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ABBREVATIONS 

HRQoL = Health-related quality of life 

NELSON = Dutch-Belgian randomized controlled trial for lung cancer screening in high-

risk subjects 

CT = Computed Tomography  

SF-12 = 12-item Short Form  

PCS = Physical Component Summary 

MCS = Mental Component Summary  

EQ-5D VAS = EuroQol questionnaire Visual Analogue Scale 

STAI-6 = State-Trait Anxiety Inventory  

IES = Impact of Event Scale  

ANOVA = analysis of variance  

MID = minimal important difference  

SD = standard deviation 
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ABSTRACT  

The long-term effects of lung cancer CT screening on health-related quality of life 

(HRQoL) have not yet been investigated.   

 

In the lung cancer CT screening trial (NELSON), 1466 participants received 

questionnaires: before randomization (T0), 2 months after baseline screening (the 

screengroup only) (T1), and at 2-years follow-up (T2). HRQoL was measured as 

generic HRQoL (12-item Short Form [SF-12], EuroQoL questionnaire [EQ-5D]), anxiety 

(State Trait Anxiety Inventory [STAI-6]), and lung cancer-specific distress (Impact of 

Event Scale [IES]). Repeated measures ANOVA, were used to analyze differences 

between screen and controlgroup, and between indeterminate (requiring a follow-up 

CT) and negative screening result groups.  

 

At T0 and T2 there were no significant differences in HRQoL scores over time between 

the screen and control group, or between the indeterminate or negative second round 

screening result group. There was a temporary increase in IES scores after an 

indeterminate baseline result: mean (95% Confidence Interval) at T0: 4.0 (2.8-5.3), 

T1: 7.8 (6.5-9.0), and T2: 4.5 (3.3-5.8). 

 

At 2-years follow-up the HRQoL of screened subjects was similar to that of control 

subjects, the unfavorable short-term effects of an indeterminate baseline screening 

result had resolved, and an indeterminate result at the second screening round had no 

impact on HRQoL.  
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INTRODUCTION 

Effective policy decisions regarding cancer screening programs require data on the 

effects of screening on mortality, health-related quality of life (HRQoL) and their cost-

effectiveness [1]. Few studies have examined the HRQoL effects of lung cancer 

screening with CT [2-5]. Subjects receiving an indeterminate or positive result for a 

baseline CT screening reported increased anxiety or fear of cancer [2] and more lung 

cancer-specific distress than subjects with a negative result [3]. At short-term follow-

up, when all subjects had negative CT results, these unfavorable effects on HRQoL had 

decreased and the differences between subjects with initially negative or 

positive/indeterminate results were no longer observed [2, 4, 5]. CT scanning itself 

caused only little discomfort and had no major impact on HRQoL [4]. 

However, within a screened cohort, comparisons of HRQoL are of limited value due to 

the possible effects of reassurance and selection. The best method to evaluate the 

long-term impact of screening is to compare a group of screen participants with a 

control group in a randomized controlled trial (RCT) [1]. The rationale for this is, 

firstly, because a study population is often a selective group who is healthier than the 

general population [6, 7] and, secondly, because subjects invited for lung cancer 

screening differ from the general population in that they are usually heavy current or 

former smokers. The Dutch-Belgian randomized controlled trial for CT screening (the 

NELSON trial) allows to evaluate the long-term impact of screening on HRQoL [8].  

An indeterminate result at baseline (i.e. first, or prevalence screening) has an 

unfavorable effect on HRQoL, but it is unknown whether subjects experience a similar 

decrease in HRQoL after second-round screening (i.e. incidence screening).  

The aims of the present study are to: 1) compare HRQoL in a screen and control group 

over 2 years, 2) explore the short-term effects on HRQoL of an indeterminate result at 



   
  

 5 

second-round screening, 3) evaluate the long-term effects of an indeterminate 

baseline result, and 4) evaluate differences between getting a negative follow-up scan 

and getting at least one indeterminate or positive result at follow-up.  
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METHODS 

 

NELSON Study Population 

The selection criteria for the NELSON trial have been described in detail elsewhere [9]. 

Subjects randomized to the screen group could receive either a positive, 

indeterminate, or negative test result at each screening round [10]. At baseline, a 

positive test was obtained in case of a nodule had a solid component that was >500 

mm3 (>9.8 mm in diameter) and required referral to a pulmonologist for work-up and 

diagnosis. An indeterminate result was obtained if the volume of the solid component 

or of the solid component of a partially solid nodule was 50-500 mm3 (4.6 to 9.8 mm 

in diameter) or the diameter of a nonsolid nodule was measured ≥8 mm. These 

participants were scheduled to undergo a follow-up CT scan to evaluate whether the 

lung nodule had grown (Figure 1). The follow-up period for an indeterminate result was 

3 months after baseline screening; after the second screening round, the follow-up 

period was 6-8 weeks for subjects with new nodules and 1 year for subjects with 

previously existing nodules with a volume doubling time of 400-600 days [10]. 

Participants with an indeterminate test result received a letter stating that: a very 

small abnormality in the lung (5-10 mm in diameter) has been found, that this is a 

common finding that usually represents a small scar or minor inflammation only, and 

that at this moment there is no need for any further investigations. Participants with a 

negative CT result at baseline or at second round screening were invited to an annual 

repeat scan (second screening round) or two-annual repeat scan (third screening 

round). 

The entire NELSON trial, including this HRQoL study, was approved by the Dutch 

Ministry of Health and by the local Ethics Committees of the participating centers. 
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Informed consent was obtained from all participants. The NELSON trial is registered at 

www.trialregister.nl with number ISRCTN63545820. 

