers of cancers detected. It is likely this selection 

strategy for LDCT and the high-risk cohort recruited largely accounted for the higher than 

expected 4% lung cancer prevalence. The low prevalence of indeterminate nodules likely 

reflects the nodule management protocol, and resulted in a more favourable nodule to 

cancer ratio than expected from the larger LCS studies. This suggests the benefit-harm 

balance from LCS in a real world setting could be greater than that seen in the trials. 

Despite the high-risk population, we demonstrated high levels of early stage detection 

(71%) and resection rates (76%) for non-small cell lung cancer. In order to reproduce these 

results, robust quality assurance processes are required. In addition, sufficient thoracic, 
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radiology, oncology and surgical workforce required needs to be in place to ensure cancers 

are identified and treated promptly. 

 

Quality assurance processes should monitor a variety of metrics including false positives 

and negatives, interval cancer rates, indeterminate pulmonary nodules, invasive procedure 

rates, curative and surgical treatment rates. Caution should be paid to the use of metrics 

such as stage shift, and survival due to lead and length time bias and overdiagnosis. 

Protocols and policies must be frequently audited and refined as new evidence emerges. In 

order to facilitate these processes, information technology links between primary and 

secondary care data and registry data need to be put in place, as well as to ensure prompt 

and timely communication between primary, secondary and tertiary care providers.  

 

8.3 CONCLUSIONS 

 

The research methods utilised in this thesis have provided a broad overview of many issues 

facing successful and high-quality implementation of LCS and address many of the key 

principles outlined in the modified Wilson and Jungner criteria [120]. LSUT was a small-scale 

demonstration pilot that has provided ‘real world’ UK data that can be used to inform 

further large scale projects and policy. We have identified key messages that should be 

incorporated into LCS materials and designed and tested a successful information film that 

promotes IDM. We have evaluated incidental findings such as COPD and coronary calcium 

in a UK setting where the approach to health care is different to the US and some countries 

in Europe. Indeed there may be some merit in combining CVD health checks with lung 

health checks in smokers in the desired age range for LCS, and using this as a route to LDCT. 

Our data suggest it may be worthwhile to assess cardiovascular risk in this population and 

initiate statin therapy as well as to report a combination of airflow limitation with 

symptoms suggestive of COPD to GPs. Using non-cancer findings at the LHC and LDCT may 

enhance positive health interventions such as smoking cessation and other lifestyle and 

primary prevention interventions, and the impact of this needs to be further researched. 

However, ultimately these potential benefits need to be balanced with the risks of 

hindering LCS implementation due to problems with cost and overburdening GP workload. 
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We have also identified key areas where resource, planning and infrastructure for LCS are 

required, and highlighted the need for stringent quality assurance processes and audit. 

Although national implementation of LCS is not imminently proposed in the UK or Europe 

currently [270], a number of projects are underway [40,255], and there is an urgent need to  

standardise the way LCS is carried out. The findings presented in this thesis can inform 

policy and protocols in terms of management of screen-detected findings, use of 

information materials and ensuring we are striving for IDM in all projects. Failing to 

maintain high standards may prevent confirmation of the efficacy seen in the high-quality 

LCS studies, and restrict implementation. This thesis has demonstrated that it is feasible to 

detect and treat lung cancer successfully in the UK health care setting, and highlighted 

opportunities for enhancing all-cause mortality in an LCS-eligible population. Nevertheless, 

high-quality detection and treatment of lung cancer and smoking cessation interventions 

should remain the primary focus of an LCS programme, with a view to incorporating 

supplementary beneficial interventions if confirmed to impact morbidity, mortality and 

quality of life.  
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Appendix 1- Publications arising from this work 
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Appendix 2- Lung Screen Uptake Trial (LSUT) Protocol 
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Appendix 3- LSUT protocol paper 

 

  



 

 

 

 

255 

  



 

 

 

256 

  



 

 

 

 

257 

  



 

 

 

258 

  



 

 

 

 

259 

 



 

 

 

260 

  



 

 

 

 

261 

  



 

 

 

262 

  



 

 

 

 

263 

Appendix 4- LSUT lung health check script 

LUNG HEALTH CHECK SCRIPT 

 

OUTSIDE THE DOOR 
 

 Introduce self as member of lung health check team/ lung health check nurse and 
thank them for coming 

 As you know, you are here for a lung health check appointment. 

