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General introduction

1
1.1 THE TObACCO EPIdEMIC

More than one billion people around the world currently smoke tobacco. The use of tobacco 

kills more than 5 million people yearly. If this trend continues, it is expected that more than 

8 million people will die annually from tobacco-related diseases by 2030 and more than 1 

billion people during the 21st century.1-2

The potential health effects of smoking were predicted as early as the 19th century. Never-

theless, it was not until the 1950s that study results associated smoking with lung cancer.3-4 

Nowadays, it is known that tobacco smoke consists of many chemicals, of which more than 

60 are confirmed or suspected carcinogenic substances, and that it affects nearly every 

organ in the body.1,  5-6 Smoking is a risk factor for six of the eight leading causes of death 

worldwide, with the top three: 1) lung cancer, 2) Chronic Obstructive Pulmonary Diseases, 

and 3) cardiovascular diseases.5 The chance that a lifelong smoker will die prematurely from 

a tobacco-related disease is about 50%, and smokers who continued smoking will die on 

average ten years earlier than lifelong non-smokers.7 For these reasons, the use of tobacco is 

the most important cause of preventable disease and premature death worldwide.2, 5, 7-8 The 

economic burden of tobacco use has been estimated at US$ 500 billion globally and US$ 

98-103 billion for the European Union.9

Lung cancer

Of all tobacco-related health problems, lung cancer is the most important disease. Lung 

cancer is also the leading cause of cancer mortality throughout the world.10-12 Lung cancer 

mortality accounts for approximately 28% of all cancer deaths, with an estimated mortality 

rate of 1.3 million yearly.10, 12-13

In the Netherlands, about 18,400 people suffered from lung cancer in 2008. In that year, 

lung cancer was diagnosed amongst 10,766 people and 9,918 died from lung cancer.14 

Lung cancer is most common in older adults as a result of the historical patterns of smoking 

behaviour and its average lag time of 20-30 years. In recent years, lung cancer mortality has 

decreased in men and increased in women due to differences in smoking history between 

males and females (Figure 1.1 and Figure 1.2). Lung cancer was responsible for the highest 

number of life years lost (148,284 years) in 2007.15-16

Around 80-90% of lung cancer cases are attributable to tobacco smoking, indicating that 

the most effective way to prevent lung cancer is to abstain from smoking.2, 5, 7, 17-19 Although 

the health benefits of smoking cessation at an early age are most effective in terms of life 

years gained, the benefits of smoking cessation continue after the age of 65.7, 17, 20-22 Smokers’ 

lifetime risk for developing lung cancer has been estimated at 17.2% and 11.6% for males 

and females, respectively. This is significantly higher compared to non-smokers (1.3% and 

1.4%, respectively).23 Moreover, the risk for developing lung cancer depends largely on the 

duration of smoking, as well as the smoking intensity.24 Currently, despite developments in 
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medical technologies for diagnosis and treatment, the 5-year survival rate of patients diag-

nosed with lung cancer has not been improved significantly. The most important problem is 

that clinically-detected lung cancer is often in an advanced and incurable stage. Only 20% of 

tumours are eligible for surgical resection, but some patients are not even eligible to undergo 

surgery due to a high risk for morbidity or mortality. The remaining group are treated by 

chemotherapy, radiation therapy or surgery, depending on the stage.25 The survival rate 

depends largely on the stage at diagnosis, but for all stages combined the 5-year survival 

rate is poor, at only 16%.26

Smoking behaviour

At the beginning of the 20th century, the general population was not aware of the health 

risks of smoking. Smoking was consequently adopted as a new behaviour by higher socio-

economic groups and diffused to all other groups. The number of people who smoked was 
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Figure 1.1 Lung cancer mortality rates in the Netherlands from 1969 until 2009.16
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1
highest in the ’60s, and declined from the ’80s onwards in the Netherlands (Figure 1.2) and 

other western countries. The ’90s was a period that the proportion of smokers remained 

stable, followed by further decline in the 21st century.27 Overall, around 35% of the male 

populations in high-income countries currently smoke.1, 27 The Netherlands has a relatively 

high smoking prevalence of 28% (30% males, 26% females) compared with other European 

countries.

In order to help eliminate the tobacco epidemic, a comprehensive package of Dutch tobac-

co control interventions has been implemented for many years now.28 However, the National 

Cancer Control Programme (NCCP) for 2005-2010 reported that the aim to reduce the overall 

prevalence of current smokers to 20% in 2010 was not achieved. In fact, STIVORO – the Dutch 

expert centre on Tobacco Control – has stated that the observed overall prevalence of current 

smokers increased by about 1% to 28% between 2008 and 2009.28-29

Around 79% of Dutch smokers reported an intention to quit smoking in 2009, but only 27% 

of them actually made a quit attempt. Approximately 1-7% of those who quit smoking can 

refrain from smoking without any smoking cessation support.30

The available smoking cessation interventions can be divided into several categories, which 

are 1) self-help interventions (brochures, computer-tailored smoking cessation information 

(CTSCI), books, Internet sites), 2) behavioural change interventions (quit advice, individual or 

group therapy), 3) nicotine replacement therapy (nicotine patches, nicotine gum, nicotine 

lozenges), 4) medication (bupropion, varenicline, nortriptyline) and 5) alternative smoking 

cessation aids (hypnosis, acupuncture, laser therapy). There is evidence that the three first 

categories can improve smoking cessation, while the effectiveness of the alternative thera-

pies has not been proven (yet).31-34 In previous studies, it was found that one single smoking 

cessation intervention can improve the success rate of a quit attempt to 7-16% and that a 

combined approach can even increase the success rate to 13-24%.33

1.2 LuNg CANCER PREvENTION

Public health promotion has been defined by the World Health Organization as “the process of 

enabling people to increase control over and to improve their health”. The major aims of health 

promotion are the primary, secondary and tertiary prevention of diseases and disability, 

including lung cancer (Table 1.1). Figure 1.3 shows how each form of lung cancer prevention 

is targeted at a different phase of its development.35

The objective of primary prevention of lung cancer is the prevention of the development 

of malignancies. Interventions are aimed at people who do not have lung cancer but are at 

risk for developing it. It is also possible that a person has lung cancer but is not aware of it. 

Key methods of primary prevention for lung cancer are preventing people from starting to 

smoking and promoting abstinence from smoking. After the onset of lung cancer, it takes on 
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average 20-30 years before a lung tumour shows obvious signs and symptoms.5, 13 The entire 

period up until the manifestation of lung cancer is called the ‘preclinical phase’. During this 

preclinical phase, there is a period in which the cancer can be detected by a screening test 

(screen-detectable preclinical phase).

The objective of secondary prevention of lung cancer would be the early detection and 

early treatment of lung cancer in a preclinical phase, with the aim to increase opportunities 

to treat and prevent further progression. The target population would be those who are at 

high risk but not already diagnosed with the disease. These people would undergo lung 

cancer screening. Most would have no screen-detectable lung cancer (yet), but a few could 

be diagnosed with lung cancer. Without intervention, the tumour would become clinically 

manifest, entering the ‘clinical phase’. In this phase, a diagnosis would be made and followed 

by treatment, where possible.

Tertiary prevention targets the stage in which lung cancer is diagnosed, with the aim 

to prevent progression of the disease and thereby improve the survival and quality of life 

insofar as possible.

table 1.1 Prevention of lung cancer.

Aim of prevention Population

Primary prevention Inhibition of the development of the cancer Healthy population/ population at risk for 
developing lung cancer

Secondary 
prevention

Identification of people with early stage preclinical 
malignancy in order to increase opportunities for 
treating and preventing progression of the cancer

Population at high risk for developing lung cancer

Tertiary prevention Cancer treatment to improve survival and 
functionality

Population diagnosed with lung cancer

Tertiary prevention

Secondary prevention

Primary prevention

Onset of te 
disease

detectabele 
by test

signs  
symptoms

diagnosis death

survival timesojourn time

Preclinical stage

detectable preclinical phase

Clinical stage

Figure 1.3 Conceptual framework of cancer prevention.
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Lung cancer screening

Despite all efforts to eliminate smoking, the smoking population remains large and the num-

ber of people who are at high risk for lung cancer remains substantial. The risk of lung cancer 

mortality among former smokers halves after about ten years compared with continuing 

smokers, and after 15-20 years this risk is almost comparable to that among non-smokers. 

However, the extent of the risk reduction depends on the individual smoking history and age 

of quitting.5, 36 It will still take a considerable time to further reduce the unacceptable high 

burden of lung cancer. With the proportion of people who have quit smoking growing, lung 

cancer is tending to occur more often in former smokers.24 In view of these factors, attention 

is being paid to exploring opportunities for the early detection of lung cancer, with the aim 

to reduce lung cancer mortality.37

Since the 1970s, researchers have investigated whether chest radiography, with or without 

sputum cytology, can be used for the early detection of lung cancer and thereby reduce the 

lung cancer mortality rate, but all studies so far have failed to demonstrate a lung cancer 

mortality reduction.38-42 This might be due to a low sensitivity of the tests in detecting a cur-

able stage of lung cancer,43 but also the lack of a strong study design, insufficient trial length, 

lead-time bias, length-time bias and population heterogeneity.38, 44 Based on this previous re-

search, the existing American College of Chest Physicians guideline continues to recommend 

no screening for lung cancer.45 However, rapid developments using such new technologies as 

low dose multidetector Computer Tomography (CT) have generated renewed interest in op-

portunities for lung cancer screening. Since the late ’90s, several observational studies have 

investigated the effectiveness of lung cancer CT screening.46-51 It was found that CT screen-

ing detected 48-85% of lung cancers in an earlier and more operable stage (Stage I).47, 52-53 

However, the fraction of participants who received a positive screening test result had a wide 

range of 5.1-51.4% and the number of false-positive screening test results was considerable. 

It also remained unknown whether the early detection of lung cancer would result in a lung 

cancer mortality reduction, because the non-randomised trials used case survival rates. 

Survival rates do not adjust for the effects of lead-time, length-time or overdiagnosis bias. 

Lead-time bias refers to the increased time between screen detection of the lung cancer and 

the time of death, purely as a result of the early diagnosis. Length bias is a form of bias that 

occurs because screening is more likely to detect slow-growing cancers, which may be less 

aggressive, giving the appearance that screening prolonged life. In the case of overdiagnosis, 

participants may be diagnosed with lung cancer that would not be lethal even if it remained 

undiagnosed. These people do not even benefit from early diagnosis and early treatment. The 

use of survival rates instead of lung cancer mortality might therefore cause an overestima-

tion of the benefits of screening. Ongoing randomised controlled trials are being conducted 

to provide evidence about whether lung cancer screening can reduce lung cancer-specific 

mortality (Table 1.2).35, 54-63 In a recent press release, the National Cancer Institute stated that 

a 20.3% higher mortality reduction rate was found in high-risk participants in the National 
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Lung Screening Trial (NLST) who were screened with low-dose spiral CT compared with those 

who were screened by chest X-ray. The trial’s independent Data and Safety Monitoring Board 

(DSMB) recommended ending the trial. The final results are forthcoming.

The NELSON trial

The research described in this thesis was conducted in the NELSON trial – the Dutch-Belgian 

Lung Cancer Screening trial – which is one of the largest randomised controlled lung cancer 

screening trials. The NELSON trial started in 2003 with the aim to 1) investigate whether 

screening for lung cancer by multi-slice low-dose computer tomography in a high-risk 

population would lead to a reduction in lung cancer mortality of at least 25%, 2) estimate the 

impact of lung cancer screening on health-related quality of life and smoking cessation and 

3) estimate the cost-effectiveness of lung cancer screening for sub-groups.58

During two recruitment rounds held between 2003 and 2005, 548,489 people registered in 

population registries in seven regions in the Netherlands and 17 municipalities in Belgium, 

all aged between 50 and 75, were sent an initial questionnaire about their general health 

table 1.2 The main large-scale randomised controlled lung cancer screening trials.

Randomised 
controlled lung cancer 
screening trials

N Comparison Age group Nodule 
measurement

Smoking cessation intervention

NLST 57

USA
2002

53,456 CT vs.
chest X-ray

50-74 2D Written self-help material or Internet 
sources for smoking cessation 
(n=171)

NELSON 58

Netherlands/Belgium
2004

15,822 CT vs.
usual care

50-75 3D Standard self-help brochure or CTSCI 
(1:1) at baseline

DLCST 59

Denmark
2004

4,104 CT vs.
usual care

50-70 3D Smoking cessation counselling 
specialised nurse (5 minutes) and 
spirometry yearly

LUSI 60

Germany
2007

4,000 CT vs.
usual care

50-69 2D Quit smoking counselling at baseline

UKLS 61

United Kingdom
2011-2012

4,000 (pilot) CT vs.
usual care

50-75 3D Unknown

ITALUNG 62

Italy
2003

3,206 CT vs.
usual care

55-69 2D Free access invitation to a smoking 
cessation programme at baseline

DANTE 63

Italy
2005

2,472 CT vs.
clinical review

60-74 2D Unknown

NLST, National Lung Screening Trial; NELSON, Dutch-Belgian lung cancer screening trial; DLCST, Danish Lung Cancer 
Screening Trial; CTSCI, Computer-tailored smoking cessation information; UKLS, UK lung cancer screening trial.
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and smoking history (Mailing A). A total of 151,346 (27.6%) responded to this questionnaire. 

Eligible respondents (n=30,047; 19.9%) were sent a second questionnaire (Mailing B), an 

information brochure about the NELSON trial and an informed consent form in which they 

were invited to participate in the NELSON trial (Figure 1.4).58

People eligible to participate in the NELSON trial were aged between 50 and 75 years with 

a smoking history of >15 cigarettes a day for >25 years or >10 cigarettes a day for >30 years, 

who were current smokers or former smokers who had quit smoking <10 years ago. People 

with a bad/moderate self-reported perceived health status who were unable to climb two 

flights of stairs and/or had a body weight over 140 kilograms were excluded, because of the 

need for sufficient cardiopulmonary capacity to undergo surgery in case of a detected nod-

ule, or for pragmatic reasons (weight). Furthermore, people with current or past renal cancer, 

melanoma or breast cancer were excluded because of the risk of lung metastases even after 

a long follow-up. A diagnosis with lung cancer or a treatment related to lung cancer within 

the last five years was also an exclusion criteria. Finally, people who had received a CT scan 

of the chest in the year prior to completing the first questionnaire were excluded due to 

contamination with a medical examination of the lungs.58, 64

A total of 15,822 people, mainly males, who were eligible for participation in the NELSON 

trial and who signed the informed consent (52.7%) were randomised (1:1) to the screen or 

control arm. Screen arm participants received CT screening for lung cancer in years 1, 2, and 

4, whereas participants in the control arm received no screening (usual care). A fourth scan 

round was recently started 5.5 years after the baseline screening (year 6.5). The CT screen-

ing test results used a novel nodule management strategy based on volume and volume 

doubling time (VDT).65 The test results could be either negative, indeterminate or positive.65 

An indeterminate or negative screening result was communicated via a standard letter with 

an explanation in cases where the radiologists had found an abnormality. Those with an in-

determinate test result were informed about the follow-up scan. Participants with a positive 

screening result were informed about their referral to a pulmonologist for a work-up and 

diagnosis by phone.

At randomisation, all current smokers received a standard brochure or tailoring assess-

ment for tailored smoking cessation information (1:1). The tailoring questionnaire had to be 

completed and sent back before participants could receive the computer-tailored smoking 

cessation information (CTSCI). After two and four years of follow-up, subsamples in the screen 

and control arm received a smoking cessation questionnaire (Figure 1.4).

Smoking cessation

Many people who are eligible for lung cancer screening are older adults who currently smoke 

and who have a long-term smoking history. This highlights the potential opportunities to 

deliver smoking cessation support to a large population that has not been successful in be-

ing abstinent from smoking so far. Current smoking cessation programmes are also less likely 
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Selection of 50-75 
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Selection of eligibles

Control arm
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Tailored smoking 

 cessation intervention

Standard smoking
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 cessation intervention

Year 1 

CT screening

Year 2 

CT screening

Year 4 

CT screening

Year 6.5 

CT screening

Year 10 

Follow-up

Year 1 

CT screening

Year 2 

CT screening

Year 4 

CT screening

Year 6.5 

CT screening

Year 10 

Follow-up

No screening 

(usual care)

Year 10 

Follow-up

No screening 

(usual care)

Year 10 

Follow-up

•   Baseline 

 questionnaire

•   Information 

brochure

•   Invitation to 

participate

•   Informed 

consent form

General health 

questionnaire

Questionnaire  

Smoking  

behaviour

Randomisation in the NELSON trial1

•  lung cancer screening (1:1) 

- CT screening 

- no screening (usual care)

•  smoking cessation information (1:1) 

- standard brochure 

-  tailoring questionnaire for  smoking 

cessation information

Screen arm

Questionnaire  

Smoking  

behaviour

Figure 1.4 Flowchart of the NELSON trial and the smoking cessation sub-study.
1 NELSON indicates Dutch-Belgian lung cancer screening trial.
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to target this specific population. Based on previous research, participants in a lung cancer 

screening trial are expected to be relatively more motivated to quit smoking and to receive 

smoking cessation support.66-67 Observational studies have also shown lung cancer screening 

to be associated with smoking cessation, although it remains unknown whether this can ac-

tually be attributed to lung cancer screening.68 Combining primary and secondary prevention 

should be considered in order to optimise tobacco control. In a lung cancer screening setting, 

the major challenge is to provide a highly individualised smoking cessation intervention with 

a high effectiveness and broad reach. Alongside existing individual-focussed smoking cessa-

tion interventions, computer-tailored advice might provide this opportunity.69-70

Computer-tailored health promotion materials are “any combination of information and 

behavioural change strategies intended to reach one specific person based on characteristics that 

are unique to that person, related to the outcome of interest and derived from an individual as-

sessment”.70 The process of computer-tailored health interventions intends to mimic personal 

communication.70-72 The realisation of the tailored advice starts with an individual assessment 

of the target health behaviour, in this case smoking, and its important (modifiable) deter-

minants (Figure 1.5). The results are added into a computer system. The computer system 

consists of an archive with all possible tailoring messages to fit each possible answer to the 

tailoring questionnaire. A computer algorithm uses decision rules based on the IF-THEN 

principle, so that individual answers can be linked to the accompanying tailored feedback 

messages. The computer programme creates a final tailored advice.

Computer-tailored smoking cessation information (CTSCI) can provide smoking cessation 

related feedback and advice to participants in a lung cancer screening programme that is 

tailored to their personal situation, such as their motivation to quit smoking, smoking history, 

quit attempts, reasons for relapse, attitudes, social support, self-efficacy and so on.

The assumption is that health information that is perceived as personally relevant is more 

likely to stimulate thoughtful and thorough consideration of a proposed behaviour change.70 

Tailored messages are designed to address the specific concerns, needs and interests of the 

individual person. In a review, Skinner et al.73 were the first to publish about the evidence of 

the effectiveness of tailored health communication in influencing health behaviour. In the 

Tailoring programme

The individual answers to the questionnaire were 

linked to the tailoring messages from the databank 

based on a computer algorithm.

Tailored  messages 

(Archive)
Tailored advice 

Individual tailoring assessment 

(Questionnaire)

Figure 1.5 The process of computer-tailored advice.64-66
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current literature, a large number of studies confirm that CTSCI is usually more effective than 

standard self-help materials.31, 33, 74 Process evaluation studies have mainly found that tailored 

information is more likely, for instance, to catch information, to be read and remembered, 

saved, discussed with others, and perceived as interesting and more personally relevant.70 

In the NELSON trial, a randomised controlled trial was conducted to investigate whether a 

computer-tailored smoking cessation advice was more effective at inducing smoking cessa-

tion compared with a standard self-help brochure.

Side effects of screening

It is a feature of screening programmes that relatively few of the asymptomatic people who 

are invited for screening have the benefits from it as a result, while a relatively large number 

of them will be exposed to minor unfavourable effects. In considering whether screening is 

justified, it is important to ensure that the favourable effects (reduction in disease-specific 

mortality, life-years gained etc.) of screening should reasonably balance out the harms (over-

diagnosis, overtreatment, false-positive screening result, anxiety, discomfort etc.) caused by 

screening.75-76

As stated before, one important aspect of lung cancer screening that should be considered 

is the high number of false-positive screening test results. One of the criteria for a screening 

test is that the test should give a true representation of the condition of the individual.77 This 

means that the test should be able to adequately classify the presence or absence of lung 

cancer (accuracy, sensitivity and specificity). In lung cancer screening, CT screening can detect 

many lung nodules, but only a few of them may turn out to be malignant. Clinicians are more 

and more concerned with how to deal with small non-calcified lung nodules. False-positive 

screening test results may not only unintentionally affect quality of life, but can also lead to 

unnecessary and sometimes invasive work-up procedures. Until now, nodule management 

strategies in lung cancer screening trials were mainly based on 2D measurements, and most 

lung cancer screening trials did not take further actions on the basis of nodule growth, or 

VDT, despite the fact that nodule growth might differentiate benign and malignant nodules 

more accurately. With the recent introduction of 3D measurements, new opportunities have 

arisen for more sensitive nodule management.

Another relatively unknown aspect of screening in general is its impact on future health be-

haviour. Though a possible positive effect of screening on future health behaviour has been 

reported in the past,78 the studies included in that review were characterised by significant 

methodological limitations. In lung cancer screening, the most important health behaviour is 

refraining from smoking. Lung cancer screening has been argued to be a teachable moment 

for smoking cessation.66, 79-80 A teachable moment can be defined as “a naturally occurring life 

transition or health event thought to motivate individuals to adopt risk-reducing health behav-

iour”.79 Lung cancer screening offers several potential teachable moments: when visiting the 
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health centre, when undergoing CT screening and when receiving the screening test result. 

These moments could increase people’s awareness of their individual risk of developing lung 

cancer and other tobacco-related diseases, which is a strong predictor of health behaviour. 

An increased risk perception makes the adaptation of health risk reducing behaviour more 

likely,79, 81 especially amongst lung cancer screening participants, since optimistic bias about 

personal risk is a common occurrence amongst participants in screening trials. The motiva-

tion to quit smoking could thus be enhanced when emotional responses are provoked that 

might attend to and appraise risk reducing behaviour as important.79 Nevertheless, it is 

important to realise that screening may also unintentionally give screening participants a 

feeling that continued or even new unhealthy behaviour is permitted.82-83 A negative screen-

ing test result might increase people’s unrealistic feeling of reassurance and invulnerability. 

This is a so-called “health certificate effect”. This possible side effect of lung cancer screening 

was already a subject of speculation in 1989.84 This phenomenon had also been reported in 

a colorectal cancer screening trial in 2007, where screened participants were less likely to 

improve their health behaviour compared with those who received no screening. It remains 

unknown whether lung cancer screening functions more as a teachable moment or a license 

to smoke, and the NELSON trial presents an opportunity to investigate the impact of lung 

cancer screening on smoking behaviour.

Self-selection bias

As stated above, observational lung cancer screening studies are limited by potential lead-

time bias, length-time bias and overdiagnosis. In addition, there are several other forms of 

bias that concern the internal and external validity of study results. Internal validity reflects 

the extent to which study results are generalizable to the target population. One of the major 

threats to internal validity is self-selection bias. This form of bias is caused by ‘errors’ in the se-

lection of the study population. All study participants have their own specific characteristics 

(age, gender, level of education, smoking history, medical history etc.). These characteristics 

can also be independent variables related to the outcome of interest. If the characteristics of 

people who agree to participate and those who are eligible but do not agree are unequally 

distributed, then the internal validity may be threatened as differences in outcome between 

the groups may be solely the result of differences in background characteristics. Where 

lung cancer screening study results show sufficient internal validity, this indicates that the 

reduction in lung cancer mortality in a high-risk population can indeed be attributed to the 

screening intervention. Although recruitment in the NELSON trial was based on population 

registries, which is assumed to limit self-selection as much as possible, it is important to find 

out whether the study results will ultimately be applicable to the target population or even 

the general population (external validity). In screening studies, the possibility that the healthy 

volunteer effect will affect the generalizability of the study results has been postulated previ-

ously and should be investigated.
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1.3 RESEARCH quESTIONS

The purpose of this thesis was to investigate smoking and smoking cessation in participants 

in a randomised lung cancer screening trial and the possible effect of smoking cessation 

interventions. The following research questions were addressed:

Part 1: The NELSON trial

1) What is the degree of self-selection among a) respondents from the general popula-

tion who are aged between 50-75 and received a general health questionnaire and b) 

respondents who are eligible for participating in the NELSON trial compared to the Dutch 

national reference groups?

2) To what extent is the use of the volume and volume-doubling time of a noncalcified nod-

ule as main criteria for deciding on further action a useful nodule management strategy 

in lung cancer screening?

Part 2: Lung cancer screening and smoking behaviour

3 What is the current evidence for the effects of cancer screening on lifestyle behaviour and 

lifestyle-related morbidity, and what opportunities are there for dealing with possible 

unwanted effects of cancer screening?

4 What is the effect of lung cancer screening (screen arm) on prolonged smoking absti-

nence compared with no screening (control arm) amongst male smokers randomised in 

the Dutch-Belgian randomised controlled lung cancer screening trial (NELSON trial) after 

two and four years of follow-up?

5a) What is the association between the CT screening test result (test negative versus test 

indeterminate) and future smoking abstinence amongst 50-75-year-old male smokers 

who received lung cancer CT screening using volume and volume-doubling time in the 

NELSON trial?

b) Is the number of indeterminate screening test results associated with an increased quit 

rate?

c) What baseline characteristics are associated with prolonged smoking abstinence after 

two years of follow-up?

Part 3: Health promotion

6) What is the effect of computer-tailored smoking cessation information (tailored infor-

mation group) on prolonged smoking abstinence compared with a standard brochure 

(brochure group) in male smokers who participate in a lung cancer screening trial?
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1.4 OuTLINE OF THIS THESIS

The occurrence of self-selection and the degree to which self-selection occurs amongst 

participants in the NELSON trial is discussed in Chapter 2. In the NELSON trial, a novel nodule 

management strategy based on volume and VDT was developed and used as main criteria for 

deciding on further action when noncalcified nodules were found by lung cancer screening. 

An interim evaluation of this nodule management strategy is described in Chapter 3.

A systematic review of current knowledge about the impact of cancer screening on future 

lifestyle is given in Chapter 4. In Chapter 5, the results of a sub-study concerning the impact 

of lung cancer screening on future smoking behaviour amongst male smokers participating 

in the NELSON trial are described. The impact was investigated after a follow-up of two years. 

Aside from the fact that participating in a lung cancer screening trial may have an impact, 

more specific attention has also been paid to the impact that the CT screening test result 

had on participants who underwent CT screening (Chapter 6). After a follow-up of four years, 

the impact of CT screening for lung cancer was investigated again to determine whether the 

results of the study described in chapter 5 are consistent over time. The results are given in 

Chapter 7. The value of providing NELSON participants with a computer-tailored smoking 

cessation intervention versus a standard self-help smoking cessation brochure is discussed 

in Chapter 8. Finally, the study results and its interpretation and implications for further 

research and practice will be discussed in Chapter 9.
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AbSTRACT

Objective

The degree of self-selection in the Dutch-Belgian randomised controlled lung cancer screen-

ing trial (NELSON) was determined to assess the generalizability of the study results.

Methods

335,441 (mainly) men born in 1928-1953 received a questionnaire. Of the respondents (32%), 

eligible subjects were invited to participate (19%). Fifty-five percent gave informed consent 

and were randomised. Background characteristics were compared between male respon-

dents on the first questionnaire (n=92,802), eligible subjects among them (n=18,570) and 

those randomised (n=10,627) and Statistics Netherlands 2002-2005 (SN) (n=5,289) or GLOBE 

study-data (Dutch cohort) (n=696).

Results

Initial respondents were less likely to be highly educated (ORadj=0.84; 95% CI: 0.74-0.96) and 

comprised of significantly less current smokers (ORadj=0.65; 95% CI: 0.61-0.69) compared to 

the general population. These current smokers smoked more heavily (ORadj=1.23; 95% CI: 

1.10-1.37), but for a shorter time-period (respondents: 31, SN: 42 years, p<0.001). Age, general 

health, BMI, alcohol use and cancer prevalence were comparable. The randomised popula-

tion was younger (Age 50-65) (randomised subjects: 85.3%, SN: 72% (p<0.01)) comprised of 

more heavy current smokers (OR=2.08; 95% CI: 1.75-2.44), that smoked for a shorter period of 

time (randomised subjects: 37, SN_selection: 42 years (p<0.001)).

Conclusions

Both the respondents (32%) of the first questionnaire as well as the randomised population 

of the NELSON trial appeared to differ slightly on smoking characteristics, but the differences 

were limited and probably balance each other. Results of the NELSON trial will be applicable 

to the Dutch and probably other populations that fulfil our selection criteria.
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2.1 INTROduCTION

Lung cancer is the most common cause of cancer-related death in men and the third most 

common cause of death in women in Europe in 2008.1 Lung cancer is often in an advanced 

stage when diagnosed and 5-year-survival is maximally 15%.2 Ongoing randomised con-

trolled trials are evaluating whether lung cancer screening will result in a cost-effective 

reduction in lung cancer mortality,3-7 since it has been reported that lung cancer can be 

detected in an early stage with low-dose spiral Computed Tomography.8-9 In a recent press 

release, the US National Lung cancer Screening Trial (NLST) reported a mortality reduction of 

20% in participants who received CT screening for lung cancer compared with screening by 

chest X ray. A final report is awaited with interest.

In most of these lung cancer screening trials, volunteers are recruited by media. One con-

cern is that this might lead to ‘self-selection-bias’, because the disease prevalence, general 

health, socio-economic status, lifestyle and all cause mortality of respondents recruited by 

several types of media might differ from the average target population. Self-selection bias 

may influence the validity of the results and the power of the study, which may have im-

portant implications for the generalizability of study results and policy-decision making.10 

Such differences may be limited if based on recruitment using population registries. Self-

selection in a screening trial has been observed earlier. Trial participants aged 55-69 years in 

the Rotterdam section of the European Randomised Study of Screening for Prostate Cancer 

(ERSPC) appeared to have a 13% lower all-cause mortality compared to the average target 

population.11 Furthermore, a healthy screenee effect, but a higher lung cancer mortality was 

observed in participants of the Precode Diagnosi Cancro - Early Diagnosis of cancer (PRECICA) 

project.12 Recently, participants of the NLST, who were recruited by media, appeared to be 

younger, higher educated and less likely to be current smoker, but the smoking history and 

the distribution of gender are comparable with the general target population.13 The NLST 

research team stated that the cohort is roughly representative for the target population in 

the US. In contrast, researchers showed a substantial socio-demographic and psychosocial 

participation bias in the Danish Lung Cancer Screening Trial (DLSCT), where the recruitment 

was also by media.14

In the Dutch-Belgian Lung cancer Screening Trial (NELSON), participants were recruited by 

the use of population registries (“population-based recruitment”) with the aim to eliminate 

the risk of selection-bias. All (mainly) male inhabitants in certain regions aged between 50-75 

years were approached and asked to fill in a questionnaire. Although potential participants 

were non-selectively approached, response could still have been selective and smoking hab-

its could have influenced the willingness to participate.15 Purpose of this study was to assess 

the degree of self-selection in the NELSON trial compared to Dutch national data, which will 

be crucial when outcome results are to be expected in the next future.
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2.2 METHOdS

The NELSON trial is a randomised controlled trial that aims to determine whether screening for 

lung cancer with low-dose 16-detector multi-slice Computed Tomography (CT) will reduce lung 

cancer mortality with ≥25%. A total of 15,822 participants were recruited in two recruitment 

rounds. This study is restricted to the first recruitment which was described into more detail 

previously.16 Briefly, addresses of all men born between 1928 and 1953 were obtained from the 

population registries in seven Dutch districts and addresses of all men and women of the same 

age were obtained from the population registries of 14 municipalities in Belgium in 2003. A first 

questionnaire about general health, lifestyle and smoking history was sent to 335,441 persons. 

Everybody was asked to respond. Final eligibility criteria for the screening trial were a smoking 

history >15 cigarettes/day during >25 years, or >10 cigarettes/day during >30 years for both 

current smokers and former smokers with ≤10 years of smoking cessation. Exclusion criteria 

were a body weight ≥140 kilogram, a history of renal cancer, melanoma or breast cancer, or 

lung cancer diagnosed <5 years ago or ≥5 years ago but still under treatment, and a chest 

CT examination within the previous year. Also, persons with a moderate or bad self-reported 

health who were unable to climb two flights of stairs were excluded.16 Respondents on the first 

questionnaire who met the eligibility criteria received an invitation for participation in the trial, 

an information leaflet and an informed consent form combined with a short questionnaire. 

Eligible respondents on the invitation who gave informed consent were randomised (1:1) to 

the screen or control arm (Figure 2.1). The screen arm participants received CT screening in 

year 1, 2, 4, and 6.5, while the control arm participants received usual care (no screening).

Comparison of population characteristics

Characteristics of the respondents on the first questionnaire (RESP), of eligible subjects (ELIG) 

and of eligible subjects that gave informed consent and were randomised (RAND) were 

compared to Dutch national data, mainly provided by Statistics Netherlands (SN). Further-

more, the randomised subjects (RAND) were compared with eligible subjects who were not 

randomised, because they gave no informed consent (NonRAND).