 

HRQoL study 

A consecutive sample of 1466 subjects participating in the NELSON trial was taken 

before they were randomized (n=733 screen group, n=733 control group) (Figure 1). 

All participants received a questionnaire before trial randomization (Time 0 [T0], 

baseline HRQoL assessment). A second questionnaire (Time 1 [T1]) was sent 2 months 

after baseline screening to 684 screen participants with either a negative baseline 

result (n=541) or an indeterminate baseline result (n=143). The final questionnaire 

was sent at 2-year assessment to 682 screen participants and a random sample of 498 

control participants out of 726 eligible participants (Time 2 [T2]): for the screen 

participants this was approximately 1.5 years after baseline screening, i.e. 0.5 years 

after the second-round screening. The T2 questionnaire was not sent to 51 screen 

participants (7.0%) who did not undergo CT scans (n=28), or went ‘off-screening’ 

(n=23). Reasons for being ‘off-screening’ were screen-detected lung cancer (n=9), no 

longer wishing to participate (n=10), died (n=2), or could not be contacted (n=2). 

Also, of the 733 control group participants, 7 were not eligible for the T2 questionnaire 

because they had died (n=4) or no longer wished to participate in the trial (n=3).  

 

Measures 

 

Generic HRQoL 

The participant’s generic HRQoL was measured with the 12-item Short Form (SF-12) 

and the EuroQol questionnaire (EQ-5D) [11-14]. The SF-12 is a shorter version of the 

36 item Short Form (SF-36) and consists of a Physical Component Summary (PCS) and 
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a Mental Component Summary (MCS) [14]. We used the acute (1-week recall) form of 

Version 1 in which a higher score indicates a better HRQoL. Respondents were also 

asked to rate their own health on the visual analog scale (VAS) of the EQ-5D, ranging 

from 0 (worst imaginable health status) to 100 (best imaginable health status) [11, 

13].  

 

Generic anxiety 

Generic anxiety was measured using the short form of the Spielberger State-Trait 

Anxiety Inventory (STAI-6) [15]. Six items related to anxiety (calm, tense, upset, 

relaxed, content, and worried) were rated on a 4-point scale. The total summary score 

was calculated in subjects with a maximum of 3 missing values and could range from 

20-80, with higher scores indicating more anxiety [16]. The STAI-6 is reported to have 

good reliability and validity, and was found useful to evaluate the effectiveness of 

screening programs on subjective anxiety levels [15].  

 

Lung cancer-specific distress 

Lung cancer-specific distress was measured using the Impact of Event Scale (IES) [17, 

18]. The 15 IES items were tailored to lung cancer as the specific stressor. Each item 

was scored on a 4-point scale: not at all (score of 0), rarely (score of 1), sometimes 

(score of 3), and often (score of 5). The total score and subscales (avoidance and 

intrusion) were calculated for those who completed 75% of the questions on each 

subscale, and were corrected for the total number of questions on the subscale. The 

total summary score could range from 0-75 (intrusive scale 0-35, avoidance scale 0-

40), with a higher score indicating more lung cancer-specific distress.  
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Demographic and other data 

At T0, marital and smoking status was measured. Educational level and smoking pack-

years were derived from the first NELSON questionnaire that was used for selection of 

the Nelson trial participants [9]. 

 

Statistical analysis 

Differences in respondent characteristics between the screen and control arm were 

analyzed with Chi-square tests and Mann-Whitney U tests, because these data were 

not normally distributed. 

Analyses of each research question required different datasets. For the first research 

question, data were used of participants in the NELSON trial who received both T0 and 

T2 questionnaires and returned at least one questionnaire (screen arm: n=665, control 

arm: n=460). For the second question, screen group participants were included who 

received both T0 and T2 questionnaires, returned at least one questionnaire, and had 

an indeterminate (n=49) or a negative (n=585) result at the second screening round. 

For the third question, data were used of screen participants who received T0, T1 and 

T2 questionnaires, who returned at least one questionnaire and who at baseline 

screening had either a negative result (n=521) or an indeterminate result (n=135). 

Furthermore, for the subgroup analyses of the latter group subjects with at least one 

indeterminate result (n=28) or positive result (n=7), and subjects with only negative 

results (n=100) were analyzed.  

 

HRQoL changes over time and between groups 

To analyze the HRQoL changes over time and differences between groups, random 

effects analysis of variance (ANOVA) was used to account for the repeated 

measurements of each subject. The ‘proc mixed’ procedure in the SAS system version 
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9.1 was used that allowed use of all available data, including incomplete records. The 

models included a main effect for time, and the interaction between group and time. 

This parameterization entailed that the separate components in the interaction term 

tested the group differences at the consecutive measurement moments.  

 

The following fixed covariates were added to the model: age [2, 19], gender [19], 

education [2], smoking status [20], and smoking pack-years (because we expected 

subjects with more pack-years to be more anxious and to have worse health). If the 

interaction term was not significant, models with the main effects for time and group 

were used, adjusted for covariates.  

The IES scores were highly skewed. We considered repeated measures ANOVA to be 

appropriate for the IES scores because a logistic regression model using a generalized 

linear mixed models approach analysis would i) reduce information content of the data, 

ii) the cut-off point is arbitrarily chosen, and iii) the results are comparable to those of 

repeated measures ANOVA.  