 As this is part of a new service it is also part of a research study. 

 What that means is with your permission we will ask you a few extra questions and 
record that data for research purposes. 

 Depending on your answers, you may be invited to have a CT scan of your lungs 
afterwards 

 The research isn’t compulsory and if you choose not to do that part (or any 
individual part of the study), you can still have a lung health check, but we are 
grateful to you if you can take part. 

 The lung health itself check takes about 30-45 minutes. 
 

 Give leaflet and ask them to read, and complete demographic info 

 Offer tea/ coffee 
 
Give them time to read, and check if they have a hospital number on CDR and start 
completing the recruitment log. Make sure the database and randomisation are logged on.  
Give them a few minutes to read but call them in when they have stopped reading. 
 
 
START OF APPOINTMENT 
 

 Ask them if they understood everything and if they have any questions 

 Go through consent - side 1 
- This is to say that you have read the information sheet, and been able to ask 

questions. 
- That you are happy to have your data recorded on the computer. This data is 

just for the researchers and the health care team that will be looking after you. 
People who run quality checks on the research, may also view this data. We 
may also look at your medical records in the future as part of the research. 

- We may use/share this data anonymously for teaching, reports, presentations 
and publications in academic journals.  

- Your participation is voluntary and you may withdraw at any time and this 
won’t affect your medical or legal rights.  

- If you are happy to take part please sign here.  (Initial 1-5 and sign 
 
 
DATABASE 

 Take demographic info 

 Do smoking history  (if smoker carry out randomisation while asking smoking 
questions) 
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 CO test 
 

 At end of smoking section deliver VBA (very brief advice) 
o Research has shown that people who want to give up have a much higher 

chance of achieving this when given a combination of support and nicotine 
replacement and medications and both are available freely at an NHS 
service near you.  

o Whether or not you have thought about giving up smoking,  
o If C: We are routinely referring all smokers to their local stop smoking clinic 

and they will contact you within a few days. You don’t have to make any 
decisions now. Please say if you don’t want me to pass on your details. 

o If D: Here are the details for your local stop smoking service, it would be 
good if you could get in touch with them. 

o At end of clinical recordings 

 Then go through 
o Symptoms and help seeking 
o Past medical history 
O Information resources and reasons for attendance 

 
CONSENT PART 2 

 If appropriate- tell them they have a higher than average risk of lung cancer due to 
their age, smoking and other history and that they are eligible to be offered a CT 
scan 

 CT scan is a 3d x-ray test, not painful, like a big doughnut. 

 Takes about 10 minutes with perhaps a little waiting before hand 

 Important to hold their breath for a short time but they will be instructed. 

 But before they decide whether to go ahead, they should be aware of the pros and 
cons and make their own mind up whether its right for them to go ahead.  

Pros: 

 Currently lung cancer is often diagnosed late due to symptoms occurring late. With 
screening we aim to detect lung cancer earlier which offers a higher chance of 
cure. 

 A US study showed we might save 20% of lives that could have been lost from lung 
cancer if we screen high risk individuals 

Cons: 

 Radiation- the amount of radiation in 1 scan is about the same as what you’d get 
from the environment in a year, and isn’t too harmful. However many scans over a 
lifetime especially when young, can cause harm. 

 Indeterminate results- about a quarter of all patients undergoing screening will 
have a “spot”. This will mean the need for further tests to check for growth. This 
can cause anxiety. If this does happen to you, try not to worry as about 90% of 
those with spots, will turn out not to have cancer.  I.e. only 2 in every 100 screened 
will have cancer. 