Statistics Netherlands provided data of subjects that by and large met our selection criteria 

(SN_selection): current smokers that smoked >15 cigarettes a day during >25 years, or >10 

cigarettes a day during >30 years, and former smokers with ≤10 years of cessation, which 

smoked for >25 years. Subjects with a moderate or bad self-reported health who were un-

able to climb two flights of stairs, that ever had lung cancer, or with a body weight of >140 

kilograms were excluded in their sample.

The age distribution of the NELSON groups was compared to the age distribution of all Dutch 

inhabitants in 2003/2004. For all other characteristics, except level of education, the national 

data were provided by Statistics Netherlands, a Dutch institution that extensively collects 
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Figure 2.1 Trial design and design of first recruitment of the Dutch-Belgian randomised controlled Lung 
cancer Screening trial (NELSON).
Purple=questionnaires sent.
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and provides national data. Each year Statistics Netherlands invites a representative sample 

from the Dutch population (the non-institutionalised population) for a Health Interview Sur-

vey. Response rate is about 60%. To improve the representation the response is reweighted 

by age, gender, marital status, and a combination of province and urbanisation. Over the 

period 2002-2005 the Health Interview Survey contained 41,116 respondents of which 1,364 

respondents met the selection criteria. Statistics Netherlands provided frequencies, or means 

for each 5-year age-group, with corresponding sample sizes and standard errors.

All characteristics of NELSON subjects were retrieved from the first NELSON questionnaire. 

Only those characteristics were compared where the questions and response items of the 

NELSON questionnaire were in reasonable correspondence with the questions and response 

items of the national data. These characteristics included age, life style (smoking and alcohol 

use (fraction of non-drinkers)) and general health (% of persons with moderate/bad health, 

% of persons with a Body Mass Index ≥25 (BMI=body weight (kg)/body length (m)2) and the 

fraction of persons that ever had cancer). Smoking characteristics included the fraction of 

current, former and never smokers, the fraction of heavy current cigarette-smokers (>20 

cig/day), the mean number of cigarettes smoked per day among current cigarette-smokers, 

the mean duration of smoking among current and former cigarette-smokers (years) and the 

mean duration of cessation of former cigarette-smokers (years).

Statistics Netherlands used a detailed questionnaire to determine educational level, but 

in NELSON one single question was used to determine the highest completed education 

(adapted from the International Standard Classification of Education (ISCED)).17 We preferred 

to use a sample that asked educational level in a corresponding way. Therefore data from the 

GLOBE study were used. GLOBE is a longitudinal study that started in 1991 in the Southeast of 

the Netherlands (Eindhoven region), aimed at explaining socio-economic inequalities.18 The 

total sample of 2004 respondents to the postal survey comprised 6,377 subjects of whom 969 

were males aged 50-74.

Ethical and legal approval

The NELSON trial was approved by the Ethics Committees of all participating centres. Further-

more the Health Council of the Netherlands advised the Minister of Health to give permission 

to start the trial after a positive test of the ‘comprehensibility’ of the trial information. On 

December 23, 2003, the Minister of Health of the Netherlands approved randomisation of 

persons to the NELSON trial.

Statistics

The differences in age distribution for each NELSON group (RESP, ELIG, RAND) were compared 

to Statistics Netherlands (SN) using Chi-square statistics. Furthermore, logistic regression 

analyses were performed to determine possible differences in population characteristics 



37

Generalizability of the results of the Dutch-Belgian randomised controlled lung cancer CT screening trial.

2

between first, the NELSON groups (RESP, ELIG, RAND) and SN or SN_selection (reference 

groups) as appropriate, and second between RAND and NonRAND (reference group). All 

Odds Ratios were adjusted for possible differences in age distribution. The variables “ciga-

rettes/day”, “smoking duration” and “duration of smoking cessation” are categorical variables 

in NELSON. To be able to determine means, each category was recoded to a continue value 

by using the mid value of each category. Since no individual data were available from SN, we 

used mean and standard deviation, provided by SN, assuming that the data have a lognor-

mal distribution. ANOVA were performed to check whether the smoking variables differed 

between NELSON groups and Statistics Netherlands.

2.3 RESuLTS

In our first recruitment round 335,441 subjects received the first questionnaire (Figure 2.1). Of 

the 106,931 respondents, we excluded 69 with a blank questionnaire (true response=106,862 

(32%)) and 119 subjects because of too many missing values. Of the 20,064 eligible subjects 

(19%), 11,110 (55%) gave informed consent and were randomised. As mentioned before, 

analyses were restricted to Dutch males aged 50-74 (RESP: n=92,802, ELIG: n=18,570, RAND: 

n=10,627, NonRAND: n=7,943, SN: n=5,289, SN_selection: n=1,364 and GLOBE: n=696).

Age

The age distribution of the male respondents on the first NELSON questionnaire (RESP) 

showed a comparable pattern, although the respondents were statistically different (p<0.01) 

younger compared with the Dutch male population (SN) (Table 2.1). Furthermore, younger 

table 2.1 Age distribution of all males, aged 50-74, that responded to the first NELSON questionnaire 
(RESP), eligible subjects among them (ELIG) and randomised respondents among eligible subjects (RAND) 
compared to Statistics Netherlands data of Dutch inhabitants 2003/2004 (SN).

RESP ELIg RANd SN 2003/2004

Age* % of population n % of population n % of population n % of population n

50 to 55 22.8 21,186 28.3 5,261 29.0 3,080 26.6 564,724

55 to 60 27.6 25,582 33.6 6,231 34.6 3,681 26.3 558,590

60 to 65 20.5 19,042 21.8 4,044 21.7 2,311 19.2 408,459

65 to 70 16.6 15,393 11.3 2,094 10.6 1,124 15.4 327,985

70 to 75 12.5 11,599 5.1 940 4.1 431 12.5 266,348

Total 100.0 92,802 100.0 18,570 100.0 10,627 100.0 2,126,106

χ2-test** p<0.01 p<0.01 p<0.01

* Age at mean date of filling in first NELSON questionnaire (Oct 1, 2003)
** The chi-square test compares each NELSON group (RESP, ELIG, RAND) with Statistics Netherlands (SN)
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respondents were more likely to be eligible (ELIG) than older respondents. Age distribution 

was comparable between RAND and ELIG. Consequently, the male population randomised 

in the NELSON trial (RAND) is younger than the general male Dutch population of age 50-74.

Health status

The fraction of subjects with a moderate or bad self-reported health was comparable between 

RESP and SN and between ELIG and SN_selection (Table 2.2a). Among RAND significantly 

more subjects reported a moderate/bad health compared to SN_selection, but the difference 

was small (17.7% vs. 15.4%; ORadj=1.31, 95% Confidence Interval (CI): 1.10-1.16) (Table 2.2a 

and Appendix).

A modest, but statistically significant difference was observed in the fraction of subjects 

with overweight or obesity between RESP (60.8%) and SN (62.0%) (ORadj=0.91, 95% CI: 

0.86-0.97). No difference was observed between ELIG and RAND compared to SN_selection 

(Table 2.2a). The fraction of subjects that ever had cancer was also modest, but significantly 

different between RESP (6.6%) and SN (7.4%) (ORadj=0.88, 95% CI: 0.78-0.99). The fraction of 

subjects that ever had cancer was also statistically significantly different between ELIG and 

SN_selection (OR=0.59; 95% CI: 0.46-0.75) and RAND and SN_selection (OR=0.62; 95% CI: 

0.49-0.79) (Table 2.2a).

table 2.2 Health and life style of all males, aged 50-74, that responded to the first NELSON questionnaire 
(RESP), eligible subjects among them (ELIG) and randomised respondents among eligible subjects 
(RAND) compared to Statistics Netherlands (SN) 2002-2005 or selected Statistics Netherlands sample 
(SN_selection) 2002-2005. Odds Ratios (OR) are adjusted for age.

table 2.2a Health status.

RESP ELIg RANd SN SN 
selection

OR age-adj
(95% CI)

n OR age-adj
(95% CI)

n OR age-adj
(95% CI)

n n n

general health* 1.00 (0.92 - 1.09) 91,246 1.18 (1.00 - 1.39) 18,307 1.31 (1.10 - 1.16) 10,511 4,504 1,143

bMI** 0.91 (0.86 - 0.97) 85,878 1.02 (0.91 - 1.14) 17,640 1.03 (0.92 - 1.16) 10,178 5,203 1,347

Cancer
prevalence***

0.88 (0.78 - 0.99) 91,277 0.59 (0.46 - 0.75) 18,347 0.62 (0.49 - 0.79) 10,529 4,514 1,154

* OR General health: OR of having reported a moderate or bad health in RESP/ELIG/RAND compared to having 
reported a moderate or bad health in SN.
** OR BMI (Body Mass Index): OR of having a BMI ≥ 25.0 (overweight/obesity) in RESP/ELIG/RAND compared to 
having a BMI ≥ 25.0 in SN/SN_selection.
*** OR Cancer prevalence: OR of ever having had cancer in RESP/ELIG/RAND compared to ever having had cancer 
in SN/SN_selection.
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Socio-economic status

Respondents on the first questionnaire (RESP) were more likely to be lower educated (primary, 

lower vocational or lower secondary general education) compared to GLOBE-participants 

(ORadj=0.84, 95% CI: 0.74-0.96) (Table 2.3). ELIG appeared to be lower educated than RESP 

(ELIG: 51%, RESP: 45% lower educated) (Table 2.3). RAND was higher educated compared to 

ELIG (RAND: 46%, ELIG: 51% lower educated). The randomised NELSON population includes 

more subjects in the second (lower) educational level (RAND: 35.1% vs. GLOBE: 29.7%) 

and less subjects in the fourth (highest) educational level (RAND: 30.3% vs. GLOBE: 36.0%) 

(ORad=0.79; 95% CI: 0.68-0.89).

table 2.2b Smoking and alcohol use, categorical variables.

RESP ELIg RANd SN SN
selection

OR age-adj
(95% CI)

n OR age-adj
(95% CI)

n OR age-adj
(95% CI)

n n n

Ever smoker* 0.80 (0.74 - 0.86) 92,406 † 18,558 † 10,623 5,281 †

Current smoker** 0.65 (0.61 - 0.69) 72,787 1.00 (0.89 - 1.12) 18,501 0.88 (0.79 - 0.99) 10,604 4,336 1,363

Heavy smokers *** 1.23 (1.10 - 1.37) 21,176 2.13 (1.82 - 2.50) 10,779 2.08 (1.75 - 2.44) 5,897 1,684 778

Alcohol use†† 0.91 (0.82 - 1.01) 91,137 0.85 (0.67 - 1.04) 18,291 0.69 (0.55 - 0.86) 10,510 4,509 1,151

* OR of being ever smoker (among all respondents inclusive never smokers) in RESP compared to being ever 
smoker in SN.
** OR of being current smoker (among all ever smokers inclusive former smokers) in RESP/ELIG/RAND compared 
to being current smoker in SN/SN_selection.
*** Heavy smokers=current smokers who smoke > 20 cigarettes/day. OR of being heavy smoker in RESP/ELIG/
RAND compared to being heavy smoker in SN/SN_selection.
† Only ever smokers were invited for participation among current smokers.
†† OR Alcohol use: OR of being non-drinker (not drunk alcohol in the previous year) in RESP/ELIG/RAND 
compared to being non-drinker in SN/SN_selection.

table 2.2c Smoking, continuous variables.

RESP ELIg RANd SN SN selection

Mean p n Mean p n Mean p n Mean n Mean n

Cigarettes/day in current
cigarette smokers 15.6 <0.001 21,064 20.3 <0.001 10,779 20.1 <0.001 5,897 12.3 1,684 21.4 778

duration of smoking in
current cigarette 
smokers
(years) 30.6 <0.001 18,899 37.5 <0.001 10,772 37.4 <0.001 5,891 42.2 1,579 42.3 778

duration of smoking in
former cigarette smokers
(years) 23.1 <0.001 46,513 36.7 <0.001 7,551 36.5 <0.001 4,610 24.0 1,341 39.7 586

duration of cessation in
former cigarette smokers
(years) 16.6 <0.001 47,623 4.8 0.004 7,496 4.7 0.005 4,584 20.6 1,341 4.4 586
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Lifestyle

Smoking

The percentage of ever smokers among RESP (78.8%) was slightly lower to SN (82.1%) 

(OR=0.80; 95% CI: 0.74-0.86) (Table 2.2b). The fraction of current smokers among ever smok-

ers was 8-11% lower among the respondents (OR=0.65; 95% CI: 0.61-0.69, Table 2.2b and 

Figure 2.2). After applying the selection criteria, the fraction of current smokers amongst 

ELIG and RAND were comparable to SN_selection, although borderline significantly different 

caused by the fact that the two highest age groups of RAND contained somewhat less cur-

rent smokers (Table 2.2b, Figure 2.3). A lower fraction of current smokers was present among 

RAND (55.5%) compared to NonRAND (61.8%) (OR=0.85; 95% CI: 0.82-0.88).

Although less current smokers responded on the first questionnaire, they smoked more 

heavily compared to the Dutch population. The fraction of heavy current smokers among 

the respondents was 35.1% compared to 15.5% for the Dutch population (OR=1.23; 95% 

CI: 1.10-1.37) (Table 2.2b). Accordingly, the mean number of cigarettes smoked per day of 

current smokers was also higher among respondents (15.6 cig/day) compared to the Dutch 

population (12.3 cig/day) (p<0.001) (Table 2.2c and Appendix). After applying selection 

criteria, the fraction of heavy current smokers among eligibles and those randomised were 

still higher compared to the Dutch population (OR=1.68; 95% CI: 1.44-1.97 and OR=1.73; 95% 

CI: 1.47-2.03, respectively). No significant difference was observed in the fraction of heavy 

smokers between those randomised and the eligibles who were not randomised in the trial.

Although the RESP contained more heavy current smokers compared to SN, these cur-

rent smokers smoked for a shorter period of time (30.6 years vs. 42.2 years), especially in 

table 2.3 Educational level of all males, aged 50-75, that responded to the first NELSON questionnaire 
(RESP), eligible subjects among them (ELIG) and randomised respondents among eligible subjects (RAND) 
compared to GLOBE (2004). Odds Ratios (OR) are adjusted for age.

RESP ELIg RANd gLObE 2004

Educational level* % of population % of population % of population % of population

1 Low 12.1 13.7 10.8 10.9

2 32.9 37.2 35.1 29.7

3 22.2 22.5 23.8 23.3

4 High 32.9 26.6 30.3 36.0

OR age-adj (95% CI)** 0.84 (0.74 - 0.96) 0.64 (0.56 - 0.73) 0.79 (0.68 - 0.89)

* 1 = primary education
 2 = lower vocational or lower secondary general education
 3 = intermediate vocational or higher secondary general education
 4 = higher vocational education or university
** OR of being high educated (level 3+4) in RESP/ELIG/RAND compared to being high educated in GLOBE.
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the highest age groups (Table 2.2c and Appendix). However, the smoking duration was not 

normally distributed for RESP (median=38 years vs. mean=31 years). Duration of smoking in 

former smokers among RESP was roughly comparable to SN (23.1 vs. 24.0 years), although 

significantly different (p<0.001) (Table 2.2c). Former smokers of RESP had quit smoking for 

a shorter period of time than the former smokers of SN (16.6 years vs. 20.6 years) (Table 2.2c 

and Appendix). After applying the selection criteria of the trial, the smoking duration of cur-

rent and former smokers was still lower in ELIG and RAND compared to SN_selection (Table 

2.2c and Appendix).

Alcohol use

The fraction of persons that did not drink alcoholic beverages in the last year before they 

filled in the questionnaire was comparable between RESP and SN (ORadj=0.91; 95% CI: 0.82-

1.01) and between ELIG and SN_selection (ORadj=0.85, 95% CI: 0.67-1.04). The fraction of 

non-drinkers was significantly lower among RAND compared to SN_selection (ORadj=0.69, 
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Figure 2.2 Percentage of current smokers of all ever smokers among all males, aged 50-74 that 
responded to the first NELSON questionnaire (RESP) compared to Statistics Netherlands (SN).
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Figure 2.3 Percentage of current smokers of all ever smokers among all males, aged 50-74 that were 
randomised for the NELSON trial (RAND) compared to the selected Statistics Netherlands group (SN_
selection).



Chapter 2

42

95% CI: 0.55-0.86). However, this result can be explained by the unusual high percentage of 

non-drinkers in age group 65-70 for SN_selection (Table 2.2b and Appendix).

2.4 dISCuSSION

This study investigates whether selection-bias could play a role in a population-based lung 

cancer screening trial. In the NELSON trial, respondents on the first questionnaire were more 

or less comparable to the Dutch population as represented by Statistics Netherlands, with re-

spect to age, health, and lifestyle. The respondents comprised of less current smokers among 

all ever smokers and these current smokers smoked more heavily for a shorter period of time. 

The former smoking respondents on the NELSON questionnaire had quit for a shorter period 

of time compared to the Dutch population. These differences probably balance out in terms 

of lung cancer risk in general. The respondents were somewhat lower educated compared 

to the Dutch population (GLOBE). Although some characteristics differed statistically signifi-

cantly between the respondents and the Dutch population, these differences were negligibly 

small. Apparently, the modest response on the first questionnaire (32%) did not result in a 

highly selective group of respondents and did not threat the validity of the results.

Characteristics of the randomised population, consisting of current and former smokers, 

were in general comparable to a Dutch population that meets our trial selection criteria. 

However, the randomised population was younger and lower educated compared to the 

Dutch general population. The fraction of current smokers was comparable, but again these 

current smokers smoked more heavily, but for a shorter period of time, mainly in the highest 

age groups. Cancer prevalence was somewhat lower in the randomised population. Again 

some characteristics differed significantly between RAND and SN, but these differences were 

negligibly small. It seems to be unlikely that these differences result is important miscalcula-

tions.

Should the NELSON trial eventually conclude that lung cancer screening is beneficial, it 

will be crucial to know to what extent the study results are generalizable to the average 

target population as well as the general population and whether the study population might 

affect the outcome measures: lung cancer mortality, especially since the DLSCT reported 

substantial participation bias.14, 19-20 Our study results provide the opportunity to correct for 

the observed differences between the study population and the target or general population 

through modelling where needed.

The current study gives insight in the degree of self-selection in the NELSON trial. Strength 

of our study is the large number of subjects that responded. The sample size of the respon-

dents on our first questionnaire is about 18 fold that of four survey years of Statistics Nether-

lands combined and one might even argue that the NELSON dataset could be considered as 

the gold standard for the Netherlands.
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One limitation is that Statistics Netherlands provided no individual data, but grouped data. 

Consequently, we were unable to perform an extensive multivariable analysis. Also, we had 

to simulate a database with individual data from Statistics Netherlands to be able to adjust 

for age in the statistical comparison of the continuous variables (the means). For the continu-

ous data only means with standard errors and sample sizes were available from SN. Thus, we 

could not perform a non-parametric test for non-normally distributed variables.

In conclusion, recruitment of the trial population by using population registries resulted in 

a non-selective response to the first questionnaire, despite this response was low. We can 

conclude that our selection criteria were applied to a population that was representative 

of the Dutch population. The NELSON randomised population is roughly representative 

of the Dutch population that meets our selection criteria and therefore not self-selected. 

Consequently, the outcomes of the NELSON trial will be applicable for the general Dutch 

population that fulfils our selection criteria.
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APPENdIx

Detailed data on health and lifestyle. including smoking, for each 5-year age-group of all male respondents on 
the first questionnaire (RESP), eligible subjects among them (ELIG) and randomised respondents among eligible 
subjects (RAND), compared to Statistics Netherlands (SN) 2002-2005 or selected Statistics Netherlands sample 
(SN_selection) 2002-2005.

appendix: health

Age RESP ELIg RANd SN SN_selection

% of age group % of age group % of age group % of age group % of age group

general Health. % moderate or bad health

50 to 55 13.3 18.3 18.3 12.6 14.4

55 to 60 15.3 18.7 19.0 16.6 14.7

60 to 65 15.2 17.7 17.9 15.3 16.7

65 to 70 15.2 15.1 13.2 14.2 15.2

70 to 75 18.3 15.8 13.1 17.7 18.8

Total 15.2 17.8 17.7 15.1 15.4

bMI. % bMI ≥ 25.0 (overweight/obesity)

50 to 55 58.9 59.5 60.2 60.5 59.0

55 to 60 63.5 65.5 65.5 65.9 65.4

60 to 65 61.9 63.6 63.4 63.5 63.7

65 to 70 59.9 62.2 63.0 62.8 56.6

70 to 75 57.4 61.4 61.5 59.8 66.8

Total 60.8 62.8 63.1 62.7 62.0

Cancer prevalence. % ever had cancer

50 to 55 3.3 2.7 2.8 3.4 4.7

55 to 60 4.6 3.0 3.2 5.2 5.7

60 to 65 7.2 5.3 5.8 8.9 7.0

65 to 70 9.4 6.5 7.2 11.5 12.5

70 to 75 12.8 9.5 8.5 12.7 12.6

Total 6.6 4.1 4.3 7.4 7.2
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appendix: Smoking (continuous variables)

Age RESP ELIg RANd SN SN_selection

Mean Mean Mean Mean Mean

Cigarettes/day in current cigarette smokers

50 to 55 16.9 21.2 21.0 13.7 21.9

55 to 60 16.0 20.6 20.3 12.7 21.4

60 to 65 15.0 19.7 19.3 11.6 21.9

65 to 70 13.9 17.9 18.1 11.1 20.8

70 to 75 13.7 17.0 16.8 9.4 18.0

Total 15.6 20.3 20.1 12.3 21.4

duration of smoking in current cigarette smokers (years)

50 to 55 29.1 34.3 34.2 35.6 36.3

55 to 60 30.8 37.6 37.4 40.3 41.2

60 to 65 33.0 40.7 40.7 44.3 45.3

65 to 70 30.4 41.4 41.3 51.0 52.3

70 to 75 27.9 42.3 41.3 56.0 56.2

Total 30.6 37.5 37.4 42.2 42.3

duration of smoking in former cigarette smokers (years)

50 to 55 18.8 32.2 32.2 19.0 32.5

55 to 60 21.1 35.3 35.3 20.8 35.6

60 to 65 23.9 38.1 38.2 25.0 41.8

65 to 70 25.9 40.8 40.9 27.8 45.7

70 to 75 27.3 41.7 42.1 30.2 51.2

Total 23.1 36.7 36.5 24.0 39.7

duration of cessation in former cigarette smokers (years)

50 to 55 14.6 3.9 4.0 17.1 3.7

55 to 60 15.8 4.3 4.4 19.4 4.8

60 to 65 16.7 4.9 4.7 20.5 4.0

65 to 70 17.7 5.7 5.8 22.7 4.9

70 to 75 19.0 6.9 6.9 25.2 5.2

Total 16.6 4.8 4.7 20.6 4.4
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appendix: Smoking and alcohol use (categorical variables)

Age RESP ELIg RANd SN SN_selection

% of age group % of age group % of age group % of age group % of age group

Smoking status 1. % of ever smokers among all respondents

50 to 55 75.2 78.9

55 to 60 76.9 80.6

60 to 65 79.1 82.3

65 to 70 81.4 84.8

70 to 75 85.5 88.7

Total 78.8 82.1

Smoking status 2. % of current smokers. among ever smokers

50 to 55 38.1 68.7 65.3 47.9 66.9

55 to 60 33.7 62.4 58.5 42.6 59.0

60 to 65 27.3 53.8 51.3 38.1 50.4

65 to 70 22.2 41.8 38.9 31.9 49.2

70 to 75 16.8 28.1 28.2 24.7 41.2

Total 29.1 58.3 55.6 39.0 57.1

Heavy current smokers. among current smokers

50 to 55 38.3 48.2 48.2 20.3 37.0

55 to 60 38.2 46.5 46.5 14.2 27.9

60 to 65 34.5 41.3 41.5 13.5 29.8

65 to 70 27.6 33.7 36.5 13.8 32.3

70 to 75 23.5 27.3 32.4 8.3 20.0

Total 35.1 44.6 45.1 15.5 31.6

Alcohol use. % never drunk alcohol

50 to 55 7.1 6.9 6.0 6.4 6.6

55 to 60 7.5 7.1 5.8 7.6 6.3

60 to 65 9.0 8.1 6.7 10.5 9.1

65 to 70 10.4 8.6 6.7 13.6 17.1

70 to 75 13.0 9.4 7.2 14.1 11.9

Total 8.8 7.6 6.2 10.6 9.8
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AbSTRACT

background

The use of multidetector computed tomography (CT) in lung-cancer screening trials involving 

subjects with an increased risk of lung cancer has highlighted the problem for the clinician 

of deciding on the best course of action when noncalcified pulmonary nodules are detected 

by CT.

Methods

A total of 7557 participants underwent CT screening in years 1, 2, and 4 of a randomized trial 

of lung-cancer screening. We used software to evaluate a noncalcified nodule according to 

its volume or volume-doubling time. Growth was defined as an increase in volume of at least 

25% between two scans. The first-round screening test was considered to be negative if the 

volume of a nodule was less than 50 mm3, if it was 50 to 500 mm3 but had not grown by the 

time of the 3-month follow-up CT, or if, in the case of those that had grown, the volume-

doubling time was 400 days or more.

Results

In the first and second rounds of screening, 2.6% and 1.8% of the participants, respectively, 

had a positive test result. In round one, the sensitivity of the screen was 94.6% (95% con-

fidence interval [CI], 86.5 to 98.0) and the negative predictive value 99.9% (95% CI, 99.9 to 

100.0). In the 7361 subjects with a negative screening result in round one, 20 lung cancers 

were detected after 2 years of follow-up.

Conclusions

Among subjects at high risk for lung cancer who were screened in three rounds of CT scan-

ning and in whom noncalcified pulmonary nodules were evaluated according to volume and 

volume-doubling time, the chances of finding lung cancer 1 and 2 years after a negative 

first-round test were 1 in 1000 and 3 in 1000, respectively.



53

Management of lung nodules detected by volume CT scanning.

3

3.1 INTROduCTION

The use of multidetector computed tomography (CT) has increased the chance of finding 

noncalcified pulmonary nodules,1,  2 and as a result, clinicians often face the problem of 

deciding on the best course of action with respect to such nodules when they are found 

in asymptomatic subjects who have an increased risk for lung cancer.3 This difficulty is 

especially evident in CT-based screening programs for lung cancer. The current practice 

is to refer participants in these programs for additional diagnostic evaluation if they have 

a noncalcified nodule that is larger than 5 mm in diameter.4-9 In designing the Dutch–Bel-

gian randomized lung cancer screening trial (Nederlands-Leuvens Longkanker Screenings 

Onderzoek [NELSON]), we adopted a strategy that was meant to provide an inexpensive and 

simple follow-up process without increasing the false negative rate of the screening test.10 

The strategy entailed the use of the volume and volume-doubling time of a noncalcified 

nodule as main criteria for deciding on further action. In this article, we report an evaluation 

of this strategy, which involved the tracking of individual nodules and the collection of 2-year 

follow-up data from the screened population of the NELSON trial.

3.2 METHOdS

Participants

We randomly assigned eligible participants in NELSON, who were recruited as described 

previously,11 to undergo CT screening at baseline (first round), 1 year later (second round), 

and 3 years later (third round, 2 years after the second round), or no screening. The purpose 

of the trial is to determine whether at 10 years after randomization CT screening will have 

reduced mortality from lung cancer by at least 25%. The trial was approved by the Dutch 

Minister of Health and the ethics board at each participating centre. All participants gave 

written informed consent.

Screening Strategy

A 16-detector CT scanner (Somatom Sensation 16, Siemens Medical Solutions or, at the 

screening site in Utrecht, 1x Mx8000 IDT or Brilliance-16P, Philips Medical Systems) was 

used at each of the screening sites. Data sets were derived from images of the lung with a 

thickness of 1 mm that were reconstructed at overlapping 0.7-mm intervals. Isotropic data 

sets allowed for volume measurements with good reproducibility, even in the case of small 

lesions.12 Data acquisition and scanning conditions were standard across screening sites and 

were the same for all rounds of screening.10 At each site, CT data were analyzed on one type 

of digital workstation (Leonardo, Siemens Medical Solutions) with the use of software for 

semiautomated volume measurements (LungCare, version Somaris/5 VA70C-W, Siemens 
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Medical Solutions).13,  14 In the case of inappropriate segmentation (i.e., nodules that were 

attached to a fissure or to a vessel), the radiologist was allowed to enter manual measure-

ments, which overruled the automatically generated volumes. Data generated by the Lung-

Care software were uploaded into the NELSON Management System, which automatically 

detected whether a nodule was new or had been present previously and which calculated 

the percentage change in volume and the volume-doubling time in days (Figure 1 in the 

Supplementary Appendix).

A nodule was classified as noncalcified if it did not meet previously specified criteria for a 

benign lesion.4 For solid pleural-based and nonsolid pulmonary nodules, the diameter was 

determined manually, and the volume-doubling time was calculated as described previ-

ously (Figure 1 in the Supplementary Appendix).10 In the case of pleural-based nodules, the 

diameter was measured at a point perpendicular to the costal pleura. In the case of partially 

solid lesions, only the volume of the solid region was used. The diameter was defined as the 

average of the maximum length and width of the nodule. Growth was defined as a change in 

volume of at least 25% between the first and second scans or between the second and third 

scans. The 25% threshold was based on three zero-change data sets in which the variation in 

volume of individual nodules was assessed between two low-dose CT scans. After the first of 

these scans, the patient returned to the examining table for the second scan to simulate the 

condition of a repeat examination for the follow-up of a pulmonary nodule. In these studies, 

the volume measurement error varied between 20% and 25%.12, 14, 15 Growing nodules were 

classified into three growth categories according to their volume-doubling time (<400, 400 

to 600, and >600 days).

CT scans were independently read by first and second readers. The experience of the 13 

first readers ranged from none to more than 20 years of experience reading thoracic CT 

scans (median, 6 years); both second readers had 6 years of experience. The second readers 

matched the nodules they had identified with nodules identified by the first readers accord-

ing to location and size and compared their results with those of the first readers. If the results 

were discrepant, the readers reevaluated the scan to reach a consensus. If no consensus was 

reached, a third radiologist arbitrated the results.

First-Round (baseline) Scan

A test was considered to be positive if on the CT scan any noncalcified nodule had a solid 

component that was more than 500 mm3 (>9.8 mm in diameter) and was considered to be 

indeterminate if the volume of the largest solid nodule or of the solid component of a par-

tially solid nodule was 50 to 500 mm3 (4.6 to 9.8 mm in diameter) or if the diameter of a 

nonsolid nodule was greater than 8 mm.10 In subjects with an indeterminate result, a follow-

up scan was obtained 3 months after the baseline scan to assess the growth of the lesion. If 

at that time the lesion had a volume-doubling time of less than 400 days, the final result was 

declared to be positive; otherwise, it was considered to be negative. Subjects with positive 
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screening tests were referred to a chest physician for workup and diagnosis. If lung cancer 

was diagnosed, the participant was treated for the disease and left the screening trial; if no 

lung cancer was found, the regular second-round CT scan was scheduled for 12 months after 

the baseline scan.

Second-Round Scan

When one or more new nodules were found on the second-round scan, the interpretation 

(positive or negative result) was based on the size of the nodule, as it had been in round 

one; if the result was indeterminate, a follow-up scan was obtained 6 weeks later.10 In the 

case of nodules that had been detected previously, the second-round result was based on 

the volume-doubling time. If there was no growth, or if the volume-doubling time was more 

than 600 days, the screen was classified as negative. If the volume-doubling time was less 

than 400 days, or if a new solid component had emerged in a previously nonsolid nodule, the 

scan was considered to be positive. When the volume-doubling time was 400 to 600 days, the 

test result was considered to be indeterminate and a follow-up scan was obtained 1 year after 

the second-round scan. At that time, if the volume-doubling time was less than 400 days, the 

final result was considered to be positive; otherwise it was considered to be negative. If both 

new and existing nodules were present, the nodule with the largest volume or fastest growth 

determined the result. All participants with a negative second-round test result were invited 

to undergo the third round of screening 2 years after the second round. A cancer detected 

on screening was classified as a first-round or second-round cancer if it was diagnosed after 

a workup during the first year after a positive first-round or second-round screen, respec-

tively. Lung cancers that were detected during the first year after a negative first-round or 

second-round screening test were classified as interval cancers. They were identified through 

linkage with the national pathology database, information from participants and general 

practitioners, and, in the case of round-one interval cancers, linkage with the National Cancer 

Registry. The workup, staging, and treatment were standard across all screening sites and 

were performed according to published guidelines.10, 16, 17

All the authors contributed to the data collection and the decision to submit the manu-

script for publication, and all the authors vouch for the accuracy and completeness of the 

data.

Statistical analysis

The diagnostic sensitivity was defined as the ratio between the number of true positive re-

sults (participants who were diagnosed with lung cancer during the first year after a positive 

screening test) and the number of true positive results plus the number of false negative re-

sults (interval cancers detected during the same time period). Diagnostic sensitivity, specific-

ity, positive predictive value, and negative predictive value were calculated at the participant 

level, and 95% confidence intervals were determined with the use of SPSS software, version 
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15.0 (SPSS). The standard for a negative baseline or second-round test result was based on 

the retrospective information that lung cancer was absent 2 years after the first round of 

screening and 1 year after the second round. Normally distributed data are shown as means 

± SD. P values of less than 0.05 were considered to indicate statistical significance.