A p-value <0.05 was considered statistically significant. To determine a clinically-

relevant difference between means at two assessment points or between the two 

subgroups, the minimal important difference (MID) was used; this is defined as half a 

standard deviation (SD). The MID can serve as a default value for important patient-

perceived changes in HRQoL [21, 22].  
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RESULTS 

The questionnaire response at T0 was 89.8% in the screen arm and 85.9% in the 

control arm, at T1 87.7% (screen arm only), and at T2 89.3% in the screen arm and 

64.7% in the control arm (Figure 1). Screen group participants completed T0 on 

average 4.9 (SD 3.6) months before baseline screening, T1 at 1.3 (SD 0.8) months 

after the baseline result, and T2 on average 5.6 (SD 1.2) months after the second 

screening round. For the screen and control group together, the time interval between 

T0 and T2 was on average 23.3 (SD 3.7) months. No significant differences in gender, 

age, education and smoking characteristics were found between responders in the 

screen (n=665) and control group (n=460) (Table 1).  

 

1. HRQoL differences between screen and control arm 

No statistically significant differences were found in HRQoL scores over time between 

the screen and control group (Table 2; Appendix 1 and 2). None of the parameters for 

time or the trial arm, nor the interaction between time*trial arm was significant for any 

of the HRQOL outcome measures.    

 

2. Short-term impact of an indeterminate 2nd screening round result 

No statistically significant differences were found in HRQoL scores from baseline to 6 

months after the second-round screening between subjects with an indeterminate or 

negative second-round screening result (Table 2; Appendix 1 and 2). None of the 

parameters for time or result, nor the interaction between time*result was significant 

for any of the HRQOL outcome measures.    
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3. Long-term HRQoL differences between indeterminate and negative baseline 

results 

Subjects with a negative (n=521) or indeterminate test result (n=135) at baseline had 

received on average 1.0 (SD 0.3) and 2.0 (SD 0.4) new CT scans with results, 

respectively, when they had completed the T2 questionnaire.  

For the group with a negative result at baseline, the result of the last follow-up CT at 

T2 was: 0.2% ‘positive’ (n=1), 6.5% ‘indeterminate’ (n=34), and 93.3% ‘negative’ 

(n=486). For the group with an indeterminate result at baseline, the result of the last 

follow-up CT at T2 was ‘indeterminate’ for 15 (11.1%) subjects and ‘negative’ for 120 

subjects (88.9%).  

The course of IES (total, intrusive, and avoidance) scores over time differed between 

the groups with a negative and an indeterminate baseline result (p interaction 

time*result for all <0.01) (Table 2, Figure 2a-c; Appendix 1 and 2). In the 

indeterminate group the total IES scores changed from on average 4.0 (95% 

Conficence Interval (95% CI) 2.8-5.3), to 7.8 (6.5-9.0), to 4.5 (3.3-5.8), whereas the 

negative group changed from 4.1 (3.4-4.8), to 2.6 (2.0-3.3), to 3.5 (2.9-4.2) at T0, 

T1, T2, respectively (Appendix 2). No statistically significant differences in IES between 

result groups were found at T0 or T2. The course of the EQ-5D VAS and the MCS 

scores did not differ between the two result groups over time, but the group as a 

whole had worse scores at T1 compared with T2 (-1.3 and -0.8; p<0.01 and p=0.05, 

respectively) (Table 2). Although PCS scores did not change over time, the 

indeterminate result group had worse PCS scores than the negative result group (-1.4, 

p=0.04) (Table 2). For all these analyses, only the differences between the result 

groups of the IES scores exceeded the MID at T1, and only these were therefore 

clinically relevant. 
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In the subgroup analyses of the indeterminate baseline result group (i.e. subgroups 

with subjects with at least one indeterminate/positive result at follow-up (n=35) and 

subjects with only negative results at follow-up (n=100)), no statistically significant 

differences in HRQoL were found between the groups (Table 2, Appendix 1). The EQ-

5D VAS and IES total, intrusive, and avoidance scores were worse at T1 compared with 

T2 (-2.8, 1.6, 1.6 and 3.2, respectively; p=0.02, <0.01, <0.01 and <0.01, 

respectively) and MCS scores were also better at T2 compared with T0 (-1.8) and T1 (-

1.9) (both p=<0.02). None of these statistically significant differences exceeded the 

MID.  

 

Impact of covariates on HRQoL  

In general, the HRQoL scores were worse for women than for men (p<0.05) (Appendix 

1). Subjects with more pack-years and/or current smokers had a statistically 

significantly worse self-reported health (EQ-5D VAS) and had statistically significant 

worse physical health scores (PCS) than subjects with less pack-years and former 

smokers (p<0.05). Smoking status and pack-years were not associated with MCS and 

STAI-6. A current smoking status was negatively associated with IES (p<0.01).  
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Discussion  

Within a randomized design, the present study showed no long-term negative effects 

of lung cancer screening on HRQoL at 2-years follow-up. Firstly, HRQoL was the same 

in both the screen group and control group before trial randomization and at 2-years 

follow-up. Secondly, HRQoL was the same in subjects with an indeterminate and a 

negative second-screening round result, both before randomization and 6 months after 

the second screening. Thirdly, the negative effects on HRQoL after an indeterminate 

baseline result did not persist on the long term, even if an indeterminate baseline test 

result was followed by one or more positive or indeterminate test results.  

Evaluating the HRQoL effects of lung cancer screening is ideal when including a 

randomized comparison of changes in HRQoL between those who underwent screening 

and those who did not. As far as we know, no other cancer screening studies have 

investigated HRQoL using a randomized screening design. Only Taylor et al. in their 

prostate, lung, colorectal and ovarian cancer screening trial reported baseline and 1-

year HRQoL average scale scores of the SF-12 in a screen and control arm (19). In 

their study, according to the MID, no clinically relevant differences existed between the 

screen and control arm, and their scores were similar to our scores. 