 Overdiagnosis- The screening test may pick up slow growing cancers that you may 
end up having tests or treatments, when they may be so slow growing that without 
the screening tests you may have gone on another 15-20 years without knowing 
there was cancer, and it may not cause symptoms. 

 Very rarely, the test may miss small cancers 

 Ask them if this is something they are want to have, and if so offer today or to 
reschedule. 
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 Then go through second part of consent form. 
o That if they are happy we will take blood and do tests for research 

purposes such as DNA which will help us to be able to predict risk of lung 
cancers 

o That they consent to having the CT scan 
o That they don’t mind if we share their images without their name with an 

external company that is developing software to detect lung cancers 
o That we may contact them for further research 
o That we let their GP know of the results 
o That we contact SSS for info on how they have got on 

 
END OF THE APPOINTMENT 
 

 Send email request for CT 

 Thank them and take blood 

 Explain results perhaps while taking blood: 
o You will hear from us within a couple of weeks (more over Christmas). If it 

is normal, we will let you know and nothing more will need to be done. If a 
spot or anything else shows up, you will be called to see a specialist doctor 
who will discuss the results and need for further test with you.  Sometimes 
we find other things not relating to lung cancer, and if we do we may ask 
you to discuss this with your GP. 

o Ask them to complete questionnaire outside in waiting room 
o Encourage to do the one the next day and send back afterward in SAE 
o Direct them to CT scanner  
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Appendix 5- LSUT participant information sheet 
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Appendix 6- LSUT/ Film study control information booklet 
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Appendix 7- LSUT Consent form 
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Appendix 8- LSUT results letters 

Patient letter - Normal 

 

 

 

<<Participant ID>> 

<<Date>> 

 

 

 

RE: <<Participant Name / address/ dob>> 

 

 

 

Dear <<Participant name>> 

Thank you for participating in the Lung Screen Uptake Trial. As part of this study, you 

recently had a CT scan of your lungs. We are pleased to say there were no signs of lung 

cancer, nor any other abnormalities requiring further tests seen. Your GP has been sent a 

copy of the result. 

This is very good news, however, It is important to note that if you have any concerning 

symptoms in the future, you should seek medical attention. Some of the symptoms to 

watch out for are: a persistent cough or change in an existing cough, coughing up blood, 

unexplained shortness of breath, a pain or ache when breathing or coughing and 

unexplained tiredness or weight loss.  

If you would like to know more or have any worries or concerns, please telephone us on the 

contact number above which is available during Monday to Friday 9am-5pm. 

If you smoke and would like help stopping, we know that the best way of quitting is with a 

combination of support and medication. Your practice or local pharmacist will be able to 

put you in touch with your free, friendly and effective stop smoking service or you can find 

the details of your nearest service below: 

<<Smoking cessation clinic details>> 

 

Many thanks, 

Yours sincerely, 
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Patient letter- Suspicious finding 

 

 

 

 

<<Participant ID>> 

<<Date>> 

 

 

 

RE: <<Participant Name / address/ dob>> 

 

 

 

Dear <<Participant name>> 

Thank you for participating in the Lung Screen Uptake Trial. As part of this study, you 

recently had a CT scan of your chest. Some abnormalities have been detected that may 

mean you require some further tests. An appointment has been made for you to discuss 

this further with a Specialist Lung Doctor.  A letter with the date, time and location of this 

appointment is enclosed or will be sent to you within a few days.  

If you would like to know more or have any worries or concerns, please telephone us on the 

contact number above which is available during Monday to Friday 9am-5pm. 

If you smoke and would like help stopping, we know that the best way of quitting is with a 

combination of support and medication. Your practice or local pharmacist will be able to 

put you in touch with your free, friendly and effective stop smoking service or you can find 

the details of your nearest service below: 

<<Smoking cessation clinic details>> 

 

 

Many thanks, 

Yours sincerely, 
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Patient letter- Incidental finding- needs further investigation/ treatment 

 

 

 

 

<<Participant ID>> 

<<Date>> 

 

RE: <<Participant Name / address/ dob>> 

 

 

 

Dear <<Participant name>> 

Thank you for participating in the Lung Screen Uptake Trial. As part of this study, you 

recently had a CT scan of your chest.  