3.3 RESuLTS

First Round

The mean (±SD) age of the screened participants was 59 ± 6 years, and the mean number 

of pack-years smoked was 42 ± 19; a total of 16% of the participants were women. The first 

round of screening was conducted from April 2004 through December 2006 (Figure 2 in the 

Supplementary Appendix). Of the 7557 participants, 50.5% had a total of 8623 noncalcified 

pulmonary nodules, of which 98.0% were solid. Automated volumetric data were manually 

adjusted in the case of 6.3% of the nodules. The screening results were determined to be 

negative in 5987 participants (79.2%), indeterminate in 1451 (19.2%), and positive in 119 

(1.6%) (Figure 3.1). A total of 1536 follow-up scans were obtained 100 ± 19 days, on average, 

after the baseline scan in participants with an indeterminate result. Including the outcome 

of these follow-up scans, the results from round one of the screening were negative in 7361 

participants (97.4%) and positive in 196 (2.6%).

Of the 196 participants with a positive scan, 177 were referred for workup; 19 were not 

referred (9 because of a decision by the tumour board, 3 because of an administrative error, 

and 7 because they were already receiving treatment from another specialist). Lung cancer 

was diagnosed in 70 of the 177 participants who had a positive scan (39.5%); the diagnosis 

was made mainly by means of an invasive procedure (85.7%). These 70 participants had 72 

lung cancers, of which 46 (63.9%) were classified as pathological stage I. In three subjects, 

no tissue for a histologic diagnosis could be obtained. These subjects received high-dose 

radiotherapy because the lesions were growing and were assessed as positive on a positron-

emission tomographic (PET) scan. Of the remaining 107 subjects with a positive scan, 100 

had benign disease and 7 had metastases from another cancer. In round one, the proportion 

of invasive procedures that revealed benign disease was 27.2%.

The lung-cancer detection rate in round one was 0.9% (70 of 7557 subjects). There were 

four interval cancers, all of which were stage IV adenocarcinomas; three of these were new 

noncalcified nodules, and one, which had been seen in the first round, had a volume-doubling 

time of more than 600 days at the 3-month follow-up. The sensitivity of round-one screening 

was 94.6% (95% confidence interval [CI], 86.5 to 98.0), the specificity 98.3% (95% CI, 98.0 to 

98.6), the positive predictive value 35.7% (95% CI, 29.3 to 42.7), and the negative predictive 

value 99.9% (95% CI, 99.9 to 100.0). Thus, in a subject with a positive CT screening test, the 
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107  Had benign disease 

or other cancer

70  Had lung 

cancer

10  Had lung cancer at later rounds20  Had lung cancer after 2 yr of follow-up

7361  Subjects tested  negative (97.4%) 196  Subjects tested positive (2.6%)

1341  Subjects tested 

 negative (92.4%)

2053  Noncalcified nodules 

were followed up

 486  Resolved (21.7% of the 

2236 nodules found in 

all those who tested 

 indeterminate)

1049  Had no growth 

(46.9% of the 2236)

 518  Had VDT 400 days 

(23.2% of the 2236)

33  Subjects had no  follow-up 

scan (2.3%)

54  Noncalcified nodules 

were present (2.4% of the 

2236 found in all those 

who tested indetermi-

nate)

77   Subjects tested  

positive (5.3%)

129  Noncalcified nodules 

with VDT<400 days were 

followed up (5.8% of 

the 2236 nodules found 

in all those who tested 

 indeterminate)

1451  Subjects tested 

indeterminate (19.2%)

2236  Nodules 50 to 500 mm³ 

were found

2101  Were solid (24.4% of 

the 8623 nodules found 

in the total sample)

  57  Were partially solid  

(0.7% of the 8623)

  78  Were nonsolid  

(0.9% of the 8623)

5987  Subjects tested 

 negative (79.2%)

1395  Benign nodules were 

found (16.2% of the 

8623 noncalcified 

nodules found in the 

total sample)

4861  Nodules <50 mm³ were 

found(56.4% of the 

8623)

119  Subjects tested

positive (1.6%)

131  Nodules >500 mm³ were 

found

126  Were solid (1.5% of the 

8623 nodules found in 

the total sample)

  5  Were partially solid (0.1% 

of the 8623)

19  Were not referred for 

workup and diagnosis

177  Were referred for 

workup and diagnosis

Figure 3.1 Results of the First Round Screening.
Some participants had more than one nodule. VDT denotes volume-doubling time.
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probability that the lesion would be malignant was 36%; with a negative screening test, the 

probability that a participant would not have lung cancer was 99.9%.

Among the 7361 negative CT scans in round one, 20 lung cancers were detected during the 

2 years of follow-up: 3 were round-one interval cancers, and 17 were detected in the round-

two screening. On the basis of this information, the negative predictive value was 99.7% (95% 

CI, 99.6 to 99.8). All 126 participants with a positive screening result at round one but with 

a negative workup returned to the screening program. After a mean follow-up of 785 ± 263 

days, 10 of these 126 subjects received the diagnosis of pulmonary adenocarcinoma, which 

appeared to have originated from a suspicious nodule that was detected in round one (Table 

1 in the Supplementary Appendix).

Second Round

In accordance with the trial’s protocol, all the participants in the first round of screening, 

except those in whom lung cancer had been diagnosed, were invited to undergo screening 

in the second round,12 which was conducted from April 2005 through April 2008. A total of 

7289 participants underwent screening 384 ± 59 days after the round-one screening (Figure 

1 in the Supplementary Appendix). In 1588 (21.8%) of these participants, a total of 2320 new 

nodules were detected, 29.2% of which had a volume of less than 15 mm3 or had been missed 

in round one. Automated volumetric data were manually adjusted in the case of 5.4% of the 

new nodules and 1.9% of previously existing nodules. The second-round screening result 

was negative in 6719 participants (92.2%), indeterminate in 480 (6.6%), and positive in 90 

(1.2%) (Figure 3.2). Among participants with an indeterminate result, 276 had a follow-up 

scan 77 ± 36 days after the second-round screening and 231 had a follow-up scan 364 ± 

36 days after the second-round screening. The follow-up scans were positive in 38 subjects, 

and when the results of these positive follow-up scans were added to the results of the 90 

positive screening scans, there were 128 subjects (1.8%) with positive second-round scans. 

Of these 128 participants, 1 patient died as a result of a metastatic colon carcinoma and 118 

were referred for workup; 54 of the 118 who were referred for workup (45.8%) received the 

diagnosis of lung cancer, mainly after undergoing an invasive procedure (88.9%). The nine 

participants who were not referred for workup (four because of a decision by the tumour 

board, four because of an administrative error, and one because the patient was already 

receiving treatment from another specialist) were invited to participate in the third round of 

screening 2 years later. In one of these nine, lung cancer was found 23 months after the first 

detection of the nodule in a nodule that had not been seen previously. Of the remaining 64 

subjects with a positive scan, 62 had benign disease and 2 had another cancer (1 a thymoma 

and 1 lymphoma). There were two subjects with suspicious lesions from whom no tissue 

could be obtained for histological diagnosis. These subjects were treated with high-dose 

radiotherapy because the lesions were new and growing and were positive on a PET scan. 

The 54 participants with lung cancer had 57 cancerous nodules, 42 of which (73.7%) were 
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480  Subjects tested  

indeterminate (6.6%)

503  New noncalcified nodules 50 to 

500 mm³ were found

473  Were solid (20.4% of the 2320 new 

nodules found in the total sample)

 12  Were partially solid  

(0.5% of the 2320)

 18  Were nonsolid  

(0.8% of the 2320)

163  Existing noncalcified nodules 

with VDT 400 to 600 days were 

found (1.8% of the 9282 in the 

total sample)

7161  Subjects tested negative (98.2%) 128  Subjects tested positive (1.8%)

410  Subjects tested  negative 

(85.4%)

541  Noncalcified nodules 

were followed up

230  Resolved (34.5% of  

the 666 noncalcified 

nodules found in 

subjects who tested 

indeterminate)

133  Did not grow  

(20.0% of the 666)

178  Had VDT 400 days (26.7% 

of the 666)

32  Subjects had no 

follow-up scan (6.7%)

87  Noncalcified nodules 

were present (13.1%  

of the 666 noncalcified  

nodules found in subjects 

who tested indetermi-

nate)

38  Subjects tested

positive (7.9%)

38  Noncalcified nodules 

were followed up

35  Had VDT <400 days (5.3% 

of the 666  noncalcified 

nodules found in subjects 

who tested indetermi-

nate)

 3  Had VDT 400 days  

(0.5% of the 666)

6719  Subjects tested 

negative (92.2%)

267   Benign nodules were found (11.5% of 

the 2320 new nodules found in the total 

sample)

1493  New nodules <50 mm3 were found (64.4% 

of the 2320)

9048  Existing noncalcified nodules were found

    549  Were not followed up with scanning (5.9% 

of the 9282 existing nodules found in the 

total sample)

2432  Resolved (26.2% of the 9282)

3638  Did not grow (39.2% of the 9282)

2429  Had VDT >600 days (26.2% of the 9282)

90  Subjects tested 

positive (1.2%)

57  New noncalcified  nodules 

>500 mm³ were found

56  Were solid (2.4% of the 

2320 new nodules found 

in the total sample)

 1  Was partially solid (0.0%)

71  Existing noncalcified 

nodules with VDT <400 

days were found (0.8% 

of the 9282 in the total 

sample)

1 Died

9  Were not referred for 

workup and diagnosis

118  Were referred for 

workup and diagnosis

64  Had benign disease 

or other cancer

54  Had lung 

cancer

Figure 3.2. Results of the Second Round of Screening.
Some participants had more than one nodule. VDT denotes volume doubling time.
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classified as pathological stage I, including 3 that were synchronous double tumours. The 

lung-cancer detection rate was 0.5% (40 of 7289) during the first year after the second-round 

screening and 0.8% (57 of 7289) for the entire 2-year period after the second and third rounds 

of screening. One stage IV small-cell and one stage IV large-cell interval carcinoma, both of 

which were present in nodules that had been absent at the time of the second-round screen-

ing, were diagnosed during the first year after the second-round screening. The sensitivity 

of the second-round screening was 96.4% (95% CI, 86.8 to 99.1), the specificity was 99.0% 

(95% CI, 98.7 to 99.2), the positive predictive value was 42.2% (95% CI, 33.9 to 50.9), and the 

negative predictive value was 99.9% (95% CI, 99.9 to 100.0).

Additional diagnostic investigations

The recall rates for CT scans among participants with indeterminate test results were 19.0% 

and 3.8% in rounds one and two, respectively (Table 2 in the Supplementary Appendix). No 

diagnostic PET or PET–CT scanning was performed in participants with positive test results, 

and fine-needle biopsy procedures were performed in less than 1% of the subjects. The rate 

of invasive diagnostic procedures was 1.2% in round one and 0.8% in round two.

3.4 dISCuSSION

In a population that was at an increased risk for lung cancer, our strategy of screening for 

lung cancer with the use of volume CT diminished the need for follow-up evaluation in 

participants with an indeterminate test result. This strategy was especially useful during the 

second-round screening. It reduced the number of follow-up examinations in participants 

with a positive test result without reducing the overall sensitivity of the technique, as com-

pared with that reported in the literature.4-8, 18-23 This report concerns itself only with how to 

deal with an abnormality that has been detected on a CT scan in this population; it does not 

address the usefulness of screening for lung cancer with the use of CT scanning.

The rate of interval cancers that were found in participants in our trial was similar to that 

found in participants in other trials.20 The proportion of early (stage I) lung cancers detected 

in round one (63.9%) was similar to that found in other randomized trials,18, 19, 23 but lower 

than that found in nonrandomized trials (e.g., the proportion in the International Early Lung 

Cancer Action Program [I-ELCAP] was 86%, and the proportion in a trial performed at the 

Mayo Clinic was 75%).6,7,20 The lung-cancer detection rate in round one in I-ELCAP was higher 

than that in NELSON (1.3% vs. 0.9%),7 despite similar median ages of the participants and 

a higher number of pack-years smoked by participants in NELSON. The discrepancy was 

probably due to the fact that the proportion of women, who tend to have slow-growing 

cancers,24,25 was higher in I-ELCAP than in NELSON. Moreover, in I-ELCAP surgeons removed 

any nonsolid nodule that was larger than 8 mm, instead of waiting for the nodule to grow 
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before removing it, as was done in NELSON. In our trial of subjects who had an increased risk 

of lung cancer, we found that the chances of finding lung cancer on a CT scan at 3 months, 1 

year, and 2 years after a negative first-round test were 0, 1 in 1000, and 3 in 1000, respectively.

In round one, the proportion of invasive procedures that revealed benign disease was 

27.2%, which is similar to that found in other trials.5, 6, 19, 21, 22, 26-30 The advantages of volumetric 

measurements become fully apparent when a volumetric comparison can be made with a 

previous indeterminate CT scan. Because there were no comparative CT scans available at 

round one, the first-round recall rate was almost as high as that in other trials (Table 2 in the 

Supplementary Appendix). The LungCare software version that we used is not proprietary 

and can be used with any CT data set, regardless of the CT system, for evaluation of solid 

nodules and the solid component of partially solid noncalcified nodules smaller than 500 

mm3. With manual correction, the mean relative deviation from the true lesion volume was 

only −0.3 ± 6.5% for these types of lesions.13

As an absolute standard for negative test results, we used the absence of lung cancer 

after 2 years of follow-up, a period that is considered to be sufficient for concluding that a 

nodule is benign.2 The 400-day threshold for volume-doubling time that we used was based 

on current opinion that lung cancers with a volume-doubling time of 400 days or more are 

overdiagnosed cases.24, 31 A volume-doubling time of 500 days is regarded as the upper limit 

for lung cancer, even though some tumours may grow more slowly 32-34; our upper limit was 

set at 600 days. If a lower upper limit had been used, the rate of false negatives would have 

increased, but the rate of false positives would have decreased. Therefore, the ranges for 

volume-doubling time that we used are not definite and could be improved. Finally, before 

we can make clinically directive recommendations, our strategy requires validation in an 

independent study.
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Supplementary appendix, Figure 1

Previously existing

non-calcified nodules

Determine Percentage 

Volume Change (PVC)

PVC ≥ 25%PVC < 25%
no growth:
Test Negative

Calculate Volume

Doubling Time (VDT)

Classify in growth

categories

VDT 400-600 days:

Test Indeterminate

VDT > 600 days:

Test negative

VDT < 400 days:

Test positive

PVC (%) = 100 – (V2-V1)V2)

3D: VDTv (days) = [ln 2 x /t]/[ln (V2/V1)]

2D: VDTd (days) = [ln 2 x /t]/[3ln  

(MaxDiamXY2 / MaxDiamXY1]

Definition of abbreviations:
V1: volume of the nodule (mm3) at first detection on CT
V2: volume of the nodule (mm3) at subsequent CT evaluation
3D: volume generated by three-dimensional volumetry software (VDTv)
2D: volume estimate based on two-dimensional measurements (VDTd)
MaxDiamXY1: maximum diameter in X/Y-axis at first detection on CT
MaxDiamXY2: maximum diameter in X/Y-axis at subsequent CT evaluation
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Supplementary appendix, Figure 2 CONSORT flowchart.

Health questionnaire

N= 548,489

Respondents

N= 151,346 (27.6%)

Eligible and invited

N=30,047 (19.9%)

Randomised

N= 15,822 (52.7%)

No response

N=13,797 (45.9%)

Inadequate response or

refusal to participate

N= 428 (1.4%)

Ineligible

N= 121,299 (80.2%)

No response

N= 397, 143 (72.4%)

Screen arm

N= 7,915

Control arm

N= 7,907

First screening round

N= 7,557 (95.5%)

Second screening 
round

N= 7,289 (96.5%)

No first round scan 

N=358 (4.7%)

Symptomatic lung cancer n=5

Death n=38

Unavailable n=24

Personal reasons n=266

Missed 1st round scan n=25

No 2nd round scan 

before April 1st 2008 

(n=293, 3.9%)

Including 25 subjects who missed 1st 

round screening

Screen detected lung cancer n=69

Death n=32

Unavailable n=17

Personal reason n=123

Scan after March 31st 2008 n=3

Unknown n=49
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AbSTRACT

Cancer is a leading cause of death worldwide and the burden could be reduced by evidence-

based strategies for the primary prevention of cancer, the early detection of malignancies 

and more adequate treatment of cancer patients.

Previous research has shown that lifestyle factors are associated with common cancers 

and that several cancer screening programmes are cost-effective in reducing cancer-specific 

mortality. But, some recent studies reported that participants of screening programs might 

unintentionally change their lifestyle. Cancer screening might be a teachable moment or, 

on the other hand, have a false health certificate effect. Despite that the evidence is scarce, 

cancer screening might have opportunities for lifestyle improvements, although a possible 

health certificate effect still remains. Integrated approaches to combine primary and second-

ary prevention have the potential to optimize the efforts to improve cancer prevention and 

survival. More research is warranted to investigate evidence-based approaches.
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4.1 INTROduCTION

Cancer is a leading cause of death that accounts for more than 8 million (14%) deaths world-

wide. The World Health Organization estimated that the global burden of cancer mortality 

will increase to 12 million deaths in 2030.1

Current evidence links several lifestyle factors - nutritional intake, the use of tobacco, the 

use of alcohol, and performing physical activity - to the main chronic diseases, including the 

most common cancers – lung, colorectal, prostate, breast, stomach, and liver cancer.2, 3 The 

burden of cancer could be reduced by evidence-based strategies based on three major tar-

gets, namely the inhibition of the development of cancer (primary prevention), the identifica-

tion of people with early stage preclinical malignancy to increase the opportunities to treat 

and prevent progression of the cancer (secondary prevention), and an adequate treatment 

of cancer patients to improve survival and functionality (tertiary prevention). A variety of 

studies investigated the efficacy of evidence-based interventions in modifying risk factors of 

cancer; cancer screening programs in reducing cancer-specific mortality; and new treatment 

options in increasing the survival of cancer patients. Although all this research contributes 

to the current evidence, few of them integrate these efforts to optimize the effect, using 

all evidence in these seemingly separate fields. At the same time, there may be unintended 

effects of cancer screening. Those with a relatively healthy lifestyle may choose not to at-

tend effective screening programmes, or the other way around, people attending screening 

programmes might feel they do not need a healthy lifestyle. Relatively less attention has 

been paid to the impact of cancer screening on future lifestyle and lifestyle-related mortality 

so far,4 although the modification of this risk factor can lead to a significant reduction in 

the burden of cancer, since it has been estimated that more than 30% of the current cancer 

incidence can be prevented.1, 5

The aim of this review is to provide an overview of current knowledge about the effects 

of cancer screening on lifestyle and lifestyle-related morbidity. Furthermore, we discuss the 

opportunities on how to deal with possible unwanted effects of cancer screening.

4.2 CANCER SCREENINg

Cancer screening is a major component of disease control and aimed at the early detection 

of malignancies that were not clinically manifest to possibly reduce cancer-specific mortality 

and to improve survival outcomes amongst asymptomatic people.6 One characteristic of 

screening programmes is that relatively few people will have large benefits from screening, 

whereas relatively many will be exposed to small, unfavourable effects. Important is that 

the favourable effects (reduction in disease specific mortality, life-years gained) of screen-

ing should reasonably outweigh the harms (overdiagnosis, overtreatment, false-positive 
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screening result e.g.) caused by screening.7 Relatively new is the question whether cancer 

screening might have an impact on future health related behaviour. Screening might be a 

teachable moment for health behavioural change,8, 9 although screening might also have a 

health certificate effect to continue or even start unhealthy behaviour.10, 11

The impact of cancer screening on lifestyle

The unwanted effects of screening that have been measured are often limited to the direct 

physical, psychological and social harms, while the impact of cancer screening on lifestyle re-

mains uncertain. A systematic review of studies on the impact of cancer screening on future 

lifestyle was conducted using two electronic databases (Pubmed, EMbase).12 Search terms 

used were related to neoplasm, mass screening, impact, and lifestyle. To be included, articles 

must have quantified the impact of cancer screening on lifestyle amongst adults in the 

general population by repeated measurements. The articles must also have been published 

in English between 2000 and 2010. The initial literature search yielded 3106 articles. After 

reviewing the titles and abstracts, a total of 13 articles were identified for inclusion at this 

stage. Three articles were excluded after reviewing the full text. The references of the remain-

ing articles were scanned, but no additional relevant articles have been found. One relevant 

article that was accepted for publication was added. The characteristics and the results of the 

reviewed publications are summarized in Table 4.1 and 4.2, respectively.

In the next part, we discuss the impact of colorectal and lung cancer screening on lifestyle 

first. Special attention has been paid to the impact of the screening test result on lifestyle and 

the possible role of the screening modality.

Colorectal cancer screening

Under-utilization of colorectal cancer screening has been reported regularly, even though 

the guidelines for colorectal cancer screening. Although there are nationwide differences, 

there are socio-demographic factors (male gender, marriage, higher socioeconomic status, 

e.g.), lifestyle factors (smoking history, chronic diseases, family history of colorectal cancer 

e.g.), and health care related factors (physician recommendation, health insurance cover-

age e.g.) that are associated with attending colorectal cancer screening.13 Colorectal cancer 

screening is also more common amongst people with an increased health motivation who 

practiced more often other healthy behaviours.14-16 One should recognize that an impact of 

cancer screening on future lifestyle choices might be influenced by the previous existing 

characteristics of attendees that are related to behaviour change.

Colorectal cancer screening and lifestyle changes

One of the leading causes of cancer incidence and death in developed countries is colorectal 

cancer.17 Although there are effective screening strategies in reducing mortality from colorec-

tal cancer,18, 19 Parkin et al. stated that lifestyle modifications will contribute significantly to 
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further eliminate the incidence of colorectal cancer.17 The impact of colorectal cancer screen-

ing on lifestyle was measured in one randomised controlled trial. The nutritional intake and 

body weight, physical activity, and smoking behaviour have been measured amongst 3598 

screen arm and 3462 control arm participants of a randomised controlled colorectal cancer 

screening trial at baseline and after three years of follow-up.20 The participants were invited 

for colorectal cancer screening by flexible sigmoidoscopy (FS), or FS and Faecal Occult Blood 

Test, or they received no colorectal cancer screening. Desirable lifestyle changes in dietary, 

physical activity and smoking behaviour were reported in both groups. However, the control 

arm participants reported modest, but significant better improved smoking habits (p<0.05), 

physical activity (p<0.001), and daily intake of fruits, berries and vegetables (p<0.001). The 

authors concluded that screening for colorectal cancer could possibly have a health certifi-

cate effect. There is only one study left in which Hoff et al.11 evaluated the long term effects of 

informing participants about the findings at screening. These results will be discussed in the 

paragraph about the impact of the screening result on lifestyle changes.

Lung cancer screening and lifestyle changes

Lung cancer is the leading cause of cancer death and highly correlates with lifestyle, since 

80% of the lung cancers can be attributed to the use of tobacco.21 Ongoing screening trials 

are evaluating whether lung cancer screening using low dose Computed Tomography (CT) 

will reduce lung cancer mortality in a high risk population.22-24

Several studies focussed on the impact of lung cancer CT screening on smoking behaviour, 

although only two RCT were available. In one RCT, Ashraf et al.25 found a quit rate of 11% 

amongst all baseline smokers, but the quit rates did not differ between participants in the 

screen (11.9%) and control (11.8%) arm. Thereby, there was no tendency that former smok-

ers relapsed more often after CT screening for lung cancer. In contrast, Van der Aalst et al. 

found that, although all trial participants were more than average inclined to stop smok-

ing, the smoking abstinence rate was modest, but significantly lower amongst those who 

underwent screening (14.5%) compared to the control group (19.1%).26 In the observational 

studies,9, 27-31 supportive quit rates between 7-23% were reported amongst participants 1-6 

years after baseline screening. As we refer to the quit rates of 5-7% reported amongst adults 

in the general population, lung cancer screening seems to be an opportunity to enhance 

smoking cessation amongst long-term smokers. Encouraging is that almost three-quarter 

of the participants stated that screening made them thinking about giving up smoking and 

two-third believed that the abstinence from smoking would have a beneficial effect on their 

health. Most participants (87%) who had really changed their smoking behaviour reported 

that undergoing screening had been the major influence of their behavioural change.27 

Although the results suggested that screening for lung cancer could potentially enhance 

improvements in smoking behaviour, it remains uncertain whether screening might give 

unrealistic reassurance, because of the lack of randomized controlled trials. Limitations of the 
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observational studies are related to methodological implications, including different recruit-

ment procedures, heterogeneity of the study population, small sample sizes, different study 

designs, and different outcome measures, what affects the comparison of the results and the 

overall level of evidence.

Influence of the screening test result

Whynes et al.32 found that screening behaviour in a cervical cancer screening programme 

was driven by a search for reassurance. Receiving a negative screening result might provide a 

health certificate for participants who seek health control,10 because participants seem to be 

falsely reassured. A reduced perceived threat might decrease the motivation for behavioural 

change after screening. Larsen et al.20 have found a possible health certificate effect after 

a negative colorectal cancer screening result, since screened participants improved their 

lifestyle less compared to participant in the control arm. However, consistently negative 

screening results were not associated with reduced smoking abstinence amongst 2078 

ELCAP participants who underwent CT screening for lung cancer and false reassurance 

played at most a minor role in health seeking behaviour after breast cancer screening.33, 34 The 

other way around, receiving a positive test result might be a teachable moment for health 

behavioural change, because the personalized health-related feedback might override the 

optimistic bias and increase the motivation for health behavioural change.8 Several studies 

found that a positive test result and referral for work-up and diagnosis were associated with 

desirable behavioural change. In one study, Hoff et al.11 evaluated the long-term effects of 

informing average risk participants about findings after FS screening. Those who were in-

formed about the presence of a polyp tended to improve their smoking habits and had a 

smaller increase in BMI than those who were informed that no polyps had been found. The 

impact of a false positives screening result on lifestyle changes has not been investigated so 

far, although the cumulative probability of a positive screening result after especially FOBT 

is relatively high and an impact on future lifestyle choices is not inconceivable.35 After lung 

cancer screening, the smoking abstinence rate was also higher after referral to the physician 

because of abnormal CT screening result.25, 29, 33 Although the screening result had no impact 

on smoking behaviour amongst ELCAP participants after one year of follow-up, smokers who 

received multiple positive screening results were significantly more likely to be abstinent 

from smoking after three screening rounds.28 No impact of the screening result on future 

smoking behaviour was found amongst participants of the National Lung Screening Trial, 

although they became more ready to quit smoking.9 Despite the inconsistencies, the results 

would suggest an important (educational) role for physicians and other health care providers. 

Screened participants seem to be at least more ready for behavioural change and therefore 

more receptive to health-related feedback and information about behavioural change that 

might induce risk-reducing health behaviour. Thereby, the psychological impact of screening 

increased after screening, but returns to baseline values after long term, which highlights the 
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need for adequate timing of health promotion. Thus far, there is no evidence-based approach 

to inform participants about the screening test result and the opportunities to combine 

cancer screening with health promotion interventions.

Could it be modality dependent?

Different modalities for cancer screening are available and one technique is more radical 

compared to others. Especially in colorectal screening, the burden differs amongst the mo-

dalities available, including Faecal Occult Blood Testing, FS, colonoscopy and double-contrast 

barium enema.36 Marshal et al. described that modality attributes related to accuracy of the 

test (sensitivity and specificity) appeared to be more important for screening acceptance 

than the modality process (preparation, process and pain). On the other hand, the preferred 

screening test was characterized by a non-invasive process, no required preparation, no pain 

and a high accuracy of the screening test.36 Despite that some modalities are uncomfortable 

and unpleasant, including FS and mammography, these have been well tolerated by screened 

participants.37 Although the overall results of the impact of screening on future behaviour are 

comparable across the several cancer screening studies, there is a gap in current evidence 

about the possible impact of the screening modality on determinants of behavioural change. 

Although the exposure to radical technologies might increase the motivation to change 

unhealthy behaviour to prevent future diseases, one should recognize that the screening 

modality has most impact on screening (re-)attendance.38 A screening programme using 

more radical modalities might reach fewer, but more motivated people.

The impact of screening on lifestyle-related morbidity

In cancer screening evaluation, the cancer specific mortality competes with dying from other 

diseases. The question is to what extent there is evidence about the side effect of cancer 

screening on lifestyle-related morbidity and mortality, because of the possible side effects 

of cancer screening on lifestyle. Studies reported that all-cause mortality was not affected 

by screening, suggesting that screening had no impact on all cause mortality. However, the 

review shows that there is insufficient data about the impact of cancer screening on lifestyle-

related diseases and death. Further investigation is warranted to explore the impact of cancer 

screening on lifestyle changes and lifestyle-related diseases.

How to cope with this potential problem?

To understand the possible methods on how to cope with the potential unwanted effects 

of screening, we should refer to the theoretical concept of participation in a screening pro-

gramme as described in the Health Belief Model.39 The assumption is that people are afraid 

of diseases. Health behavioural change is influenced by the perceived risk and the expected 

reduction of this risk after risk reducing behaviour. The possible reduction in health risk 

should outweigh practical and psychological harms. The readiness for behavioural change 
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is influenced by internal (age, gender e.g.) and external (health education e.g.) factors. The 

so-called ‘cue-to-action’ refers to a factor that triggers behavioural change. The screening 

procedure, receiving the test result as well as the contact with health care providers might be 

a cue-to-action. These events possibly increase the cognitive availability of risk perceptions 

that overcome biases, the emotional responses that prompt vigilant attention and it might 

treat personal control or self-esteem by social stigmatization. However, it remains uncertain 

what action might be promoted: a healthy lifestyle or an unhealthy lifestyle.

In health promotion, lifestyle is an important determinant, because it is the most important 

modifiable cause of disease and premature death worldwide.40 Participants of cancer screen-

ing programmes often have a healthier lifestyle compared to the non-participants,14, 16, 41-46 

while the lifestyle characteristics of attendees still require health promotion.15-16,  47-63 This 

self selection suggests a potential for health promoting interventions to modify unhealthy 

behaviour in screening programmes, because participants seem to have a relatively higher 

health consciousness and motivation for health behavioural changes compared to non-

participants. Screening might be a supplement to their health behaviour. However, one 

concern is that screening still might also be a health check for health risk behaviour.

Health promotion in a cancer screening programme

It might be an opportunity to combine efforts to both modify risk factors as well as the early 

detection of cancer in asymptomatic individuals to further eliminate the burden of cancer. 

However, current screening trials were often limited to no intervention, minimal self-help or 

counselling interventions. The efficacy of the health education intervention was investigated 

in only few trials (Table 4.3).25, 64-66

In the context of colorectal cancer screening, Baker and Wardle64 investigated the efficacy 

of a short psycho-educational intervention for increasing fruit and vegetable intake that was 

personalized and tailored to the level of knowledge, attitudes, and individual behaviour. The 

intervention group (n=742) significantly increased their fruit (p<0.001) and vegetable intake 

(p<0.001) compared with the control group (n=309) after 6 weeks of follow-up. The intake in-

creased from 25% to 42% in the intervention group, whereas the intake remained unchanged 

(26%) in the control group. Part of the efficacy of the intervention was attributed to individu-

als learning about sufficient nutritional intake, since participants had poor knowledge about 

the recommended daily intake. Although the study randomized screening participants who 

volunteered to receive the intervention, so that they are assumed to be more motivated 

for health risk reducing behaviour, the results suggest a potential for primary prevention 

measures in addition to cancer screening. However, it was unknown whether the behavioural 

changes remain over time, because it is well-known that behavioural change is a process 

rather than a state. The risk of relapse to unhealthy behaviour is reasonable after a short-term 

follow-up of 6 weeks.



Chapter 4

86

ta
b

le
 4

.3
. M

or
e 

de
ta

ile
d 

in
fo

rm
at

io
n 

ab
ou

t t
he

 re
vi

ew
ed

 a
rt

ic
le

s 
th

at
 h

av
e 

ex
pl

or
ed

 in
te

rv
en

tio
ns

 fo
r p

ro
m

ot
in

g 
lif

es
ty

le
 in

 c
an

ce
r s

cr
ee

ni
ng

 p
ro

gr
am

m
es

.