Until now, an unfavorable HRQoL effect of lung cancer screening was only found after 

an indeterminate or positive baseline scan result [2, 3, 5]. In the present study we 

found no unfavorable HRQoL effects 6 months after an indeterminate second-screening 

round result requiring a 1-year follow-up CT. This is remarkable because subjects with 

an indeterminate second-round screening received a result letter similar to that 

received after baseline screening. An explanation may be that many subjects become 

accustomed to such a result. About 40% of the subjects had already received an 

indeterminate baseline result. Also, participants may become reassured after a follow-
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up period of one year. However, several participants and general practitioners 

telephoned the research centers after receiving the 1-year follow-up recommendation. 

Therefore, a more plausible explanation for this finding is the timing of the HRQoL 

measurement after the second-round screening: i.e. 6 months after screening, which 

was also 6 months before the follow-up scan. A temporary negative impact on HRQoL 

may have occurred just after receiving the result of the second-round screening and/or 

just before the extra follow-up screening; however, this was not specifically assessed 

in the present study. Nevertheless, if HRQoL was negatively affected by the 

indeterminate second-round screening result, this effect diminished over time since no 

unfavorable effect was found after 6 months.  

Women showed a worse HRQoL than men. Byrne et al. also found significantly more 

anxiety in women than in men in a lung cancer screening trial [2] and Taylor et al. 

found higher IES intrusive scores and MCS scores in women than in men in their  

screening trial [19]. Similar to Byrne et al. who found a higher fear of cancer in current 

smokers, we found more lung cancer-specific distress in current smokers [2].  

 

Study limitations 

Differences in response rates between the screen and control groups may limit the 

validity of comparisons because of possible selection bias. The response rate at T2 was 

89% in the screen group and 65% in the control group. However, the lower rate in the 

control group was estimated too low. We had less opportunity to correct the 

denominator in the control group for changes in address, and serious events 

associated with being ‘off-screen’. Furthermore, because comparison of respondents 

and non-respondents in the control group showed no significant differences in 

demographic characteristics, there is no evidence for selective response in the control 

group.  
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Implications 

The only negative effect on HRQoL of lung cancer screening was a temporary increase 

in lung cancer-specific distress scores after an indeterminate baseline result; this does 

not seem to be an obstacle to the introduction of a lung cancer screening program. 

 

Conclusions 

In the present study, lung cancer screening had no negative impact on HRQoL on the 

long term. At 1.5 years after baseline screening, subjects who did not have (screen-

detected) lung cancer had a HRQoL similar to that in control subjects, the negative 

short-term effects of an indeterminate baseline screening result was resolved, and an 

indeterminate second-round screening result had no negative impact on HRQoL 6 

months later.  
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Table 1 Baseline characteristics of the screen group (n=665) and control group 
responders (n=460), included in the health-related quality of life study of the NELSON 
trial.  

 
Screen group  
responders* 

n=665 

Control group  
responders† 

n=460 
Sex: male % 46.2 50.0 
   
Age, years mean (SD) 57.8 (5.5) 57.8 (5.7) 
   
Education   
1 primary education % 9.8 11.5 
2 lower vocational or lower secondary general education % 38.0 37.6 
3 intermediate vocational or higher secondary general education % 25.2 23.3 
4 Higher vocational education or university % 27.1 27.6 
   
Smoking   
Current smokers % 53.7 52.4 
Pack-years mean (SD) 39.7 (17.4) 39.4 (16.2) 

* Subjects received both the T0 and T2 questionnaire, and responded to at least one. Excluded subjects: 17 
did not respond to the T0 and T2 questionnaire, 23 had CT scans but were off-study at T2, and 28 did not 
undergo CT scans  
† Subjects received both the T0 and T2 questionnaire and responded to at least one. Excluded subjects: 38 
did not respond to T0 and T2, 7 were off-study at T2, and 228 were not selected in the random sample.  
No significant differences between the screen and control group (Chi-square and Mann-Whitney U-tests). 
SD = standard deviation; T0, before trial randomisation; T2, 1.5 years after baseline screening.  
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Table 2 Main parameter estimates (Beta (SE))* in mixed effect models of health-related quality of life scores over time during lung cancer 
screening 

Research questions with main parameters PCS  MCS 
 

EQ-5D VAS  STAI-6  IES-intrusive  IES-avoidance  IES-total  

1. HRQoL differences from baseline to 2-
years follow-up in the screen and control 
group† 

       

Intercept 54.84 (2.55) 49.19 (3.06) 79.78 (4.11) 33.27 (2.68) -0.14 (0.92) -2.23 (1.25) -2.40 (2.02) 
Time (T0) ‡ -0.07 (0.30) -0.52 (0.35) 0.16 (0.43) 0.50 (0.28) 0.20 (0.12) -0.00(0.16) 0.21 (0.25) 
Trial arm (Screen) § 0.28 (0.48) 0.31 (0.58) 1.28 (0.78) -0.59 (0.51) -0.08 (0.17) -0.06 (0.24) -0.12 (0.38) 
2. HRQoL differences from baseline to 2-
years follow-up (i.e. 6 months after second-
round screening) in negative and 
indeterminate second-round result group† 

       