The scan has not shown any evidence of lung cancer.  

It has however shown some other non-cancer findings that may require further attention. 

We have sent a report to your GP explaining what the scan has shown.  

Please make a non-urgent appointment or telephone appointment with your GP to discuss 

this further.  

If you would like to know more or have any worries or concerns, please telephone us on the 

contact number above which is available during Monday to Friday 9am-5pm. 

If you smoke and would like help stopping, we know that the best way of quitting is with a 

combination of support and medication. Your practice or local pharmacist will be able to 

put you in touch with your free, friendly and effective stop smoking service or you can find 

the details of your nearest service below: 

<<Smoking cessation clinic details>> 

 

 

Many thanks, 

Yours sincerely, 

 



 

 

 

282 

Patient letter- Incidental finding- COPD/ may not need any particular investigation/ 

treatment 

 

 

 

<<Participant ID>> 

<<Date>> 

 

RE: <<Participant Name / address/ dob>> 

 

 

 

Dear <<Participant name>> 

Thank you for participating in the Lung Screen Uptake Trial. As part of this study, you 

recently had a CT scan of your chest.  

The scan has not shown any evidence of lung cancer.  

It has however shown some other non-cancer findings that may require further attention if 

you have symptoms, though in some cases no specific treatment is required. We have sent 

a report to your GP explaining what the scan has shown.  

Please make a non-urgent appointment or telephone appointment with your GP to discuss 

this further.  

If you would like to know more or have any worries or concerns, please telephone us on the 

contact number above which is available during Monday to Friday 9am-5pm. 

If you smoke and would like help stopping, we know that the best way of quitting is with a 

combination of support and medication. Your practice or local pharmacist will be able to 

put you in touch with your free, friendly and effective stop smoking service or you can find 

the details of your nearest service below: 

<<Smoking cessation clinic details>> 

 

 

Many thanks, 

Yours sincerely, 
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Patient letter- Indeterminate pulmonary nodule 

 

 

 

 

 

 

<<Participant ID>> 

<<Date>> 

 

RE: <<Participant Name / address/ dob>> 

 

 

 

Dear <<Participant name>> 

Thank you for participating in the Lung Screen Uptake Trial. As part of this study, you 

recently had a CT scan of your lungs, which showed a slight change that means that it 

would be sensible for you to have a repeat CT scan in 3 or 12 months’ time. An 

appointment has been made for you to discuss this further with a specialist lung doctor. A 

letter with the date, time and location of this appointment is enclosed or will be sent to you 

within a few days. 

If you would like to know more or have any worries or concerns, please telephone us on the 

contact number above which is available during Monday to Friday 9am-5pm. 

If you smoke and would like help stopping, we know that the best way of quitting is with a 

combination of support and medication. Your practice or local pharmacist will be able to 

put you in touch with your free, friendly and effective stop smoking service or you can find 

the details of your nearest service below: 

<<Smoking cessation clinic details>> 

 

 

Many thanks, 

Yours sincerely, 
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GP letter template 

 

Our ref: «HOSPTPN» 

UCLH Hospital Number: «Hospital_Number» 

«Date_of_Mail_merge» 

 

«Usual_GP» 

«GP_Address_line_1» 

«GP_Address_line_2» 

«GP_Address_line_3»  «GP_postcode» 

 

 

 

RE: «Patient_surname», «Patient_firstname» 

«Patient_address_line_1» «Patient_address_line_2»  «Patient_Postcode» 

DOB: «Patient_DOB» 

 

 

 

Dear «Usual_GP» 

 

You may recall that we let you know that some of your patients may be contacted and 

asked to participate in the Lung Screen Uptake Trial. The above patient attended their lung 

health check on «Date_of_lung_health_check_». 

 

 The results of their spirometry and other clinical recordings are appended.  