Fi
rs

t A
ut

ho
r 

(Y
ea

r)
Re

f N
o

Co
un

tr
y

Sa
m

pl
e 

Si
ze

Ch
ar

ac
te

ris
tic

s 
pa

rt
ici

pa
nt

s
Sc

re
en

in
g;

Sc
re

en
in

g 
in

te
rv

en
tio

n;
He

al
th

 p
ro

m
ot

io
n 

In
te

rv
en

tio
n

Im
pa

ct
 

in
te

rv
en

tio
n

Fo
llo

w
-u

p
Re

le
va

nt
 re

su
lts

Ba
ke

r e
t a

l.64

(2
00

2)
UK

74
2 

in
te

rv
en

tio
n 

an
d

30
9 

co
nt

ro
l g

ro
up

 
pa

rti
cip

an
ts

55
-6

4 
ye

ar
s

52
%

 fe
m

al
es

Co
lo

re
ct

al
 ca

nc
er

 sc
re

en
in

g;
Fle

xib
le

 si
gm

oi
do

sc
op

y;
Br

ie
f, t

ai
lo

re
d,

 p
sy

ch
o-

ed
uc

at
io

na
l in

te
rv

en
tio

n 
or

 
co

nt
ro

l g
ro

up

Fr
ui

t a
nd

 ve
ge

ta
bl

e 
in

ta
ke

,
aw

ar
en

es
s,

at
tit

ud
e

6 
w

ee
ks

In
te

rv
en

tio
n 

ve
rs

us
 co

nt
ro

l a
rm

:
- 

 Da
ily

 fr
ui

t i
nt

ak
e 

in
cr

ea
se

d 
w

ith
 0

.5
9 

se
rv

in
gs

 ve
rs

us
 0

.1
4 

se
rv

in
gs

 (p
<0

.0
01

)
- 

 Da
ily

 ve
ge

ta
bl

e 
in

ta
ke

 in
cr

ea
se

d 
w

ith
 0

.4
7 

se
rv

in
gs

 ve
rs

us
 0

.1
2 

se
rv

in
gs

 (p
<0

.0
01

)
- 

 To
ta

l d
ai

ly 
in

ta
ke

 in
cr

ea
se

d 
w

ith
 1

.0
6 

se
rv

in
gs

 ve
rs

us
 0

.2
6 

se
rv

in
gs

Cl
ar

k e
t a

l.65

(2
00

4)
Un

ite
d 

St
at

es

85
 in

te
rv

en
tio

n 
an

d
86

 st
an

da
rd

 g
ro

up
 

pa
rti

cip
an

ts

51
-7

4 
ye

ar
s

46
%

 fe
m

al
es

60
%

 h
ea

vy
 sm

ok
er

s
Cu

rre
nt

 sm
ok

er
s

Lu
ng

 ca
nc

er
 sc

re
en

in
g;

CT
-sc

an
;

W
rit

te
n 

se
lf-

he
lp

 m
at

er
ia

ls 
(c

on
tro

l) 
or

 in
te

rn
et

 so
ur

ce
s 

fo
r s

m
ok

in
g 

ce
ss

at
io

n

Sm
ok

in
g 

be
ha

vi
ou

r
1 

ye
ar

In
te

rv
en

tio
n 

ve
rs

us
 co

nt
ro

l a
rm

:
- 

 Qu
it 

at
te

m
pt

s: 
68

%
 ve

rs
us

 4
8%

 (p
=0

.0
01

)
- 

 Po
in

t p
re

va
le

nc
e 

of
 sm

ok
in

g:
 5

%
 ve

rs
us

 1
0%

 (p
=0

.1
7)

- 
 Re

ad
in

es
s t

o 
qu

it 
sm

ok
in

g:
 2

7%
 ve

rs
us

 3
0%

 (p
=0

.7
0)

- 
 Re

vi
ew

 m
at

er
ia

l: s
ta

nd
ar

d 
gr

ou
p 

is 
m

or
e 

lik
el

y t
o 

re
vi

ew
 al

l 
m

at
er

ia
l (

p=
0.

00
1)

M
cB

rid
e 

et
 al

.66

(1
99

9)
Un

ite
d 

St
at

es

28
8 

in
te

rv
en

tio
n 

an
d

29
2 

us
ua

l c
ar

e 
pa

rti
cip

an
ts

M
ea

n 
ag

e:
 3

6.
4 

ye
ar

s
Fe

m
al

es
Cu

rre
nt

 sm
ok

er
s 

Pa
rti

cip
an

ts
 ce

rv
ica

l 
sc

re
en

in
g 

pr
og

ra
m

m
e

Ce
rv

ica
l c

an
ce

r s
cr

ee
ni

ng
;

Pa
p 

sm
ea

r;
Us

ua
l c

ar
e 

or
 se

lf-
he

lp
 

sm
ok

in
g 

ce
ss

at
io

n 
ki

t

Sm
ok

in
g 

be
ha

vi
ou

r
6 

an
d 

15
 

m
on

th
s

Se
lf-

he
lp

 in
te

rv
en

tio
n 

ve
rs

us
 u

su
al

 ca
re

:
At

 6
 m

on
th

s; 
15

 m
on

th
s o

f f
ol

lo
w

-u
p

- 
 Po

in
t p

re
va

le
nc

e 
ab

st
in

en
ce

: p
=0

.5
6;

 p
=0

.1
7

- 
 Qu

it 
at

te
m

pt
: p

=0
.2

9;
 p

=0
.6

2
Ch

an
ge

 b
et

w
ee

n 
th

e 
fo

llo
w

-u
ps

- 
 Co

nt
in

uo
us

 ab
st

in
en

ce
: 4

.7
%

 ve
rs

us
 5

.6
%

; p
=0

.3
8

- 
 Sm

ok
in

g 
ce

ss
at

io
n:

 1
2.

1%
 ve

rs
us

 5
.6

%
; p

=0
.0

2
- 

 Re
la

ps
e:

 5
5.

2%
 ve

rs
us

 4
8.

8%
; p

=0
.3

8



87

Does participation to screening unintentionally influence lifestyle behaviour and thus lifestyle-related morbidity?

4

Clark et al.65 investigated the effectiveness of smoking cessation self-help materials 

amongst 171 current smokers who underwent lung cancer CT screening. A standard written 

self-help material was compared with a standard list with internet-based resources about 

smoking cessation. After one year, participants who received the internet list reported more 

often a quit attempt, but there were no differences in point prevalence of smoking abstinence 

or a forward transition in the readiness to quit smoking. Another minimal self-help smoking 

cessation intervention was also evaluated amongst 288 women who currently smoked fol-

lowing cervical cancer screening.66 The standard interventions included a self-help booklet, 

a smoking and reproductive health information card and three telephone counselling calls. 

Compared to 292 women in the control arm, the cessation rates were comparable after both 

6 months as well as 15 months of follow-up.

Despite the few studies published so far, the results suggest an important role for tailoring 

interventions to promote health behaviour using a cost-effective approach. This had been 

confirmed by research in the general population before.64-66 One major limitation of the 

current knowledge is the lack of evidence for the underlying process of lifestyle changes in 

cancer screening participants. Insight in the possible success factors and barriers is important 

for further implications for the development of sufficient interventions. These might also not 

be restricted to written tailored information. Important is that the cost-effectiveness of other 

lifestyle-related interventions effective in the general population, such as individual and 

group counselling or pharmacological interventions, should also be considered.

SuMMARY

Three major targets in cancer control are the prevention of the development of cancer, the 

early detection of preclinical malignancies and an adequate treatment of cancer patients 

to improve survival outcomes. The unwanted effects of cancer screening on future lifestyle 

are uncertain, while lifestyle is a major modifiable cause of cancer and premature death. Al-

though the evidence is limited, this review shows that desirable lifestyle changes have been 

reported after both colorectal as well as lung cancer screening. However, unwanted effects 

of screening on lifestyle have also been reported amongst participants of a colorectal cancer 

screening programme. One should recognize that although cancer screening might be a 

teachable moment for health behavioural change, screening still might have a false health 

certificate effect to continue or start unhealthy behaviour. More randomised controlled trials 

are warranted to investigate the favourable and unfavourable effects of cancer screening on 

future lifestyle and whether health promotion is feasible in, and complementary to, cancer 

screening programmes in reducing the burden of cancer.

There is insufficient data to make judgements about the impact of cancer screening on 

health-related morbidity so far. It should be very important to verify whether the modification 
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of lifestyle-related behaviour due to screening will reduce or induce lifestyle-related morbid-

ity and to explore the consequences of these lifestyle changes on the cost-effectiveness of 

cancer screening efforts.

Practice points

• Lifestyle is an important determinant of health, because it is the most important modifi-

able cause of disease and premature death worldwide.

• Cancer screening might have opportunities for lifestyle improvements, although the 

concern that remains is that screening provides a possible health certificate effect.

• Cancer screening might be a “teachable moment” for primary prevention measures to 

modify unhealthy lifestyles.

Research agenda

• The impact of different cancer screening programmes on lifestyle and lifestyle-related 

morbidity needs to be explored in randomised controlled trials to provide evidence 

about whether changes are attributable to screening.

• Studies are necessary to investigate cost-effective primary prevention interventions that 

could be complementary to cancer screening programmes.

• The impact of cancer screening on lifestyle-related morbidity and the effect on the cost-

effectiveness of cancer screening programmes need to be clarified.
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AbSTRACT

background

Lung cancer screening may provide a new opportunity for attempts to quit among smokers 

or might delay smoking cessation, but studies to date failed to provide evidence for this. 

This study investigated the effect of lung cancer screening on smoking abstinence in male 

smokers participating in the Dutch–Belgian randomised controlled lung cancer screening 

trial (NELSON trial).

Methods

In the NELSON trial, 50- to 75-year-old participants at high risk for developing lung cancer 

were randomised to either lung cancer screening or no screening. Smoking behaviour was 

evaluated in two random samples of male smokers in the screen (n=641) and control arm 

(n=643) before (T0) and 2 years after randomisation (T1). In addition, the data were also 

analysed by intention-to-treat (ITT) analysis, as recommended in smoking cessation interven-

tion trials, although non-response in screening trials can also be due to reasons other than 

continued smoking.

Results

Almost 17% (16.6%) of the trial participants quit smoking, which is higher than the 3–7% 

found in the general adult population. However, screening was associated with a lower 

prolonged abstinence rate (14.5%) compared with no screening (19.1%) (OR= 1.40, 95% CI: 

1.01-1.92; p<0.05). No statistically significant difference was found after performing an ITT 

analysis.

Conclusions

This study showed that all trial participants were inclined to stop smoking more than aver-

age, which suggests that screening is a teachable moment to improve smoking behaviour. 

In those who underwent screening the smoking abstinence rate was significantly lower than 

for the control group, although the difference was modest. After ITT analysis this difference 

was no longer observed.
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5.1 INTROduCTION

Smoking is highly correlated with the development of lung cancer, the leading cause of 

cancer death worldwide.1, 2 As approximately 80–90% of all cases are attributable to smok-

ing,2 the most effective way to reduce the risk for developing lung cancer substantially is to 

refrain from smoking.3 Clinically diagnosed lung cancer is often in an advanced stage and 

occurs more often in former than in current smokers today, which highlights the need for 

further secondary preventive measures in addition to smoking cessation.4 For that reason, in 

different randomised trials the cost-effectiveness of lung cancer screening by low-dose CT is 

being evaluated.5, 6 Subjects who participated in a lung cancer CT screening trial showed a 

high interest in smoking cessation-related interventions, which provides new opportunities 

to approach this population for smoking cessation programmes.7-10

People eligible for lung cancer screening usually are of advanced age with a long and 

intensive smoking history and often smoking-related comorbid diseases.11, 12 It is well known 

that these smokers are relatively less motivated to quit smoking and less often seek smok-

ing cessation support,13, 14 even though smoking cessation could lead to significant health 

benefits in this population.15

In several observational studies, participation in a lung cancer screening programme was 

found to be associated with smoking abstinence,3, 9, 16 with cessation rates ranging between 

7% and 23%,7, 9, 17, 18 which is encouraging compared with a quit rate of between of 3% and 

7% in the general adult population.19 Ostroff et al. reported that 87% of the participants who 

changed their smoking behaviour stated that participation in the screening programme 

had been a major influence on their motivation to quit smoking.7 The studies reported on 

this topic so far are difficult to compare,7,  9,  10,  18 and one concern that remains is that lung 

cancer screening may act as a licence to smoke, because of the potential reassuring effect of 

screening.7, 9, 18

Only data from one randomised controlled trial (RCT) for lung cancer screening are avail-

able comprising 4104 participants (45% women); in this trial Ashraf et al. reported similar 

smoking behavioural changes in both trial arms after lung cancer screening.20

Our study is the first RCT on lung cancer screening that explored the smoking behaviour 

in both trial arms and where the control arm participants have never been invited to the 

screening site. The purpose of the study was to investigate the effect of lung cancer screening 

(screen arm) on smoking abstinence compared with no screening (control arm) among par-

ticipants in the Dutch–Belgian randomised controlled lung cancer screening trial (NELSON 

trial) after 2 years of follow-up, and to identify the baseline characteristics associated with 

smoking abstinence.
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5.2 METHOdS

Study design

The study design of the NELSON trial has been described elsewhere.6,  21 In summary, the 

volunteers who gave their informed consent (15,822) were randomised (1:1) to either the 

screen arm or the control arm. Participants in the screen arm received lung cancer screening 

according to the study protocol and the test result was based on a nodule management 

protocol.6, 22 The participants in the control arm received usual care (no screening), without 

any invitation to the screening site. At randomisation, all current smokers in both study arms 

received a standard smoking cessation brochure or a questionnaire by which people could 

ask for tailored smoking cessation information from STIVORO, the Dutch expert centre on 

tobacco control. The standard brochure contained brief information about the advantages of 

quitting, the barriers to quitting, tips about how to quit smoking and how to prevent smok-

ing relapse, and the possibilities for smoking cessation support. The questionnaire consisted 

of questions about smoking history, previous attempts to quit, attitude towards smoking 

cessation and self-efficacy in smoking abstinence.

The NELSON trial was approved by the Dutch Minister of Health after positive advice from 

the Dutch Health Council and by the Ethical Boards of the participating centres.

Study population

The NELSON trial

Information regarding the recruitment rounds and selection procedure of the NELSON popu-

lation has also been described before.6, 21, 22 In brief, people aged between 50 and 75 years 

with a smoking history of >15 cigarettes a day for >25 years or >10 cigarettes a day for >30 

years, and who were current smokers, or former smokers who quit smoking <10 years ago, 

were invited to participate in the NELSON trial.21

The effect of lung cancer screening

The current study was conducted in a random subgroup of current male smokers randomised 

to the screen (n=641) or control (n=643) arm of the NELSON trial during the first recruitment 

period (Figure 5.1). A current smoker was defined as a participant who had smoked 7 days 

prior to completing the baseline questionnaire before randomisation (T0). Screened male 

smokers who received a positive scan result (n=53 (2.1%)) or who were off-study (n=163 

(6.3%) in the screen arm and n=7 (0.3%) in the control arm) were excluded from this sample 

(Figure 5.1). The selected population (n=1284) received a second questionnaire to measure 

smoking behaviour in November 2006, which was 2.2 (SD 0.29) years after randomisation 

(T1).
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baseline questionnaire (T0)

Recruitment 1

Randomisation in the NELSON-trial 1

Eligible respondents who

signed the informed consent

N=11,181

Control arm

N= 5,451 males (48.8%)

Smoking status

• current smokers: n= 2,585 (47.4%)

• former smokers: n= 2,866 (52.6%)

Intervention

1)  Smoking cessation information for current smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2) No lung cancer screening

Screen arm

N= 5,438 males (51.2%)

Smoking status

• current smokers: n= 2,577 (47.4%)

• former smokers: n= 2,861 (52.6%)

Intervention

1)  Smoking cessation information for current smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2)  Lung cancer screening 

• low dose spiral CT-scan at year 1, 2 and 4

questionnaire after two years of follow-up (T1)

November 2006

Sent: sample of 641 participants who smoked at T0

Response: 581 subjects (90.6%)

Excluded for the sample

•  former  smokers (n= 2,861, 52.4%)

•  test positives (n= 53, 2.1%)

•  off-study (n= 163, 6.3%) 

• death (n= 30) 

• lung cancer (n= 31) 

• inaccessible (n= 10) 

• personal reasons (n= 88) 

• unknown (n= 4)

Excluded for the sample

•  former smokers (n= 2,866, 52.6%)

•  off-study (n= 7, 0.3%) 

• death (n= 5) 

• personal reasons (n= 2)

Excluded

Females:  

n=218 (1.9%)

Gender unknown: 

n=74 (0.8%)

questionnaire after two years of follow-up (T1)

November 2006

Sent: sample of 643 participants who smoked at T0

Response: 503 subjects (78.2%)

Figure 5.1. Study flow diagram.
1 NELSON indicates Dutch-Belgian Lung Cancer Screening Trial
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general questionnaire (T0)

The general questionnaire included demographic variables (date of birth, gender, level of 

education) and smoking-related variables.21 The intention to quit smoking (8-point scale) was 

adapted from the Transtheoretical Model and recoded according to the stages of change. 

Respondents with no intention of quitting smoking within 1 year were classified as immotive, 

whereas precontemplators, contemplators and preparators reported an intention to quit 

smoking within 6–12 months, 1–6 months or 1 month, respectively.23, 24 Other smoking-relat-

ed items were the age of smoking initiation (8-point scale); the average number of cigarettes 

smoked a day (10-point scale); the number of years of smoking (9-point scale); and the time 

to the first cigarette after waking up. These last variables were recoded to a variable with 4–5 

categories and into a continuous variable based on the mean value of each category. The last 

item is a measure of nicotine addiction and is adapted from the Fagerström Test for Nicotine 

Dependence (FTND).24, 25

Smoking cessation questionnaire (T1)

In addition to the questions at T0, we asked participants about their marital status/home situ-

ation and their smoking behaviour. Current smoking behaviour was measured by questions 

regarding whether participants still smoked (yes/no); the number of cigarettes, shag (rolling 

tobacco), cigar/cigarillos and/or pipe smoked a day; and whether they had smoked during 

the last 24 h (yes/no) and 7 days (yes/no) before completing the questionnaire.24 Respon-

dents who answered that they still smoked or who smoked in the last 7 days were classified as 

current smokers. In all other cases, they were regarded as point prevalent smoking abstinent. 

In addition, these participants were asked the following questions. ‘Are you engaged in an 

attempt to quit at this moment (yes/no)?’ ‘What was the date of the attempt to quit (day/

month/year)?’ ‘Have you smoked since this quit date (not at all/1–5 cigarettes/>5 cigarettes) 

and since 2 weeks after this quit date (not at all/1–5 cigarettes/>5 cigarettes)? ‘How many at-

tempts to quit lasting for at least 24 h have you made in the past?’ 24 Former smokers who had 

smoked <5 cigarettes since 2 weeks after the quit date were classified as prolonged smoking 

abstinent, whereas former smokers who had smoked <5 cigarettes since the quit date were 

classified as continued smoking abstinent. All others were classified as current smokers all 

the time.24 Prolonged smoking abstinence was the primary outcome measure of this study.26 

The self-reported smoking status was not biochemically verified.

To calculate the increase or reduction in smoking intensity, the numbers of cigarettes 

smoked at follow-up were recoded to the categories as measured at T0, which was the least 

exact measurement. Transitions through the categories were calculated; backward change 

was classified as reduced smoking, whereas forward change was classified as increased 

smoking. Otherwise, the smoking behaviour was defined as stable.
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Statistical analyses

Power analysis indicated that a sample of 480 participants in the screen arm and 240 partici-

pants in the control arm would have 80% power to detect an expected difference in quit rates 

of 14% in the screen arm and 7% in the control arm. Similarities in distribution of the baseline 

characteristics in both trial arms were analysed using Pearson χ2 statistics for categorical 

variables and the Mann–Whitney U test for continuous variables with a non-normal distribu-

tion. These tests were also used to explore differences in smoking behaviour in participants 

in the screen arm and control arm at T1. Both univariate and multivariate (backward) logistic 

regression analyses were performed to investigate whether baseline characteristics predict 

prolonged smoking abstinence at T1. In addition, the association between lung cancer 

screening and smoking abstinence was calculated by the ‘intention-to-treat’ (ITT) method 

(worst-case scenario) as recommended for smoking cessation intervention studies.26 Accord-

ing to this method, non-responders are considered as current smokers.

The level of significance was set at 0.05 (two-tailed). The statistical package software R was 

used for the power analysis and all other statistics were performed using SPSS version 15.0.

5.3 RESuLTS

baseline characteristics of the participants

The response rates to the questionnaires were 90.6% (581/641) and 78.2% (503/643) for the 

screen arm and control arm, respectively (Figure 5.1). The median age of the respondents 

(n=1084) was 58 (IQR 7) years. Moreover, 892 of the 1084 participants (82.3%) lived together 

and 504 out of 1067 participants (47.2%) had a lower education level. The majority of the 

respondents had a smoking history of 31–50 pack-years (561/1084; 51.8%) and started smok-

ing at the age of 15–20 years (704/1084; 64.9%). One hundred and seventy-nine smokers 

(179/1020; 17.5%) reported starting smoking <5 min after waking up, which reflects nicotine 

addiction. At T0, 40.8% (432/1058) of the smokers did not intend to stop smoking, while 

15.6% (165/1058), 28.9% (306/1058) and 14.7% (155/1058) of the smokers had the intention 

to stop within 1 year (precontemplation stage of quitting), 6 months (contemplation stage) 

or 1 month (preparation stage), respectively (Table 5.1).

The baseline characteristics of the respondents to the subcohort questionnaire were 

comparable with the baseline characteristics of male smokers in the NELSON trial of the first 

recruitment round (Table 5.1). Furthermore, responders from the screen arm and control 

arm (Table 5.1), and responders and non-responders (data not shown) had similar baseline 

characteristics (no statistically significant differences).
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table 5.1. Baseline characteristics of the participants.

Male smokers randomised in the 
NELSON-trial (1st recruitment)

Male smokers responded to the smoking
cessation questionnaire

Total (n=5161) Screen arm (n=581) Control arm (n=503)

N (%)1 N (%)1 N (%)1

Median age (IqR) y   58 (7)  57 (7)  58 (8)

Level of Education2

Low educational level 2442 (48.0) 280 (49.3) 224 (44.9)

Medium educational level 1244 (24.5) 136 (23.9) 122 (24.4)

High educational level 1395 (27.5) 152 (26.8) 153 (30.7)

Marital status

Married or living together NA 475 (81.8) 417 (82.9)

Pack-years

≤ 30 PY 1207 (23.4) 186 (32.0) 144 (28.6)

31-40 PY 1810 (35.1) 168 (28.9) 161 (32.0)

41-50 PY 1143 (22.2) 116 (20.0) 116 (23.1)

51-60 PY  540 (10.5)  66 (11.4)  47 (9.3)

> 60 PY  456 (8.8)  45  (7.7)  35 (7.0)

Starting age of smoking

≤ 15 years  865 (16.8)  87 (15.0)  92 (18.3)

15 - 20 years 3337 (64.7) 392 (67.5) 312 (62.0)

> 20 years  955 (18.5) 102 (17.5)  99 (19.7)

Intention to quit smoking3 (T0)

Immotive 2003 (39.9) 229 (40.6) 203 (41.1)

Precontemplator  769 (15.3)  84 (14.9)  81 (16.4)

Contemplator 1504 (30.0) 173 (30.7) 133 (26.9)

Preparator  743 (14.8)  78 (13.8)  77 (15.6)

Time to the first cigarette4

≤ 5 minutes  963 (19.7)  99 (18.1)  80 (16.9)

5 - 30 minutes 2000 (40.8) 206 (37.8) 205 (43.2)

30 minutes - 1 hour 1217 (24.9) 146 (26.7) 120 (25.3)

> 1 hour  717 (14.6)  95 (17.4)  69 (14.6)

IQR = interquartile range; NA = not applicable
1 Available data were presented N (%) unless described otherwise.
2 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
3 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
4 First question of the Fagerström test for Nicotine Dependence (FTND).
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Lung cancer screening and smoking behaviour

The smoking behaviour of the responders after 2 years of participation in the screening trial 

(T1) is presented in Table 5.2. No difference was found in the number of attempts to quit 

between the screen arm and control arm participants. At T1, respondents in the control arm 

reported a significantly higher point prevalence of smoking abstinence (OR=1.38; 95% CI: 

1.01-1.90), as well as a higher prolonged (OR=1.40; 95% CI: 1.01-1.92) and continued absti-

nence rate (OR=1.42; 95% CI: 1.03-1.96) compared with the screen arm.

According to the ITT analysis, assuming that the non-respondents were current smokers, 

the point prevalence of smoking abstinence was 13.7% (88/641) and 15.5% (99/640) in the 

screen arm and control arm, respectively, after 2 years of follow-up (p=0.38). The prolonged 

and continued abstinence rates were, respectively, 13.1% (84/641) and 12.6% (81/641) in the 

screen arm and 14.9% (96/643) and 14.6% (94/643) in the control arm (p=0.35; p=0.30).

Complete data for the abstinence period were available for 75% (63/84) of the screened 

participants and 72% (69/96) of the control arm participants (Table 5.2). At T1, the median 

period of prolonged abstinence was 12.0 months in both trial arms. After 2 years of follow-up, 

the current smokers in the screen (n=497) and control (n=407) arm smoked 20 (IQR: 13–12, 

respectively) cigarettes a day (p=0.90). A similar proportion of current smokers in the screen 

(264/497; 53.1%) and control (219/407; 53.8%) arm reported having reduced their smoking 

intensity (p=0.23). In addition, 17.7% (88/497) and 13.8% (56/407) of the smokers increased 

their smoking intensity and 29.2% (145/497) and 32.4% (132/407) remained stable in the 

screen and control arm, respectively.

table 5.2. Smoking behaviour of male smokers in the screen and control arm after two years of follow-up.

Screen arm
%1 N

Control arm
%1 N p value

Median number of quit attempts (IQR) 1 (2) 581 1(2) 503 0.47

Point prevalence of smoking abstinence2 15.1 88/581 19.8 99/500 0.04

Prolonged smoking abstinence3 14.5 84/581 19.1 96/503 0.04

Continued smoking abstinence4 13.9 81/581 18.7 94/503 0.03

Median duration of smoking cessation5

(IQR) (months) 12.0 (17.0) 63 12.0 (15.5) 69 0.82

IQR = interquartile range
1 Data is presented in % unless described otherwise.
2 Point prevalence of smoking abstinence indicates that respondents did not smoke last seven days.
3 Prolonged smoking abstinence indicates that respondents have smoked <5 cigarettes since two weeks after the 
quit date.
4 Continued smoking abstinence indicates that respondents have smoked <5 cigarettes since the quit date.
5 Results are based on available data of respondents who were former smokers at follow-up (T1).
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Predictors of prolonged smoking abstinence

Univariate baseline characteristics associated with prolonged smoking abstinence at T1 were 

a higher educational level (p=0.01), an intention to quit smoking within 1–6 months and 

within 1 year (p=0.01), allocation to the control arm (p=0.04) and a time to the first cigarette 

table 5.3. Odds Ratio of baseline characteristics for prolonged smoking abstinence in male smokers two 
years after randomisation.

Prolonged smoking abstinence

univariate analysis
OR (95% CI)

Multivariate analysis
OR (95% CI)

Study arm

Screen arm 1.00 1.00

Control arm 1.40 (1.01-1.92)* 1.45 (1.02-2.04)*

Age (T0) 0.99 (0.96-1.03)

Level of education1

Lower education 1.00 1.00

Medium education 1.27 (0.83-1.93) 1.29 (0.84-2.00)

Higher education 1.84 (1.26-2.67)* 1.66 (1.12-2.48)*

Starting age of smoking

< 15 years 1.00

16-19 years 1.20 (0.77-1.87)

> 20 years 0.73 (0.41-1.31)

No of cigarettes smoked a day 0.98 (0.96-1.00)

Smoking duration (years) 1.00 (0.97-1.03)

Time to the first cigarette2

< 5 minutes 1.00

5 - 30 minutes 1.68 (0.97-2.93)

30 - 60 minutes 1.97 (1.10-3.51)*

> 60 minutes 2.34 (1.26-4.33)*

Intention to stop smoking (T0)3

Immotive 1.00 1.00

Pre-contemplator 1.65 (1.02-2.69)* 1.60 (0.98-2.61)

Contemplator 1.93 (1.30-2.87)* 1.81 (1.20-2.73)*

Preparator 1.58 (0.96-2.60) 1.11 (0.61-2.00)

* statistically significant odds ratio (p < 0.05)
1 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
2 First question of the Fagerström Test for Nicotine Dependence (FTND).
3 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
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of >60 min and 30–60 min (p=0.05) (Table 5.3). The age, the age at starting smoking, the 

number of cigarettes smoked a day or the smoking duration were not statistically significant 

predictors of prolonged smoking abstinence at follow-up (Table 5.3).

Multivariate analysis (Table 5.3) showed that only an intention to quit smoking within 

1–6 months (p=0.03), a higher educational level (p=0.04), and allocation to the control arm 

(p=0.04) were significantly associated with prolonged smoking abstinence at follow-up.

5.4 dISCuSSION

The high smoking abstinence rate observed among those screened (14.5%) has also been 

reported in previous observational studies.7-10, 18, 20 This abstinence rate is positive in compari-

son with the 3–7% quit rates observed in adults of the general population after a minimal in-

tervention for smoking cessation.19 This is very encouraging, since screening trial participants 

are usually elderly people with a long and intense smoking history for whom it is difficult 

to make an attempt to quit.11, 14 Despite this high abstinence rate among those screened, 

control arm participants reported modest but significantly higher smoking abstinence rates.

In contrast to our findings, Ashraf et al. found no effect of the allocation to the screen or 

control arm on smoking habits,20 which could probably be explained by the fact that both 

screen and control arm participants were invited to the screening site for spirometry and 

minimal smoking cessation counselling offered by a specialised nurse each year. This might 

have mitigated the effect of CT screening on smoking behaviour, and could explain the lack 

of any difference in smoking behaviour changes between both trial arms.10 The strengths 

of our study are that all smokers in our study received limited written smoking cessation 

information only once at randomisation, and that control arm participants were never invited 

to the screening site.

Data analysis according to the ITT method is generally recommended for the evaluation 

of smoking cessation intervention studies.26 Ashraf et al. also used this method to analyse 

their data.20 When we applied this method, we also found no statistically significant differ-

ence in smoking abstinence between the screen and control arm. However, we believe that 

it is appropriate to exclude non-responders, because non-response of NELSON participants 

can reasonably also be explained by reasons other than continued smoking, such as loss of 

interest in screening for lung cancer. Furthermore, people are more likely to under-report 

their smoking intensity rather than their smoking status.27 Therefore, we believe that despite 

the lower response rate observed in the control arm, allocation to the screen arm may lead 

to lower quit rates as compared with the control arm. Our concern is, therefore, that screen-

ing may create some relief among smokers based on false confidence.7 This unfavourable 

effect of screening on smoking cessation has not been reported in the context of lung cancer 

screening before. Only Larsen et al. reported less improvement in smoking habits among 
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screened individuals in a colorectal cancer screening trial.28 Furthermore, we found that 

half of the current smokers reduced their smoking intensity and that the other half did not 

change or even increased their smoking intensity after lung cancer screening. We should re-

alise, however, that we were able to detect only large changes in smoking intensity, because 

of the wide categories used and because in reality even more people might have increased 

their smoking intensity.

These results emphasise the need to improve smoking habits in lung cancer screening 

programmes. So far, there is no evidence-based approach to how to integrate the promo-

tion of the abstinence from smoking in lung cancer screening programmes. More research is 

warranted to identify the most cost-effective intervention and the best method to frame the 

intervention in lung cancer screening programmes. Important issues to explore are the best 

type of intervention, the optimum teachable moment(s) and whether the test result could be 

used as biofeedback to enhance quitting smoking.

A limitation of our study is that the data originate from self-completed questionnaires 

without biochemical verification of the smoking status, with the risk of social desirability re-

sponse bias. However, self-reports on smoking behaviour appeared to be valid in a lung can-

cer screening setting.29 The recruitment was based on population registries, but randomised 

people volunteered to participate in the lung cancer screening trial. These volunteers were 

possibly more motivated to quit smoking compared with the general adult population.13 We 

excluded male smokers randomised to the screen arm with a positive test result from the 

sample that was selected for the sub study, because of the low prevalence (2.1%) of this 

test result in the study population after the introduction of the indeterminate test result by 

the NELSON trial. This probably may have caused a small underestimation of the smoking 

cessation rate in participants in the screen arm, because a positive test result might motivate 

subjects to quit smoking.10, 18, 20 When we adjust for the exclusion of the people with a posi-

tive test result,20 the prolonged smoking abstinence rate in the screen arm was comparable 

and had no impact on the results. Another limitation is that this sub study was restricted to 

men, but, based on past research, we presume that the effect of lung cancer screening is 

similar for males and females at high risk for developing lung cancer.10, 18, 20

Although we demonstrated an association between lung cancer screening participation 

and smoking abstinence, more research is warranted that explores whether this relationship 

is causal, because few available studies are available so far.

This study showed that all trial participants were inclined to stop smoking more than 

average, which suggests a teachable moment to improve smoking behaviour. In those 

who underwent screening the smoking abstinence rate was significantly lower than for the 

control group, although the difference was modest. After ITT analysis, this difference was no 

longer observed.
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AbSTRACT

background

Receiving a lung cancer computed tomography screening result might be a teachable mo-

ment for smoking cessation, but it might also unintentionally reassure smokers to continue 

smoking. The objective of the present study was to investigate whether test results were as-

sociated with smoking abstinence in the Dutch–Belgian Randomised Controlled Lung Cancer 

Screening Trial (NELSON trial).

Methods

Two random samples of male smokers who had received either only negative test results 

(n=550) or one or more indeterminate test result (n=440) were sent a questionnaire 2 yrs 

after randomisation.

Results

Smokers with an indeterminate result reported more quit attempts (p=0.02), but the pro-

longed abstinence rate in smokers receiving a negative test (46 (8.9%) out of 519 subjects) 

was comparable with the abstinence rate in smokers with one or more indeterminate results 

(48 (11.5%) out of 419 subjects) (p=0.19). A statistically insignificant increase was found after 

one or more indeterminate test result (10.9 and 15.0%, respectively) compared with receiving 

only negative test results (8.9%) (p=0.26).