Intercept 54.84 (3.38) 49.73 (4.03) 76.86(5.34) 37.16 (3.55) -0.39 (1.20) -1.26 (1.72) -1.71 (2.71) 
Time (T0) ‡ -0.44 (0.39) -0.76 (0.41) -0.46 (0.52) 0.61 (0.33) 0.25 (0.14) 0.06 (0.21) 0.33 (0.31) 
Second-round screening result (indeterminate) ║ 0.19 (1.14) -1.29 (1.36) -0.94 (1.81) -0.12 (1.20) 0.59 (0.41) 0.97 (0.58) 1.53 (0.92) 
3. Long-term HRQoL follow-up (i.e. 2 years) 
in negative and indeterminate baseline 
result group¶ 

       

Intercept 55.77(3,02) 48.57 (3,91) 78.85 (5,00) 37.43 (3.41) -0.20 (1.11) -1.15(1.60) -1.36 (2.52) 
Time (T0) ‡ -0.53 (0,37) -0.57 (0,42) -0.19 (0,52) 0.53 (0.32) -0.27 (0.15) 0.26 (0.22) 0.56 (0.33) 
Time (T1) ‡ 0.02 (0,37) -0.85 (0,42)# -1.28 (0,52)# 0.54 (0.32) -0.49 (0.15)** -0.39 (0.22) -0.90 (0.33)** 
Baseline result (indeterminate) †† -1.40 (0,69)# 0.78 (0,89) -1.92 (1,14) 0.87 (0.77) N.a. N.a. N.a. 
Time*result (T0,indet) ‡‡ N.a. N.a. N.a. N.a. 0.17 (0.31) -0.17 (0.45) -0.06 (0.70) 
Time*result (T1, indet) ‡‡ N.a. N.a. N.a. N.a. 2.40 (0.32)** 2.72 (0.46)** 5.12 (0.72)** 
Time*result (T2, indet) ‡‡ N.a. N.a. N.a. N.a. 0.30 (0.32) 0.72 (0.46) 1.01 (0.71) 
3.a. Long-term HRQoL follow-up (i.e. 2 
years) in the indeterminate baseline result 
subgroup: a group with at least one 
indeterminate/positive and a group with 
only negative follow-up results† 

       

Intercept 51.62 (7.05) 47.90 (8.94) 74.56 (11.50) 39.62 (8.02) -2.96 (2.68) -2.26 (3.86) -5.27 (6.16) 
Time (T0) ‡ -0.08 (0.84) -1.79 (0.76)# -0.08 (1.19) 0.01 (0.68) 0.16 (0.41) -0.61 (0.53) -0.46 (0.85) 
Time (T1) ‡ 0.63 (0.87) -1.88 (0.79)# -2.78 (1.22)# 1.28 (0.69) 1.62 (0.42) 1.61 (0.55)** 3.22 (0.87)** 
Follow-up results after the indeterminate 
baseline result (at least one 
indeterminate/positive) §§ 

-0.71 (1.47) 1.98 (1.87) 2.09 (2.42) -1.37 (1.69) -0.63 (0.56) -0.91 (0.81) -1.54 (1.29) 

HRQoL = health-related quality of life; SE = Standard Error; PCS = Physical Component Summary of SF-12; MCS = Mental Component Summary of SF-12; EQ-5D VAS = 
EuroQol questionnaire Visual Analog Scale; STAI-6 = State-Trait Anxiety Inventory; IES = Impact of Event Scale; T0 = before trial randomisation; T1 = 2 months after baseline 
screening; T2 = 1.5 years after baseline screening; N.a. not applicable 
* The main estimates are adjusted for gender, age, education, pack-years and smoking status (see Appendix 1 for betas) 
†For research questions 1, 2, and 3 subgroups, the interaction term was not significant 
‡ Reference category for time is T2 
§ Reference category for the trial arm is the control arm  
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║ Reference category for the second-round result is a negative result 
¶ For research question 3, outcome measure IES, the interaction term was significant and therefore the parameters are presented in this table.  
# p<0.05 
** p<0.01 
†† Reference category for the baseline result is a negative result 
‡‡ Reference category for the interaction term is the same assessment point for the negative result group 
§§ Reference category for the results after an indeterminate baseline result is all negative follow-up results 
EQ-5D, PCS, MCS: higher scores indicate better scores; STAI-6 and IES: lower scores indicate better scores 
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FIGURE LEGENDS 

 

Figure 1  

Flowchart of the Health-related Quality of Life study in the screen and control arm.  

* This questionnaire was sent to participants with either a negative (n=541) or an 

indeterminate (n=143) baseline scan result.  

† The T2 questionnaire was not sent to 51 screen group participants (7.0%) who did 

not undergo CT scans (n=28) for various reasons, or were ‘off-screening’ (n=23). 

‡ The T2 questionnaire was sent to a random sample of 498 control group 

participants out of 726 eligible participants. 7 participants were not eligible for the T2 

questionnaire.   
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Figure 2A-C 

Average lung cancer-specific distress scale scores (least squares means) and 95% 

confidence intervals (Impact of Event Scale, IES): IES total (A), IES intrusive (B) 

and IES avoidance (C). 

The scores were adjusted for gender, age, education, smoking status and smoking 

pack-years. 