 The patient «Smoking_referral_Has__Hasnt» «Been_referred_given_details» to 

their local stop smoking service «Which_service» «Reason_not_referred»  

 They «CT_Scan» have a lung cancer screening low dose CT scan. 

«Reason_not_had_CT» 

 <<Insert text as detailed on next page>> 

 

Thank you for your participation in this study. If you need any further information or advice, 

please contact us on the telephone number or email address above. 

 

Many thanks, 

Yours sincerely, 
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Lung Health Check Readings: 

 

 

 

CT Report (if applicable): 

«CT_report» 

  

FEV1 (l) FEV1 (%) FVC (l) FVC (%) FEV1/FVC 
Heigh

t (m) 

Weight 

(kg) 

BMI 

(kg/m2) 

SBP 

(mmHg) 

DBP 

(mmHg) 

«Fev1_l

» 

«FEV1_

» 
«FVC_l» «FVC_» 

«FEV1FVC

» 

«Heig

ht_m

» 

«Weight

_Kg» 

«BMI_K

Gm2» 

«Systoli

c_BP» 

«Diastol

ic_BP» 
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Text to be inserted into GP result letter template:  

 

1. Normal scan  

The outcome from the scan was that this was a normal scan and no further action is 

required. Some incidental findings may have been noted and a summary of the report is 

appended. The patient still carries significant risk for lung cancer and any suspicious 

symptoms in the future should be dealt with appropriately. 

 

2. Suspicious thoracic lesion 

We have organised an internal 2 week wait referral to the local thoracic multi-disciplinary 

team. If you are able to provide a summary of the patient's medical history and give this to 

them to bring to their appointment, this would be most useful.  

 

3. Incidental finding- needs further investigation/ treatment  

The outcome from the scan was that a suspicious lesion has been found. A summary of the 

report is appended. We have advised the patient to make an appointment with you to 

discuss this further.  

 

4. Incidental finding- COPD/ may not need any particular investigation/ treatment 

The outcome from the scan was that an incidental finding has been identified. A summary 

of the report is appended. We have advised the patient to make an appointment with you 

to discuss this further.  

 

Please note patients who were not aware of a diagnosis of COPD or emphysema when seen 

in the lung health clinic have been advised to see a GP to discuss this further. This may 

provide an opportunity for further smoking cessation advice and consideration for 

pulmonary rehabilitation and/or inhaled therapy if appropriate. Patients with CT findings of 

airway inflammation (bronchial wall thickening and mucous plugging) have also been 

advised to see a GP. This may provide an opportunity for inhaled bronchodilators. For 

further advice please contact the mobile number provided for advice from a respiratory 

clinician. 

 

5. Indeterminate pulmonary nodule 

The outcome from the scan was that an indeterminate pulmonary nodule has been 

detected. A summary of the report is appended. Whilst overall it is unlikely that this is 

malignant, we have arranged a thoracic outpatient appointment and further follow up as 

required. If you are able to provide a summary of the patient's medical history and give this 

to them to bring to their appointment, this would be most useful.  
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Appendix 9- LSUT Research Ethics Committee Approval 

letter 
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Appendix 10- Protocol for qualitative study- Addressing the 

information needs of lung screening participants (INLS) 
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Appendix 11- INLS Research Ethics Committee Approval 

letter 
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Appendix 12- INLS focus group discussion guide and 

interview schedule 

 

DISCUSSION GUIDE: FOCUS GROUPS 

 

Introduction/Ethics/Consent 

 

 Greet participants as they arrive and take consent for participation in the study.  

 Allow participants to take refreshments and then start the focus groups once all 

have arrived. Then, open with introduction below. 

 The reason I’d like to talk with you today is to find out about your knowledge and 

experience of cancer screening and lung cancer.   

 I am carrying out a number of these group sessions to get an overview from 

different individuals.   

 I do understand that some people may not feel comfortable talking about cancer or 

may have had experiences that can be difficult to talk about. If at any time you are 

not feeling comfortable, please let me know.  