Conclusions

In conclusion, the outcome of the screening test had no impact on future smoking absti-

nence in male smokers, although all results suggest more favourable implications after one 

or more follow-up recommendations. Screening test outcomes could be used as a teachable 

moment for smoking cessation.
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6.1 INTROduCTION

Lung cancer, the leading cause of cancer deaths, is often diagnosed at an advanced stage 

and occurs increasingly amongst former smokers,1 which underline the need for preventive 

measures. Several randomised screening trials are evaluating the (cost-) effectiveness of 

lung cancer computed tomography (CT) screening in reducing lung cancer mortality.2, 3 Even 

though the population eligible for lung cancer screening usually has a long-term smoking 

history,4 significant health benefits might be achieved by smoking cessation, even in this 

high-risk population.5, 6 However, resistance to quitting smoking is high in this population7 

and this group of smokers is often underrepresented in smoking cessation interventions.8

Healthcare events, such as receiving an abnormal test result or an unfavourable medical 

diagnosis, might be teachable moments that increase the motivation to quit smoking.8-11 So 

far, there is no strong evidence that people at high risk for lung cancer who receive an abnor-

mal lung cancer screening test result will be more prone to quit smoking than those with a 

normal test result or vice versa. A single baseline CT test result appeared to have no impact 

on smoking abstinence rates or change in smoking behaviour in studies by Anderson et al.,12 

Cox et al.,13 Ostroff et al.,14 and Taylor et al.15. In contrast, the number of multiple abnormal 

lung cancer screening test results was positively associated with smoking cessation in the 

Mayo Clinic trial after 3 yrs of follow-up.16 Ashraf et al.17 and Styn et al.18 also found a higher 

quit rate after a positive test result or referral to a physician, and Ostroff et al.14 concluded 

that participation in lung cancer screening programmes had a major impact on smoking 

behavioural changes, and that participants were convinced of the health benefits of smoking 

cessation.

In most lung cancer CT screening trials, the number of subjects with a positive test result 

that require referral for work-up and diagnosis is high.13-16 In the Dutch–Belgian Randomised 

Controlled Lung Cancer Screening Trial (NELSON trial), we used a novel strategy for the man-

agement of lung nodules.3 After an indeterminate test result, a recall CT scan to assess nodule 

growth was introduced. This new approach led to a substantial reduction in the number of 

positive tests and, therefore, fewer referrals to the pulmonologist for work-up, without losing 

significant diagnostic performance.3 This novel strategy might also have a different effect on 

smoking behaviour changes compared with the current nodule management algorithms. 

Therefore, our objective in the present study was to investigate whether the CT screening test 

result (negative versus indeterminate) was related to future smoking abstinence amongst 

50–75-yr-old male smokers who participated in the NELSON trial. In addition, we investigated 

whether the number of indeterminate screening test results was associated with an increased 

quit rate and aimed to identify baseline characteristics associated with prolonged smoking 

abstinence after 2 yrs of follow-up.
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6.2 MATERIALS ANd METHOdS

Study population 

NELSON trial

The recruitment and selection procedure of the NELSON study participants has been de-

scribed previously.19 In summary, based on population registries, 15,822 eligible people aged 

50–75 yrs, who signed the informed consent, were randomised to the screen or control arm 

(1:1) in two recruitment rounds. Participants eligible for the NELSON trial were current or 

former smokers who had smoked >15 cigarettes a day for >25 yrs or >10 cigarettes a day for 

>30 yrs. Former smokers should have quit smoking for ≤10 yrs.

Participants in the screening arm underwent screening by low-dose, multidetector CT in 

years 1, 2 and 4, and no screening was offered to control arm participants. The screening 

results were either positive, indeterminate or negative according to our nodule management 

strategy.3 A positive test result was classified as: 1) a solid nodule with a volume >500 mm3; 

2) a solid, pleural-based nodule with a diameter >10 mm; or 3) partially solid, of which the 

solid component measured >500 mm3. An indeterminate test result was classified as: 1) a 

solid nodule with a volume of 50–500 mm3; 2) a solid, pleural-based nodule with a diameter 

of 5–10 mm; 3) a partially solid nodule with either a nonsolid component of >8 mm mean 

dimension or a solid component of 50–500 mm3; or 4) a nonsolid nodule with a diameter of 

≥8 mm. In all other cases, the test result was negative. People with a positive screening result 

were informed about their referral to a pulmonologist by phone, whereas those with either 

an indeterminate or a negative screening result received only a standard letter explaining 

that radiologists had or had not found an abnormality. An indeterminate screening result was 

not classified as a positive screening result, because participants with an indeterminate test 

result received a letter which was formulated very carefully to avoid possible psychological 

consequences often reported after a (false-)positive test result. The letter stated: “We have 

observed a very small abnormality in your lung (5–10 mm long). Such a small abnormality is 

often detected in many persons and it usually represents a small scar or a minor inflamma-

tion. Therefore, at this moment there is no need for any further investigations. However, in 

order to see whether there has been any change in this abnormality, a new CT scan of the 

lungs will be made after 3 to 4 months.”.

Smoking cessation information from STIVORO, the Dutch expert centre on tobacco con-

trol, was sent to all current smokers at randomisation. Current smokers received a standard 

brochure with brief information about how to quit smoking or a questionnaire for tailored 

smoking cessation information.

The NELSON trial was approved by the Ministry of Health, Welfare and Sports after positive 

advice of the Dutch Health Council, and by the Medical Ethics Committees of the participat-

ing centres.
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Effect of a CT screening result on smoking cessation

The current study was conducted in a random sub cohort of two samples of male screening 

arm participants who were current smokers before randomisation and were randomised in the 

NELSON trial during the first recruitment round. Participants who had smoked in the 7 days 

before completing the general questionnaire before randomisation (T0) were classified as 

current smoker. The random samples included only participants who had received either only 

negative test results (“test negatives”; n=550) or at least one indeterminate test result followed 

by a recommendation for recall CT screening after 3 months (“test indeterminates”; n=440).

Male screening arm participants with a positive test result at follow-up (n=53, 2.1%) or 

those who went off-study (because of, for example, unavailability, personal reasons, lung 

cancer or death; n=163, 6.3%) were excluded from these samples.

The selected population received a second questionnaire about their actual smoking hab-

its (mean ± SD) 2.2 ± 0.29 yrs after trial randomisation (T1) and 1.8 ± 0.35 yrs after receiving 

their baseline test result (Figure 6.1). At follow-up, the test negative group had undergone 

2 ± 0.25 (only regular-round) CT scans and the test indeterminate group 3 ± 0.47 (including 

regular and recall scans) CT scans.

Measures

T0: baseline questionnaire

Participants were asked about their age, sex and level of education. Their smoking history 

was assessed using questions about: age of smoking onset (8-point scale); average number 

of cigarettes smoked a day during the years of smoking (10-point scale); and the years of 

smoking during their lifetime (9-point scale).19 The last two variables were recoded into 

variables with five and four categories, respectively, and into a continuous variable based on 

the mean value of each category. The intention of quitting smoking was adapted from the 

Transtheoretical Model and classified according to the stages of change.20,  21 Respondents 

who had no intention to quit smoking in the near future were defined as immotives, whereas 

contemplators, pre-contemplators and preparators reported an intention to quit smoking 

within 6–12 months, 1–6 months or 1 month, respectively.20, 21 Nicotine addiction was esti-

mated using the first question of the Fagerström Test for Nicotine Dependence (FTND), which 

asked for the time to the first cigarette after waking up (<5, 5–30, 30–60 or >60 min).21, 22

T1: smoking cessation questionnaire

The second questionnaire included additional questions about the smoking habits at 2 yrs 

of follow-up. Current smoking behaviour was measured by asking the participants whether 

they usually smoked (yes/no), whether they had smoked during the previous 24 h (yes/no) 

and/or 7 days (yes/no). Respondents who reported smoking and/or who had smoked in 

the previous week were defined as current smokers, whereas others were defined as point 

prevalent abstinent from smoking.23
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baseline questionnaire (T0)

Recruitment 1

Randomisation in the NELSON-trial1  n=11,181

Control arm

N= 5,451 males

Smoking status

• current smokers: n= 2,585

• former smokers: n= 2,866 

Intervention

1)  Smoking cessation information for current smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2) No lung cancer screening

Screen arm

N= 5,438 males

Smoking status

• current smokers: n= 2,577

• former smokers: n= 2,861

Intervention

1)  Smoking cessation information for current  smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2)  Lung cancer screening 

• year 1, 2, 4

questionnaire two years after randomization (T1)

(1.75 year after the baseline scan)

Sent:

•  550 subjects with only negative screening results 

(negatives)

Completed questionnaire:

• 500 / 550 negatives (90.9%)

Exclusion of data:

•  n = 31 respondents quit smoking between the 

general questionnaire and before a first scan result 

was obtained and/or had a mismatch with the 

inclusion criteria.

Final data set for analysis: n=519

Excluded for the sample

• test positives (n= 53, 2.1%)

•  off-study (n= 163, 6.3%) 

• death (n= 30) 

• lung cancer (n= 31) 

• inaccessible (n= 10) 

• personal reasons (n= 88) 

• unknown (n= 4)

Excluded for the sample

Females: n=218 (1.9%)

Gender unknown: n=74 (0.8%)

questionnaire two years after randomization (T1)

(1.75 year after the baseline scan)

Sent:

•  440 subjects with ≥ 1 indeterminate screening 

result (indeterminates)

Completed questionnaire:

• 412 / 440 indeterminates (93.6%)

Exclusion of data:

•  n = 21 subjects quit smoking between the  general 

questionnaire and before a first scan result was 

obtained and/or had a mismatch of the inclusion 

criteria.

Final data set for analysis: n=419

Figure 6.1 Study Flowchart.
1 NELSON indicates Dutch-Belgian Lung Cancer Screening Trial
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To measure smoking abstinence, participants were asked about the number of quit at-

tempts in the last year and whether they were engaged in a quit attempt at that time (yes/

no). Former smokers were asked about the date of quitting smoking (day/month/year) and 

whether they had smoked (not at all, 1–5 cigarettes or >5 cigarettes) since the quit date 

and 2 weeks after the quit date.23,  24 Former smokers who had smoked <5 cigarettes since 

the quit date were classified as continued smoking abstinent, while former smokers who 

had smoked <5 cigarettes 2 weeks after their quit date were defined as prolonged smoking 

abstinent. Those who smoked >5 cigarettes were classified as current smokers.23, 24 The smok-

ing intensity at T1 was recoded into the categories of the number of cigarettes smoked at T0 

(least precise). The transition through these categories was calculated and classified as stable, 

reduced smoking (lower category) or increased smoking intensity (higher category).

Statistical analysis

In order to detect an expected quit rate of 5–7% amongst smokers in the test negative group 

and 20% amongst smokers in the test indeterminate group16, 25 with a power of 100%, the 

required sample size enrolled in each group was 400 participants. 

Continuous variables with a normal distribution are presented as mean ± SD and skewed 

continuous variables are presented as median (interquartile range). 

The differences in distributions of baseline characteristics between male smokers of the 

first recruitment and the subgroups, between the two subgroups and between the respon-

dents and non-respondents of each subgroup were analysed using Pearson’s Chi-squared test 

for nominal or categorical variables and the Mann–Whitney-U test for continuous variables 

with a non-normal distribution. The non-respondents were classified as current smoker and 

included in the analysis.24

Differences between former smokers in the negative and indeterminate group were anal-

ysed using the Mann–Whitney U-test, unpaired t-test or Chi-squared statistics as appropriate. 

The effect of the screening result on prolonged smoking abstinence was analysed using both 

univariate as well as multivariate unadjusted backward stepwise logistic regression analyses 

using the likelihood ratio test. The variables related to the test results, level of education, 

motivation to quit smoking and the time to the first cigarette (FTND) were included as cat-

egorical variables, while the other variables were included as continuous variables. 

Results with a p-value ≤ 0.05 were defined as statistically significant. The power analysis 

was calculated using the statistical software package R (The R Project, Institute for Statistics 

and Mathematics, Vienna University of Economics and Business, Vienna, Austria). The remain-

ing statistics were performed using the SPSS statistical software package version 15.0 (IBM, 

Somers, NY, USA).
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6.3 RESuLTS

Characteristics of the participants

The response rates to the questionnaires were 90.9% (500 out of 550 subjects) and 93.6% 

(412 out of 440 subjects) for those who received only negative test results and those who 

received at least one indeterminate test result, respectively (Figure 6.1). 52 participants were 

excluded from all further analyses either because they had quit smoking between comple-

tion of the general questionnaire before randomisation and their first CT screening test result 

(n=31, 3.1%) or because of a mismatch with the inclusion criteria (male current smokers at 

randomisation) (n=21, 2.1%). The response was higher in the negative group compared with 

the indeterminate group (7.5 versus 4.3%; p=0.04), although there was no non-response bias 

(p>0.05).

The baseline characteristics of the subsamples were representative for the male smokers 

of the first recruitment of the NELSON trial and the participants of both groups were com-

parable with regard to baseline characteristics (no statistically significant differences) (Table 

6.1). Mean ± SD age was 57.9 ± 5.0 and 58.6 ± 4.9 yrs in the test negative and indeterminate 

group, respectively. A total of 49.0% (249 out of 508) of the test negatives and 53.7% (220 

out of 410) of the test indeterminates had a low level of education. Participants with and 

table 6.1 Baseline characteristics of the participants of the NELSON trial and the respondents of the 
sub-cohort.1

Male smokers randomised in 
the screen arm of the
NELSON trial
(1st recruitment)

Male smokers responded to the smoking
cessation questionnaire

Total 2 Test
Negatives

Test 
Indeterminates

Age 58.0 ± 4.9 58.0 ± 5.0 57.9 ± 5.0 58.6 ± 4.9

Level of education

Low educational level 48.3 (1223/2532) 49.9 (463/928) 49.0 (249/508) 53.7 (220/410)

Medium educational level 24.3  (615/2532) 23.9 (222/928) 24.0 (122/508) 23.7  (97/410)

High educational level 27.4  (694/2532) 26.2 (227/863) 27.0 (137/508) 22.6  (93/410)

Number of cigarettes a day

≤ 15 cigarettes 26.1 (673/2576) 29.5 (280/948) 29.7 (154/519) 28.9 (121/419)

16-20 cigarettes 27.2 (701/2576) 26.2 (248/948) 25.4 (132/519) 29.4 (123/419)

21-25 cigarettes 27.0 (696/2576) 27.0 (256/948) 27.9 (145/519) 23.2  (97/419)

> 25 cigarettes 19.6 (506/2576) 17.3 (164/948)v 17.0  (88/519) 18.5  (78/419)

Smoking duration

≤ 35 years 26.0 (669/2575) 24.9 (236/948) 25.2 (131/519) 23.7  (99/418)

36-40 years 33.9 (874/2575) 34.8 (330/948) 35.3 (183/519) 33.0 (138/418)

41-45 years 28.2 (726/2575) 28.4 (269/948) 27.7 (144/519) 31.1 (130/418)

> 45 years 11.9 (306/2575) 11.8 (112/948) 11.8  (61/519) 12.2  (51/418)
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without a follow-up recommendation had a comparable smoking history between 31–60 

pack-yrs (60.7% (315 out of 519) versus 59.6% (249 out of 418), respectively). 70% (362 out 

of 519) of the test negatives and 62.3% (261 out of 419) of the test indeterminates started 

smoking between 15–20 years of age, and 58.6% of the test negatives and 61.8% of the test 

table 6.1 (continued)

Male smokers randomised in 
the screen arm of the
NELSON trial
(1st recruitment)

Male smokers responded to the smoking
cessation questionnaire

Total 2 Test
Negatives

Test 
Indeterminates

Pack-years

≤ 30 pack-years 29.7 (766/2575) 31.3 (297/948) 31.4 (163/519) 31.1 (130/418)

31-40 pack-years 28.3 (729/2575) 29.5 (280/948) 29.5 (153/519) 29.7 (124/418)

41-50 pack-years 22.1 (586/2575) 20.5 (194/948) 20.4 (106/519) 20.8  (87/418)

51-60 pack-years 10.8 (277/2575) 10.5  (99/948) 10.8  (56/519)  9.1  (38/418)

> 60 pack-years  9.1 (235/2575)  8.2  (77/948)  7.9  (41/519)  9.3  (39/418)

Starting age of smoking

< 15 years 17.0  (437/2575) 15.6 (148/948) 15.0  (78/519) 18.1  (76/419)

15-20 years 64.7 (1665/2575) 68.4 (648/948) 69.7 (362/519) 62.3 (261/419)

> 20 years 18.4  (473/2575) 16.0 (152/948) 15.2  (79/519) 19.6  (82/419)

Time to the first cigarette3

< 5 minutes 19.8 (484/2442) 18.8 (169/898) 17.9  (88/492) 22.8  (90/395)

5 - 30 minutes 40.3 (983/2442) 39.0 (350/898) 38.6 (190/492) 40.5 (160/395)

30 minutes -1 hour 25.3 (617/2442) 27.3 (245/898) 28.5 (140/492) 22.5  (89/395)

> 1 hour 14.7 (358/2442) 14.9 (134/898) 15.0  (74/492) 14.2  (56/395)

Motivation to quit smoking

Immotive 40.0 (993//2485) 40.8 (374/918) 41.4 (208/503) 38.2 (154/403)

Precontemplator 15.6 (388//2485) 14.6 (134/918) 14.7  (74/503) 14.1  (57/403)

Contemplator 30.5 (759//2485) 39.4 (279/918) 29.4 (148/503) 34.8 (140/403)

Preparator 13.9 (345/2485) 14.2 (130/918) 14.5  (73/503) 12.9  (52/403)

Data were presented as % (n/N), mean ± sd, unless stated otherwise.
Test Negatives: male smokers who received only negative test results, Test Indeterminates: male smokers who 
received at least one indeterminate test result.
Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
Immotive indicates no intention to stop smoking within 1 year or later; precontemplator, intention to stop 
smoking within 6-12 months; contemplator, intention to stop smoking within 1-6 months; preparator, intention 
to stop smoking within the next month.
1 No selection and/or non-response bias was found (p > 0.05).
2 Data is weighted to correct for the actual distribution of negative and indeterminate screening results in the 
screen arm.
3 First question of the Fagerström Test for Nicotine Dependence (FTND).
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indeterminates reported an intention to quit smoking. A high level of nicotine addiction was 

reported in 17.9% (88 out of 492) of the test negatives and 22.8% (90 out of 395) of the test 

indeterminates (p=0.04), as estimated by subjects smoking their first cigarette within 5 min 

after waking up.

table 6.2. Smoking behaviour of male smokers who have received either only negative screening results 
(negatives) or at least one indeterminate screening result (indeterminates).

Test
Negatives n

Test 
Indeterminates n p-value

Number of quit attempts 1.5 ± 2.0 376 1.9 ± 2.7 312 0.016

Point prevalence of smoking abstinence 0.39

Continued smoking 89.6 465/519 87.8 368/419

Smoking abstinence 10.4 54/519 12.2 51/419

Prolonged smoking abstinence 0.19

Continued smoking 91.1 473/519 88.5 371/419

Prolonged smoking abstinence 8.9 46/519 11.5 48/419

Continued smoking abstinence 0.23

Continued smoking 91.1 473/519 88.8 371/419

Continued smoking abstinence 8.9 46/519 11.2 47/419

Follow-up period after quit date1

Median (IQR) (in months) 9.0 (10.9) 40 7.6 (11.0) 40 0.30

Time between last regular screening result and 
quit date1 Mean (SD) (in months) 7.0 ± 4.2 40 6.7 ± 3.8 40 0.74

Time between baseline scan and quit date1

Mean (SD) (in months) 12.3 ± 7.2 40 13.4 ± 7.8 40
0.50

Last scan round before quit date1 0.50

Scan round year 1 50.0 20/40 42.5 17/40

Scan round year 2 50.0 20/40 57.5 23/40

Number of cigarettes a day2 434 353 0.37

Median (IQR) 20 (13) 20 (12)

Reduced smoking2

Increased smoking 18.4  80/434 14.7  52/353

No change 29.7 129/434 30.3 107/353

Reduced smoking 51.8 225/434 55.0 194/353

Negatives indicate the group participants who received only negative screening results; Indeterminates indicate 
the group participants who received at least one indeterminate screening result, NA not applicable.
Data were presented as % (n/N), mean ± sd, or median (interquartile range), unless stated otherwise.
1 The results are based on data of former smokers with complete data of the quit date.
2 The results are based on data of respondents who smoked at follow-up.
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Screening test results and smoking abstinence

After 2 yrs of follow-up, smokers who received only negative test results had made fewer quit 

attempts compared with smokers who received at least one follow-up recommendation (1.5 

± 2.0 versus 1.9 ± 2.7 attempts; p=0.016). 

No statistically significant differences were found in smoking abstinence rates between the 

test negative and test indeterminate group.

Point prevalence of smoking abstinence was reported in 54 (10.4%) out of 519 and 51 

(12.2%) out of 419 subjects (p=0.39), prolonged smoking abstinence in 46 (8.9%) out of 519 

and 48 (11.5%) out of 419 subjects (p=0.19), and continued abstinence in 46 (8.9%) out of 

519 and 47 (11.2%) out of 419 subjects (p=0.23) in the negative and indeterminate groups, 

respectively (Table 6.2). Prolonged abstinence rates slightly increased with an increased 

number of indeterminate test results, from 46 (8.9%) out of 519 subjects after only negative 

test results to 39 (10.9%) out of 359 subjects after one indeterminate result, and to nine (15%) 

out of 60 subjects after two or more indeterminate test results, but this did not reach statisti-

cal significance (p=0.26) (Figure 6.2).

Former smokers had quit smoking for 9.0 (10.9) and 7.6 (11.0) months in the test negative 

and indeterminate groups, respectively (p=0.30). The time frame between receiving the last 

regular test result and the quit date was also comparable for both groups (7.0 ± 4.2 and 6.7 ± 

3.8 months, respectively; p=0.74) (Table 6.2).

Furthermore, we found comparable smoking habits among test negatives and test inde-

terminates who still smoked after 2 yrs of follow-up (p=0.37) (Table 6.2). After multivariate 

testing, only the addiction to nicotine predicted the prolonged abstinence from smoking 

significantly (p=0.006) (Table 6.3).
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Figure 6.2. The quit rates of male smokers in relation to the number of indeterminate screening result(s) 
after two years of follow-up.
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table 6.3. The univariate and multivariate predictors of prolonged smoking abstinence.

Prolonged smoking abstinence

univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Test result

 Only negative test results 1.00

 ≥ 1 indeterminate test result 1.33 (0.87 - 2.04) 0.19

Test result in the last 12 months

Negative test result 1.00

Indeterminate test result 1.26 (0.48 - 3.30) 0.64

Age 1.02 (0.98 - 1.07) 0.31

Level of education 1

Low educational level 1.00 0.09

Medium educational level 1.14 (0.65 - 1.98) 0.65

High educational level 1.73 (1.06 - 2.84) 0.029

Cigarettes smoked a day 0.99 (0.96 - 1.02) 0.40

Smoking duration (years) 1.01 (0.97 - 1.06) 0.53

Starting age

< 15 years 1.00 0.09

15 - 20 years 1.70 (0.88 - 3.29) 0.12

> 20 years 0.95 (0.40 - 2.27) 0.91

Time to the first cigarette 2

< 5 minutes 1.00 0.005 1.00 0.006

5 - 30 minutes 1.99 (0.96 - 4.09) 0.06 1.94 (0.94 – 4.00) 0.08

30 - 60 minutes 1.26 (0.56 - 2.85) 0.58 1.28 (0.56 – 2.89) 0.56

> 60 minutes 3.42 (1.56 - 7.51) 0.002 3.39 (1.55 – 7.45) 0.002

Intention to stop smoking (T0) 3

Immotive 1.00 0.55

Precontemplator 0.80 (0.38 - 1.66) 0.55

Contemplator 1.25 (0.75 - 2.07) 0.39

Preparator 1.32 (0.69 - 2.51) 0.40

1 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
2 First question of Fagerström Test for Nicotine Dependence (FTND).
3 Immotive indicates no intention to stop smoking within one year or later; precontemplator, intention to stop 
smoking within 6-12 months; contemplator, intention to stop smoking within 1-6 months; preparator, intention 
to stop smoking within the next month.
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6.4 dISCuSSION

The results of our study demonstrated that the lung cancer screening test result (negative or 

indeterminate) had no statistically significant impact on future smoking abstinence amongst 

male smokers randomised in the NELSON trial. Nevertheless, all outcome parameters were 

more favourable for smokers who received at least one indeterminate test result, with a 

nonsignificant increased quit rate after multiple follow-up recommendations. The findings 

are supported by the studies of Anderson et al.,12 Cox et al.,13 Ostroff et al.,14 and Taylor et al.,15 

who demonstrated no statistically significant impact of the test result on smoking cessation. 

The small, but insignificant, increase in the abstinence rates after multiple indeterminate 

test results was more or less in line with Townsend et al.,16 who found a positive association 

between the number of follow-up recommendations and the smoking abstinence rate. 

It is expected that this nonsignificant higher quit rate in test indeterminates is a result of 

the teachable moment of the follow-up procedure. It should be noted that the majority of 

the smokers who received one or more indeterminate test results also received one or more 

negative test result during follow-up, which might underestimate the impact of an indeter-

minate test result as a teachable moment. That aside, we found that, although the overall 

quit rate amongst all participants of the NELSON trial was higher than we could expect from 

the quit rate in the general adult population, the proportion of smoker in the control arm 

who quit smoking was modest, but statistically significantly (p< 0.05) higher compared 

with screen arm participants after logistic regression analysis. This raised some concern that 

lung cancer screening might have a health certificate effect.26 This means that lung cancer 

screening might give some participants an unrealistic feeling of reassurance, which leads to 

continued smoking or even smoking relapse (licence to smoke). From the present study, we 

cannot conclude whether the outcome of the test is related to smoking relapse. We expected 

only a limited effect, because Anderson et al.12 reported no increase in smoking relapse after 

consecutive negative test results compared with referral to the pulmonologist.

A combined approach for both primary and secondary prevention efforts to optimise cancer 

control is a relatively new research area, and evidence-based guidelines have yet to be pub-

lished. More research is needed to investigate the opportunities for lung cancer screening 

in current, as well as former, smokers in order to promote health risk-reducing behaviour 

change and to prevent relapses,27 and to investigate what the most cost-effective approach 

is in this screening population.

When interpreting our results, several limitations of the present study should be consid-

ered. First, people with a positive test result were excluded from this sample, because of the 

low prevalence of positive test results in the screening arm (2.6%) as a result of our NELSON 

nodule management strategy. An indeterminate test result combined with a recommenda-

tion for a recall CT scan as a teachable moment is expected to be less powerful compared 



Chapter 6

122

with a positive test result, because referral to a pulmonologist for work-up and diagnosis 

might have more impact on smoking habits compared with receiving our letter with a rec-

ommendation for a recall CT scan. This might explain the different outcome of our study 

compared with the results of Styn et al.,18 who compared those who were referred because of 

an abnormal CT screening result with those who were test negative.

Another limitation is that our results were restricted to male smokers, because of the low 

proportion of females in the NELSON trial (16%). Although there is no evidence that the impact 

of participation in a lung cancer screening on smoking behaviour is sex-dependent,13, 16-17 our 

results can only be generalised to male smokers who have undergone CT screening for lung 

cancer until there is more evidence that CT screening for lung cancer will have no different 

impact on smoking habits amongst females.

The data were also based on self-completed questionnaires without the biochemical 

verification of smoking status. This may introduce a social response bias that could affect the 

impact of CT screening on smoking habits, although it is unlikely that this bias would differ 

according to screening result. We also assume a limited risk of social response bias since a 

valid self-reported smoking status was found in a lung cancer screening programme.28

Therefore, our participants were screened for lung cancer instead of participating in a trial 

that investigated the impact of a smoking cessation intervention. Nevertheless, we would 

recommend further investigation of whether self-reported smoking behaviour is valid and 

reliable amongst participants of a lung cancer screening trial.

Finally, our results were based on a small sample of current smokers only with the aim of 

limiting all possible interventions, besides CT screening for lung cancer, in the first year of 

the trial. The difference in observed smoking abstinence was substantially lower, so that a 

significant difference could have been missed due to small sample size. Retrospectively, the 

required sample size for each group to detect the observed quit rates should be 2,500 for a 

power of 80%. 

In conclusion, the outcome of the screening test had no statistically significant impact on 

future smoking abstinence in male smokers, although all results suggests more favourable 

implications after one or more follow-up recommendation.

Lung cancer screening test outcomes might provide a teachable moment for smoking 

cessation.
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AbSTRACT

background

Lung cancer screening might be a teachable moment for smoking cessation or a possible 

health certificate effect. A previous analysis indicated that smokers in the screen arm of the 

Dutch-Belgian lung cancer screening (NELSON) trial were less likely to refrain from smoking 

compared with control arm participants after 2 years of follow-up. Aim of the current study is 

to investigate whether this result persists after 4 years.

Methods

Two random samples were selected of 50-75 years old male smokers randomised to the 

screen (n=641) or control arm (n=643) of the NELSON trial. Smoking behavioural change was 

investigated from randomisation (T0) to 4 years of follow-up (T2). Differences in smoking 

behaviour and predictors of prolonged smoking abstinence were investigated. Data was 

analyzed according to the intention-to-treat in addition.

Results

Responses were 88.2% and 65.1% in the screen and control arm. Data was weighted for non-

response bias in control arm participants. At T2, prolonged smoking abstinence rates were 

24.3% (screen arm) and 29.3% (control arm) (p=0.09). Multivariate analysis showed that lower 

baseline nicotine dependency and randomisation to the control arm increased the likelihood 

of being abstinent from smoking at follow-up (p<0.05).

Conclusions

In conclusion, male smokers who received CT screening for lung cancer and who were more 

addicted to nicotine were less likely to refrain from smoking, although the impact is limited. 

Adequate treatment of nicotine addiction would be of special importance to maintain the 

abstinence from smoking to further eliminate tobacco related health problems in male 

smokers participating in lung cancer screening.
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7.1 INTROduCTION

Lung cancer is the leading cause of cancer death worldwide and at the same time a largely 

modifiable cause of cancer death.1-2 Although refraining from smoking is the most effective 

prevention method,3-4 the need for the early detection of lung cancer is highlighted by the 

severe 5-years overall survival rate (16%) in patients with clinically diagnosed lung cancer 

and the high lung cancer incidence in former smokers.5-6

In lung cancer screening trials, it is important to investigate whether the potential ben-

efits of lung cancer screening weight out the potential harms caused by screening.7 Cancer 

screening might be a teachable moment for health promotion,8 but screening might also 

unintentionally reassure smokers (health certificate effect), which might affect health behav-

iour negatively.8-13

Few observational studies investigated the impact of lung cancer screening on smok-

ing behaviour and supportive abstinence rates (7-23%) were found in this context.11-12,  14-16 

Participants of the Early Lung Cancer Action Program (ELCAP)8 also reported an increased 

motivation to quit smoking one month after lung cancer screening and the majority (87%) 

of the participants of the National Lung Cancer Screening Trial (NLST)12 stated that screen-

ing was an important factor to change their smoking behaviour. In the Danish randomised 

lung cancer screening trial, one found comparable smoking habits in screen and control arm 

participants after one year of follow-up (11.9% versus 11.8%; p=0.95).17 In contrast, a previ-

ous evaluation in our trial, the Dutch-Belgian randomised controlled lung cancer screening 

(NELSON) trial, demonstrated that male smokers who were randomised to CT screening for 

lung cancer reported lower smoking abstinence rates compared with smokers randomised 

to no screening (usual care) after two years of follow-up (14.5% versus 19.1%; p=0.04).10 With 

the aim to judge whether and what kind of additional smoking related interventions should 

be offered to screened smokers, it is important to know whether the health certificate effect 

of screening is consistently over time or whether it was a temporary phenomenon. The cur-

rent study is the first study that investigates changes in smoking behaviour in male smokers 

randomised to CT screening for lung cancer (screen arm) or usual care (control arm) (NELSON 

trial) after 4 years of follow-up. In addition, baseline variables that predict the prolonged 

abstinence from smoking will be identified.

7.2 METHOdS

NELSON trial

This study was conducted in a subsample of participants of the NELSON trial. A more detailed 

description of the recruitment procedure and the selection of the study participants were 

described previously.18-20 In summary, based on population registries, 15,822 mainly males 
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aged between 50-75 years with a smoking history of >15 cigarettes/day for >25 years or >10 

cigarettes/day for >30 years, who were current smoker or former smoker who quit smoking 

<10 years ago, and who signed the informed consent were randomised (1:1) to the screen or 

control arm in two recruitment rounds. Participants in the screen arm received CT screening 

for lung cancer, while the participants in the control arm received usual care (no screening). 

A nodule management strategy was developed based on volume and volume doubling time 

to decide whether a nodule is suspicious malignancy.19-20 The CT screening test results could 

be negative, indeterminate or positive. Those with an indeterminate or a negative screening 

result received a standard letter explaining that radiologists had or had not found a suspi-

cious abnormality. An indeterminate test result was followed by repeat CT screening. People 

with a positive screening result were informed about their referral to a pulmonologist by 

phone. All current smokers were randomised (1:1) to receive a standard brochure or a tailor-

ing questionnaire to provide tailored smoking cessation information at randomisation.

The NELSON trial was approved by the Dutch Minister of Health after a positive advice of 

the Dutch Health Council as well the Ethical Boards of the participating centres.

Smoking cessation study

Two random subsamples of current smokers randomised in the screen (n=641) and control 

arm (n=643) of the NELSON trial during the first recruitment round were selected for the smok-

ing cessation study (Figure 7.1).10 A current smoker was defined as someone who had smoked 

for 7 days prior to completing the questionnaire before randomisation (T0). Male smokers 

who were off-study (n=163; 6.3% in the screen arm; n=7; 0.3% in the control arm) or who 

received a positive screening result (n=53; 2.1%) were excluded from this sample (Figure 7.1). 