T0, before trial randomisation; T1, 2 months after baseline screening; T2, 2 years 

follow-up.  
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Appendix 1 Parameter estimates (Beta (SE)) in mixed effect models of health-related quality of life scores over time during lung cancer 
screening 
 
 

Research questions with parameters PCS  MCS 
 

EQ-5D VAS  STAI-6  IES-intrusive  IES-
avoidance  

IES-total  

1. HRQoL differences from baseline to 2-
years follow-up in the screen and control 
group* 

       

Intercept 54.84 (2.55) 49.19 (3.06) 79.78 (4.11) 33.27 (2.68) -0.14 (0.92) -2.23 (1.25) -2.40 (2.02) 
Time (T0)† -0.07 (0.30) -0.52 (0.35) 0.16 (0.43) 0.50 (0.28) 0.20 (0.12) -0.00(0.16) 0.21 (0.25) 
Trial arm (Screen)‡ 0.28 (0.48) 0.31 (0.58) 1.28 (0.78) -0.59 (0.51) -0.08 (0.17) -0.06 (0.24) -0.12 (0.38) 
Sex (male) 1.13 (0.48)§ 1.63 (0.58)║ 1.00 (0.77) -1.11 (0.50)§ -0.63 (0.17)║ -0.74 (0.24)║ -1.37 (0.38)║ 
Age -0.02 (0.04) 0.04 (0.05) 0.04 (0.07) -0.01 (0.05) 0.02 (0.02) 0.06 (0.02)║ 0.08 (0.03)§ 
Primary education ¶ -2.76 (0.89)║ -0.76 (1.06) -2.15 (1.40) 2.02 (0.91)§ 0.81 (0.32)§ 0.70 (0.43) 1.59 (0.70)§ 
Lower vocational or lower secondary general 
education ¶ 

-2.56 (0.59)║ 0.93 (0.71) 0.34 (0,96) 0.09 (0.62) 0.18 (0.21) 0.26 (0.29) 0.45 (0.47) 

Intermediate vocational or higher secondary 
general education ¶ 

-0.93 (0.65) 1.61 (0.78)§ 1.18 (1.05) -0.93 (0.69) -0.14 (0.24) 0.09 (0.32) -0.05 (0.52) 

Pack-years -0.06 (0.01)║ -0.01 (0.02) -0.08 (0.02)║ 0.02 (0.02) 0.00 (0.01) 0.00 (0.01) 0.01 (0.01) 
Smoking status (current) -0.89 (0.48) -0.42 (0.57) -1.86 (0.77)§ 0.54 (0.50) 1.18 (0.17)║ 2.08 (0.23)║ 3.25 (0.38)║ 
2. HRQoL differences from baseline to 2-
years follow-up (i.e. 6 months after second-
round screening) in the negative and 
indeterminate second-round result group* 

       

Intercept 54.84 (3.38) 49.73 (4.03) 76.86(5.34) 37.16 (3.55) -0.39 (1.20) -1.26 (1.72) -1.71 (2.71) 
Time (T0) † -0.44 (0.39) -0.76 (0.41) -0.46 (0.52) 0.61 (0.33) 0.20 (0.12) 0.06 (0.21) 0.33 (0.31) 
Second-round screening result (indeterminate) # 0.19 (1.14) -1.29 (1.36) -0.94 (1.81) -0.12 (1.20) 0.59 (0.41) 0.97 (0.58) 1.53 (0.92) 
Sex (male) 1.59 (0.63)§ 2.73 (0.75)║ 2.06 (0,99)§ -1.99 (0.66)║ -0.62 (0.22)║ -0.77 (0.32)§ -1.39 (0.50)║ 
Age -0.01 (0.06) 0.03 (0.07) 0.11 (0.09) -0.08 (0.06) 0.02 (0.02) 0.04 (0.03) 0.06 (0.05) 
Primary education ¶ -1.41 (1.17) -0.73 (1.40) -0.42 (1.83) 1.49 (1.22) 1.05 (0.41)§ 0.83(0.59) 2.02 (0.94) 
Lower vocational or lower secondary general 
education ¶ 

-2.40 (0.77)║ 0.56 (0.92) -0.47 (1.22) 0.27 (0.81) 0.28 (0.3) 0.09 (0.39) 0.38 (0.62) 

Intermediate vocational or higher secondary 
general education ¶ 

-0.58 (0.85) 1.71 (1.01) 1.40 (1.34) -1.33 (0.89) 0.02 (0.30) -0.01 (0.43) -0.00 (0.68) 

Pack-years -0.08 (0.2)║ -0.01 (0.02) -0.07 (0.03)║ 0.02 (0.02) 0.00 (0.01) 0.00 (0.01) 0.01 (0.01) 
Smoking status (current) -1.66 (0.62)║ -0.25 (0.74) -2.44 (0.98)§ 0.17 (0.65) 1.24 (0.22)║ 2.02 (0.32)║ 3.25 (0.50)║ 
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Appendix 1, continued 
3. Long-term HRQoL follow-up (i.e. 1.5 
years after baseline screening) in the 
negative and indeterminate baseline result 
group** 

       