 Does any one have any concerns about any of that so far? [Option of going away 

and thinking about it, or declining] 

 So that I do not need to take notes, I will record our conversation using this device.  

This will later be typed up and I will delete the recording. Everything you say will 

remain strictly confidential and completely anonymous.  Other researchers may 

read our conversation, but nobody else.  I hope to write a report of my findings to 

publish in a scientific journal.  This would summarise opinions from everyone I have 

spoken to and may include some of your quotes.  However, your name will never 

be included, and you will not be identifiable in any way. 

 I have a few questions noted down here of things I’d like to ask you but I’d like you 

to do most of the talking.   

 I want to hear your views so please feel free to be as frank and open as you wish.  

There are no right or wrong answers. We don’t have to talk about anything that 

you feel uncomfortable about and you are free to withdraw at any time, without 

giving a reason.   

 I expect the session to last between 60 and 90 minutes, but if you need to leave, 

please let me know 
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MAIN DISCUSSION POINTS 

 

NHS CANCER SCREENING PROGRAMMES 

1. Discuss what experiences they have had with other NHS cancer screening 

programmes. 

a. Purpose of screening. 

b. Reasons for going for screening (or not). 

c. Are they aware of any possible drawbacks or harms from screening? 

d. Do they feel taking part in screening is a positive thing to do for their 

health? 

 

LUNG CANCER 

2. What have they heard about lung cancer and its treatments? 

a. What it is and how it is caused. 

b. How frequently it occurs in the general population. 

c. Have they had any experience of lung cancer in anyone you know? 

d. How curable it is, and what affects curability. 

e. What sorts of treatments do you think are available for lung cancer? 

f. How long might someone with lung cancer expect to live? 

 

LUNG CANCER SCREENING 

Interviewer: “Research in the US has shown that if we carry out a CT scan (a detailed sort of 

X-ray) once a year on people who have a higher risk of lung cancer due to the amount they 

have smoked in the past, we may save 20% of lives by detecting the cancer early and giving 

a higher chance of cure. There are more trials underway, and depending on the results of 

those, we may start doing lung cancer screening in the UK in a few years. As with the other 

screening programmes we have discussed, there are pros and cons to screening for lung 

cancer. Here are some leaflets on lung cancer screening.  I will give you some time to read 

through them and then, if it’s ok, I’ll ask you for your thoughts on them.” 

 

3. Explore views on the contents of the leaflets. 

a. Initial thoughts / reactions to the leaflet 

b. Discuss radiation, over diagnosis, false positives. 

c. Discuss their feelings around having tests and treatments that may later 

prove to have been unnecessary vs potential to save life by early diagnosis. 

Do these harms influence their decision of whether to be screened? 

d. Discuss the benefits of reassurance from a normal result. 

e. Discuss understanding around numeric data [2% detection rate, 25% 

indeterminate results] 

f. Who should decide if screening is the right thing to do? How would their 

decision be influenced by the health professional’s opinion? 
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RESPONSE TO DECISION AIDS 

We are planning to make a short video that could explain the concepts we have discussed 

today that would help people considering having lung cancer screening make a decision of 

whether or not to be screened. I would therefore be grateful for your opinions and feelings 

about some written materials or clips from films used for the same purpose in lung and 

other screening programmes and also some of the ideas we have thought about for our 

film. 

4. Gauge thoughts on: 

a. Leaflet used in UCL lung cancer screening pilot: “lung health check – 

information on what’s involved” and similar bowel and breast screening 

leaflets. 

b. Show general video clips, pictures or read vignettes, and get opinions and 

thoughts as above 

i. Especially what they feel about the methods to explain concepts 

such as metaphors or numeric person indicators. 

ii. Do they help to make a decision one way or the other? 

iii. Do they convey all the facts we discussed today? If not, what is not 

clear that they think is important?  

iv. What ideas do they have that they think would make them feel 

more empowered to do positive things to impact their health- eg 

scenes, metaphors, messages, ideas? 

c. Discuss (and view if available) concepts from creative team. 

d. Discuss the idea of health professional speaking or a person speaking about 

personal experiences and who should be conveying what facts? 

e. What should we say about smoking if anything? 