Two questionnaires about smoking behaviour were sent to both samples (n=1284) 2.0 (IQR=0) 

years and 4.0 (IQR=1) years after randomisation (T1 and T2, respectively). During the follow-

up period, a total of 49 screen arm participants were excluded for follow-up (off study: n=42; 

positive screening result: n=7). In the control arm, 58 (9.0%) participants were lost to follow-up.

Questionnaires

The general questionnaire (T0) was sent before randomisation and measurements of de-

mographics (date of birth, gender, level of education) and smoking history (starting age of 

smoking, number of cigarettes smoked, years of smoking, the stage of change, smoking last 

7 days and a estimated nicotine dependency) were included, as stated previously.18

The follow-up questionnaires (T1, T2) were highly comparable and aimed to measure the 

actual smoking behaviour.10 Three types of smoking abstinence were distinguished, namely 

point prevalence of smoking abstinence, prolonged smoking abstinence and continued 

smoking abstinence.21To determine these concepts, the participants were asked whether 

they usually smoke (yes/no), and whether they smoked the last 24 hours (yes/no) and the last 

7 days (yes/no) before completing the questionnaire.
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baseline questionnaire (T0)
Recruitment 1

Among eligible respondents

Randomisation in the NELSON-trial1

n=11,181

Response:

n=581 (90.6%)

Response: n=513

Non-response: n=66

Non-response:

n=60 (9.4%)

Response: n=9

Non-response: n=4

Non-response:

n=140 (21.8%)

Response: n=29

Non-response: n=73

Response:

n=503 (78.2%)

Response: n=352

Non-response: n=131

Excluded

•  test positives (n=7, 1.1%)

•  off-study (n=42, 6.6%)

Control arm

N= 5,451 males (48.8%)

Smoking status

• current smokers: n= 2,585 (47.4%)

• former smokers: n= 2,866 (52.6%)

Intervention

1)  Smoking cessation information for current smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2) No lung cancer screening

Excluded

•  off-study (n= 58, 9.0%)

Screen arm

N= 5,438 males (51.2%)

Smoking status

• current smokers: n= 2,577 (47.4%)

• former smokers: n= 2,861 (52.6%)

Intervention

1)  Smoking cessation information for current smokers

• standard brochure or 

•  questionnaire for tailored smoking cessation 

information

2)  Lung cancer screening 

• low dose spiral CT-scan at year 1, 2, 4 and 6.5

questionnaire after four years of follow-up (T2)

N=592 male smokers

questionnaire after four years of follow-up (T2)

N= 585 male smokers

questionnaire after two years of follow-up (T1)

n=641 male smokers

questionnaire after two years of follow-up (T1)

n=643 male smokers

Excluded for the sample

•  former  smokers (n= 2,861, 52.4%)

•  test positives (n= 53, 2.1%)

•  off-study (n= 163, 6.3%)

Excluded for the sample

•  former smokers (n= 2,866, 52.6%)

•  off-study (n= 7, 0.3%)

Excluded

Females:  

n=218 (1.9%)

Gender unknown: 

n=74 (0.8%)

Figure 7.1. Flowchart NELSON participants in the sub-study.
1 NELSON indicates Dutch-Belgian Lung Cancer Screening Trial
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Point prevalence of smoking abstinence was defined when respondents did not usually 

smoke and when they did not smoke in the past 7 days. These participants were asked: “Are 

you currently attempting to quit smoking (yes/no)?”; “When did you make your quit attempt? 

(day/month/year)?”, and “Have you smoked since (two weeks after) this quit date (not at all/1-

5 cigarettes/> 5 cigarettes)?”. Prolonged smoking abstinence was defined as ‘having smoked 

no more than five cigarettes since two weeks after the quit date’, whereas continued smoking 

abstinence required that the participant had smoked no more than five cigarettes in total 

since the quit date. In all other cases, the respondents were classified as current smoker.21 The 

self-reported smoking status was not biochemically verified. Finally, participants were asked 

to rate the number of quit attempts.

Statistical analysis

Differences in baseline characteristics (T0) and differences in smoking behaviour (T2) between 

both subsamples were analyzed using Chi-square statistics and non-parametric statistics, as 

appropriate. Data was weighted for level of education to correct for non-response bias in 

the control arm. The impact of lung cancer screening was measured by using the intention-

to-treat analysis.21-22 Univariate and multivariate backward logistic regression analysis were 

performed using maximum likelihood ratio test to investigate the predictors of prolonged 

smoking abstinence. SPSS version 17.0 was used for all statistical analyses. A p-value of less 

than 0.05 was considered as statistically significant.

7.3 RESuLTS

Study participants

A total of 88.2% (522/592) and 65.1% (381/585) of the male smokers responded to the ques-

tionnaire at 4-year follow-up (p<0.01) (Figure 7.1). Fewer respondents in the control arm had 

a lower level of education than non-responders (41.8% versus 53.5%) (p=0.026) and data was 

weighted. Median ages at randomisation of the participants were 57 and 58 (IQR: 7) years in 

the screen and control arm. A total of 47.8% of the respondents had a lower education and 

the median number of pack-years smoked was 38.0 in both trial arms. A total of 41.3% of the 

responders were not intended to quit smoking in the next future at randomisation. However, 

12.2% (62/509) and 16.0% (60/376) were intended to quit smoking within one month in the 

screen and control arm, respectively. The remaining 44.8% (228/509) and 42.0% (158/376) 

of the smokers contemplated to quit smoking next year. Furthermore, it was estimated 

that a comparable part of the participants in the screen (17.8% (88/493)) and control arm 

(18.8% (68/361)) had a severe nicotine addiction. Control arm participants started smoking at 

younger age (<15 years) compared to screen arm participants (18.3% versus 14.8%) (p=0.034) 

(Table 7.1).
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Smoking behaviour

At 4 years of follow-up, the point prevalence of smoking abstinence in the screen arm (24.6%; 

127/516) was borderline significant lower compared to the control arm (29.7%; 111/374) 

(p=0.09) (Table 7.2). This trend was also found in the prolonged and continued smoking 

abstinence rates of 24.3% (126/519) and 29.3% (110/375) in the screen and control arm 

respectively (p=0.09) (Table 7.2).

table 7.1. Baseline characteristics of the NELSON participants included in the analysis.

Screen arm Control arm*

(%) n / N (%) n / N p-value

Median age (IQR) (years) 57 (7) 522 58 (7) 379 0.51

Level of Education1 0.94

Low educational level 47.8 245 / 513 47.8 181 / 378

Medium educational level 25.5 131 / 513 24.7 93 / 378

High educational level 26.7 137 / 513 27.5 104 / 378

Cigarettes per day (IQR) 18 (10) 522 18 (10) 381 0.91

Smoking duration (IQR) years 38 (10) 522 38 (5) 381 0.84

Pack-years (IQR) 38 (18) 522 38 (16) 381 0.88

Intention to quit smoking2 (T0) 0.10

Immotive 41.3 210 / 509 41.3 155 / 376

Precontemplator 13.9  71 / 509 16.6 62 / 376

Contemplator 32.6 166 / 509 26.1 98 / 376

Preparator 12.2  62 / 509 16.0 60 / 376

Time to the first cigarette3 (T0) 0.60

≤ 5 minutes 17.8  88 / 493 18.8 68 / 361

5 - 30 minutes 38.3 189/ 493 42.0 152 / 361

30 minutes - 1 hour 26.4 130/ 493 23.7 86 / 361

> 1 hour 17.4  86/ 493 15.5 56 / 361

Starting age of smoking 0.034

< 15 years 14.8 77 / 522 18.3 70 / 381

15 – 20 years 69.0 360 / 522 60.7 231 / 381

> 15 years 16.3 85 / 522 21.0 80 / 381

IQR = interquartile range
* Data is corrected for non-response bias with respect to the level of education.
1 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
2 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
3 First question of the Fagerström Test for Nicotine Dependence (FTND).
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Between T1 and T2, 13.5% (70/519) and 12.5% (47/376) quit smoking in the screen and 

control arm. Relapse rates were 2.3% and 1.6% in both groups, whereas the majority of the 

respondents in the screen and control arm (84.2% and 85.9%) remained stable over time 

(p=0.67) (Table 7.2). The mean period of smoking abstinence was comparable in the control 

arm (22.0 ± 18.5 months) and the screened population (17.8 ± 17.1 months) (p=0.12).

After receiving only negative screening test results among screen arm participants, the 

abstinence rate was 24.4% (94/386), which was comparable with the abstinence rates after 

1 or ≥ 2 indeterminate scan results of 24.5% (26/106) and 22.2% (6/27) (χ²=0.067; p=0.97).

According to the intention-to-treat analysis, no statistically significant differences were 

found in point prevalence of smoking abstinence (21.5% versus 19.0%; χ²=1.120, p=0.29) and 

prolonged and continued smoking abstinence (21.3% and 18.8%; χ²=1.129, p=0.29) between 

the screen and control arm, respectively.

Predictors of prolonged smoking abstinence

Univariate analysis of the baseline characteristics showed that control arm participants 

tended to quit smoking more often compared to screened participants (OR=1.29; 95% 

Confidence Interval (CI): 0.96-1.74). The other way around, screen arm participants were thus 

less likely to quit smoking with an OR of 0.77 (95% CI: 0.57-1.04). An increase in the aver-

age number of cigarettes smoked during the years of smoking decreases the likelihood of 

table 7.2. Smoking behaviour of male participants at 4-year of follow-up (T2) 1.

Screen arm Control arm

n/N n/N p-value

Point prevalence of smoking abstinence
Smoking abstinence (%)
Current smoking (%)

24.6
75.4

127 / 516
389 / 516

29.7
70.3

111 / 374
263 / 374

0.09

Prolonged smoking abstinence
Prolonged smoking abstinence (%)
Continued smoking (%)

24.3
75.7

126 / 519
393 / 519

29.3
70.7

110 / 375
265 / 375

0.09

Continued smoking abstinence
Continued smoking abstinence (%)
Continued smoking (%)

24.3
75.7

126 / 519
393 / 519

29.3
70.7

110 / 375
265 / 375

0.09

Smoking behaviour change at follow-up
(T1 vs. T2)
Quitting (prolonged abstinence) (%)
Stable (%)
Relapse (%)

13.5
84.2
2.3

70 / 519
437 / 519
12 / 519

12.5
85.9
1.6

47 / 376
323 / 376
6 / 376

0.67

Number of quit attempts at follow-up
mean (sd) 1.6 (2.3) 386 1.8 (3.4) 265 0.58

Period of being abstinent from smoking at 
4 years of follow-up
Mean (months) (sd)

17.8 (17.1) 122 22.0 (18.5) 108 0.12

1 Data is weighted for non-response bias.
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reporting abstinence from smoking at 4-year follow-up (OR=0.97; 95% CI: 0.95–0.99) (Table 

7.3). Furthermore, a lower level of nicotine dependency increased the likelihood of smoking 

abstinence at follow-up, with an OR of 1.69 (95% CI: 1.03–2.78) and 2.33 (95% CI: 1.37-3.94) 

table 7.3. Odds Ratio of baseline predictors for prolonged smoking abstinence in male smokers after 4 
years of follow-up.

Prolonged smoking abstinence

univariate analysis Multivariate analysis

OR (95%-CI) n OR (95%-CI) n

Study arm 895 832

Screen arm 1.00 1.00

Control arm 1.29 (0.96 – 1.74)# 1.41 (1.03 – 1.94)*

Age (T0) 1.01 (0.98 – 1.04) 893

Level of education1 883

Lower education 1.00

Medium education 1.08 (0.75 – 1.57)

Higher education 1.36 (0.95 – 1.93)

Number of cigarettes smoked 0.97 (0.95 – 0.99)** 895

Smoking duration (years) 1.00 (0.97 – 1.03) 895

Time to first cigarette (T0)2 846 832

< 5 minutes 1.00 1.00

6-30 minutes 1.14 (0.71 – 1.84) 1.14 (0.70 – 1.84)

31-60 minutes 1.69 (1.03 – 2.78)* 1.69 (1.03 – 2.79)*

> 60 minutes 2.33 (1.37 – 3.94)** 2.35 (1.38 – 4.01)**

Stages of smoking cessation self 
change (T0)3 878

Immotive 1.00

Pre-contemplation 1.67 (1.07 – 2.60)*

Contemplation 1.41 (0.98 – 2.03)#

Preparation 1.58 (1.00 – 2.50)#

Age of smoking oneset 895

< 15 years 1.00

15-20 years 1.53 (0.99 – 2.38)

> 20 years 1.22 (0.71 – 2.09)

# p < 0.10, * p < 0.05, ** p < 0.01; Data is weighted for non-response bias.
1 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
2 First question of the Fagerström Test for Nicotine Dependence.
3 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
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for starting smoking between 31-60 minutes and after more than 60 minutes after waking, 

respectively. Finally, smokers who reported an intention to quit smoking within one year, but 

not within the next 6 months were most likely to be abstinent from smoking at follow-up 

(OR=1.67; 95% CI: 1.07–2.60). No interaction with the trial arm was found in the univariate 

analyses (p>0.05). After multivariate testing, both the allocation to the control arm (OR=1.41; 

95% CI: 1.03–1.94) and a lower level of nicotine dependency (OR=1.69, 95% CI: 1.03–2.79 

and OR=2.35; 95% CI: 1.38–4.01) predicted statistically significant the likelihood of being 

prolonged abstinent from smoking after 4 years of follow-up.

7.4 dISCuSSION

The results of the current study support the idea that lung cancer screening might be a teach-

able moment for smoking cessation in older adults with a long-term smoking history, who 

are eligible for lung cancer screening. The overall quit rates are promising and comparable 

with other observational lung cancer screening studies.8-10, 14-16

However, even after 4 years of follow-up, CT screening for lung cancer might falsely reas-

sure cancer-free participants, since screenees tended to report lower smoking abstinence 

and for a shorter period compared with participants who received no screening (usual care), 

although the differences were limited. This phenomenon of a possible health certificate effect 

after cancer screening was only reported in a colorectal cancer screening trial (RCT) before, 

where smoking behaviour improved less amongst screened participants.9 Results of the Dan-

ish lung cancer screening trial were contradictory to our results.17 The difference might be 

explained by the fact that, in contrast to the NELSON trial, the control arm participants of the 

Danish trial were invited to the screening site for spirometry and smoking cessation counsel-

ling.17 This might unintentionally had a false reassurance effect in control arm participants or 

the smoking cessation programme was more effective than ours.10, 23

The vast majority of the NELSON participants reported nicotine dependency. Nicotine 

dependency fulfils the criteria of addiction.4, 24 The importance of nicotine addiction in the 

process of smoking cessation is also highlighted by our results. A higher baseline level of 

nicotine addiction, combined with the allocation to the screen arm, predicts continued 

smoking better than other smoking related variables after long-term follow-up. In line with 

this, nicotine replacement therapy was of high interest among screened participants of the 

Lung Screening Study and the NLST.8 Nicotine addiction often hinders smoking cessation, 

which might be reflected by the long-term smoking history of the participants in which they 

move through the stages of change continuously. This long-term exposure to tobacco is 

responsible for their eligibility for lung cancer screening. Evidence about health promotion 

in cancer screening settings is scarce and a best-practice smoking cessation intervention 

that is complementary to cancer screening should still be developed.25-26 Promising is that 
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screening participants reported interest in such programmes.25 To prevent tobacco related 

health problems in screened smokers,27-29 where significant health improvements can still 

be reached,30 it would be recommendable to investigate a cost-effective smoking cessation 

intervention. Opportunities for adequate treatment of nicotine addiction would be of special 

interest to increase successful smoking abstinence.

As reported previously,31 the CT scan result (indeterminate versus negative) has no statisti-

cally significant impact on future smoking behaviour, which is also supported by a recent 

report of Anderson et al.,14 who found that the reassurance by consistently negative screen-

ing results might not influence long term smoking abstinence compared with a positive, 

but non-cancer, screening test result amongst ELCAP-participants over a 6-year follow-up. 

One implication of the NELSON trial is that the nodule management strategy reduces the 

number of positive screening test results enormously.19 Therefore, participants who were 

referred to the pulmonologist because of an abnormal screening result were excluded for 

these samples, although this group is more likely to refrain from smoking.8,  12,  15-17 Because 

of the small number of test positives, a possible underestimation of the impact of screening 

among screen arm participants would be limited. Control arm participants started smoking 

at younger age compared to screen arm participants, but additional analysis showed compa-

rable results after adjusting the data.

Other limitations of this study, as the selection of volunteers for lung cancer screening, 

the lack of the biochemical verification of the smoking status and the use of the intention-

to-treat method for data analysis have been debated before.10 In addition, the high and also 

selective non-response in the control arm might always affect data by differences between 

respondents and non-respondents, although we corrected for the non-response bias statisti-

cally.

In conclusion, male smokers who voluntary participate in a lung cancer screening trial report-

ed positive smoking abstinence rates. Nevertheless, CT screening for lung cancer potentially 

reassures long-term male smokers compared with no screening (usual care) after 4 years of 

follow-up, although the impact is limited. Adequate smoking cessation interventions, with 

an emphasis on the treatment of nicotine addiction, would be recommended to increase 

maintained smoking abstinence to further eliminate tobacco related health problems in this 

high-risk population.
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AbSTRACT

background

Lung cancer screening might be a teachable moment for smoking cessation intervention. 

The objective was to investigate whether a tailored self-help smoking cessation intervention 

is more effective in inducing smoking cessation compared to a standard brochure in male 

smokers who participate in the Dutch-Belgian randomised controlled lung cancer screening 

trial (NELSON trial).

Methods

Two random samples of male smokers who had received either a standard brochure (n=642) 

or a tailoring questionnaire for computer-tailored smoking cessation information (n=642) 

were sent a questionnaire to measure smoking behaviour two years after randomisation.

Results

Twenty-three percent of the male smokers in the tailored information group returned a com-

pleted tailoring questionnaire and thus received the tailored advice. The prolonged smoking 

abstinence was slightly, but not statistically significant, lower amongst those randomised 

in the tailored information group compared with the brochure group. The level of educa-

tion and intention to quit smoking significantly predicted smoking cessation at follow-up 

(p<0.05). The majority of the respondents did not recall which smoking cessation interven-

tion they had received at randomisation after 2-years of follow-up.

Conclusions

The smoking abstinence rates of male smokers with a long term smoking history who partici-

pate in a lung cancer screening trial and who received either standard self-help information 

or tailored smoking cessation information were comparable after two years of follow-up.
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8.1 INTROduCTION

Lung cancer is most important tobacco related health problem worldwide.1 About 80-90% of 

the lung cancers is attributable to the use of tobacco, so that smoking cessation is the most 

effective way to reduce the risk for developing lung cancer among smokers.2

Health education is one of the strategies to combat the growing tobacco epidemic. One of 

the forms of health education is the self-help materials.3 Standard health education materi-

als are characterized by large and identical messages to reach a broad and undifferentiated 

group. A major disadvantage of standardized information is the lack of individualization of 

this information.4 Tailored health educational information may close this gap. It tries to imi-

tate interpersonal communication on a mass scale by “combining information and behavioural 

change strategies with the intention to reach an individual, based on the unique characteristics of 

that person, related to the behaviour of interest, which derived from an individual assessment”.5-7 

Previous studies showed evidence for the effectiveness of tailored self-help smoking cessa-

tion information in the general population.3, 8-12

A substantial high proportion of the lung cancer screening population is a smoker (46%), 

which highlights the need for smoking cessation as well as the opportunities to reach a 

large population.13-15 Smokers who are subjected to lung cancer screening seem to be more 

interested in receiving smoking cessation information.13 However, Clark et al.16 found no 

statistically significant difference in smoking abstinence or the readiness to quit smoking 

amongst participants of a randomised lung cancer screening trial who received standard 

smoking cessation information or a list of internet resources for smoking cessation. The 

authors argued that this might be due to the lack of tailoring of both interventions. Lung 

cancer screening might be a so-called teachable moment for smoking cessation, although a 

possible health certificate effect of cancer screening remains.13-14, 17

This is the first study that investigates whether a tailored smoking cessation intervention is 

more effective in inducing smoking cessation than a standard brochure in male smokers who 

participate in a lung cancer screening trial.

8.2 METHOdS

NELSON trial

This study was conducted in a subgroup of the participants enrolled in the Dutch-Belgian lung 

cancer screening trial (NELSON trial). A more detailed description of the recruitment procedure 

and the selection of the study participants were described previously.18-19 In summary, based 

on population registries, 15,822 mainly males aged between 50-75 years were randomised (1:1) 

to the screen or control arm. They smoked >15 cigarettes a day for >25 years or >10 cigarettes a 

day for >30 years, and they were current smoker or former smoker who quit smoking <10 years 
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ago. All gave their written informed consent. Participants in the screen arm received CT screen-

ing for lung cancer in year 1, 2, 4, and 6.5 while the participants in the control arm received usual 

care (no screening).18 The CT screening test results were based on a novel nodule management 

strategy based on volume and volume doubling time and could be negative, indeterminate 

or positive.20 Those with an indeterminate or a negative screening result received a standard 

letter explaining that radiologists had or had not found an abnormality, whereas people with 

a positive screening result were informed about their referral to a pulmonologist by phone.

All current smokers were randomised (1:1) to receive a standard brochure or a tailoring 

questionnaire necessary to provide individualized smoking cessation information. Those 

who received the tailoring questionnaire were asked to complete and return the question-

naire before they received the tailored smoking cessation advice.

The NELSON trial was approved by both the Dutch Minister of Health after a positive advice 

of the Dutch Health Council as well the Ethical Boards of the participating centres.

Smoking cessation study

This study was conducted in a sub cohort of the NELSON trial. Two random samples of cur-

rent smokers received either the standard brochure (n=642) (brochure group) or a tailoring 

questionnaire (n=642) (tailored information group).

A current smoker was defined as a participant who had smoked for 7 days prior to complet-

ing the questionnaire before randomisation (T0). Male smokers who were off-study (n=163; 

6.3% in the screen arm and n=7; 0.3% in the control arm) or male smokers in the screen 

arm who received a positive screening result (n=53; 2.1%) were excluded from this sample 

(Figure 8.1). A second questionnaire that measured actual smoking behaviour was sent to 

both samples of male smokers (n=1,284) 2.2 (SD 0.29) years after randomisation (T1).

First questionnaire (T0)

Demographics (date of birth, gender, level of education) and smoking related variables were 

assessed by the first general questionnaire.18 The smoking history was measured by the 

starting age of smoking (8-point scale), the average number of cigarettes they smoked a day 

(10-point-scale), and the years of smoking (9-point scale). The variables were recoded into 

categorical variables with 4-5 categories and into a mean value based on the median value 

of each category.

The motivation to quit smoking (8-point scale) was adapted from the Transtheoretical 

Model and recoded into four stages of change. Smokers who reported no intention to quit 

smoking were classified as immotive, whereas pre-contemplators, contemplators and pre-

parators were considered to be motivated to quit smoking in respectively 6-12 months, 1-6 

months and within a month.21-22 Finally, level of addiction to nicotine was estimated by the 

time to the first cigarette after waking-up as adapted from the first question of Fagerström 

Test for Nicotine Dependence (FTND).21-23
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Selected for smoking cessation intervention:

Computer Tailored Smoking Cessation Information

(CTSCI)

n= 2,345 male smokers

Selected for smoking cessation intervention:

Standard brochure

n=2,342 male smokers

Females n= 218 (1.9%)

Gender unknown n= 74 (0.8%)

Former smokers n= 5,727 (51,2%)

Participants Belgium n=474 (10.1%)

Follow-up questionnaire (T1)

Sent: n= 642 male participants

Response: n= 538 male participants (84%)

147/642 participants (23%) completed the tailoring 

questionnaire for the CTSCI and thus received the 

intervention.

Selection of male participants who

smoked 7 days prior to the first

questionnaire

N= 4,687

Follow-up questionnaire (T1)

Sent: n= 642 male participants

Response: n= 546 male participants (85%)

baseline questionnaire (T0)

Recruitment 1

Randomisation in the NELSON-trial1

N=11,181

Figure 8.1. Flowchart of the study population.
¹ NELSON indicates Dutch-Belgian Lung Cancer Screening Trial
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Second questionnaire (T1)

After two years of follow-up, smoking behaviour was assessed again. Three types of smoking 

abstinence were defined, i.e. point prevalence of smoking abstinence, prolonged smoking 

abstinence and continued smoking abstinence.21 The participants were asked whether they 

usually smoke (yes/no), and whether they smoked the last 24 hours (yes/no) and the last 

7 days (yes/no) before completing the questionnaire. The respondents who answered that 

they did not usually smoke and that they did not smoke in the last 7 days were classified as 

point prevalent abstinent from smoking. In the next step, those who were point prevalent 

abstinent from smoking were asked: “Have you been engaged in a quit attempt at this mo-

ment (yes/no)?”; “When did you quit smoking? (day/month/year)?”; and “Have you smoked 

since this quit date (not at all/1-5 cigarettes/> 5 cigarettes)?”. Those who reported that they 

smoked <5 cigarettes since two weeks after the quit date were classified as prolonged smok-

ing abstinent and those who reported that they had smoked <5 cigarettes since the quit 

date were classified as continued smoking abstinent. All other respondents were classified 

as continued smoker.21

Several questions about the smoking cessation tailoring intervention were added to 

this follow-up questionnaire. Participants were asked whether they had received a smok-

ing cessation intervention (yes/no/do not know) and what intervention they had received 

(brochure/ tailoring assessment).

The smoking cessation intervention

Standard brochure

The brochure “Smoking cessation, why and how” is a 35 paged standard self-help brochure of 

STIVORO – the Dutch expert centre on tobacco control – that is subdivided in four parts. Each 

part focuses on another group of smokers with differences in their intention to stop smoking, 

but who want more health education about smoking and smoking cessation. The first part of 

this brochure focuses on those who want additional information concerning the advantages 

of smoking cessation. In the second part, the focus is to handle experiences of doubts among 

smokers who intend to quit smoking. Central in the third part is providing information about 

methods for smoking cessation. The fourth part focuses on the group of smokers who have 

successfully quit, but who experience the need for information about how to prevent relapse 

to smoking.

Computer Tailored Smoking Cessation Intervention

The computer tailored smoking cessation intervention was also provided by STIVORO. 

The individual tailoring questionnaire consists of questions regarding the actual smoking 

behaviour, the level of addiction to smoking, the quit smoking history, the opinion regarding 

smoking cessation methods, smoking in the direct environment, the perceived advantages 

and disadvantages of smoking and the presence of the most frequent occurring tobacco 
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related diseases (heart disease and chronic lung diseases).24 With the aim to increase the 

individualization of the messages, the outcomes of the tailoring questionnaire directed the 

development of the tailored smoking cessation advice. STIVORO sent the tailored smoking 

cessation advice to the home addresses of only those participants who completed the tailor-

ing questionnaire.

Statistical analysis

Differences in baseline characteristics between 1) the male smokers of the first recruitment 

who received a smoking cessation intervention (n=4,687), 2) the two samples (n=1,284), and 

3) between those who completed and who did not completed the tailored questionnaire 

were tested using Chi-square statistics and non-parametric statistics as appropriate.

The analyses were performed using an intention-to-treat analysis, unless otherwise 

specified. Non-respondents were classified as current smoker and included in the analysis, 

because the assumption is that non-response is highly correlated with continued smoking.25 

To determine whether there is a different impact of the brochure or tailored smoking cessa-

tion information on prolonged smoking abstinence both univariate as well as multivariate 

backward logistic regression analyses using the likelihood test ratio were performed. The 

level of significance was set on 0.05 (two-tailed). For the power analysis the statistical pack-

age software R was used, while all other statistics were performed by using SPSS version 17.0.

8.3 RESuLTS

The study population

Of the brochure and tailored information group 85% (546/642) and 84% (538/642) responded 

to both the first and the second questionnaire, respectively (Figure 8.1). Both samples were 

representative for the male smokers randomised in the first recruitment of the NELSON trial 

(Table 8.1). The median age in both groups was 57 (IQR: 7) years and they smoked on average 

18 (IQR: 10) cigarettes a day for 38 (IQR: 19) years. A large proportion of the participants 

- 47.6% (301/633) of the brochure group and 48.8% (309/633) of the tailored information 

group - were lower educated (primary, lower secondary general or lower vocational educa-

tion). About 40% (40.3% (253/628) and 40.9% (254/621)) of the male smokers reported that 

they did not consider quitting smoking. Approximately 20% (18.9% (114/603) and 17.9% 

(108/603)) of the participants were categorized as being highly nicotine dependent. Partici-

pants in the tailored group started smoking at younger age (p=0.012) (Table 8.1). No further 

statistically significant differences were found in the baseline characteristics between male 

smokers of the first recruitment and the samples, between both samples, or between the 

respondents and respondents and non-respondents (p>0.10).
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table 8.1. Baseline characteristics of the male smokers.

Male smokers 
randomised in the first 
recruitment period of 
the NELSON trial

Total sample of male 
smokers

brochure group Tailored group

Total n=4687 Total n=1284 Total n=642 Total n=642

%1 n %1 n %1 n %1 n

Age (years): median (IQR) 57 (7) 4661 57 (7) 1283 57 (7) 641 57 (7) 642

No of cigarettes smoked/
day: median (IQR) 18 (10) 4684 18 (10) 1284 18 (10) 642 18 (10) 642

Smoking duration (years):
median (IQR) 38 (10) 4684 38 (10) 1284 38 (10) 642 38 (10) 642

Pack-years: median (IQR) 38 (20) 4684 38 (19) 1284 38 (17) 642 38 (20) 642

Educational level2

lower educational level 49.1 2264 / 4612 48.1 610 / 1266 47.6 301 / 633 48.8 309 / 633

medium educational level 24.2 1116 / 4612 23.9 302 / 1266 25.4 161 / 633 22.3 141 / 633

higher educational level 26.7 1232 / 4612 28.0 354 / 1266 27.0 171 / 633 28.9 183 / 633

Motivation to quit smoking3

immotive 40.3 1841 / 4566 40.6 507 / 1249 40.3 253 / 628 40.9 254 / 621

precontemplator 15.3 698 / 4566 15.5 194 / 1249 16.7 105 / 628 14.3 89 / 621

contemplator 30.1 1372 / 4566 29.5 368 / 1249 28.0 176 / 628 30.9 192 / 621

preparator 14.3 655 / 4566 14.4 180 / 1249 15.0 94 / 628 13.9 86 / 621

Time to first cigarette4

< 5 minutes 19.2 857 / 4453 18.4 222 / 1206 18.9 114 / 603 17.9 108 / 603

5 - 30 minutes 41.2 1833 / 4453 40.4 487 / 1206 40.3 243 / 603 40.4 244 / 603

30 - 60 minutes 25.0 1114/ 4453 25.5 308 / 1206 25.2 152 / 603 25.9 156 / 603

>= 60 minutes 14.6 649 / 4453 15.7 189 / 1206 15.6 94 / 603 15.8 95 / 603

Age of start smoking

< 15 years 16.5 775 / 4684 17.1 220 / 1284 14.8 95 / 642 19.5 125 / 642

15-20 years 65.2 3053 / 4684 65.1 836 / 1284 69.0 443 / 642 61.2 393 / 642

> 20 years 18.3 856 / 4684 17.8 228 / 1284 16.2 104 / 642 19.3 124 / 642

Trial arm

screen arm 49.5 2321 / 4687 49.9 641 / 1284 50.6 325 / 642 49.2 316 / 642

control arm 50.5 2366 / 4687 50.1 643 / 1284 49.4 317 / 642 50.8 326 / 642

IQR = interquartile range
1 Available data were presented N (%) unless described otherwise.
2 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
3 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
4 First question of the Fagerström test for Nicotine Dependence (FTND).
No statistically significant differences (p > 0.10) were found between male smokers of the first recruitment and 
the samples.
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The smoking cessation information

All participants of the brochure group received a standard brochure as described before.

Those who were randomised to the tailored information group had to complete a tailoring 

questionnaire before they could receive the tailored smoking cessation advice. Twenty-three 

percent (147/642) have been self-selected to receive a tailored advice (Figure 8.1).

Those who completed the tailoring questionnaire were statistically significant more often 

randomised to the screen arm of the lung cancer screening trial (OR=2.27; 95% CI: 1.55-3.32), 

but there were no statistically significant differences in age, level of education, motivation to 

quit smoking, smoking history, or the level of addiction between the two groups (p>0.10).

Smoking cessation

Of those male smokers who received the standard brochure, 15.9% (102/642) reported that 

they have not smoked during the 7 days prior to completing the questionnaire, which was 

somewhat higher, but not statistically significant different from the point prevalence of 

smoking abstinence amongst those who were randomised to the tailored information group 

(13.2% (85/642) (OR=0.81; 95% CI: 0.59-1.10) (Table 8.2).

Subsequently, the prolonged (12.5% (80/642); OR=0.77; 95% CI: 0.56-1.06) and continued 

(12.1%; (78/642); OR=0.78; 95% CI: 0.56-1.07) smoking abstinence were also slightly lower 

amongst those randomised in the tailored information group compared to the brochure 

table 8.2. Smoking behaviour of male smokers in the brochure group compared with the tailored 
intervention group.