Intercept 55.77(3,02) 48.57 (3,91) 78.85 (5,00) 37.43 (3.41) -0.20 (1.11) -1.15 (1.60) -1.36 (2.52) 
Time (T0) † -0.53 (0,37) -0.57 (0,42) -0.19 (0,52) 0.53 (0.32) -0.27 (0.15) 0.26 (0.22) 0.56 (0.33) 
Time (T1) † 0.02 (0,37) -0.85 (0,42)§ -1.28 (0,52)§ 0.54 (0.32) -0.49 (0.15)║ -0.39(0.22) -0.90 (0.33)║ 
Baseline result (indeterminate) # -1.40 (0,69)§ 0.78 (0,89) -1.92 (1,14) 0.87 (0.77) N.a. N.a. N.a. 
Time*result (T0,indet) †† N.a. N.a. N.a. N.a. 0.17 (0.31) -0.17 (0.45) -0.06 (0.70) 
Time*result (T1, indet) †† N.a. N.a. N.a. N.a. 2.40 (0.32)║ 2.72 (0.46)║ 5.12 (0.72║ 
Time*result (T2, indet) †† N.a. N.a. N.a. N.a. 0.30 (0.32) 0.72 (0.46) 1.01 (0.71) 
Sex (male) 1.67 (0.56)║ 2.00 (0.73)║ 2.16 (0.93)§ -1.46(0.63)§ -0.79 (0.21)║ -0.95 (0.30)║ -1.73 (0.47)║ 
Age -0.02 (0.05) 0.06 (0.07) 0.09(0.08) -0.10 (0.06) 0.02 (0.02) 0.04 (0.03) 0.06 (0.04) 
Primary education ¶ -1.82 (1.04) -0.53 (1.34) -0.72 (1.72) 1.77 (1.17) 0.98 (0.38)§ 0.69 (0.55) 1.74 (0.86)§ 
Lower vocational or lower secondary general 
education ¶ 

-2.51 (0.70)║ 0.59 (0.90) -0.48 (1.15) 0.35 (0.78) 0.24 (0.25) 0.11 (0.37) 0.36 (0.58) 

Intermediate vocational or higher secondary 
general education ¶ 

-0.61 (0.77) 1.73 (0,99) 0.87 (1.27) -1.16(0.87) -0.06 (0.28) 0.12 (0.41) 0.06 (0.64) 

Pack-years -0.07 (0.02)║ -0.02 (0.02) -0.09 (0.03)║ 0.03 (0.02) 0.00(0.01) 0.00 (0.01) 0.01 (0.01) 
Smoking status (current) -1.68 (0.56)║ -0.68 (0.72) -2.94 (0.92)║ 0.76 (0.63) 1.10 (0.20)║ 2.04 (0.29)║ 3.14 (0.46)║ 
3.a. Long-term HRQoL follow-up (i.e. 1.5 
years after baseline screening) in the 
indeterminate baseline result subgroup: a 
group with at least one indeterminate/ 
positive and a group with only negative 
follow-up results* 

       

Intercept 51.62 (7.05) 47.90 (8.94) 74.56 (11.50) 39.62 (8.02) -2.96 (2.68) -2.26 (3.86) -5.27 (6.16) 
Time (T0) † -0.08 (0.84) -1.79 (0.76)§ -0.08 (1.19) 0.01 (0.67) 0.16 (0.42) -0.61 (0.53) -0.46 (0.85) 
Time (T1) † 0.63 (0.87) -1.88 (0.79)§ -2.78 (1.22)§ 1.28 (0.69) 1.62 (0.42) 1.61 (0.55)║ 3.22 (0.87)║ 
Follow-up results after the indeterminate 
baseline result (at least one 
indeterminate/positive) ‡‡ 

-0.71 (1.47) 1.98 (1.87) 2.09 (2.42) -1.37 (1.69) -0.63 (0.56) -0.91 (0.81) -1.54 (1.29) 

Sex (male) 0.60 (1.40) 1.49 (1.78) 1.86 (2.29) -1.99 (1.60) -1.58 (0.53)║ -2.04 
(0.77)║ 

-3.62 (1.22)║ 

Age 0.09 (0.12) 0.07 (0.15) 0.18 (0.19) -0.11 (0.14) 0.09 (0.05) 0.10 (0.06) 0.19 (0.10) 
Primary education ¶ -5.40 (2.47)§ 0.65 (3.12) -6.03 (4.01) 1.24 (2.79) 0.00 (0.93) -1.92 (1.34) -1.92 (2.13) 
Lower vocational or lower secondary general 
education ¶ 

-4.45 (1.77)§ 0.40 (2.26) -2.11 (2.88) 0.14 (2.01) 0.30 (0.67) -0.56 (0.96) -0.23 (1.54) 

Intermediate vocational or higher secondary 
general education ¶ 

-0.85 (1.84) 2.72 (2.34) 1.40 (3.00) -3.64 (2.10) -0.33 (0.70) -1.28 (1.00) -1.59 (1.60) 

Pack-years -0.14 (0.04)║ 0.00 (0.05) -0.14 (0.06)§ 0.06 (0.04) 0.00 (0.01) 0.01 (0.02) 0.01 (0.03) 
Smoking status (current) -0.89 (1.30) -1.27 (1.66) -2.39 (2.14) 0.12 (1.50) 0.55 (0.49) 2.07 (0.71)║ 2.63 (1.14)§ 

HRQoL = health-related quality of life; PCS = Physical Component Summary of SF-12, MCS = Mental Component Summary of SF-12, EQ-5D VAS = EuroQol questionnaire 
Visual Analog Scale, STAI-6 = State-Trait Anxiety Inventory, IES = Impact of Event Scale, T0 = before trial randomisation; T1 = 2 months after baseline screening, T2 = 1.5 
years after baseline screening, N.a. not applicable 
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*For research question 1, 2, and 3 subgroups, the interaction term was not significant 
† Reference category for time is T2 
‡ Reference category for the trial arm is the control arm  
§ p<0.05 
║p<0.01 
¶ Reference category for education is higher vocational education or university 
# Reference category for screening result is a negative result 
**For research question 3, outcome measure IES, the interaction term was significant and therefore the parameters are presented in this table.  
†† Reference category for the interaction term is the same assessment point for the negative result group 
‡‡Reference category for the results after an indeterminate baseline result is all negative follow-up results 
EQ-5D, PCS, MCS: higher scores indicate better scores 
STAI-6 and IES: lower scores indicate better scores 
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 Appendix 2 Average health-related quality of life scale scores (95% confidence interval) over time during lung cancer screening* 
Research 
question and 
groups 