 

 

 

CLOSE AND DEBRIEF 

 

 Is there anything else you would like to mention that you feel we haven’t covered? 

 I really appreciate your time today and thank you very much for sharing your views 

with me, these are really interesting and helpful.  We are hoping to have some 

more ideas or clips from our produced film that we would like to show you and get 

feedback on in 4-6 weeks time. Could you please let me know if you are happy to 

be invited back for this? 

 Thank participants for their time and input and reassure about confidentiality.  

 Answer any questions and provide with debrief information sheet and researcher 

contact details.   

 Offer copy of transcript and report. 
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INTERVIEW SCHEDULE: CLINICIAN INTERVIEWS 

 

The following questions are intended as a rough guide.  The questions chosen, and the 

order in which they are asked, will depend on responses to preceding questions.   

 

Introduction/Ethics/Consent 

 

“The reason I’d like to talk with you today is because we are trying to produce an 

information film to help people considering undergoing lung cancer screening make an 

informed decision.  This will be in the form of a short information film (3-5 minutes long). 

As you have experience with diagnosing/ looking after patients with lung cancer, we would 

be very grateful for you thoughts and opinions. I will ask questions but I’d like you to do 

most of the talking. It should take about 20-30 minutes depending on how much time you 

have.” 

“I will record our conversation and it will be typed up later. Everything you say will remain 

strictly confidential and anonymous. I hope to include my findings which may include some 

anonymised quotes in my thesis and in publications in scientific journals. Would that be 

ok?”  

 

 

MAIN INTERVIEW QUESTIONS 

 

1. What do patients/ individuals know about lung cancer? Can they give me some 

examples of experiences they have had with patients who have been newly diagnosed 

with lung cancer or indeterminate pulmonary nodules? 

o Can you tell me what you usually tell patients about lung cancer and/or 

indeterminate nodules? 

o Can you tell me what questions people usually ask? 

o Do they find any particular concepts difficult to understand? 

o Do you find anything particularly challenging to communicate to them? How do 

you get around it? 

o Do you think patients have an accurate idea of curability and risk? 

o When you talk about stage, what do they understand by it?  

o Do they understand how stage implicates treatments and prognosis? 

2. Imagine you are carrying out screening in your institution.  

o Can you think of patients that you know that may have made an informed 

decision not to be screened? 

o If so, what concerns do you think they might have about the screening process? 

Do you think it may be based on true fact or mis-information/ misconceptions? 

o If they have patients who they think might not have chosen to be screened? 

Can they tell me more about them? 

3. Can they give examples of patients where they have had to consider or discuss issues 

such as overdiagnosis and surgical risk (operability vs. resectability)? What worked 

well? What worked badly? Give example of pulmonary nodules. 
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4. What concepts/ facts about screening do you think are most important for patients to 

understand? 

5. What techniques do they use to explain things? Examples of metaphors. 

6. Check response to: 

o Patients giving experience of lung cancer / treatment 

o Clinician/ expert explaining lung cancer screening 

o Smoking cessation  

o Concepts from film company 

o Examples of other decision aids- what works well and what doesn’t 

 

 

CLOSE AND DEBRIEF 

 

“Is there anything else you would like to mention that you feel we haven’t covered?” 

 

“I really appreciate your time today and thank you very much for sharing your views with 

me, these are really interesting and helpful. Based on what we have learned from 

interviewing yourself and other experts as well as from members of the public that would 

be eligible for screening, we will be developing the ideas and a script for the final 

information film.  Would you mind if we send you a summary of these ideas in a few weeks 

time and get you to fill in a feedback form on your thoughts on what in your opinion works 

well and what doesn’t?” 

 

Answer any questions and provide with debrief information sheet and researcher contact 

details.  Offer copy of transcript and report. Thank participant and end interview.  
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