A: INTENTION-TO-TREAT ANALYSIS

brochure group Tailored information 
group

OR
(95%-Confidence Interval)

p-value% N % N

quit attempts: mean (sd) 1.6 (2.4) 348 / 642 1.6 (2.3) 354 / 642 0.62

point prevalent smoking abstinence 15.9 102 / 642 13.2 85 / 642 0.81 (0.59 - 1.10) 0.18

prolonged smoking abstinence 15.6 100 / 642 12.5 80 / 642 0.77 (0.56 - 1.06) 0.11

continued smoking abstinence 15.1 97 / 642 12.1 78 / 642 0.78 (0.56 - 1.07) 0.12

b: ANALYSIS WITH MALE SMOKERS WHO
RECEIvEd THE INTERvENTION IN PRACTICE

brochure group Tailored information 
group

OR
(95%-Confidence Interval)

p-value% N % N

point prevalent smoking abstinence 15.9 102 / 642 14.3 21 / 147 0.88 (0.53 – 1.47) 0.63

prolonged smoking abstinence 15.6 100 / 642 14.3 21 / 147 0.90 (0.54 – 1.50) 0.70

continued smoking abstinence 15.1 97 / 642 14.3 21 / 147 0.94 (0.56 – 1.56) 0.80
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table 8.3 Univariate and multivariate logistic regression analysis.

Prolonged smoking abstinence

univariate analysis Multivariate analysis

OR (95% CI) p-value n OR (95% CI) p-value n

Smoking cessation 
intervention group 1284

Standard brochure 1.00

Tailored information 0.77 (0.56 - 1.06) 0.109

NELSON trial 1284

Screen arm 1.00 0.346

Control arm 1.16 (0.85 - 1.60)

Age 0.99 (0.96 - 1.03) 0.716 1283

Level of education 1 0.003 1266 0.018 1161

Low 1.00 1.00

Medium 1.31 (0.87 - 1.98) 1.33 (0.87 – 2.05)

High 1.89 (1.31 - 2.73) 1.76 (1.19 - 2.61)

Cig/day 0.98 (0.96 - 1.01) 0.136 1284

Smoking duration 1.00 (0.97 - 1.03) 0.937 1284

Pack-years 0.99 (0.98 - 1.00) 0.146 1284

Motivation to quit smoking 
2 0.018 1249 0.036 1161

Immotive 1.00 1.00

Pre-contemplator 1.63 (1.01 - 2.63) 1.61 (0.99 - 2.62)

Contemplator 1.84 (1.24 - 2.72) 1.74 (1.16 - 2.60)

Preparator 1.58 (0.96 - 2.58) 1.12 (0.62 - 2.01)

Age of start smoking 0.155 1284

< 15 years 1.00

15-20 years 1.24 (0.80 - 1.92)

> 20 years 0.81 (0.45 - 1.44)

Time to first cigarette 3 0.023 1206

< 5 minutes 1.00

5 - 30 minutes 1.75 (1.01 – 3.02)

30 - 60 minutes 2.09 (1.18 – 3.71)

>= 60 minutes 2.49 (1.35 – 4.57)

1 Low educational level indicates primary, lower secondary general or lower vocational education; medium 
educational level, intermediate vocational education or higher secondary education; high educational level, 
higher vocational education or university.
2 Immotive indicates no intention to quit smoking within one year; pre-contemplator, intention to quit smoking 
within one year, but not within six months; contemplator, intention to quit smoking within six months, but not 
within one month; preparator, intention to quit smoking within the next month.
3 First question of the Fagerström test for Nicotine Dependence (FTND).
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group (15.6% (100/642) and 15.1% (97/642) respectively), but the differences were not statis-

tically significant (Table 8.2).

Participants in the tailored information group had to complete an individual assessment 

before the smoking cessation advice could be tailored and send out. The tailored information 

was delivered to 23%, because only this part of the participants sent the tailored question-

naire back to STIVORO (Figure 8.1). The participants who received the tailored smoking 

cessation information quit smoking slightly more often compared with those who did not 

receive the tailored smoking cessation information (14.3% (21/147) versus 11.9% (59/495); 

p=0.45), although the difference was not statistically significant. When only those who actu-

ally received the standard or tailored smoking cessation information advice were included 

in the analysis, the prolonged smoking abstinence in the tailored information group (14.3%; 

(21/147)) and brochure group (15.6% (100/642)) was comparable (OR=0.90; 95% CI: 0.54-1.50; 

p=0.70) (Table 8.2). This did not modify the interpretation of the study results.

Analysis shows that in both groups the time of being abstinent from smoking was compa-

rable with a median period of 18 (IQR: 18) months in the brochure group and 15 (IQR: 17.5) 

months in the tailored information group. Furthermore, multivariate analysis showed that 

those who were higher educated and motivated to quit smoking were more likely to quit 

smoking at follow-up (p<0.05) (Table 8.3).

Process evaluation

In both groups, less than a half of the respondents (42.7% (233/546) and 47.4% (255/538) in 

the brochure group and tailored information group recalled that they had received smok-

ing cessation information, 17.6% (96/546) and 17.5% (94/538) reported that they did not 

receive any smoking cessation intervention, and 39.7% (217/546) and 35.1% (189/538) did 

not remember whether they received smoking cessation information, respectively (p=0.236).

Furthermore, participants were asked what intervention they received (Figure 8.2). Of 

the respondents in the brochure group, 38.8% (212/546) remember that they received this 

brochure, 2.7% (15/546) reported this erroneously and 58.4% (319/546) did not know that 

they received a brochure. In the tailored information group, respondents remembered the 

type of intervention significantly less often (p<0.001). Only 25.1% (135/538) recognized the 

intervention correctly, 20.6% (111/538)) answered the question incorrectly by stating that 

they received the standard brochure, although many of them received no information at all. 

Just like the brochure group, 54.3% (292/538) reported that they did not know what informa-

tion they had received.

In the tailored group, many respondents did not know whether they completed the 

assessment for tailored smoking cessation information and received the tailored advice 

(Figure 8.3); 25% (134/538) of the respondents received the tailored advice, but only 5.6% 

(30/538) remembered this. Thirteen respondents (2.4%) reported that they did not receive 

the tailored advice, although the observed that 75.1% (404/538) did not return the tailoring 
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questionnaire. The majority (92.0% (495/538)) did not know whether they had completed the 

assessment and received the tailored advice.

8.4 dISCuSSION

The current study shows that computer tailored self-help smoking cessation information has 

no advantage compared with a standard self-help brochure on prolonged smoking absti-

nence amongst male smokers who participate in a lung cancer screening trial after two years 

of follow-up. Nevertheless, the overall quit rate in lung cancer screening participants (14%) 

was higher than we could expect from the quit rates in the general adult population (3-7%).17
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The results indicate that a single tailored smoking cessation intervention at the beginning 

of a lung cancer screening programme might not be sufficient enough to reach long-term 

effects in smoking behavioural change. The fact that many respondents did not remember 

the intervention has major implications for the usefulness of this intervention in this specific 

population.

Previous studies often lack a long-term follow-up (>6-12 months), despite that smoking 

behavioural change should have to be maintained over time. Only few of those who make a 

quit attempt (3-5%) can prevent relapse to smoking within the first year of cessation.26-27 In the 

current study, a long-term impact of tailored smoking cessation information compared with 

a standard brochure on future smoking behaviour was not observed, but a short-term effect 

of the smoking cessation intervention could have been missed due to the follow-up period 

of two years. Although the lack of statistically significant differences in smoking abstinence, 

one should recognize that, from a public health rationale, even interventions that cause small 

changes can result in significant health benefits when large populations can be reached.7

Several studies on tailored smoking cessation information show favourable outcomes on 

smoking behaviour.3,  8-9 Kreuter et al. concluded in line with this that tailored health edu-

cational interventions are effective in many, but not in all cases.7 In the current study, the 

standard brochure was even slightly more effective compared with the tailored smoking 

cessation advice. An important question is whether the tailored advices adequately meet the 

individual information needs of this specific population.28 In line with many previous studies, 

the intention to quit smoking was a strong predictor for smoking cessation in our study, as 

were a higher level of education and a high level of nicotine addiction. Schumann et al. dem-

onstrated that tailored information for those with a lower intention to quit smoking needs 

further improvement.29 More research is recommended to investigate whether the tailoring 

process should be adapted more sufficiently to a population who were screened for lung 

cancer, because of their high risk for developing lung cancer, and who are lower educated, 

less motivated to quit smoking, and more addicted to nicotine. The facts that the overall 

quit rate was high and that statistically significant more screen arm participants completed 

the assessment for the tailored smoking cessation information compared to the control arm 

participants, implicate that a smoking cessation intervention has an opportunity to be at-

tractive in this setting. A more detailed effect and process evaluation is recommended to 

further develop and improve the smoking cessation intervention for a high risk population 

who receive lung cancer screening that can be used in such a screening programme.

In interpreting the results, one should recognize that only 23% of the participants in the 

tailored information group completed the tailoring questionnaire and thus received the tai-

lored smoking cessation information, what could have underestimated the potential impact 

of tailored smoking cessation information in this group.3,  8 Prolonged smoking abstinence 

was higher amongst those who completed the tailoring questionnaire compared to those 
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who did not, although the difference was not statistically significant. A difference might be 

missed here due to an effect of the tailoring questionnaire, because this assessment might 

also cause a reconsideration of the smoking habits, what might induce smoking cessation.28 

A second limitation of our study is that participants who received a positive screening result 

(2.6%) were excluded, because of the low percentage of positive screening results as result of 

the novel nodule management protocol that was used in the NELSON trial.19 Another limita-

tion of this study is that we have not biochemically verified the smoking status at follow-up. 

We expected that this has not biased the responses of the participants. One reason is that 

one previous study reported valid self-reported smoking data amongst participants of a lung 

cancer screening trial.30 Additionally, the respondents participate in a lung cancer screening 

trial instead of a smoking cessation intervention trial. None of the participants were expected 

to quit smoking explicitly. The intention-to-treat analysis was also a conservative method 

of data analysis that corrects for possible non-response bias. Furthermore, the sample size 

was limited, because the difference in observed quit rates was smaller than expected. Retro-

spectively, a larger sample size (n=1,355 in each group) was required to be able to detect a 

difference with a power of 80%. Finally, this study is restricted to male smokers aged between 

50-75 years who are at high risk for developing lung cancer, so that the study results are only 

generalizable to this population. Tailored smoking cessation interventions might be slightly 

more attractive to females,31-32 although there is no evidence about the impact of such an 

intervention amongst females who were screened for lung cancer so far.

In conclusion, male smokers who participate in a lung cancer screening trial stopped smok-

ing more than expected, although tailored smoking cessation advice had no advantage over 

standard smoking cessation information after two years of follow-up.
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9. gENERAL dISCuSSION

The answers to the research questions will be summarized and interpreted in the first para-

graph. In the next section, several methodological issues of the studies are discussed. Finally, 

the main conclusions and the implications for further research and practice are given.

9.1 RESEARCH quESTIONS

This paragraph is divided in the three parts that are central in this thesis; 1) the NELSON trial, 

2) the impact of lung cancer screening on smoking cessation, and 3) health education.

PART 1: THE NELSON TRIAL

9.1.1 generalizability of the study results

Population-based recruitment of study participants is preferred over volunteer-based 

recruitment, because of the risk of self-selection that might threat study’s validity. The aim 

of the first research question was to explore whether the population-based selection of the 

participants of the NELSON trial introduced important (biased) self-selection (Chapter 2):

What is the degree of self-selection among a) respondents from the general 

population who are aged between 50-75 and received a general health questionnaire 

and b) respondents who are eligible for participating in the NELSON trial compared to 

the Dutch national reference groups?

Main findings

More than 335,000 people aged between 50-75 years received a first questionnaire about 

demographics, general health, and lifestyle in the first recruitment round. A total of 106,862 

(32%) people responded to this questionnaire. Of these respondents, 20,064 people were 

eligible to participate in the NELSON trial and 11,110 (55%) of them gave their informed 

consent and were randomised.

In general, the respondents should be comparable to the general Dutch population. 

Fewer respondents to the first questionnaire were current smokers, but the smokers 

smoked more heavily and for a shorter period. The former smokers had quit smoking for 

a shorter time than the general population. It is expected that these differences might 

not strongly impact lung cancer risk. Finally, respondents were somewhat lower educated 

compared to the general Dutch population. More or less the same results were found when 

the randomised study population was compared with the Dutch population who meets 
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the inclusion and exclusion criteria as used in the NELSON trial. The comparison showed 

that the participants were younger and lower educated. A comparable proportion of the 

participants were current smokers, although the smoking participants smoked more heav-

ily for a shorter period. The differences found between the respondents and the Dutch 

population and between those randomised in the NELSON trial and the Dutch population 

that meets our inclusion- and exclusion criteria were, although statistically significant, 

negligibly small.

Interpretation of the results

The findings imply that the final results of the NELSON study will be roughly applicable to 

both the target population of high-risk individuals as well as to the Dutch population. It was 

expected that a substantial part (± 15-25%) of the general Dutch population aged between 

50 and 75 years could be targeted for routine lung cancer screening.1-2 Thus, it may be pos-

sible to generalize study results more or less to a relative large part of the general population. 

One should however recognize that the NELSON study results might be less generalizable to 

females, because of the low proportion of females in the study. Gender-related factors might 

have an impact on the effectiveness of lung cancer screening.1, 3-5

People who are included in studies by volunteer-based recruitment might differ in impor-

tant aspects as the general health status, disease prevalence, and all-cause mortality com-

pared with a population-based recruitment.6-11 Although this self-selection might threat the 

validity of the study results, a limited number of cancer screening trials investigated whether 

selection-bias might play a role so far.6-8, 11-12 The National Lung Screening Trial (NLST) used 

a volunteer-based recruitment method by media, although they paid special attention to 

reach minority groups who are assumed to be less likely to participate voluntarily in cancer 

screening trials. It was found that the NLST cohort was also roughly representative for the 

general population of (former) smokers in the US.13 The study population was somewhat 

healthier, although this was not expected to influence the generalizability of the study 

results of this lung cancer screening trial.7 Researchers of the volunteer-based Danish lung 

cancer screening trial (DLCST) reported a substantial participation bias due to differences 

in socio-demographic and psychosocial aspects recently.11 The previous studies relied on a 

comparison of risk factors and no data was available about mortality rates amongst both 

participants and non-participants, although comparing all-cause and specific mortality rates 

between these groups is considered to give the highest level of evidence about whether self-

selection bias might affect the generalizability of the study results. Previously, it was found 

that the trial cohorts of the Swedish breast cancer screening trials were representative for 

the general population in terms of total mortality.12 Some self-selection was observed in the 

volunteer-based randomised controlled European Study for Prostate Cancer Screening.8 In 

a population-based colorectal cancer-screening programme, non-participants had a higher 

risk for developing colorectal cancer compared with participants. Population-based recruit-
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ment is preferable over volunteer-based recruitment, although the results show that this is 

no guarantee that self-selection bias would not occur.

9.1.2 Nodule management strategy

A nodule management strategy for lung cancer screening based on volume and volume-

doubling time (VDT) was developed and used in the NELSON trial. The nodule management 

protocol was described previously.14 The research question (Chapter 3) related to the evalu-

ation of this strategy was:

To what extent is the use of the volume and volume-doubling time of a noncalcified 

nodule as main criteria for deciding on further action a useful nodule management 

strategy in lung cancer screening?

Main findings

A total of 7,557 and 7,289 participants received a first and second scan in the NELSON trial. In 

the screen arm, 19.2% and 6.6% participants received an indeterminate screening test result 

and 2.6% and 1.8% of the screen arm participants received a positive screening test result 

at the first and second screening round, respectively. The proportion of invasive procedures 

amongst test-positives that revealed benign disease was 27.2% after the first screening 

round. Lung cancer was diagnosed amongst 70 out of the 7557 and 54 out of the 7289 screen 

arm participants in the first and second screening round, respectively. Early stage lung cancer 

(stage I) was found in 63.9%. The sensitivity – the ability to classify participants with lung 

cancer correctly as having the disease – and specificity – the correct classification of the ab-

stinence of lung cancer in screened participants, were 94.6% and 98.3% in the first screening 

round. Of those who received a positive screening result, the chance of having lung cancer 

would be 36%. After receiving a negative screening result, it was almost for sure (99.7%) that 

the participant indeed had no lung cancer at time of screening. The sensitivity and specificity 

were 96.4% and 99.0% after second round screening. The positive and negative predictive 

values were 42.2% and 99.0% in this round, respectively.

Interpretation of the results

The use of the volume and VDT (growth) of a non-calcified nodule as main criteria for de-

ciding on further action seems to be a useful nodule management strategy in lung cancer 

screening amongst asymptomatic people at high risk for developing lung cancer so far. The 

strategy reduced the need for follow-up evaluation substantially, which is a major concern 

of lung cancer screening, while the strategy did not interfere in the sensitivity and specificity 

of CT scanning.15-16 Previous reported rates of test-positives varied between 8-30% and 18-

26% after one and two screening rounds, respectively.17 Now it is important to investigate 

whether the use of this management protocol might facilitate (teachable moment) or hinder 
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(health certificate effect) future abstinence from smoking with the aim to explore possible 

(un)favourable effects of screening.

The detected number of lung cancers in stage I was also in line with other randomised con-

trolled trials, but somewhat lower compared to observational studies, which was attributed 

to differences in the study population and the protocol in case of a detected lung nodule in 

the observational studies.16-17

However, despite the good performance results obtained by the use of volume and VDT in 

lung cancer screening so far, there is no evidence about the (cost)effectiveness of reducing 

lung cancer mortality by lung cancer screening using this nodule management strategy. One 

disadvantage of a sensitive screening test is that it might lead to more overdiagnosis should 

the person fail to have benefitted from the early detection in terms of life years gained. This 

highlights the need to use the mortality reduction as an endpoint in establishing any conclu-

sions about the (cost-)effectiveness of lung cancer screening using volume and VDT.

The nodule management strategy should also be validated in other large-scale lung 

cancer screening programmes. The UK lung cancer screening trial started in early 2011 and 

the investigators based their nodule management strategy on the NELSON trial.18 This might 

provide additional opportunities to gain more insight in lung cancer screening based on 

volume and VDT.

PART 2: LuNg CANCER SCREENINg ANd SMOKINg CESSATION

9.1.3 Impact of screening on lifestyle

In Chapter 4, the current evidence about the impact of cancer screening on lifestyle was 

investigated in a systematic review. The research question that was addressed is:

What is the current evidence for the effects of cancer screening on lifestyle behaviour 

and lifestyle-related morbidity, and what opportunities are there for dealing with 

possible unwanted effects of cancer screening?

Main findings

Only 11 studies, which included both a pre-test as well as a post-test, were published about 

lifestyle changes after cancer screening. Desirable lifestyle changes have been reported after 

both colorectal as well as lung cancer screening. This suggested that cancer screening might 

be useful as a teachable moment for health promotion. However, one should recognize that 

cancer screening might also have a false health certificate effect that permits the continua-

tion or even the initiation of unhealthy behaviour. This phenomenon was reported in two 

randomised controlled trials where screen arm participants reported less desirable lifestyle 

changes (smoking behaviour, nutritional intake, and physical activity) compared with control 
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arm participants after lung and colorectal cancer screening. None of the studies found by the 

literature search aimed at exploring the impact of cancer screening on future lifestyle-related 

morbidity. Furthermore, three studies were found that investigated whether a combined 

approach of primary and secondary prevention is complementary in reducing the burden of 

cancer. The studies aimed to improve the intake of fruits and vegetables or to promote smok-

ing cessation by self-help materials and were conducted in a colorectal, lung and cervical 

cancer screening setting. The results suggest a potential role for health promotion, although 

all studies had to deal with important methodological issues such as a small sample size or 

short follow-up that makes it hard to draw conclusions.

Interpretation of the results

After reviewing the literature, one major conclusion that could be drawn is that the evidence 

about the impact of cancer screening on future lifestyle and how to deal with a possible 

unwanted effect is almost lacking. This is remarkable, because an unhealthy lifestyle is an 

important modifiable cause of cancer and premature death. A screened population might be 

useful in reaching a large target group for health improvement.

The limited evidence about the (cost-)effectiveness of primary prevention interventions 

in a screened population and the underlying working mechanism of a combined approach 

of primary and secondary prevention emphasize the need for further investigation. Previous 

studies mostly investigated the impact of screening on future changes in health behaviour 

((intended or actual) screening attendance, use of health services) or health beliefs (suscep-

tibility of the disease, seriousness of the disease, benefits of screening, knowledge, barriers) 

instead of lifestyle changes (smoking behaviour, nutritional intake, physical activity and 

alcohol use).19 Most studies also lack the use of repeated measurements, so that it remains 

unknown whether the behaviour could be attributed to screening. In general, cholesterol 

screening seems to positively affect health behaviours, but it remains unknown whether 

breast cancer screening or cervical cancer screening affect future health behaviour.19 Another 

review, which explored the evidence about whether screening affects health behaviour, was 

published in the meanwhile.20 Based on the available literature, the authors also concluded 

in general that risk factor screening might have a positive effect on health behaviour, but 

the lack of evidence about the impact of the early detection of diseases on lifestyle changes 

makes it hard to draw reliable conclusions.

The consequences of lifestyle changes in screened participants on lifestyle-related mor-

bidity seem to be a complete new area of interest in (cancer) screening research. Lifestyle 

changes might have an impressive impact on lifestyle-related morbidity when small effects 

can be reached in a large (screened) population. Changes in lifestyle-related morbidity might 

thus have impact on cancer screening programmes’ effectiveness.
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9.1.4 Impact of lung cancer screening on smoking cessation

As stated before, one of the possible (un)favourable effects of lung cancer screening is that 

screening might influence further smoking behaviour, positively (as teachable moment) or 

negatively (as health certificate). The following research question (Chapters 5 and 7) was 

formulated:

What is the effect of lung cancer screening (screen arm) on prolonged smoking 

abstinence compared with no screening (control arm) amongst male smokers 

randomised in the Dutch-Belgian randomised controlled lung cancer screening trial 

(NELSON trial) after two and four years of follow-up?

Main findings

The results of the sub-studies amongst 1284 participants showed that 16.6% and 26.4% of 

the male smokers were abstinent from smoking after 2 and 4 years of follow-up, respectively. 

Unfortunately, screen arm participants in the NELSON trial were modest but less likely to quit 

smoking compared with control arm participants. After 2 years of follow-up, the abstinence 

rate in screen arm participants (14.5%) was statistically significantly lower than in control arm 

participants (19.1%) (p= 0.04). However, after performing an intention-to-treat analysis, no 

statistically significant difference was found (13.1% versus 14.9%; p= 0.35). After 4 years of 

follow-up, the difference was smaller, but screen arm participants still tended to be less likely 

to refrain from smoking compared to control arm participants (24.3% versus 29.3%) (p= 0.09).

Multivariate analysis showed that the allocation to the control arm, a higher level of 

education and being more motivated to quit smoking at start of the study predicted the 

abstinence from smoking best after 2 years of follow-up. However, after 4 years of follow-up, 

most important predictors of being abstinent from smoking were a lower estimated baseline 

level of nicotine addiction (OR= 1.69; 95% CI, 1.03–2.79 and OR= 2.35; 95% CI, 1.38–4.01 for 

31-60 minutes and >60 minutes to smoking the first cigarette after waking-up, respectively) 

and the allocation to the control arm (OR= 1.41; 95% CI, 1.03–1.94).

Interpretation of the results

The self-reported quit rate of NELSON participants in the screen arm (14.5%) was in line with 

previous lung cancer screening studies that investigated the association between lung cancer 

screening and smoking behaviour. However, most studies were observational studies,21-23 so 

that it remains unknown whether the quit rates can be attributable to receiving lung cancer 

screening or to the selection of smokers who might be more prone to quit smoking.24-25 For 

that reason, we compared the smoking behaviour in screen and control arm participants. The 

overall quit rates are supportive if we notice that only 3-7% of the general adult population 

quit smoking successfully each year.26-27 Relapse is also a huge problem amongst smokers 

who make a quit attempt, even after being abstinent from smoking for one year,27-30 although 
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older adult smokers are assumed to be more successful in their quit attempt.31-32 From this 

perspective, lung cancer screening might be a teachable moment for smoking cessation.23-33 

However, the phenomenon that the screen arm participants tended to be less likely to quit 

smoking compared to the control arm participants remained over time. One possible expla-

nation for this result is a health certificate effect amongst screen arm participants. Following 

screening, most participants experience less distress and fewer health-related concerns,34-35 

and a health concern alone is argued to be a primary motive for smoking cessation.36 

Although unintended and unrealistic, screening might cause a feeling of reassurance that 

reduces their perceived risk and so their motivation to change their lifestyle.37

In the Danish randomised controlled lung cancer screening trial,38 no differences in 

smoking habits were found between screen and control arm participants after one year of 

follow-up. Important differences in their study design (smoking cessation counselling and 

lung function test for control arm participants, intention-to-treat analysis) might explain the 

difference with our study results.25, 39 Recently, one compared differences in smoking status 

and smoking behaviour amongst participants in the screen (chest X-ray) and control arm 

(usual care) in the Mayo Lung Project. There was no difference in smoking status, although 

screened participants reported a lower reduction in cigarette consumption compared with 

controls.40 Only one colorectal cancer screening trial also demonstrated that, although all 

participants showed desirable lifestyle changes, future healthy lifestyle choices had been 

unintentionally limited in those who received cancer screening compared with the controls.41 

Until now, our study is the first randomised controlled lung cancer screening trial in which it 

was demonstrated that lung cancer screening might be a teachable moment, but that it also 

might falsely reassure some participants. Adequate smoking cessation assistance should be 

seen as a required addition to lung cancer screening.

In developing adequate interventions, one should be aware of differences in smoking cessa-

tion behaviour amongst participants. At both follow-ups, screen arm participants were less 

likely to quit smoking than control arm participants. Besides this, the analysis with the available 

baseline characteristics showed that participants who reported a higher baseline motivation 

to quit smoking were more likely to quit smoking at 2 years of follow-up. This is in line with 

several widely accepted behavioural models as the Health Belief Model, Theory of planned 

behaviour, Protection Motivation Theory, or ASE-model.42-46 Furthermore, participants with 

a higher level of education were also more likely to quit smoking, which was expected from 

previous research that showed a socioeconomic status gradient in smoking behaviour.47 

However, only the baseline level of nicotine addiction predicted smoking abstinence after 4 

years of follow-up. Nicotine dependence is a well-known predictor of the success or failure 

in continuing abstinence from smoking.31, 48-49 Smoking has been regarded as purely a habit 

for many years, but the World Health Organisation introduced an international classification 

of disease code for tobacco dependence recently.50 Nicotine has been compared to other 
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addictive drugs previously and in a report of the US Surgeon General, it was stated that “the 

pharmacologic and behavioural processes that determine the addiction are similar to those that 

determine the addiction to drugs such as heroin and cocaine”.51 The importance of nicotine 

addiction and its treatment is supported by the increased success rate of quitting smoking 

by the treatment of nicotine addiction.27, 30, 52-53 One of the opportunities in tobacco control 

is the wide recognition and treatment of nicotine dependence as an addiction rather than a 

lifestyle.54

9.1.5 Impact of CT screening test results

The impact of CT screening test results on smoking behaviour was investigated amongst 

990 male smokers participating in the NELSON trial. The following research questions were 

formulated (Chapter 6):

a  What is the association between the CT screening test result (test negative versus 

test indeterminate) and future smoking abstinence amongst 50-75-year-old 

male smokers who received lung cancer CT screening using volume and volume-

doubling time in the NELSON trial?

b  Is the number of indeterminate screening test results associated with an increased 

quit rate?

c  What baseline characteristics are associated with prolonged smoking abstinence 

after two years of follow-up?

Main findings

Smokers who received at least one indeterminate screening test result made statistically 

significantly more quit attempts compared to smokers who received only negative screening 

test results (1.5 ± 2.0 versus 1.9 ± 2.7 attempts; p= 0.016). Nevertheless, smoking abstinence 

rates were quite comparable in male smokers who received either only negative screening 

test results (8.9%) or at least one indeterminate screening test result (11.5%) after two years 

of follow-up. An increase in the number of indeterminate screening test results (0, 1, and 

≥2) was accompanied by an increased smoking abstinence rate (8.9%, 10.9%, and 15.0% re-

spectively), although statistically insignificant (p= 0.26). Furthermore, smokers who reported 

lowest estimated levels of nicotine dependency were most likely to refrain from smoking at 

follow-up.

Interpretation of the results

It was concluded that the outcome of the screening test result had no influence on smoking 

abstinence in male smokers who received either only negative screening test results or at 

least one indeterminate screening test result. Other lung cancer screening trials reported 

more or less comparable patterns of smoking abstinence after negative and positive find-
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ings.21-23, 33 However, in both the Danish lung cancer screening trial as well as the Pittsburgh 

Lung Screening Study,38, 55 a higher smoking abstinence rate was found in participants with 

significant CT findings. One possible explanation of the difference in our results might be that 

the NELSON participants were carefully informed about the indeterminate screening result 

to avoid possible negative psychological consequences. The letter to inform this group of 

participants about the lung nodule found stated: “We have observed a very small abnormality 

in your lung (5–10 mm long). Such a small abnormality is often detected in many persons and it 

usually represents a small scar or a minor inflammation. Therefore, at this moment there is no 

need for any further investigations. However, in order to see whether there has been any change 

in this abnormality, a new CT scan of the lungs will be made after 3 to 4 months.” This letter, 

combined with a follow-up scan, is expected to produce a very different experience in com-

parison to the experience of referral to a specialist for work-up and diagnosis after a positive 

screening test result. Additionally, all participants who received at least one indeterminate 

screening test result also received a recall CT scan resulting in a final negative screening 

test result. Furthermore, the smoking questionnaire had not been sent immediately after 

receiving the screening test result. This all might have diminished an immediate impact of 

the screening result at the time of completing the questionnaire. A temporary increased 

lung-cancer specific distress was also found after an indeterminate screening test result, but 

the long-term health-related quality of life was not affected by the screening test result.56 This 

pattern was also seen with the perceived risk.57

Another finding was that an increase in the number of indeterminate screening test results 

was accompanied by an increase in quit rate, although statistically insignificant. A similar 

pattern was found at the Mayo Clinic, where the number of follow-up recommendations was 

positively associated with the smoking abstinence rate after three CT screening results.58 This 

phenomenon might be explained by an accumulative increased or decreased perceived risk 

for developing lung cancer after indeterminate or negative test results each time.25, 40 The risk 

perception is assumed to affect risk-reducing behaviour.59-60

As a consequence of the NELSON nodule management strategy, the number of test-pos-

itives decreased drastically after the introduction of an indeterminate screening test result. 

Consequently, the remaining group of test positives was too small for a sample. For these 

reasons, we decided to include only people with a negative or indeterminate screening test 

result in the sub-studies described in this thesis. However, within the context of the impact of 

lung cancer screening on smoking behaviour, we excluded a population that was expected 

to be more motivated to quit smoking. It had been reported previously that participants 

who were referred to the pulmonologist after lung cancer screening remained more often 

abstinent from smoking at follow-up.55-58 The exclusion of test-positives from the sub-studies 

might thus underestimate the impact of screening on smoking cessation. However, addi-

tional analysis indicated that conclusions would not change when the study results were 

controlled for the inclusion of test-positives.
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PART 3: HEALTH PROMOTION

9.1.6 Lung cancer screening and tailored health education

In the NELSON trial, the long-term impact on smoking abstinence of a standard self-help 

smoking cessation brochure was compared with tailored smoking cessation advice (Chapter 

8). The next research question was addressed:

What is the effect of computer-tailored smoking cessation information (tailored 

information group) on prolonged smoking abstinence compared with a standard 

brochure (brochure group) in male smokers who participate in a lung cancer screening 

trial?

Main findings

All participants of the brochure group (n=642) received the standard self-help information. 

Only 23% of those who received the tailoring questionnaire (n=642) completed the ques-

tionnaire and thus received tailored smoking cessation advice. Screen arm participants were 

more likely to complete the tailoring questionnaire (OR= 2.27; 95% CI: 1.55-3.32) and thus to 

receive tailored smoking cessation advice.

After two years of follow-up, 15.6% of smokers who received the standard brochure were 

abstinent from smoking and a comparable proportion of 12.5% of the smokers who received 

the tailored smoking cessation advice quit smoking. In the tailored group, the quit rate was 

comparable between those who received the tailored advice and those who did not receive 

tailored advice (14.3% versus 11.9%) (p=0.45). Participants with a higher level of education 

and who were more motivated to quit smoking were more likely to quit smoking. Further-

more, only few participants of both groups were able to recall what kind of intervention they 

received.

Interpretation of the results

We found that a computer-tailored smoking cessation advice has no advantage over a stan-

dard self-help brochure on smoking abstinence amongst baseline smokers after two years of 

follow-up. Nevertheless, the overall quit rate in lung cancer screening participants (14%) was 

supportive compared to quit rates after self-help materials in the general adult population.27 

However, only few people (23%) received tailored smoking cessation advice because they 

completed the tailoring questionnaire, despite the expectation that lung cancer screening 

participants were highly interested in smoking cessation interventions.23,61

A smoking cessation intervention that might be feasible in a lung cancer screening set-

ting should be individualized as much as possible and should reach a large population. 