PCS  MCS 
 

 EQ-5D  STAI-6  IES-
intrusive 

 IES-
avoidance 

 IES-
total 

 

 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
1.  
screen group (1)  
control group (2) 

              

T0 49.50 
(48.76-
50.25) 

49.67 
(48.81-
50.54) 

51.66 
(50.77-
52.55) 

51.72 
(50.69-
52.75) 

79.19 
(78.02-
80.36) 

78.50 
(77.15-
79.85) 

33.27 
(32.51-
34.03) 

33.75 
(32.87-
34.62) 

1.74 
(1.46-
2.01) 

1.76 
(1.45-
2.08) 

2.26 
(1.89-
2.65) 

2.25 
(1.82-
2.69) 

4.05 
(3.45-
4.65) 

4.02 
(3.33-
4.71) 

T2 49.95 
(49.20-
50.71) 

49.07 
(48.10-
50.04) 

52.50 
(51.60-
53.40) 

51.69 
(50.54-
52.84) 

79.53 
(78.35-
80.71) 

77.45 
(75.95-
78.95) 

32.67 
(31.91-
33.43) 

33.42 
(32.44-
34.39) 

1.49 
(1.21-
1.76) 

1.63 
(1.28-
1.99) 

2.21 
(1.83-
2.59) 

2.37 
(1.88-
2.87) 

3.72 
(3.12-
4.32) 

4.03 
(3.24-
4.81) 

2. Second-round 
screening result:  
negative (1)  
indeterminate (2) 

              

T0 49.58 
(48.76-
50.40) 

50.94 
(48.37-
53.50) 

52.01 
(51.06-
52.96) 

50.31 
(47.34-
53.29) 

79.50 
(78.25-
80.75) 

79.59 
(75.65-
83.52) 

33.22 
(32.40-
34.04) 

32.33 
(29.78-
34.88) 

1.74 
(1.45-
2.03) 

2.07 
(1.16-
2.98) 

2.28 
(1.85-
2.70) 

2.70 
(1.37-
4.02) 

4.07 
(3.41-
4.73) 

4.77 
(2.72-
6.82) 

T2 50.20 
(49.38-
51.03) 

49.24 
(46.70-
51.79) 

52.70 
(51.74-
53.66) 

51.82 
(48.87-
54.77) 

80.12 
(78.86-
81.37) 

78.22 
(74.35-
82.10) 

32.49 
(31.66-
33.31) 

33.14 
(30.60-
35.68) 

1.45 
(1.16-
1.74) 

2.30 
(1.39-
3.21) 

2.13 
(1.70-
2.55) 

3.65 
(2.32-
4.97) 

3.61 
(2.95-
4.26) 

50.20 
(49.38-
51.03) 

3. Baseline 
result:  
negative ( 1)  
indeterminate (2) 

              

T0 49.90 
(49.08-
50.72) 

48.67 
(47.14-
50.20) 

51.86 
(50.84-
52.88) 

51.97 
(50.07-
53.87) 

79.84 
(78.55-
81.13) 

78.59 
(76.19-
80.99) 

33.11 
(32.25-
33.98) 

33.28 
(31.69-
34.87) 

1.71 
(1.41-
2.01) 

1.88 
(1.33-
2.44) 

2.33 
(1.90-
2.76) 

2.16 
(1.36-
2.96) 

4.10 
(3.42-
4.77) 

49.90 
(49.08-
50.72) 

T1 50.44 
(49.61-
51.26) 

49.31 
(47.71-
50.92) 

51.50 
(50.48-
52.53) 

51.99 
(50.01-
53.97) 

79.14 
(77.83-
80.45) 

75.89 
(73.43-
78.35) 

32.81 
(31.94-
33.68) 

34.55 
(32.92-
36.17) 

0.95 
(0.65-
1.26) 

3.35 
(2.78-
3.92) 

1.68 
(1.24-
2.11) 

4.40 
(3.57-
5.23) 

2.64 
(1.97-
3.32) 

50.44 
(49.61-
51.26) 

T2 50.55 
(49.73-
51.38) 

48.72 
(47.17-
50.28) 

52.09 
(51.07-
53.12) 

53.87 
(51.95-
55.80) 

80.05 
(78.75-
81.35) 

78.69 
(76.27-
81.12) 

32.45 
(31.59-
33.32) 

33.24 
(31.63-
34.85) 

1.45 
(1.14-
1.75) 

1.75 
(1.18-
2.31) 

2.07 
(1.64-
2.51) 

2.79 
(1.98-
3.61) 

3.54 
(2.86-
4.22) 

4.55 
(3.29-
5.81) 

*The mean scores (least squares means) are based on models with time, time*group and adjusted for the covariates age, gender, education, smoking status, and smoking 
pack-years 
PCS = Physical Component Summary of SF-12, MCS = Mental Component Summary of SF-12, EQ-5D VAS = EuroQol questionnaire Visual Analog Scale, STAI-6 = State-Trait 
Anxiety Inventory, IES = Impact of Event Scale, T0 = before trial randomisation; T1 = 2 months after baseline screening, T2 = 1.5 years after baseline screening 
EQ-5D, PCS, MCS: higher scores indicate better scores 
STAI-6 and IES: lower scores indicate better scores 

 