Computer-tailored smoking cessation advice seemed to be best suited to this population 

taking into account the intention to contribute to the prevention of undesirable effects of the 
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screening strategy on smoking behaviour. The supportive overall quit rates in general might 

be explained by the expectation that smokers who volunteer to participate in a lung cancer 

screening trial are more aware of smoking-related disease which may result in a higher moti-

vation to change their smoking behaviour due to some kind of vulnerability compared with 

the general high-risk population.23-24 A possible explanation for the failure of the tailored ad-

vice might be that the individualization of the tailored information was not sufficient enough 

for such a specific population as included in the NELSON trial. In a meta-analysis of Noar et 

al.,62 it was found that there are many aspects (e.g. type of information, type of comparison 

condition, type material, number of contacts, length of follow-up) that can moderate its suc-

cess. Kreuter et al.63 stated that to be effective, customization of information of a tailored 

intervention is essential. A lack of individualization might also explain why Clark et al.64 found 

that the smoking abstinence or motivation to quit smoking did not differ amongst current 

smokers who underwent CT screening for lung cancer and who received either a standard 

written self-help material or a written list of internet resources for smoking cessation at one 

year of follow-up. To our best knowledge, the effectiveness of a smoking cessation interven-

tion in a lung cancer screening trial has not been investigated in other studies, despite that 

the specific population of older adult smokers with a long-term smoking history who receive 

lung cancer screening might be an interesting target group. A wide range of (cost-)effective 

smoking cessation interventions are available at the moment.27, 53, 65 Now, attention should be 

paid to adequately integrate cancer screening with health promotion interventions. There 

is a need for using a planned approach, such as intervention mapping, that can contribute 

to create a feasible theory- and evidence-based programme that is likely to be (cost-)effec-

tive in promoting smoking cessation in high-risk smokers who will be exposed to (cancer) 

screening.66

9.2 METHOdOLOgICAL CONSIdERATIONS

In interpreting the results of the studies described in this thesis, some strengths as well as 

limitations should be considered. The main methodological issues that are discussed in the 

previous chapters will be mentioned in this paragraph first. Then, some methodological is-

sues will be discussed into more detail.

Main methodological issues

One of the strengths is that all participants who volunteer in the NELSON trial were randomly 

allocated to either the screen or control arm. The use of such a study design is methodologi-

cally most preferable. The assumption of randomisation is that potential confounding factors 

are distributed evenly throughout both trial arms. This is highly desirable, especially in the 

sub-studies with respect to the impact of lung cancer screening on smoking behaviour, 
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because this health behaviour will be determined by many psychological and social factors. 

Another major strength for these sub-studies is that the control arm participants had never 

been invited to the screening site. This might be crucial, since for example hospital visits 

and contacts with health care providers might influence smoking behaviour.25 Although the 

participants are randomised into a screen and control arm, one should recognize that the 

participants were possibly more motivated to quit smoking than the general adult popula-

tion. This might overestimate the impact of screening. Another advantage of the studies is 

that the long-term effect of lung cancer screening on smoking behaviour has been measured 

using a longitudinal design with a pre-test and two post-tests. Abstinence from smoking 

should be maintained over time and it is well known that many people who make a quit 

attempt relapse within 12 months. Therefore, a long-term follow-up was necessary to find 

out whether lung cancer screening might induce smoking cessation that can be sustained 

over time. Regardless of this strength, there was no available data about relapse behaviour 

or any short-term follow-up data that might cause that an immediate effect of lung cancer 

screening on smoking behaviour to be missed. The power calculations were based on smok-

ing abstinence rates as found in previous research about smoking in a lung cancer screening 

setting.27, 58 The observed differences between the screen and control arm were smaller than 

we could expect from these publications. This caused a reduced power of some of the studies 

described in this thesis. Several existing health behavioural change theories, as the Health 

Belief Model, Theory of Planned Behaviour, or the concept of a teachable moment might 

give more insight in the process of smoking cessation in lung cancer screening participants.60 

Unfortunately, there was no data available related to these concepts from pre-screening 

to post-screening. Only a small number of demographical characteristics and the smoking 

history have been measured at randomisation. Consequently, our opportunities to provide 

more insight in the process of behavioural change were limited.25 Furthermore, as a conse-

quence of a risk-based selection that was used to make a large-scale trial feasible, mainly 

males were included in the study.1-2 For this reason, only males were selected for the NELSON 

trial sub-samples described in this thesis. Our results are therefore applicable to males in 

general, although there are no indications so far to suggest that the impact of lung cancer 

screening on smoking behaviour is gender-dependent.22, 38-58

Biochemical verification of the self-reported smoking behaviour

Data about the individuals’ current and past smoking behaviour provides useful information 

to construct lifetime histories of the exposure to tobacco, which is essential from the inclu-

sion of the study participants until the final analysis of the cost-effectiveness of lung cancer 

screening. Self-reported data is a commonly used method for data collection concerning 

smoking behaviour. Despite the wide use of self-reported data, the practical usefulness is 

often under discussion, because it depends on how accurately the (retrospective) data is 

reported by the individual.67-68 Self-completed reports can be affected by factors such as 
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socially desirable response bias,69 which is especially of concern within disease prevention 

or health promotion programmes, where social pressure or medical criticism is higher.70 The 

increased attention to the harmful effects of smoking may induce the misclassification of 

their smoking behaviour.71-72 Moreover, questions about their own smoking history may also 

be subject to recognition bias, because the time frame often implies many years.67 Besides 

the convincible disadvantages, self-reported data is one of the most easiest and affordable 

methods for data collection within a large population.73 For the reason that self-reported 

smoking behaviour might be imprecise, it is recommended to biochemically verify the self-

reported smoking behaviour in smoking cessation intervention studies.39

Although we are aware of potential bias, however, we have not biochemically verified 

the self-reported smoking behaviour in the NELSON trial. One reason for this is that there 

is a major difference between the NELSON trial and smoking cessation intervention trials 

in general. The participants of the NELSON trial participate in a lung cancer screening trial 

instead of a smoking cessation intervention trial. None of the participants were aware of 

the inclusion and exclusion criteria used in the NELSON trial due to the population-based 

recruitment procedure, so that participants were less likely to misclassify their smoking be-

haviour to increase their chances of being invited. Participants were also unaware of the aim 

to explore the impact of lung cancer screening on smoking behaviour as well. It is less likely 

that the participants of our lung cancer screening trial were subjected to social pressure or 

that they tried to increase the chances of being invited for screening or smoking cessation 

support. Our expectation that participants have valid self-reports in general was confirmed 

by Studts et al.,74 who found that self-reported smoking status was highly consistent with 

urinary cotinine test results in participants of the Jewish Hospital Lung Cancer Screening and 

Early Detection Study. Thereby, biochemical verification should be done in both the screen 

arm as well as the control arm. Because of the aim to minimize intervening in the control 

arm, a biochemically verification of the self-reported smoking behaviour was not performed.

Intention-to-treat analysis

In addition to the recommended biochemical verification of self-reported data, the evaluation 

of smoking cessation intervention studies should also be done according to the intention-to-

treat analysis (ITT).39 The main analysis of two of our studies was not in conformity with the 

ITT-analysis. Although this method is widely used, there are some major differences between 

our study and other studies that investigate the impact of a particular intervention on smok-

ing behaviour that cause that an intention-to-treat analysis might be too conservative and 

therefore it might not be most appropriate type of data analysis here. The most important 

reason to deviate from the recommendation is that the NELSON participants were invited to 

participate in a lung cancer screening trial. The study population was selected on the basis 

of their smoking history, but participants have not been aware of this inclusion criterion. 

Thus, from the participants’ perspective, even despite their impressive self-reported smoking 
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history, they were invited to participate in the trial. Neither were participants told that they 

were expected to quit smoking. They only received self-help smoking cessation information, 

without any expectations from the investigators. Participants were also not informed about 

the real aim of the smoking cessation questionnaires. The questionnaire contained questions 

about general health, quality of life, smoking behaviour, family history of lung cancer and 

so on, with the aim to prevent social responses. With all this in mind, an intention-to-treat 

analysis might be too conservative. The results of an additional intention-to-treat analysis 

were provided continuously.

Non-response bias

In our sub-samples, the response rate decreased over time. The decrease in the control arm 

was consistently higher than in the screen arm. Control arm participants were less likely to re-

spond to questionnaires. Several reasons may ground this phenomenon. Control arm partici-

pants were possibly lost to follow-up when they moved to another place without informing 

us because of the passive involvement. Control arm participants were willing to participate 

in the trial and to undergo CT screening for lung cancer. The result of the randomisation has 

been disappointing for some of these control arm participants. The motivation to participate 

as a control arm participant might decrease. Non-response might become selective and in 

that case, study results might be affected. In all sub-studies, a possible non-response bias 

was investigated by comparing baseline characteristics of respondents with baseline char-

acteristics of non-respondents. After four years of follow-up, we found some non-response 

bias in the control arm: higher educated participants were more likely to respond on the 

follow-up questionnaire. The data were controlled for differences in non-response, because 

of the concern that non-response bias might influence the internal validity, although the 

outcomes of the corrected and uncorrected analysis of the data were comparable.

Relapse to smoking

While smoking abstinence was the primary outcome in the sub-studies described in this 

thesis, smoking cessation is a process in which people go through the stages of change 

repeatedly. Many of the smokers want to quit smoking, but most of them fail to persevere in 

abstaining from smoking.29-30, 75 Within one year, about 95% of those who tried to stop smok-

ing on their own and 75% of those who quit smoking using evidence-based smoking cessa-

tion intervention relapsed to continue smoking.29, 76 Most people need multiple quit attempts 

before they are able to be successfully abstain from smoking. In the NELSON study, we have 

only data about continued smoking or the abstinence of smoking at two fixed time points, 

completed with data about quit attempts in a fixed time period. When combining the data, 

it was obvious that people transfer throughout the stages of change. However, detailed data 

about all quit attempts, periods of abstinence and relapse to smoking were unfortunately 

lacking, although this information might give much more insight in the process of smoking 
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and smoking cessation in high-risk smokers who participate in a lung cancer screening trial. 

Since the follow-up periods were two years, this makes it hard to adequately and completely 

measure all relevant data about smoking, quit attempts, smoking abstinence and relapse by 

self-reports. Additionally, we included only participants who smoked at randomisation. Thus, 

information about whether lung cancer screening might play a role in relapse to smoking 

in long-term former smokers is uncertain. Nevertheless, although that detailed information 

about relapse might be relevant, no increased relapse rates were found after lung cancer 

screening in observational studies to date.21-22, 58

9.3 gENERAL CONCLuSIONS

– The self-selection of NELSON study participants is limited, so that the study results should 

be applicable to both the future target as well as the general populations.

– The novel nodule management strategy that measured volume and VDT is a good screen-

ing instrument for deciding further action, should a lung nodule be found in asymp-

tomatic high-risk persons based on primarily findings of the first and second screening 

rounds.

– The novel nodule management strategy reduced the number of test positives substan-

tially by introducing a new screening test result: the indeterminate screening test result. 

It was found that receiving one or more indeterminate test results had no different 

impact on smoking behaviour compared with receiving only negative screening test re-

sults. After two years of follow-up, the smoking behaviour seemed to be more favourable 

after an increased number of indeterminate screening test results, although this finding 

diminished after four years of follow-up.

– There is a considerable lack of evidence about the impact of cancer screening on future 

lifestyle. Based on the studies published so far, cancer screening might be a teachable 

moment for lifestyle improvement, although the risk of a health certificate effect remains.

– Supportive quit rates (14.5% and 24.3%) were found in screen arm participants after two 

and four years of participating in the NELSON trial. Lung cancer screening is a teachable 

moment for smoking cessation. However, screen arm participants were less likely to quit 

smoking (to a modest extent however) compared to control arm participants (19.1% and 

29.3%), which raised the concern of a feeling of false reassurance.

– A computer-tailored smoking cessation advice had no advantages over a standard self-

help brochure on smoking behaviour after two years of follow-up.
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9.4 RECOMMENdATIONS FOR RESEARCH ANd PRACTICE

– Although the analysis suggests that selection bias might not play a major role in the NELSON 

trial, future analysis of differences in all-cause mortality between study participants and 

eligible non-participants is recommended to demonstrate further to what extent the study 

results are representative of the target and general population and whether self-selection 

bias plays a role in interpreting results about the cost-effectiveness of lung cancer screening.

– Analysis in which the screen and control arm will be compared will be crucial in order 

to determine whether a potential lung cancer mortality reduction might be attributable 

to screening. The National Cancer Institute reported a mortality reduction in the NLST 

recently and ending of the study was recommended. Interim analysis in the NELSON trial 

is recommended to investigate the lung cancer mortality rate in both trial arms.

– The nodule management strategy as used in the NELSON trial performed well as a 

screening protocol in a high-risk population during the first and second round screen-

ing. Further optimization of the protocol to avoid unfavourable effects as false-positives, 

overdiagnosis, and overtreatment is still recommended.

– This thesis shows that lung cancer screening might be a teachable moment for smok-

ing cessation, although the concern of a possible health certificate effect remains. It is 

important that health care providers recognize that the contact with subjects who were 

invited for lung cancer screening might have opportunities to help smokers to change 

their behaviour by increasing their motivation to quit smoking.

 Special attention should be given to the use of potential teachable moments, such as 

undergoing CT screening or receiving the screening test result.

– Smoking cessation is most effective way to prevent lung cancer. Therefore, there is an 

urgent need for the development of a smoking cessation intervention that is feasible in 

a lung cancer screening programme in a cost-effective way with the aim to increase the 

magnitude of the overall impact of screening on health. Such a best-practice smoking 

cessation intervention requires the use of a model for planned health promotion to guide 

the development of a theory and evidence-based intervention that can be proved to be 

effective, implemented successfully and likely to be sustainable.

– Health care providers should be aware that lung cancer screening might act as a health 

certificate effect by providing a feeling of false reassurance.

– The impact of cancer screening on lifestyle and lifestyle-related morbidity should be 

proposed in all new cancer screening trials and investigated in current cancer screening 

programmes to get more insight in the underlying process.

– A nation wide implementation of lung cancer screening in its present form cannot be 

recommended until a cost-effective smoking cessation intervention is integrated in the 

screening programme, although the cost-effectiveness of lung cancer screening should 

be clear first.
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Lung cancer is the leading cause of cancer mortality throughout the world. About 80-90% 

of all lung cancer cases can be attributed to smoking, so that refraining from smoking is 

the most effective way to prevent lung cancer. Unfortunately, current interventions aimed 

at preventing people to start smoking and promoting smoking cessation were not able to 

eliminate the tobacco epidemic.

Lung cancer is often in an advanced stage at time of diagnosis and despite the advances in 

medical treatment, the 5-year survival rate of less than 16% is still very poor. Nowadays, lung 

cancer is also more common in former smokers than in current smokers. This all emphasizes 

the need for the early detection and treatment of lung cancer. CT screening for lung cancer 

proved to detect lung cancer at an earlier stage, but evidence about the reduction in lung 

cancer mortality after CT screening for lung cancer from current lung cancer screening trials 

is still awaited. Thereby, many people may be exposed to the possible (minor) side effects of 

screening, while only few people may benefit from screening. The purpose of this thesis was 

to investigate the impact of lung cancer screening, using volume and volume-doubling time 

(VDT), on future smoking behaviour in smokers at high risk for developing lung cancer and 

the possible effect of smoking cessation interventions.

Part 1: The NELSON trial

The aim of the first research question was to investigate the degree of self-selection of the 

NELSON participants (Chapter 2). Characteristics (age, general health, lifestyle and level of 

education) of respondents to the first general questionnaire, those eligible to participate 

in the NELSON trial, and those randomised in the NELSON trial, were compared to national 

reference groups. The differences that have been found were negligibly small, which impli-

cates that the study results of the NELSON trial will be roughly applicable to both the target 

population as well as the Dutch general population.

In Chapter 3, the novel management strategy that was introduced in the NELSON trial was 

evaluated with primary data obtained from the first and second screening round. The strategy 

reduced the need for follow-up evaluation substantially, without interfering the sensitivity 

and specificity of CT screening. After one screening round, the percentage of early lung can-

cer (stage I) detected by CT screening was comparable to other randomised controlled trials. 

Based on the study results so far, the use of the volume and growth (VDT) of lung nodules as 

main criteria for deciding on further action is a useful nodule management strategy in lung 

cancer CT screening amongst asymptomatic people at high risk for developing lung cancer. 

Subsequently it is important to investigate whether the use of this management protocol 

might facilitate (teachable moment) or hinder (health certificate effect) future abstinence 

from smoking with the aim of exploring possible (un)favourable effects of screening.
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Part 2: Lung cancer screening and smoking cessation

The (un)wanted effects of cancer screening on the lifestyle are uncertain, although lifestyle is 

a major modifiable cause of cancer and premature death. Current evidence about the effects 

of cancer screening on lifestyle and lifestyle-related morbidity, and how to deal with possible 

unwanted effect of cancer screening, was examined by means of a systematic review (Chap-

ter 4). After reviewing the literature, one major conclusion that could be drawn was that the 

evidence about the impact of cancer screening on lifestyle is very limited and evidence about 

the impact on lifestyle-related morbidity is lacking. There is also a lack of evidence about 

the opportunities of lifestyle interventions in a screened population. However, the available 

evidence suggested a possible teachable moment for desirable lifestyle changes after cancer 

screening, although one should realize that cancer screening might also have an unintended 

health certificate effect that might contribute to the continuation or even initiation of 

unhealthy behaviour. Randomised controlled trials are needed to further investigate the 

possible (un)wanted effects of cancer screening on lifestyle and whether health promotion 

interventions are feasible in and complementary to cancer screening programmes.

The impact of lung cancer screening on smoking abstinence was investigated amongst 

male smokers randomised in the NELSON trial after both two (Chapter 5) and four (Chapter 

7) years of follow-up. Two sub samples of screen (n=641) and control (n=643) arm participants 

were sent a follow-up questionnaire to measure their actual smoking behaviour twice. The 

quit rates in screen arm participants were encouraging when we compare this with the quit 

rate in the general adult population, which suggested a potential teachable moment for lung 

cancer screening for smoking cessation. However, screen arm participants were less likely to 

quit smoking than control arm participants, although the differences were modest. As such, 

there is a remaining concern that participants may experience a false feeling of reassurance 

after lung cancer screening.

In the NELSON trial, a new screening test result was introduced: the indeterminate screening 

test result. We explored whether the CT screening test result (negative versus indeterminate) 

was associated with smoking abstinence (Chapter 6). A questionnaire was sent to screen 

arm male smokers who received either negative screening test results (n=550) or at least 

one indeterminate screening test result (n=440). Those participants who received at least 

one indeterminate reported more quit attempts, although the smoking abstinence rate was 

comparable with participants who received only negative screening test results. An increase 

in the number of indeterminate screening test results was accompanied with a slightly, but 

statistically non-significant, increase in smoking abstinence. In conclusion, the CT screening 

test result had no impact on future smoking abstinence in male smokers at a high risk for 

developing lung cancer who received lung cancer screening.
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Part 3: Health promotion

The purpose of the study described in Chapter 8 was to investigate whether a computer-

tailored smoking cessation intervention was more effective in inducing smoking cessation 

compared with a standard self-help brochure. All participants received either a tailoring 

questionnaire to generate the tailored advice or a standard self-help brochure. The results 

indicated that only 23% of those who received the tailoring questionnaire actually returned a 

completed form and thus received tailored advice. This has major implications on the useful-

ness of this intervention for this specific population. Two sub-samples of 642 male smokers 

randomised in the NELSON trial subsequently received subsequently a questionnaire to 

measure their smoking behaviour after two years of follow-up. The computer-tailored smok-

ing cessation advice did not achieve better results in inducing smoking abstinence than a 

self-help brochure and might not be a sufficient intervention to reduce smoking behaviour in 

the way it was provided to this specific population of participants in a lung cancer screening 

trial.

discussion

The answers to the research questions and its implications were discussed in Chapter 9. 

Furthermore, attention had been paid to methodological issues (as study design, sample size, 

study population, non-response bias, the intention-to-treat method, and the biochemical 

verification of the self-reported smoking status) that should be considered in interpreting 

the study results.

The research described in the first part of this thesis showed that the self-selection of 

NELSON study participants is limited, but future analysis of all-cause mortality is recom-

mended to demonstrate the extent to which the study results are representative of the 

target and general population. Furthermore, the nodule management strategy as used in 

the NELSON trial performed well as a screening protocol for a high-risk population during 

the first and second screening rounds. Nevertheless, further optimization of the protocol is 

still recommended to avoid unfavourable effects. Finally, interim analysis in which the screen 

and control arm will be compared is crucial to investigate whether a potential lung cancer 

mortality reduction might be attributable to lung cancer screening.

In the second part, a considerable lack of evidence was discovered about the possible 

impact of cancer screening on lifestyle and lifestyle-related morbidity and more research 

is warranted. The available studies suggested that cancer screening might be a teachable 

moment for lifestyle improvement, although the risk of a health certificate effect caused by 

a false feeling of reassurance remains. This was also found in the NELSON trial, where screen 

arm participants appeared to be more likely to quit smoking than control arm participants, 

although the differences were modest. Receiving at least one indeterminate test result – the 

extra test result introduced in the NELSON trial introduced – had no different impact on 
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future smoking behaviour compared to receiving only negative screening test results. Finally, 

we found that a single computer-tailored smoking cessation advice had no advantages over 

a standard self-help brochure on smoking behaviour. These results strongly emphasized the 

need to develop a cost-effective approach to promote smoking abstinence in a lung cancer 

screening setting with the aim of increasing the magnitude of the overall impact on health.

It is also important that health care providers recognize that the contact with subjects who 

were invited for lung cancer screening might have opportunities to help smokers to change 

their behaviour, but that lung cancer screening might act as a license to smoke.

A nation wide implementation of lung cancer screening in its present form cannot be 

recommended until a cost-effective smoking cessation intervention is integrated in the 

screening programme, although the cost-effectiveness of lung cancer screening should be 

clear first.
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Longkanker is wereldwijd de voornaamste aan kanker gerelateerde doodsoorzaak. Van alle 

longkanker is ongeveer 80-90% primair te wijten aan roken, waardoor niet roken de meest 

effectieve manier is om longkanker te voorkomen. Helaas zijn de huidige interventies, die 

zijn gericht op zowel het voorkomen dat mensen beginnen met roken als het bevorderen dat 

mensen stoppen met roken, niet in staat geweest om de tabaksepidemie terug te dringen.

Longkanker is op het moment van de diagnose veelal in een vergevorderd stadium en on-

danks de ontwikkelingen in medische behandelmogelijkheden is de 5-jaars overlevingskans 

van minder dan 16% nog steeds erg laag. Tevens komt longkanker tegenwoordig vaker voor 

bij ex-rokers dan bij huidige rokers. Dit alles benadrukt het belang van de vroege opsporing 

en behandeling van longkanker. Het is bewezen dat CT screening op longkanker de kanker in 

een eerder stadium kan opsporen, maar het is nog altijd wachten op het wetenschappelijke 

bewijs of dit ook de sterfte aan longkanker omlaag kan brengen. Daarnaast zal een grote 

groep mensen worden blootgesteld aan potentiële (kleine) neveneffecten, terwijl slechts 

een kleine groep mensen zal profiteren van vroegopsporing. Het doel van dit proefschrift 

was dan ook om na te gaan wat de impact is van longkankerscreening, gebruik makend 

van het volume en de volume verdubbelingstijd (VDT), op het toekomstige rookgedrag van 

rokers met een hoog risico op longkanker en het mogelijke effect van interventies gericht op 

stoppen met roken.

deel 1: de NELSON studie

Het doel van de eerste onderzoeksvraag was om de mate waarin sprake is van zelfselectie van 

de NELSON studiedeelnemers te onderzoeken (Hoofdstuk 2). Kenmerken (leeftijd, algemene 

gezondheid, leefstijl en opleidingsniveau) van mensen die hebben gereageerd op een eerste 

vragenlijst, degenen die in aanmerking kwamen voor deelname aan de NELSON studie en 

degenen die in de NELSON studie werden gerandomiseerd werden vergeleken met nationale 

referentiegroepen. De gevonden verschillen waren te verwaarlozen, wat impliceert dat de 

resultaten van de NELSON studie grofweg toe te passen zijn op zowel de doelpopulatie als 

de algemene Nederlandse bevolking.

In Hoofdstuk 3 werd de nieuwe nodule management strategie die was geïntroduceerd 

in de NELSON studie geëvalueerd op basis van de eerste resultaten uit de eerste en tweede 

screeningsronden. De strategie verlaagde de noodzaak tot doorverwijzing substantieel, 

zonder daarbij de sensitiviteit en specificiteit van CT screening aan te tasten. Na de eerste 

screeningsronde was het percentage longkanker dat in een vroeg stadium (stadium I) werd 

ontdekt vergelijkbaar met andere gerandomiseerd gecontroleerde studies. Als we kijken 

naar de huidige studieresultaten kunnen we concluderen dat het gebruik van het volume 

en groei (VDT) als richtlijn voor het bepalen van de vervolgstrategie bij het vinden van long 
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nodules een goede methode is voor longkanker CT screening bij asymptomatische personen 

met een hoog risico op het ontwikkelen van longkanker. Nu is het nog van belang om uit te 

zoeken of dit screeningsprotocol stoppen met roken bevordert (teachable moment) of hin-

dert (health certificate effect) met als doel om mogelijke (on)gewenste effecten van screening 

te achterhalen.

deel 2: Longkankerscreening en stoppen met roken

De (on)gewenste effecten van kankerscreening op de leefstijl zijn onbekend, ondanks dat 

leefstijl een belangrijk modificeerbare oorzaak is van kanker en vroegtijdige sterfte. Door 

middel van een literatuuronderzoek werd gezocht naar huidig wetenschappelijk bewijs over 

de effecten van kankerscreening op leefstijl en leefstijlgerelateerde aandoeningen en hoe 

met mogelijke ongewenste effecten van kankerscreening kan worden omgegaan (Hoofd-

stuk 4). Na het doornemen van de literatuur kon vooral worden geconcludeerd dat er een 

schaarste is aan wetenschappelijk bewijs met betrekking tot het effect van kankerscreening 

op leefstijl en dat literatuur over het mogelijke effect van kankerscreening op leefstijlgere-

lateerde aandoeningen ontbreekt. Tevens is er weinig bekend over de mogelijkheden van 

leefstijlinterventies in een gescreende populatie. Uit de beschikbare literatuur kwam echter 

naar voren dat kankerscreening mogelijk een leermoment is voor gewenste leefstijlveran-

deringen, maar dat men zich wel moeten realiseren dat kankerscreening mogelijk ook een 

onbedoeld gezondheidscertificaat geeft dat er toe kan bijdragen dat ongezond gedrag 

wordt voortgezet of zelfs wordt gestart. Gerandomiseerd gecontroleerde onderzoeken zijn 

noodzakelijk om te achterhalen wat de mogelijke (on)gewenste effecten zijn van kanker-

screening op leefstijl en of gezondheidsbevorderende interventies haalbaar zijn in en een 

toevoeging zijn aan kankerscreeningsprogramma’s.

De impact van longkankerscreening op het stoppen met roken werd onderzocht onder 

mannelijke rokers die waren gerandomiseerd in de NELSON studie na een follow-up van zo-

wel twee (Hoofdstuk 5) als vier (Hoofdstuk 7) jaar. Twee steekproeven van screen- (n=641) 

en controlegroep (n=643) deelnemers kregen twee keer een vragenlijst toegezonden om 

hun actuele rookgedrag te meten. De stoppercentages onder deelnemers in de screengroep 

waren aanmoedigend wanneer we deze vergelijken met het stoppercentage onder de alge-

mene bevolking, wat suggereert dat longkankerscreening een mogelijk leermoment is om te 

stoppen met roken. Deelnemers in de screengroep waren echter minder geneigd om te stop-

pen met roken dan deelnemers in de controlegroep, al zijn de verschillen gering, waardoor 

toch de zorg bestaat dat longkankerscreening voor een onterecht gevoel van geruststelling 

zorgt.

In de NELSON studie werd een nieuwe screeningstestuitslag geïntroduceerd: de twijfel-

achtige screeningstestuitslag. We hebben onderzocht of de CT screeningtestuitslag (negatief 

versus twijfelachtig) was geassocieerd met stoppen met roken (Hoofdstuk 6). Een vragenlijst 
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werd verzonden naar mannelijke rokers in de screengroep die of enkel negatieve testuitsla-

gen (n=550) of tenminste één twijfelachtige testuitslag (n=440) hadden ontvangen. De deel-

nemers met tenminste één twijfelachtige testuitslag rapporteerden vaker een stoppoging, 

ondanks dat het stoppercentage vergelijkbaar was met de deelnemers die enkel negatieve 

testuitslagen ontvingen. Een toename in het aantal twijfelachtige testuitslagen ging gepaard 

met een lichte toename in het stoppercentage, al was de toename niet statistisch significant. 

Concluderend kunnen we stellen dat de CT screeningstestuitslag niet van invloed is geweest 

op het toekomstige rookgedrag bij mannelijke rokers met een hoog risico op longkanker die 

werden gescreend op longkanker.

deel 3: gezondheidsbevordering

Het doel van de studie beschreven in Hoofdstuk 8 was het onderzoeken of een advies-op-

maat effectiever was in het bevorderen van stoppen met roken vergeleken met een standaard 

zelfhulp brochure. Alle deelnemers ontvingen of een vragenlijst om daarmee een advies-

op-maat te kunnen maken of de standaard zelf-hulp brochure. Uit de resultaten bleek dat 

slechts 23% van de deelnemers die de vragenlijst ontvingen voor een advies-op-maat, een 

ingevulde vragenlijst terugstuurden en daarmee het advies-op-maat hebben ontvangen. Dit 

is een belangrijk gegeven wanneer we kijken naar de bruikbaarheid van deze interventie 

binnen deze specifieke populatie. Twee steekproeven van 642 mannelijke rokers die zijn 

gerandomiseerd in de NELSON studie kregen vervolgens na twee jaar een vragenlijst om 

daarmee hun rookgedrag te meten. Een advies-op-maat behaalde geen betere resultaten 

met betrekking tot het stoppen met roken vergeleken met de standaard brochure, waardoor 

een advies-op-maat zoals deze is aangeboden vooralsnog onvoldoende blijkt bij te dragen 

aan het terugbrengen van het aantal rokers dat deelneemt aan een longkankerscreenings-

programma.

discussie

De antwoorden op de onderzoeksvragen en de daarbij behorende implicaties werden be-

sproken in Hoofdstuk 9. Tevens kwamen methodologische aspecten (zoals studie design, 

steekproefgrootte, studiepopulatie, non-response bias, de intention-to-treat methode en de 

biochemische verificatie van de zelfgerapporteerde rookstatus) aan bod die moeten worden 

meegenomen in de interpretatie van de studiegegevens.

Het onderzoek dat werd omschreven in het eerste deel van dit proefschrift toonde aan 

dat de mate van zelfselectie in de NELSON studiepopulatie beperkt is, maar dat aanvullende 

analyse van de doodsoorzaken wordt aanbevolen om daarmee aan te tonen in welke mate 

de studieresultaten representatief zijn ten opzichte van de doelpopulatie en de algemene 

populatie. Verder blijkt de nodule management strategie die wordt gebruikt in de NELSON 
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studie een goed screeningsprotocol te zijn in een hoogrisico populatie tijdens de eerste 

en tweede screeningsronden. Desondanks verdient het nog altijd de aanbeveling om het 

protocol te optimaliseren om ongewenste effecten te voorkomen. Tot slot is het cruciaal om 

voorlopige analyses te doen waarin de screen- en controlegroep zullen worden vergeleken 

om na te gaan of een potentiële verlaging in longkankersterfte toe te schrijven is aan long-

kankerscreening.

In het tweede gedeelte van dit proefschrift werd een duidelijk gebrek aan wetenschap-

pelijk bewijs gevonden voor de mogelijke impact van kankerscreening op leefstijl en 

leefstijlgerelateerde aandoeningen en meer onderzoek is dan ook noodzakelijk. Gebaseerd 

op de enkele studies die tot nu toe zijn gepubliceerd blijkt dat screening op kanker mo-

gelijk een leermoment is voor verbeteringen van de leefstijl, maar dat er ook een risico is 

dat kankerscreening ongewenst een gezondheidsverklaring is door een onterecht gevoel 

van geruststelling. Dit werd ook gevonden in de NELSON studie, waarin deelnemers in de 

screengroep minder geneigd bleken te zijn om te stoppen met roken dan deelnemers in 

de controlegroep, al waren de verschillen klein. Het ontvangen van tenminste één twijfel-

achtige screeningstestuitslag – de in NELSON geïntroduceerde extra testuitslag – had geen 

verschillend effect op het toekomstige rookgedrag vergeleken met het ontvangen van 

enkel negatieve testresultaten. Tot slot vonden we dat het geven van advies-op-maat geen 

voordelen had op het rookgedrag ten opzichte van een standaard zelfhulpbrochure. Al deze 

resultaten benadrukken de noodzaak om een kosteneffectieve methode te ontwikkelen die 

het mogelijk maakt om in een longkankerscreening setting het stoppen met roken te bevor-

deren om daarmee het totale effect op de gezondheid te vergroten. Het is tevens van belang 

dat zorgverleners zich realiseren dat het contact met mensen die worden gescreend op 

longkanker mogelijkheden biedt om rokers te ondersteunen bij gedragsverandering, maar 

dat longkankerscreening ook kan werken als een onbedoelde vrijbrief om te roken. Een lan-

delijke invoering van longkankerscreening zoals het op dit moment wordt aangeboden kan 

niet worden aanbevolen totdat er een kosteneffectieve rookstopinterventie is geïntegreerd 

in het screeningsprogramma, al zal eerst nog de kosteneffectiviteit van longkankerscreening 

duidelijk moet worden.
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